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TRAN KY PHUC, VU TOAN THANG

B6 Cong thuong

LA MINH KHANH, LE THI THANH HA
Truong Pai hoc Bach khoa Ha Noi

Panh gia do tin cay hé thong dién phiic tap (mic HL-11) bao gdm phan ngudn dién va ludi
dién truyén tai dong vai trd quan trong trong quy hoach, thiét k& ciing nhu van hanh hé thong
dién. Bai bao gidi thiéu cac phuong phap danh gia do tin cy hé thong dién néi chung, wu
nhuge di€ém va pham vi ap dung ctia ching. V§i sy phat trién manh mé cia nganh céng nghé
thong tin, phuang phap mo phdng Monte Carlo ngay cang dugc st dung rdng rai trong danh
gia dd tin cdy hé thdng dién, nhung nhuge diém chinh ciia phucng phap nay van Ia khéi lugng
tinh toan 16n, dan dén thdi gian tinh toan dai. Bai bao gidi thiéu cac nghién cifu nhdm rit
ngan thoi gian danh gia do tin cdy hé thong dién miic HL-1l bang phuwong phap md phong.

Tir khod: danh gid dé tin ¢4y, mé phdng Monte Carlo, thugt todn di truyén, xit Iy song song

va phan tan.

RELIABILITY EVALUATION OF
COMPLICATED POWER 8YSTEM BY
SIMULATION METHOD AND SOLUTIONS TO
SHORTENING EXCUTION TIME

Summary

Reliability evaluation of a complicated power
system (HL-II) plays an important role in planning,
designing and operating of the power system. The
paper presents methods to evaluate the power
system reliability, advantages and disadvantages,
and applications. Thanks to fast development

of information technology industry, the Monte
Carlo simulation method becomes widely used

in the reliability evaluation of complicated power
system, hut its main drawback is the huge volume
of calculation leading to long execution time.
Researches for shortening execution time of
simulation method are presented in this paper.

Keywords: reliability evaluation, Monte Carlo

simulation, GA, parallel and distributed processing.

Pat van dé
Su can thiét danh gia dé tin cdy hé théng dién

Viéc van hanh hé thdng dién Viét Nam nhiing nam
gan day gap nhiéu kho khan do ap luc cung cép dién
ngay cang I6n. Téc do tang trudng nhu cau phu tai dién
trung binh cla Viét Nam trong giai doan 2001-2013 la
13,2%/nam, phuy tai hé thong dién tang tu 25,9 ty kWh
nam 2001 1&n 115,1 ty kWh nam 2013 [1]. Trong diéu
kién do, viéc danh gia do tin cay hé thdng dién co y nghia
vO cung quan trong. Tuy nhién, cho dén nay & Viét Nam
hau nhu chua c6 quy dinh vé viéc danh gia do tin cay
(ngoai tiéu chi danh gia N-1, N-2) cling nhu chua cé cong
cu danh gia do tin cay phu hgp dugc s dung dé danh gia
dd tin cay hé thdng dién.

D6i véi bai toan van hanh, danh gia do tin cay hé
théng dién hién tai nhdm phat hién ra cac diém yéu trong
hé théng, xac dinh cac phan ti can dugdc tang cudng dé
dap tng nhu cau phu tai trong tuong lai va lap ké hoach
m& réng hé théng dién. Cac nghién ctu, danh gia do tin
cay hé théng dién dé dua ra cac bién phap khac phuc,
phong nglia, gép phan gidm céc t6n that vé mat kinh t&
va xa hoi do cac sy c6 mat dién gay ra.

D6i vai bai toan thiét k& va quy hoach, viéc danh gia
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do tin cay hé théng dién cling hét stic quan trong trong
viéc quyét dinh dau tu xay dung hé théng dién tuong lai.
Viéc quy hoach mot hé théng dién véi do tin cay tuong ting
v6i muc dau tu hgp ly gép phan cung cép dién cho phuy tai
vGi chét lugng dam bao va chi phi phu hgp. Viéc dau tu qua
mtic s& dan dén chi phi dau tu, bio dudng, van hanh 16n va
ngudc lai mdc dau tu khong di s& dan dén chéat lugng dién
nang cung cap khéng dam bao, cling nhu cac chi phi thiét
hai do mét dién tang. Quan hé gitia mdc dau tu va céc loai
chi phi dugc thé hién trén hinh 1.
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Diém t6i uu Mtic dau tu

Hinh 1: quan hé gidia mic dau tu va cdc loai chi phi

Phan loai cac bai toan dé tin cdy

Theo [2], xét vé mat cdu truc hé thdng dién dugc
danh gia, bai toan danh gia do tin cay hé théng dién
dugc chia thanh cac nhém nhu dudi day va dugc minh
hoa trong hinh 2.

