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DPANH GIA PQ TIN CAY HE THONG BIEN CO XET
PEN CUONG PQ CAT CUONG BUC
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TOM TAT
Mot trong nhitng yéu t§ quan trong trong quan 1y va van hanh hé théng dién 1a danh gia do tin cay
ctia hé thong ngudn, h¢ théng ngudn két hop véi hé thong truyén tai, hé thong truyén tai. Nhiém vy
chinh cla viéc danh gia do tin cay hé thong dién 1a udc tinh kha ning san xuat, van chuyén va
cung cap dién nang cua hé thong. Nghién ctru nay sir dung phuong phép Nodal Effective Load
Model c6 xét den cudong do cudng birc FOR (force outage rate) cua t6 may phat, may bién ap va
duong day truyén tai dé danh gia cac chi s6 do tin cay ciia hé thong dién. Cong cu sur dung 1a phan
mém TRANREL.FOR dé danh gia do tin cdy theo cac tham s6 xac sudt ngau nhién va dugc ching
minh trén hé thong dién cao ap thuc té voi tong s6 nit 24.
Tir kKhoa: chi s6 dé tin cdy, cuwong dg cdt cwéng bire, xdc sudt ngau nhién, hé sé khong san sang,
chi tiéu thiéu nguon
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ABSTRACT

In the management and operation of power systems, reliability evaluations of generation system,
combined generation and transmission system, as well as transmission system are extremely
essential. The fundamental objective of reliability evaluation is to estimate the power supply and
transfer capacities of power systems. In this study, the Nodal Effective Load Model method is used
for assessing the overall system reliability indices with the consideration of the force outage rate
(FOR) of the generators, transformers, and transmission lines. Moreover, the software
TRANREL.FOR is ultilised as a simulation tool for the probabilistic reliability assessment and it is
tested on a practical 24-bus power system.
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DAT VAN BE

Hé thong dién (HTD) 1a mot hé thong bao
gd6m nha may dién, duong day truyén tai, may
bién 4p, duong day phan phdi va cac phan tir
khéc. Nhiém vu co ban cia HTD la san xuit
va cung cép dién nang toi noi ti€u thu mot
cach lién tyc va chat luong véi gia thanh thap
nhit. Nhiém vu co ban ciia hé thong truyén tai
1 van chuyén dién ning tir noi san xuat dén
noi tiéu thu véi do tin cay cao nhat.

Khi chuyén tr mo6 hinh hoat dong dién doc
quyén sang thi truong dién canh tranh thi
danh gia do tin cdy, on dinh ctia hé théng dién
va nang cao chat luong dién ning 1a mot
trong nhitng nhiém vu chinh. Chi s6 do tin
cay (LOLP, LOLE, EENS, v.v...) 1a chiing
chi s6 rat quan trong dbi véi nha quan Iy va
van hanh, duoc thé hién [1]-[3]. Hién tai co
rat nhiéu phuong phap va giai thuat dé lam
cong cy danh gia do tin cdy cia hé théng dién
nhu Monte carlo simulation, phuwong phap
xdc sudt ngau nhién, v.v...voi nhidu phan
mém MECORE (Monte carlo Evaluation of
Composite system Reliability) do University
of Saskatchewan (Canada) phat trién;
TRELSS (Transmission Reliability
Evaluation Large Scale System), CREAM
(Composite Reliability Assessment by Monte-
Carlo) va PRA (Probabilistic Reliability
Assessment) do EPRI (Electric Power
Reserch Institute) and Southern Company
Services ctia My phat trién va quan ly;
METRIS do tdp doan EDF cua Phap phat
trién va quan 1y [3]. Nghién ctru nay sir dung
phuong phap Nodal Effective Load Model co
xét dén cuong do cudng buc (FOR) cua tb
may phat, may bién ap va duong diy truyén
tai dé danh gia cac chi s6 do tin cay cua hé
thong dién.

DANH GIA PQ TIN CAY THEO XAC
SUAT NGAU NHIEN

Panh gia do tin ciy theo cip do |
Cép d6 I ctia h¢ thong dién 1a chi chi ¥ dén hé
thong nguon dién. Do do, chi so dd tin cay

ciia hé théng dién cap d6 I chinh 14 cta hé
théng ngudn dién. Cé nhiéu phwong phap dé
danh gia do tin cay & cAp d6 1. Hé thng thuc
cp d6 I nhu trinh bay ¢ Hinh 1(a) c6 thé
dugc mo phong thanh hé théng twong duong
nhu trinh bay ¢ Hinh 2(b). Piéu nay twong
duong véi viée ting thém cong suat C; (MW)
vao phu tai voi cung ti 1&€ cudng birc theo
cong thirc (1).

