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XACBINH VI TRi CAN QUY HOACH MO RONG HE THONG DIEN
SU' DUNG GIAI THUAT MIN - CUT

DETERMINING LOCATION FOR POWER SYSTEM EXPANSION PLANNING USING MIN CUT ALGORITHM

TOMTAT

Thi truong dién ra doi da mang lai nhiu phic loi xa hoi, tuy nhién nghén
mach trén hé thdng dién xay ra ngay cang thudng xuyén hon. BE giai quyét van
de nay, quy hoach mé rong hé thdng la mdt trong cac giai phap can thiét. Mac du
quy hoach m@ rong hé thong da duoc nghién ctu nhiéu, nhung viéc két hop cac
bién phap quy hoach van con 1a mot thach thitc. Do d6, viéc xéc dinh chinh xac vi
tri cn quy hoach dé t6i tu hda kha néng st dung hé thong dién hién hiu, tiét
kiém chi phi dau tir 1a mot van dé khd. Bai bao da ap dung giai thuat Min-cut dé
xac dinh vi trf n(it ¢6 chai cla hé thong, tir do dua ra céc dinh hudng can quy
hoach. Két qua md phong trén hé thdng dién IEEE 6 n(t Garver dé cho thay hiéu
qua clia phuong phap dé xuét.

Tir khoa: Quy hoach hé théing; mt cat t6i thigu; TCSC; FACTS; nghén mach.

ABSTRACT

The electricity market has created a large amount social welfare,
nevertheless that seems cause to increate the congestion on the electricity
system more and more frequent. To solve the problem, one of the necessary hase
solutions is power system expansion planning. Although power system
expansion planning has been studied, but incorporating expansion planning
methods still is a challenge. Thus, it would be difficult to find out exactly places
where the electricity network will be expanded for optimizing, saving on
investment funds. This paper shows the method to locate the bottleneck of the
transmission network by the Min-cut algorithm, thus orientatting the plans. The
Garver test system, IEEE 6-bus system, are used to demonstrate the effectiveness
of the proposed method.

Key words: Transmission expansion planning; Min-cut; TCSC; FACTS; congesti.
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1. DAT VAN BE

T6i wu hoa hé théng dién luén la mét trong nhitng van
dé quan trong trong van hanh thj truong dién. Khac véi hé
théng dién truyén théng, noi ma phu tai dugc xem la chac

Binh Ngoc Sang*”, Nguyén Hoang Qudc Viét?,
Duwong Thanh Long?, Trvong Viét Anh*

chén, it thay déi thi trong thi truong dién canh tranh, phu
tai dwoc xem la khéng chéc chén va thay déi theo gia thi
truong. Chinh wu diém cda thi treong dién lam cho nhu cau
tiéu thu dién ngay mot tdng va da mang lai nhiéu phac lgi
x&8 hoi. Tuy nhién, né cling lam cho hé théng thudong xuyén
bi nghén mach. Ngh&n mach lam méo dang thj trvong va
gidm phuc lgi xa héi.

Dé loai bd nghén mach, nang cao phuc lgi xa hai thi quy
hoach mé réng hé théng can phai dugc xem xét. M& rong
hé théng dién cd thé thyc hién mé rong phan ngudn phat
(GEP), mé réng phan truyén tai (TEP) hodc mé réng phan
phéan phdi. Tuy nhién, viéc xac dinh trudng hgp nao can mé
rong ngudn, trvdng hop nao can mo rong lwéi la mot van
dé khé néu nhu khéng c6 mot giai phap cu thé trong quy
hoach dé co dinh huéng tot.