Phan phat dién

Phan truyén tai

Phan phan phoi

i
¥

Hinh 2: cac mic danh gia dé tin cdy phén loai theo cu tric
hé théng dién

- Mdc 1 (HL-l): Banh gia do tin cay hé théng ngudn
dién.

- Mc 2 (HL-1l): Danh gia do tin cay hé théng dién phc
tap (bao gom ngudn dién va ludi dién truyén tai).

- Mdic 3 (HL-Il): Banh gia dd tin cay hé théng dién bao
gdm ngudn dién, Iudi dién truyén tai va lugi dién phan
phoi.

MUc danh gia do tin cay hé théng dién xét dén phan
ngudn dién, luGi hé théng va cac phu tai hé théng (tuang
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ting vGi mac HL-11) thu hat nhiéu sy quan tam do tam quan
trong trong viéc quyét dinh mdc do dau tu md rong nguodn
va |udi dién trong tuong lai dugc nghién cutiu va dugc gidi
thiéu trong bai bao nay.

Cac phuong phap danh gia dé tin cdy

Pé danh gia do tin cay hé théng dién ndi chung, cé
hai cach tiép can: (i) Céch ti€p can tién dinh danh gia kha
nang cung cp dién cho phu tai véi gia thiét co cac sy cd
xac dinh trudc theo kinh nghiém chuyén gia; (i) Cach tiép
can xac sut, con dudc coi 1a tdng quat hoa clia cach tiép
can tién dinh, xét dén tat c& cac kha nang c6 thé xay ra.

Céch tiép can tién dinh c6 diém yéu la cac gia thiét sy
¢6 xac dinh trudc phuy thudc vao kinh nghiém cda ngudi
déanh gid, c6 thé khong bao quat hét c4c trudng hap cé thé
x4y ra va c6 thé bd qua mot s6 trudng hop su ¢6 16n c6 thé
gay sa thai phu tai I6n.

Dai v6i cach tiép can xac sudt, cac phuong phap phé
bién hién nay dung danh gia do tin cay hé thong dién déu
c6 diém manh va diém yéu riéng [3, 4, 5]:

PhUdng phép do thj - giéi tich phu hgp vai cac hé th6ng
dién c6 cAu truc don glan va dac biét hiéu qua doi véi cac
hé thong khong phuc hoi, song gap nhiéu kho khan trong
tinh toan déng tri cac phan tli cla hé théng c6 cau tric
phuc tap cling nhu khong xét dugc qué hai trang thai clia
mot phan td.

Phuong phap khéng gian trang thai c6 uu thé la xét
dugc nhiéu trang thai clia phan ti, tinh dugc xac suat va
tan suét trang thai. Song phuong phap nay doi hoi khoi
lugng tinh toan I6n va thudng chi dung cho cac hé théng
dién nho va vua.

Phuong phap cay héng héc phu hgp cho cac phan tich
cén cho thay nhiing héng héc va céc diém yeu nhat cla
hé théng dién. Tuy nhién, viéc thanh 1ap cay héng hoc
cling doi hdi nhiéu thai gian phan tich, dac biét déi véi chiic
nang, cdu tao cac phan tl hé théng va anh hudng cla
ching dén xac suat hong hac.