C, [Mw] : i i

FOR =g,

(a) Hé thong thue (D) Hé thong twong dwong
Hinh 1. Hé thong dién thiee té va mé phong tirong
dwong & cdp do 1

X, =X+ D Xy (1)

Trong do,

Xe: bién ngau nhién ctia phu tai cong thém vio
x_: bién ngau nhién cua phu tai da c6

Xoi: bién ngdu nhién cua vxéc sudt phy tai }é
nguyén nhan boi FOR t0 may 7 the i (bién
ngau nhién 1a gia tri bat ky mdt to6 may nao bi
hong)

NG: tong s t6 may co trong hé thong dién
Dl}'dng cong phu tai tuong duong cua HLI c6
thé dugc tinh toan theo cong thire (2) nhu sau:

in @i (Xe) = 1y @i (%) ®y i (Xg)

:_[ i @i (Xe = X )y o (Xg)dx @)

Trong do,

® toan tir tich phan toan by duong cong phu

tai ndi dai

o Po (Xe - XOi):HLI CD(XL)

wu foi(X,) 1a ham phan phdi xac suit cia

cudng do cit cudng birc cua may phat thi i
LP la dai luong phu tai cuc dai [MW]

Chi s6 d tin cdy cAp do I 1a LOLE, (Loss
of load expectation) va EENSy, (Expected
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energy not served) dugc tinh nhu sau:
LOLE,,, =, ® (x) |,  [hours/year] (3)

EENS,, = w®()dx  [MWhiyear] (4)

Trong do,
IC 1a tong cong suat clia cac to may phat [MW]
Panh gia do tin ciy cap do IT
Cép do II tic 1a dénh gia cung lic hé thong
ngudn va hé thong truyén tai. Cac chi s6 do
tin cay hé théng dién mac do II 1a chi tiéu
thiéu ngudén LOLE (loss of load expectation),
thoi gian cit tai EDLC (Expected duration of
load curtailments), chi tiéu thiéu nguon EENS
(Expected energy not supplied), chi sb SI
(Severity Index), chi s6 ning lugng d tin cay
EIR (Energy Index of Reliability). Co nhiéu
may phat, duong ddy truyén tai dugc c¢b dinh
trong phan tich phan bd coéng suit, phan tich
sy ngau nhién, diéu d6 may phat, phan tich
qua tai trén duong day truyén tai,... Hinh 2
trinh bay hé thong twong duong ¢ HLIL CG;,
CTy, 01, twong Gng 1a cong sudt ngudn phat,
cong suat dudong day truyén tai, hé s6 khong
san sang, NT 1a s6 duong day truyén tai, k 1a
chi s tai tai cac nhanh va j cac trang thai cia
hé théng [3].
Mo hinh tai cdp do HLII c6 thé xac dinh tir
tong hop tai ban ddu va xac sut tai gay ra boi
su khong san sang clia may phat va dudng
day truyén tai va ky hiéu nhu SFEG & mdi
diém tai nhu hinh 2c. Mo hinh tai hiru ich
ngau nhién va c6 thé tinh nhu cong thic (5):
NS

kXeTkXL+ 2 k ¥osi) ©)

Trong do,

 Xe bién ngiu nhién tai hitu ich trong hé

thdng dién hop nhét ¢ diém tai thir k
KL bién ngiu nhién cua tai ban dau o diém
tai thor k

« Xosi bién ngau nhién cuia x4c suat tai gay ra

boi SFEG & diém tai thi k

J s6 trang thai cua hé thong

NS tng sb trang thai caa hé thong

. ey A
v O—I_ Hé théng
CGL, gy @_I_ truyen tai
: CTw: qn
Al L
. CTyes diny
a

(@)  Hé thong thuc té

o-HO| OO o-H0-| OO

AR, eee AR sse R

i2
i i - oo i eee « ins

9=
fos (%) APy
k " osi Xuj -
Ulerd

(b) Tong hop gia thiét twong dwong mdy phat
SFEG (Synthesized Fictitious Equivalent