Trén co s& nhirng wu diém cla giai thuat Min-cut [1-3]
trong viéc xac dinh nhanh diém c6 thé gay ra tc nghén
cla hé thdng sau khi tang tai, bai bao dwa ra cac kich ban
dé thuc hién cac bién phap quy hoach mét cach hiéu qua
nhu sau:

i) Xy dung cac dwdng day song song vi tri ngh&n mach.

ii) Xay dwng cac duong day trén cac tuyén moi.

iii) LAp dat TCSC dé phan bé lai cong suat

iv) Biéu chinh cong suat ngudn phéat
2. GIAI THUAT MIN - CUT
2.1. M6 hinh héa hé théng truyén tai dién

Hé théng dién dwoc mo6 hinh héa nhu mét do thi vo
hudng G(N,A), ludng cong suat dwoc biéu dién nhw ludng
trong do thi. Mot tap cac nit N, (’ng véi cac thanh cdi cla
hé thdng dién, cac duong day truyén tai ndi gilta cac thanh
cai n, n; € N biéu dién cung a; € A. Moi cung duoc gan u;
bi€u thi kha nang truyén tai cong suét t6i da trén dwong
day. Binh s 1a nguén, dai dién cho céc td may phat va dinh t
dai dién cho cac phu tai. Mdi dwong day ra clia ngudn s c6
ludng trén né Ién nhat phu hop véi may phat ndi vao nit
va moi duong day di vao tai t dai dién cho muc do tai néi
vao nat. Mi nut trén dd thi phai théa man P, = 2P,
ngoai trir n(t nguon s va tai t. Nat s, t va G hinh thanh doé
thi G(N,A).
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Vi du m6 hinh h6a mot mang dién don gian gém 2 nat V&i mang dién bat ky, lvu d6 qua trinh két hgp mod hinh
duoc trinh bay trong hinh 1. C4c lat c&t c6 thé c6 chlamang  hoda véi giai thuat Min-Cut dé xac dinh mét cét t6i thiéu cla
dién hinh 1 duoc chi ra trong hinh 2 va bang 1. Theo d6, mang dién duwgc trinh bay nhuv hinh 3. Theo lwvu do hinh 3,
mdi lat c&t chia ngudn va tai thanh hai phia khac nhau [1]. str dung cac ngdn ngii l1ap trinh cho cac mang dién Ién

1 hodc thu cdng d6i vai cac mang dién 4-5 nit tré lai cé thé
tim dwoc mét cat ti thiéu. Khi da tim dwoc mat cit t6i thidu
:I & vi tri nao thi can phai cé ké hoach thyc hién nang cép, cai
20MW
—————» 35MW

25MwW

30MW ((~ }—

tao va vé chién lugc lau dai can quy hoach lai vi tri dé.
2.2. Trinh ty thuc hién quy hoach mé rong hé théng
Budc 1: Xac dinh cac vi tri tic nghén bang giai thuat
Hinh 1. Mang dién 2 n(t Min-Cut theo lvu dd hinh 3. Ba loai lat cat a céc vi tri that cd
chai, can dugc xem xét danh gia. Céc lat cat co thé thudc
mot trong cac trvong hgp nhu trong bang 2.
Bang 2. C4c trrong hop xay ratai vi trf lat &t cuc tiéu

aomw (~—

2

Truong hop Lt ct cyc tiéu Nhan xét
1 Chi thudc tap tai - Nguon; dap (ing
. - Lubi dép ting
Hinh 2. C4c I4t c&t trong so @0 mang dién 2 niit 2 Chi thudc tap ngudn - Nguon: khong dap ing
Bang 1. Vi tri va dung luong clia céc It cét - Ludi: dap ing
STT LAt cit Dung lurong truyén 3 Chi thudc tap nhanh - Nguon; dap (ing
1 — 30+40=70 - Ludi: khong dap ing
5 N———— 40+20+25=85 4 G0m c6 tai vanhanh - Nguon; dap (ing
3 e 30+20+35=65 - Lui knong dap iing
A —— 25+35=60 5 GOm ¢6 ngudn va nhanh - Nguon; chua xac dinh
- Ludi: chua xac dinh
6 GOm ¢6 tai, ngudn vanhanh |- Ngudn: chuwa xac dinh
- Ludi: chua xac dinh

Budc 2: Binh hwéng quy hoach
Trueong hop 1: Kiém tra qua tai cuc bd khi diém thét ¢
chai da xac lap. Néu hé théng dién khéng xay ra qua tai cuc

