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TOM TAT

Nhitng hé thong dién (HTP) ludn ludn ton tai cdc nhanh yéu nhat c¢é kha nang dan
dén nghén mach (qud tdi) thuong xuyén khi phdn bo cong sudt giita cdc nha may dién cuc
tiéu chi phi phat dién. Pé chong nghén mach trén HTD can diéu chinh cong sudt phat ¢
mot s6 nha mdy dién, nén da ddy gid ban dién ting cao. Gidi quyét bai todn chong nghén
mach trong HTD ma khéng thay doi cong sudt phdt t6i wu giita cdc nha mdy dién sé lam
gidm chi phi san xudt dién ndng. Bai bdo nay trinh bay viéc p dung 1y thuyét xdc dinh
mdt cdt toi thiéu (Fmin) dé xdc dinh vi tri nghén mach cua HTP twr do chi ra vi tri hop
Iy ciia bo TCSC (Thyristor-Controlled Series Compensator) trén HTD nham gidi quyét
nghén mach va nang cao kha néng tdi ciia HTP cting nhie lam gidm chi phi san xudt dién
nang. Két qud nghién ciru trén ludi dién 7 nit va IEEE 14 niit da chimg t6 tinh hiéu qua
cua giai thuat.

ABSTRACT

On power systems, there are always weakest branches which possibly result in
congestion (overload) when capacity distribution among power stations often aims at
minimizing generation expenses. To prevent congestion on distribution, it is necessary
to adjust generating capacity of some stations, leading to increasing selling prices.
Production cost will be reduced if congestion on rid is effectively solved without changing
the optimal power of these stations. This paper represents the application of identifying
minimum cut (Fmin) to find the congestion position and then pointing out the suitable
positions of Thyristor-Controlled Series Compensator (TCSC). The application will lead
to preventing congestion, increasing the transmission load of the rid, and thus reducing
electrical production cost. Study results on a 7-node network and 14-node IEEE have
proved the effectiveness of the algorithm.
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Hinh 1. HTP don gidan.

O trang thai tinh TCSC dugc xem
nhu moét tu dién tinh ch hodc la mdt cudn
khang JX_ nén co thé diéu khién dong cong
suat di qua cac nhanh theo (1).

Mot HTD hién hitu hogc vira thiét
ké ludn ton tai tip hop cac nhanh xung yéu
c6 kha ning dan dén qué tai HTD. Khi c6
su tang tai, hay su ¢b dudng day, dé tranh
qua tai tuyén day (néu co), can phai diéu
chinh cong sut ciia may phat (MF) nén chi
phi phat dién bj day ra khoi gid tri t6i wu
C, va dat gia tri C, (C1<(;2) va gia djén tai
cac nut tai s€ tang dang ké. Vi vay, néu giai
quyét duoc viée phan lai cac ludng cong
suat bang TCSC trong HTD ma khéng can
phai diéu phéi lai cong suat phat cua cac
MEF.

Nhiéu cong trinh nghién ctru trudce
day vé tmg dung cta FACTs tap trung vao
cac thiét bi nhu: TCSC, TCVR, TCPST,
SVC va UPFC [3...7]. Tuy ¢6 nhiing cach
tiép can khac nhau nhung nhin chung céac
cong trinh nghién curu dya trén cac phuong
phap sau:

Str dung giai thuat Gen [3..6] dé
tim kiém giai phap t6i vu thuong dugc tng
dung nhiéu nhit trong cac nghién ctru trude
day. Tuy nhlen phuong phap nay phai ddi
mit voi s6 luong nhanh va nut rat 1on trong
HTD, nén thoi gian xu 1y thong tin lau va
phtc tap.
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Phuong phap li¢t ké thir nghiém;
con duoc biét dén voi tén goi “phuong
phép thu sai”, (trial and error method) [4]
thuong dugce sir dung dé tim vi tri tdi vu cua
thiét bi FACTS trong mang dién. Gia tri bu
lan luot duge thir trén tat ca cac nhanh cua
mang dién dé tim vi tri nao t4i wu nht theo
ham muc tiéu ban diu dé ra nhu: gia ting
tong kha nang truyén tai ciia hé thong [6],
gia tang t6i da phuc loi xa hoi [4,7] hodc sy
can ddi gitra chi phi bo ra va dung luong bu
hiéu qua [3].