Phuiong phdp mé phdng Monte Carlo c6 nhiéu uu diém
nhu dé sl dung, c6 thé &p dung cho céc hé thdng rat phic
tap ma viéc sl dung cac phuang phdp khac khong hiéu
qua. Phucng phap mo phong Monte Carlo la phucng phap
duy nhat c6 thé danh gia dugc trong trudng hop cac thong
s6 do tin cay la bat dinh, tic 1a bién thién trong mot mién
nao do véi ham phan bd cho trudc; tinh dugc phan bo xac
sudt cla céac chi so dd tin cay, trong khi cac phuong phap
gidi tich chi tinh dugc gi tri trung binh cla ching; tinh dugc
anh hudng clia cac hoat dong van hanh dén do tin cay cla
hé théng; tinh dugc anh hudng cla diéu kién thiy vén (ché’
dd nudc clia cac hd chua) dén do tin cay. Nhugc diém cla
phuang phap nay la khoi lugng tinh toan 16n (nhung dugc
khac phuc ngay cang t6t nhd kha nang x{ Iy vdi tc do cao



clia cac may tinh ¢& I6n hién nay va cac ky thuat tién tién
trong 1ap trinh).

Néi dung nghién ciu

Panh gia dé tin cdy hé théng dién phuc tap bang
phuong phép mé phéng

Vi sy phat trién manh mé clia nganh céng nghé thong
tin, phuang phap moé phdng Monte Carlo ngay cang dugc
st dung rong rai trong danh gia do tin cay hé théng dién
[2, 6]. DGi véi bai toan danh gia do tin cay & muc HL-I, hé
thong dién dugc xét dén bao gém phan ngudn dién va |ugi
dién truyén tai chinh trong hé théng. Céc phan ti dugc
xét dén bao gém: t6 may phat dién, dusng day truyén tai
va may bién ap. Trang thai “lam viéc” hay “hdng hoc” cla
cac phan tli dugc dac trung bdi cac thong so T,,: thoi gian
lam viéc trung binh (MTTF) va t: théi gian stia chiia trung
binh (MTTR). Trang thai clia hé théng dién la t6 hop tat ca
cac trang thai clia cac phan ti bao gdm: t6 may phat dién,
dudng day va may bién ap. Trang thai clia hé théng dién
dugc coi la “hdng hoc” néu vi pham cac diéu kién sau: cong
sudt nguon thiéu, khdng di kha nang cung cap dién cho tat
ca cac phu tai; dudng day nao do bi qua tai; dién ap 6 mot
tram trung gian nao dé vugt qua gidi han cho phép; mét
tram trung gian nao do bi mat dién.

_ Céc budc danh gia do tin cay hé thong dién phtc tap
bang phudng phap moé phong Monte Carlo nhu sau:

- Budc 1: chuén bi s6 liéu, bao gém dii liéu vé hé thong
dién, trang thai clia cac phan t (t6 may phét dién, dudng
day, tram bién ap), phu tai cong suat tdc dung toan hé
thong.

- Budc 2: rit tham trang thai clia cac phan ti trong hé
thong dién véi moi chu ky tinh toan (1 gid).

- Budc 3: danh gia trang thai clia hé thdng dién trong
chu ky, dé la “lam viéc binh thuéng” hay “hdng hdc” va xac
dinh lugng phu tai can sa thai trong trudng hop can thiét.

- Budc 4: tinh toan bd chi s do tin cay hé thong dién tu
s0 liéu san lugng dién nang khong cung cép dugc cho phu
tai dugc xac dinh trong budc 3.

Céc bién phép rut ngan thoi gian tinh toan

Su can thiét va cdc bién phap rit ngdn thoi gian tinh todn:
tuy phuang phap mé phdng Monte Carlo ngay cang dugc
st dung rong rai do cé nhiéu uu diém so véi cac phuong
phap giai tich, nhung nhugc diém chinh clia phuong phép
nay van la khoi lugng tinh toan 16n dan dén thdi gian tinh
toan dai. Vi nhiing hé théng dién ¢6 I6n (vi dy hé thong
dién Viét Nam hién nay), thdi gian tinh toan c6 thé kéo dai
tl vai ngay dén vai tuan tuy theo phuong phap mé phdng
(khéng theo trinh ty thai gian hay theo trinh ty thdi gian) va
muc do chi tiét chia md phdng. D& rdt ngan thoi gian tinh

NGHIEN CJU - TRAO PO

todn, ngoai viéc nang cép céu hinh phan cting, sii dung
cac may chi cd I6n co toc do tinh todn nhanh, cé thé ap
dung cac ky thuat tién tién sau:

- XU ly song song va phan tan, chia bai toan thanh nhiéu
phan cong viéc nhd han doc lap nhau, mdi phan cong viéc
sé& dugc xU ly bdi cac ludng (thread) tinh toan doc lap hoic
cac may tinh doc lap, két qua sau do sé dugc gli vé may
chi dé tdng hap.