Tsi-Yas b0, két luan hé théng da dap (ng dén thai diém quy hoach

2it=>ai ma chua can mé rong. Néu hé thong qua tai cuc bd, céc

hDi° o ¢ - bién phéap quy hoach (ii), (iii) va (iv) duwgc xem xét.

chuyén ém to ,
nﬁ}t/io Csi, Cit -y Trwong hop 2: Piém that co chai chi bao gom tap

vao to Dianhiedeh Di ngudn. Diéu nay cho thdy ngudn la vi tri tdc ngh&n can phai
hc_rp. lat cat 2'si, Jit chuyén quy hoach.

Truong hop 3: Lat cét xem xét roi vao tap nhanh, cac
bién phap quy hoach (i) va (ii) s& dwgc (tng dung dé md
réng nat that ¢ chai.

Truong hop 4: Tredc tién co thé xem xét cac bién phap
diéu chuyén phu tai, sau do quay lai cac bién phap quy
hoach nhu truong hop 3.

Trwong hop 5: Sau khi quy hoach lai hé théng nguén,
cac bién phap quy hoach theo truong hgp 3 sé dugc ap
dung trong quy hoach cho tredng hgp nay.

Truong hop 6: Thire hién theo trinh ty nhu sau:

- Xem xét cac bién phap diéu chuyén phu tai;

- Xem xét GEP;

Hinh 3. Luu d6 x&c dinh mat c&t t6i thiéu mang dién - Quy hoach m& rong hé théng dién treong hop 3.

max—max

[asi]

In danh
sach lat
cht

end
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3. KET QUA MO PHONG TREN LUG1BIEN IEEE 6 BUS Tir ndt
Xét lwdi dién 6 nut Garver [4] bao gom: 6 nut, 8 duong Gen | 1 | 2 | 3 | 45 ] 6 |Load
day va 3 nguoén nhv hinh 4. Théng s6 ngudn, phu tai va Gen 150 360 600
dudng day cho tai bang 3 va 4. 1 100 80 | 100 80
Bang 3. Nguon va phu tai lu6i dién 6 nit 2 100 100 | 100 100 | 240
Bus Cong suét ngudn (MW) Cong sudt tai (MW) E 8 | 360 100 100 40
1 150 80 =2 4 80 | 100 100 | 160
5 100 100 240
2 0 240 6 | 600 100 100
8 860 40 Load 80 [ 240 | 40 | 160 | 240
4 0 160 Budc 2: Binh hwéng quy hoach
5 0 240 Két qua tinh toan bang tha céng nhan duoc 2 diém that
6 600 0 c6 chai la;
Tong 1,110 760 - Min-cut: ¢6 tong thong lwgng 1a 710 MW, di qua cac
Bang 4. Thong s dudng day luti dién 6 nit nguon 1, 3 va di qua cac nhanh 2-6 va 4-6.
-Va Cut-2: téng théng lvgng 1a 720 MW, di qua céc tai 1,
Bus o g™ . . .
o | pa R(pu) | X(pu) Capa (MW) Dai (miles) 2,3, 4 vadiquacac nhanh 1-5 va 3-5.
¢ cn Nhu vay, Min-cut roi vao trwong hgp 5 va Cut-2 la
1] 2 010 | 040 100 40 trudng hop 4. V6i két qua nay, dinh huéng quy hoach can
1 4 0,15 0,60 80 60 xem xét dén cac ngudn 1, 3 va céc tai 1, 2, 3, 4 va cac cap
9 3 0,05 020 100 20 Bang 5. Tap hop c&c mat cat 6 n(it
. Thanh phan mét cat di qua
2 | 4 | 010 | 040 100 40 S6TT | Tapcit| ¢apa phan mé g
5 6 0,08 030 100 20 (MW) | Gens | Loads Branches
3| 5 | o5 [ o 100 20 L | Gens | 111 |136
4| 6 | o008 | 030 100 30 ;, ML_°adst ;ig = 123,45 T
in-cu , -6, 4-
Hai Kich ban duoc dat ra cho hé théng Iwéi dién Garver s Lotz 70 1234 26 1.5
trong nghién ctru nay la: - ke =
s A ox . 2 5 CUT-3 880 1,3,4 3-5,2-6,2-3,1-5,1-2,2-4
Kich ban Hé s6 ngudn Hé s6 phu tai
) 10 10 6 CUT-4 830 1 134 3-5,2-6,2-3,2-4,1-4
) 0’8 1'2 a) Phuong an 1; Xét cac ngudn 1 va 3 lién quan dén lat
240 ’ ’8() O 150 Cét MIn_CUt.