M.A Khaburi va M.R.Haghifam
(2009) str dung phuong phap phan ving dé
gidi han pham vi tim kiém [5,7]. Thiét b
bu chi lép dat trén cac nhanh lién lac gitra
cac vung dé kiém tra tim kiém giai phap t6i
uu theo myc tiéu dé ra. Phuong phép nay
¢6 vu diém 13 giéi han dugc khong gian
pham vi tim kiém giai phap nhung két qua
tiy thudc vao sy phan ving ban du cua
nguoi van hanh. No6i chung nd chi chinh
xac trong truong hop cé su quy hoach lién
vung.

Khic phuc nhimg nhuoc diém cua
cac nghién cuu trude day; bai bdo nay su
dung ly thuyét Fmin xac dinh vi tri xung
yéu nhat cia HTD c6 thé dan dén qua tai
thuong xuyén. Két hop véi tinh hiéu qua
ctia TCSC dit tai vong nghén mach chong
quéa tai dé giam gid thanh san xuit dién
cling nhu gia ban dién trén thi truong.

II. PHUONG PHAP TIEP CAN.
1. Ly thuyét Fmin.

Lat cat cyc tiéu va dong cong sut
cuc dai (max flow-min cut) 1a luong cuc dai
ctia mot ludng c6 kha ning thong qua tat ca
cac mat cat [1,2].

Min cut: La 1at cit cyuc tiéu trong
mang phai 13 1at cit sao cho né chia doi
nguén s va tai  ndm O hai nira cua mit
phang cit. Khi d6 kha ning truyen tai tur
ngudn s toi tai 7 théng qua 1at cit s& bang
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tong kha ning truyén tai clia cac cung ma
lat cat di qua. Hinh 2 giéi thi¢u mot so 1at
cat tiéu bicu cua ly thuyeét.

Max-flow: Dong cong suét cuc dai
duogc hiéu 1a dong cong suat ¢ kha ning
truyén tir ngudn s tdi tai t thong qua tat ca
cac mat cat. Do d6 max-flow < min-cut. C6
thé hiéu theo nghia nt that c6 chai “bottle-
neck” nhu sau: Kha ning truyén tir ngudn
s t6i tai ¢ c6 thé 16n hon gid tri min-cut tai
nhing vi tri 1at cat khac. Nhung do hé thong
bi ngh&n mach tai vi tri nut that c6 chai nén
ludng cong suit truyén tir s t6i ¢ toi da chi
dugc tinh bang ludng cong suat chuyén qua
mat phang cit c6 gia tri t6i thiéu.

Notcut-set

Hinh 2. Mo hinh hoa Fmin.

Noi céach khac, luong cuc dai cua
mot ludng tir ngudn phat s téi dinh thu t
bang kha ning thong qua ctia mot lat cat
t6i thiéu.

2. Xay dung giai thuat xac dinh Fmin.

Xéc dinh Fmin theo [1,2] khé phuc
tap, bai bao nay trinh bay mdt thuat toan thuc
dung dugc lap trinh hoa goi 1a max-flow
dé xac dinh Fmin va ludng cong suat cuc
dai trong mang dién theo nhirng budc sau:

Budc 1: thanh 14p ma tran A=A .

Véimang nnitcho tong théng lugng
c6 thé truyén tai giita cac niit trong mang.
Trong d6 thanh phan duong chéo chinh a,=0.
Céc thénh phan con lai a, la théng lugong
lién keét gitra hai nat i-j cé gia tri doi xung
nhau qua dub’pg chéo chinh (a;=a,). Nhiing
nut khong ndi véi nhau co gia tri a,=0.

Buéc 2: Chon huéng cit.

T hop nut ngudn S={s}
T4 hop dinh thu T={t}.

Tinh téng gia tri hang th nhat-
twong duong vai tong cac thong luong cua
cac nat dugc ndi voi to hop nut ngudn phat
S.

chi =ag tag tagp+ag = zasi

Tinh téng gia tri hang cudi cung-
tuong duong voi tong thong luong cia cac
nat dugce noi voi to hop dinh thu T.

2Ci=ag+ag+a,+ay =) a;
Thém t6 hop cac nhénh C,, va tong
thong lugng > C; vao danh sach listcut.