Generator)
CG,, 0 @_|_
Hé théng
CGp 0 ®—I_ truyén tai
: CT, qu=0
ce, 04 - AP,
: CTNT, qINT=O {kq

(c) Hé thong twong dwong
Hinh 2. Hé thang thuc, hé thong tirong drong HLIT
Sau tai cac may phat 1" dén i ™ ham phan b
xdc suat , @, cua CMELDC (Composite
power systgm Equivalent Iroaq Duration
Curve) & diém tai thtr k ¢ thé bicu dién tinh
toan theo cong thic (6):
(D)= D, (%) ®, fig(X) :J' c @0 (X =X ) Fo (Xog )X g

(6)

Trong do,
kq,nbién d6i LDC & diém tai thi k
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v fosi cong suat hong moc ciia SFEG hoat

d6ng boi nhiéu may phat 1" dén i" ¢ diém tai.
Panh gia @9 tin ciy ciia hé thong truyén tai
Danh gia d¢ tin cdy xac sudt ngau nhién cua
hé thong truyén tai la hi€u so gilta chi so do
tin cay cua hé thong dién cap d6 Il vai chi s
d9 tin cay cua h¢ thong dién cap do I dugc thé
hién cong thtc sau:

Nghién ctru nay sé ap dung 1y thuyét cho lui
dién c6 muc dién ap tir 110kV dén 220KV cua
hé théng dién Pong Bang Song Ciru Long
(PBSCL) thudc cip quan ly cua truyén tai
dién Mién Tay. Hang sd khong san san (FOR)
clia cac phan tir 1a thong sé dau vao rat quan
trong dé tinh toan cac chi sb do tin cay cua hé
thong dién. Nghién ctru nay sir dung hing sb
FOR cho tirng nhom phan tir trén cac bai bao

LOLE, =LOLE,,,, —LOLE,,, (7 A A
khoa hoc trén tap chi IEEE [3]-[5] dé lam co
EENS;s = EENS,,,, —EENS,, (8) s& tinh toan do tin cdy ciia hé théng dién nhu
DPOI TUQNG NGHIEN CUU trinh bay tai Bang 1,2,3.4, 5.
Théng s6 diu vao danh gia d9 tin cay luéi Bang 3. Thong so phu lial ngay hé thong dien cao
. \ . ap hien tai
Bang 1. Thong so nguon cua hé thong dién cao ap P 8
PBSCL NGt Céng suit NGt 08
Nuat £,z Cong suit T ph}" phu i TT ph.l'l phu tai
So to z - tai [MW] tai X
TT thanh méy t0 may FOR [MW]
cai [MW] 11 330 8 18 75
L 2 . 330 0.08 2 2 135 9 19 60
2 8 4 37,5 0,02
3 8 1 33 0,02 3 4 120 10 20 130
4 10 4 253 0,05 4 14 75 11 21 180
5 10 2 265 0,05 5 15 45 12 22 75
Bang 2. Thong s6 dieong ddy hé thong dién cao 6 16 90 13 23 45
ap DBSCL 7017 120 14 24 60
g5 Congsuat Bing 4. Thong s6 tram bién ap 220kV/110kV ciia
T BS” UBS ma dgg;‘g FOR hé théng dién cao dp PBSCL
ch a i
[MW] Tr Temoam oo b pmw) TOR
1 1 2 2 335 0,0035 bién ap
2 1 6 1 335 0,0035 1 Busl-17 2x125 0,0015
3 1 7 1 335 0,0035 2 Bus2-16 2x125 0,0015
4 2 5 1 335 0,0035
’ - 0,0015
5 2 8 1 335 0,0035 3 Bus5-15 2X125
6 2 10 2 335 0,0035 4 Bus3-14 2x250 0,0015
7 2 13 1 335 0,0035 5 Bus6-18 2x125 0,0015
8 3 4 2 367 0,0035 ) 0.0015
9 3 5 5 367 0.0035 6 Bus7-19 1x125 0,001
0 3 9 1 335 0,0035 7 Bus8-20 2x125 0015
11 5 9 1 335 0,0035 8 Bus9-21 1x250+1x125 0,0015
125 7 1 335 0,0035 9 Busi1l-22 1x250 0,0015
13 8 9 1 335 0,0035 0.0015
15 10 11 1 335 0,0035 N A O A 13 o \
% 10 12 1 335 00035 Tu caf: thon'g s0 trén so do 1}1nh .3 s& trinh bay
17 10 13 1 335 0,0035 h¢ thong dién cao ap tur cap dién ap 110kV
8 12 13 1 335 0,0035 dén 220k V.
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Chau Béc
BUS3- 220KV