Luong thiéu hut cong suét clia that ¢6 chai nay 1a 50MW
(760-710MW), nén mé& rong cong sudt nguon 1 Ién 200MW
theo bién phap quy hoach (iv). Dieu nay cé thé khac phuc
diém that cd chai Min-Cut nhung khong thé thao g& nat c6
chai Cut-2 nén phrong &n nay sé bij loai.

bus 3

b) Phrong an 2: Xét quy hoach mé rong cac nhanh

Mdi lat cat trong that ¢6 chai can md rong thém 1 tuyén
dwdng day mai. O day cac nhanh 3-5 va 4-6 dugc lva chon
dé xay dung thém 1 dwong day song song nhuw bién phap
quy hoach (i). K&t qua chay min-cut sau khi mé réng thé
hién tai bang 6.

Bang 6. Tap hop cac mét c&t 6 nit mé rong

bus 6

160

Hinh 4. Ludi dién 6 nit s6 Tapckt| G Thanh phan mét cat di qua
3.1. Kich ban 1: T (MW) | Gens | Loads Branches
Budc 1: Xac dinh cac diém that cd chai 1] CGens | 1110 |136
Xay dung ma tran thong luong [A] lién két gitta cac nat | 2| Loads | 760 1,2,3,4,5
trong hé théng nhu sau: 3| CUT-1 810 13 4-6,2-6
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4 | CUT-2 790 1 3 4-6, 3-5, 2-6, 2-3
5| CUT-3 930 1 3,4 1-4,3-5,2-6, 2-3, 2-4
6 | CUT-4 980 3,41 ]3-51-52-6,2-3,2-4,1-2

Sau khi mé rong luéi dién nhu phwong an 2, hé théng
truyén tai van qua tai cuc bd trén nhanh 2-6 (hinh 5) nén
can xem xét dén céac gidi phap phan b6 lai trao lvu cong
sudt theo (ii), (iii) va (iv).

e L3p dat TCSC trén nhanh 1-2 v6i X;cse = 50% X,, va
nhanh 2-4 v6i X;cs. = 70% X,.,. K&t qua nhu hinh 6.

e M@ rong cong suat ngudn 1 1én 200MW: Két qua nhw
hinh 7.

240w
N\

Hinh 7. Hé thdng 6 nit sau khi m& rong cac nhanh 3-5 va 4-6 két hop mé
rong cong suat nguon G1
Bang 7. So sanh v6i mdt s6 nghién ctru tueng tu vé s6 legng mach mé rong

Nhanh | Phuongandaxudt | [5] (61| [71 | 18] | [9] | [10]
2-3 1 1
2-6 1 1 1
3-5 1 2 (1] 1 1 1 1
4-6 1 2 (1] 1 2 3
Tong cng 2 50203 | 3| 4] 4

Tir két qua hinh 6, 7 c6 thé thdy rang nghén mach da
duwoc loai bd sau khi thuc hién cac giadi phap quy hoach dé
nghi. Phuong phap dé xuat cé s6 lwgng mach mé rong it
hon so véi cac cdng trinh nghién ctu trudce [5, 7-10] va
bang [6] nhu thdy trong bang 7.
3.2.Kich ban 2:

Budc 1: Xac dinh cAc diém thit c6 chai

Két qua tinh toan Min-Cut bang thii cong dugc tap hop
cac mat cat thé hién trén bang 8.