- S0 dung cac ky thuat tién tién trong lap trinh, cu thé
la phuong phap danh gia do tin cay bang phudng phap mo
phdng ap dung thuat toan di truyén.

Ap dung xii ly song song va phan tan: x{i ly song song
va phan tan dugc dinh nghia bang viéc sl dung nhiéu may
tinh da nhan dé cung thuc hién mét cong viéc tinh toan.
Hé thdng tinh toan phan tan bao gébm cac may tinh khac
nhau nhu trén dugc lién két bdi hé théng truyén thong va
cung thyc hién cong viéc tinh toan chung. Hién nay, cach
ti€p can nay trd nén kha thi nhd vao su san sang clia cac
may tinh c& nhan c6 cdu hinh manh va dugc két néi nhanh,
manh vao hé thdng chung. Do d6, mdt nhdm céc may tinh
da nhan da duodc lua chon dé thuc hién tinh toan (8 may
tinh ca nhan, c6 bo xG Iy core i5, dugc trinh bay trong phan
két qua danh gia va nhan xét).

Qua trinh danh gia do tin cay hé thdng dién bang phudng
phap mo phdng ¢ thé chia thanh céc bai toan nhd, trong
d6 m6i bai toan danh gia trang thai hé théng dién theo nam
hoac theo gid. Viéc danh gia trang thai hé théng dién theo
nam hoac theo gid 1a hoan toan doc 1ap so vdi viéc danh
gia trong nam khac hoéc gid khac. Do do, viéc chia nho bai
toan cé thé thuc hién theo hai cach: chia theo co s6 ndm
hoac chia theo cd s§ gid. Tuy nhién, viéc chia nhé bai toan
theo co s& gid c6 thé 1am tang kho&ng thdi gian danh cho
viéc truyén thong tin gilia may ch va may tram ciing nhu
gap khé khan trong viéc sap xép cac két qua md phong.
Do do, cach chia nhé bai toan thanh cac bai toan nhd hon
dudc thyc hién theo co sé gid.

Qua trinh thyc hién dugc mo ta nhu sau:

- Qua trinh dang ky: “Nut chd” (Master node) va céac
“Nut tinh toan” (Computing node) giao cong viéc va dang
ky cong viéc véi “Nut dang ky” (Register node).

- Chu&n bi md phdng: “Nut chl” thiét lap céc théng s6
mo phdng thong qua giao dién hodc thong qua cd sé di
liéu; gui cac thdng tin md phong dén cac “Nut tinh toan”.
Cac “Nat tinh toan” sli dung théng tin tu “Nut ch(i” dé thiét
l&p maéi trudng tinh toan.

- Qua trinh mé phodng: cac “Nut tinh toan” glii yéu cau
dén “Nut ch” dé dang ky cong viéc; “Nat chl” gli thong tin
vé cong viéc yéu cau (nam md phong) cho “Nut tinh toan”;
“Nut tinh toan” thyc hién moé phong va gui két qua vé cho
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- Tiép theo, hé thong dugc dénh gia bdi 8 méy tinh c4
nhan cung cau hinh, m6i may tinh st dung 4 ludng tinh
toan.

Cac chi so danh gia bao gom: thdi gian tinh toan trung binh
cho mot nam mo phdng, hé s6 tang toc va hiéu suét. Trong
do6 hé s tang téc va hiéu sudt dugc dinh nghia nhu sau:

Hé s6 tang téc = T /T, (1)
Hiéu sudt = (Hé s6 tang téc/p) 2)

Trong do, T, va T  la thdi gian tinh toan trung binh cho
1 ludng hay p ludng tinh toan (trong trudng hgp sl dung
mot may tinh dé danh gid); hoac 1a thsi gian tinh toan cho
1 mdy tinh hay p may tinh (trong trudng hgp sl dung p
may tinh dé danh gia). K&t qua danh gia trong truéng hgp
st dung mot may tinh ca nhan véi s6 ludng tinh toan khac
nhau dugc thé hién trong bang 1.