Thém t6 hop céc nhanh C, va tong
thong lugng > C;, vao danh sach listcut.

— C, la thong lugng cua cac cung
tur t6 hop ngudn phat S dén nut i.

— C, 1a thong luong cua cac cung
tur nut thr i téi t6 hop dinh thu T.

Bude 3: Chon niit giam trong so’ do.

= Néu ¥.C; >¥.C
Tinh C__=max[a_]-max[a_,a_,a_,a
. max Lo 2 ss? sl \ s2 s’t
Di chuyén ntt i vao to hop nguon phat
S={s,i} bang cach:
- B0 va cOng gia tri hang i vao hang s
- BO va cong gia tri c)t i vao cot s.
Quay lai budc 2:

= Néu YC; <X Gy
Cmax=ma)§[ait] = max[ast,val o a]
Di chuyén nuat i vao t6 hop dinh thu
T={t,i} bang cach:
- B0 va cong gia tri hang i vao hang t
- B0 va cong gid tri cOt 1 vao cit t
= Néu YC;=X.C,
Kiém tra ma tran A=[A] .

—  Neéu n#2 thi:
Tinh C__=max|a_, a |, néu max=a, thi
max S1 1t 1t
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di chuyén nit i vao to hop dinh thu T,
nguoc lai thi di chuyén niit i vao to hop
ngudn phat S.
Quay lai budc 2.

—  Néu n=2 thi:
Xuét ra két qua trong danh sach listcut
va dung lap.

3. Ung dung trong HTD.

Viéc dat TCSC vao HTD la bai toan
thiét ké, trong khi diéu do cac MF la bai
toan van hanh, nén nhanh duoc dat TCSC
phai 1a nhanh thuong xuyén bi qua tai trong
cac trudng hop tang tai hay su cb. Sir dung
Fmin dé xac dinh tap cac nhanh thudc nut
thit co chai giira tap cic ngudn S va tap
cac tai T 1a didu can thiét. Vi chi c6 nhiing
nhéanh thudc nut cb chai méi c6 thé hd tro
cho nhéanh bi qua tdi. Khi d6, khong gian
tim kiém nhanh dat TCSC s& giam dang
ke.

Theo biéu thtc (1), dé chong qua
tai trén cac nhanh nbi nat I va J co thé
diéu chinh TCSC c6 tinh khang hay dung
dé phan bd dong cong suat qua cac nhanh
khac trong vong nghén mach ma chuong
trinh max-flow da chi ra, khi dé chi can xac
dinh tinh bu khang hay dung cua TCSC.

Ché thét ¢ chai
N

F=mincut

T hop MF S={s, ... .
P ¢ J To hop dinh téi T={, ..}

Hinh 3. Fmin va ché thdt cé chai trong HTD

4. Luwu d6 xac dinh vi tri TCSC.

Tir nhitg phan tich vé kha ning
diéu khién dong cong suit cia TCSC. Két
hop véi giai thuat max-flow xac dinh tap
hop nhanh nghén mach HTD, giai thuat
xac dinh vi tri va dung lugng bu ctia TCSC
dugc trinh bay trong hinh 4:

| Nhap di liéu vao maxflow , pow erw orld |

| Tim tap hep nhanh nghén mach = maxflow |

¥

[ Chay phan bé cong sudt = powerworld |
]

—’| bat TCSC vao nhanh aua tai |
L

3
[ Xéc dinh dung lugng bu XTcsc-|¢—|

N Tang
Hét qua tai tai nat
Y thev i

| i=1dén n,ilasé nat

| [ Y

Tang tai
toan hé
théng

Y
Tana hét tai
Y
[ Xuét gia tri & v tritdi vu ctia TCSC |

Két thuc

Hinh 4. Luu do xdc dinh vi tri TCSC.

IV. VIDUAPDUNG

1. Luwéi dién 7 nut

HTD 7 niit gdm 4 MF tai cac thanh
cai 1,2, 6 va7 vacac phu tai cho tai bang 1,
cac thong sb cAu trac cho tai hinh 5. Khi hé
thong bi qua tai nén gia dién bi day 1én cao
vi phai diéu chinh cong suat phat. D¢ giai
quyét van dé nay, tai liéu [6,7] HTD duoc
phan thanh hai ving ngudn (source area)
va tai (sink area) theo chu quan ctua nguoi
nghién ctru. Thiét bi FACTS duoc lap dat
trén cac nhanh lién lac gitra hai ving nay
dé kiém tra so sanh tinh t6i vu. Tuy phuong
phép nay gi6i han dugc pham vi tim kiém
gidl phap nhung viéc phan vung khong
mang tinh khoa hoc.