Bang 8. Tap hop cac mét &t 6 nit theo truong hop 2

$6| . . |Capa Thanh phan mat cat di qua
Tap cat
1T (MW)|Gens |Loads Branches
1] Gens |888 |1,3,6
2| Loads |912 1,2,3,4,5
3| CUT-1 |824 1,2,3,4 1-5,3-5
4 | Min-cut |608 |1,3 4-6,2-6
5] CUT-3 |936 3,14 2-6,3-5,2-3,1-5,1-2, 2-4
6| CUT-4 |840 |1 3,4 2-6,3-5,2-3,2-4,1-4
Hinh 6. Hé thding 6 nat sau khi mé rong cac nhanh 3-5 va 4-6 két hop Ip dat V@i két qua nay nhan thay co 4 vi tri thét ¢8 chai roi vao
TCSC trén nhénh 1-2va 2-4 cac lat cat twong (ng vai tirng tredng nhu sau:

18 | Tap chi KHOA HOC & CONG NGHE @ S8 50.2019



SCIENCE TECHNOLOGY

Lét cat Gens | Min-cut | Cut-1 | Cut-4
Roi vao trung hop 5 1 4 6

Buédc 2: Binh huéng quy hoach

- V6i lat cat (Gens) phai md réng ngudn trong (ng véi
céng suat maé rong toi thi€u la 24MW.

- L&t c&t (Min-cut): sau khi xem xét mé réng ngudn 1
hodc 3 thi phai mé& rong cac nhanh 2-6 va 4-6 thém toi
thiéu 3 mach méi.

- L4t c&t (Cut-1): m& réng mot trong cac nhanh 1-5 hoic
3-5 thém t6i thiéu 1 mach mai.

- Lat cat (Cut-4): sau khi xem xét mé rong ngudn 1 thi
phai mé& rdng mot trong cac nhanh 1-4, 2-3, 2-4, 2-6 va 3-5
thém t6i thiéu 1 mach mai.

- Xay dwng mot nhanh theo hwéng tuyén méi néi nat 3
v&i ndt 6 hodc nat 5 voi nat 6.

Ba phuwong an quy hoach dwoc thé hién trén hinh 8, 9 va
10

Phuong an Ndi dung quy hoach
1 - M rong ngudn G1 I&n 220MW
- Md rong cac nhanh 2-6 (2), 3-5va4-6
2 - M rong ngudn G1 1én 200MW Hinh 9. Phurong an 2 clia trudng hop 2
- Md rng cac nhanh 2-6 (2), 3-5va4-6
- TCSC nhénh 1-5 (30%X,.5) d€ khéc phuc qué tai cuc bo 288MW 96w
3 - Mé rong ngudn G1 I&n 220MW
- M& rong cac nhanh 2-6, 3-5, 4-6 va 3-6

2880MW 96MA

Hinh 10. Phurong &n 3 ctia trudng hop 2

Toan bd két qua phan tich trén c6 thé thay rang, nghén
mach ciing da duoc loai bé sau khi ph6i hgp nhiéu bién
phap quy hoach trong trvong hop tai hé thong duoc tang
Hinh 8. Phurong an 1 clia trudng hop 2 I&n 20%.
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4. KET LUAN

Viéc ph6i hgp nhiéu bién phap quy hoach mé rong hé
thong dién trong moi truong thi trvdng dién dé t6i vu hda
kha nang st dung hé théng dién hién hitu, tiét kiém chi phi
dau tu l1a moét van dé can thiét cho cac nha lam quy hoach.
Trong do6, viéc xac dinh chinh xac vi tri can quy hoach (quy
hoach nguon, lvdi, tai) la mot van dé kho néu nhu khéng cé
mét phwong phap hiéu qua. Bai bao nay da ap dung gidi
thuat Min-cut dé xac dinh nhanh cac lat cét, tir d6 duva ra
céc dinh huéng can quy hoach dé mé rong hé thong mét
cach hiéu qua. Nhitng két qud mé phoéng dé cho thay tinh
hiéu qua clia phuong phap dé xudt.
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