21>

BUSL4 - 110K
Thot N6t

BUS5- 220kV

BUS4- 220kV

BUS 15-110kV

BUS 21~ 110kV

Rach Gia
BUS 9- 220K

caMau  NeddA

O Man
BUSZ 220KV

Cly Lay
BUS 1- 220kV

Vinh Long
BUS 6 - 220kV

BUS16 - 110kV/|

BUS8- 220kV

: BUS 18-110kV
Cao Lanh

BUS7- 220kV

Tra Néc
BUS 19- 110kV

hd Séc Trang

BUS 11- 220kV NMBD Ca Mau

BUS 10— 220kV

BUS 13-220kV/
-~
1 | /
d Bac Liéu

_ BUS 12— 220kV
BUS 24— 110kV

BUS 22— 110KV

BUS 23— 110kV

Hinh 3. So dé hé thong dién cao dap theo cap quan Iy ciia truyén tdi dién Mién Tay

Két qua danh gia dd tin cay
Cong cu sir dung dé danh gia nay la phan
mém TRANREL.FOR. Theo kinh nghiém

toan hé thong theo bang 5 va danh gia duoc
chi s6 d tin cay cac Bus phu tai tai bang 6.

Bang 5. Chi s6 do tin cdy ciia toan hé thong

danh gia cua cac chuyén gia danh gia do tin LOLEs,,  EENSsy ELCsys EIRsys
cdy hé thong dién thi chi s EIR phai dat  [Hrs/Day] [MWh/Day] [MW/Cur.Day]
0,9999. K&t qua dénh gia chi sb do tin cia =~ —202008 223232 11475 099872331
Bang 6. Chi s6 do tin cdy cdc Bus phu tai
Bus LOLEg, EENSgu Slgys ELCaus ElRpys
[Hrs/Day] [MWh/Day] [phut/nim] [MW/Cur.Day]

1 2,02468 501,109 33.255,37 2475 0,99939162

2 2,02468 222,715 36.129,31 110 0,99881028

4 2,02468 170,833 31.176,84 84,375 0,99853538

14 2,02468 101,234 29.560,18 50 0,99830599

15 2,02468 75,9256 36.950,34 37,5 0,997489233

16 2,02468 136,666 33.255,37 67,5 0,998418218

17 2,02468 189,814 34.640,98 93,75 0,99875646

18 2,02468 94,9069 27.712,7 46,875 0,99815643

19 2,02468 86,049 31.407,89 42,5 0,997903289

20 2,02468 187,283 34.640,98 92,5 0,997903289

21 2,02468 189,814 23.093,99 150 0,99875646

22 2,02468 96,172 28.082,15 47,5 0,998194962

23 2,02468 70,864 34.487,03 35 0,997266053
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T chi sb db tin cdy tai cac nut cua hé théng
dién cao ap PBSCL theo cép quan ly cua
truyén tai dién Mién Tay cho ta thay tai tat ca
cic nit nay chi sd EIR 1a khong dat chuan
theo cac nha nghién ctru vé do tin cay trén thé
giéi. Cho nén hé thong can phai nang cap hay
mo rong thém dudng day truyén tai.

KET LUAN

Nghién ctu nay tép trung danh gia va phéan
tich cac chi sb do tin cay cua hé théng dién
cao ap thudc quyén quan ly cua truyén tai
dién Mién Tay - - Ving Dong Bing Song
Ciru Long. Ap dung phuong phap danh gia do
tin cdy x4c sudt ngdu nhién c6 xét dén cuong
d6 cudng birc (FOR) di danh gia duogc chi sb
dd tin cdy cua toan hé théng, tai nguén phat,
hé thdng truyén tai va tai cac nut ciia hé thong
dién. Pidu nay thé hién két qua rat kha quan
vé hé théng ngudn phat cua hé thdng dién 1a
rat tot khong can phai cai tao hay phat trién
thém, chi c6 hé thong truyén tai 1a cn phai

quy hoach hay md rong thém dé dam béao
cung cap du dién nang cho khu vuc.
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