Béng 1: thoi gian tinh toan, hé sé tang téc va hiéu suét

S0 ludng (thread)

Chi sé
1 2 3 4 5 6 7 8

Thdi gian mo phdng (s) | 193 | 99 66| 48 | 50| 52| 57 | 55

D0 tang t6c (14n) 1,00 | 1,95| 2,92 | 4,04 | 3,86 | 3,68 | 341 | 3,51

Hiéu sust (%) 100 | 97 | 97 | 101 | 77 | 61 | 49 | 44

TU bang 1 c6 thé rat ra cac nhan xét sau:

- Khi s ludng tinh toan tang tli 1 dén 4, hé s6 téng toc
tang tu 1 1én 4,04 lan, thdi gian tinh toan trung binh cho
mot nam mo phong giam ti 193 s xudng 48 s.

- Khi s6 ludng tinh toan ting tii 4 1én 8, hé s6 tang téc
khong tiép tuc ting ma gidm xudng mc 3,51.

Thuc hién tuong ty véi trudng hop danh gia do tin cay
hé théng dién IEEE-RTS bang nhém 8 may tinh mo ta trén
day thi khi s6 may tinh tang tii 1 1&n 8, hé so ting téc ting
tu 1 1&n 7,92 va thdi gian tinh toan trung binh cho mot ndm
mo phdng giam tu 49,6 s xuéng 6,2 s.

Ap dung thuat toan di truyén

Panh gia thli nghiém thuéat toan vdi hé thdng dién tiéu
chuén IEEE-RTS néu trén. Qué trinh dénh gia bao gém 2
budc:

_ Budc 1: danh gia do tin cay hé thong dién IEEE-RTS
bang phuong phap moé phdng Monte Carlo theo trinh ty
thai gian (phuong phap 1).

_ Budc 2: danh gia d¢ tin cay hé thong dién IEEE-RTS
bang phuong phap mé phdng ap dung thuat toan di truyén
(phuong phép 2).

Qua danh gia c6 thé rut ra mot s6 nhan xét sau:

- S0 sanh thoi gian danh gia do tin cay hé thong dién
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IEEE-RTS gila hai phuong phap danh gia vdi cung muc
dd sai s0, thoi gian thuc hién cla phuong phap 2 bang
37% so véi phuang phap 1.

- Phuong phép 2 c6 mot s6 uu diém so véi phuong
phap 1: gidm s6 trang thai hé théng dién can danh gia, qua
dé rut ngén thai gian tinh toan; khéng gap van dé vé hoi tu
khi hé théng dién bao gdm céc phan tl c6 do tin cay cao
nhu d6i v6i phuong phap 1; ¢6 thé phan tich sau hon vé
cdc trang thai “hdng hoc” clia hé thdng dién ti dii liéu dugc
luu trong mang trang thai cac hé thong dién “hdng hoc”,
qua dé tim kiém cac phan tli “yéu” trong hé théng dién dé
c6 bién phap cdi tao, tdng cudng phu hgp.

Két luan
i

Viéc ap dung cac ki thuat tién tién nhu xd Iy song song,
phan tan cling nhu ap dung thuat toan di truyén giup giam
dang ké thoi gian danh gia do tin cay hé thong dién phtic
tap. D& tang cudng hiéu qua clia viéc st dung cac phuong
phap trén, can luu y mot s6 diém sau:

- V6i trudng hgp &p dung x{ Iy song song va phan tan,
ddi v6i mot hé théng dién cu thé can tinh toan trudc s6
lubng tinh toan hop ly dé s dung t6i uu hé théng may tinh
hién co, giup tang toc t6i da qua trinh tinh toan tuang ling
vGi viéc rat ngén t6i da thdi gian tinh toan.

- VGi trudng hgp ap dung thuat toan di truyén, viéc lya
chon toan t( thuat toan di truyén phi hop rat quan trong
ddi vai kha nang hoi tu, gitip gidm thdi gian hdi tu cta bai
toan. Doi v4i bai toan danh gia do tin cay hé thong dién
phtc tap, qua trinh danh gia trang thai cac hé thdng dién
dugc 18y mau chiém thai gian 16n nhéat. Véi sy dinh huéng
tim kiém cla thuat toan di truyén, qua trinh danh gia do tin
cay c6 thé chon loc va gidm bét s6 lugng céc trang thai hé
théng dién can 18y mau va danh gia, qua dé lam giam khai
lugng tinh todn va rdt ngén thdi gian tinh toan
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