Ung dung giai thuat max-flow dé
xudt trong nghién ctru ndy xéac dinh tap hop
nhanh nghén mach bang Fmin nhu mot
phuong phap phan vung mot cach khoa
hoc. Hinh 6 gidi thi¢u mo hinh hoéa va danh
sach lat cat cua ludi dién 7 nat di qua cac
nhanh 1-2 va 1-3 theo chuong trinh max-
flow tai hinh 5.
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Dé xéc dinh vi tri va gia tri qua tai, can giai bai todn phan bd cong suét trén HTD,
két qua nhanh 1-2 bi qua tai 7%. Do d6 vi tri tot nhat dé dat TCSC chong qua tai 1a ngay
trén nhanh 1-2.

Nhénh g\';‘&g R (pU) ¢ p);) B (pU)
12 140 0.005 0.05 0.50
13 120 0.020 0.20 0.05
23 100 0.015 0.18 0.04
24 100 0.015 0.18 0.04
25 120 0.010 0.12 0.03
26 200 0.005 0.06 0.05
34 200 0.0025 0.03 0.02
45 60 0.020 0.24 0.05
57 200 0.005 0.06 0.04

2x 6-7 400 0.020 0.24 0.05

Hinh 5: Théng sé cdu triic ciia HTD 7 niit

Nit | P, (MW) | Q.(MVAR) | P, (MW) | Q,(MVAR)
1 230 80 0 0
2 150 50 100 15
3 0 0 150 40
4 0 0 80 30
5 0 0 130 40
6 250 100 200 100
7 200 100 200 100

Béang 1: Dir lieu MF va phu tai luoi dién 7 nut.

Nhép diligu ¥ ‘

Danh séch duéing cét 4 |

23-26t->54->5t-.. 1064
2> 45 4> 3 25 6> 75-.. 1168
236t 75> Ao 1188
23-5Bt-> 43> 4-. 1189
> 3t-> 2> B> 54> G- 1199
23-2Bt-> 54> 5t-.. 1204
3t-> 2t-> 26> 25-.. 1204
25213 2> 230 Bt->24 .. 1222
13 23233 26> 24> 25 1224
5> 525 67> 56> 32> 34> 3. 1237

Hinh 6. Két qua mé hinh hod ludi 7 niit.

Sau khi 1ip diat TCSC trén nhanh  tai hé thong va gia tri bu cua TCSC dé diéu
1-2 diéu,chinh gia tri bu X, =0.035 dong khién chéng nghén mach luéi dién 7 nat.
cong suat trong mang dugc tinh todn phan , L
bb lai mot cach hop 1y. Nhanh 1-2 hét Nhin xét: Vi tri toi vu dé lap dat
qué tai va lam viéc v6i 97% gidi han cho TCSC la trén nhanh 1-2 V(')rj dung lu:(_):ng to1
phép. da la X, .,=0.05pU, co thé giai quyét moi
murc tang tai 20% cho tat ca cac phu tai,
Dé kiém tra tinh hiéu qua cia TCSC  hay noi cach khac, da tang kha nang truyén
lap dat trén nhanh 1-2 trong viéc diéu khién  tai cia HTD 1én 20%.
dong cong suét khi co sy thay d6i phu tai
lién tuc. Bang 2 gidi thiéu két qua khi ting
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o Cong suit qua nhanh 12

Stt Nut tdng Gia tri bu A :

Tai (20%) X, o Trudce bu Sau bu
(%) (%)

1 2 0.025-0.045 107 99 - 94
2 3 0.011-0.035 102 99 - 92
3 4 0.022-0.045 104 99 - 93
4 5 0.025-0.045 107 99 - 94
5 6 0.025-0.050 107 100 - 94
6 7 0.025-0.050 107 100 - 94
7 T4t ca cac nat | 0.035-0.050 108 99 -95

Bang 2: Gia tri X, . bu trén luci dién 7 nut.

2. Lwéi dién 14 nut

HTD 14 nut dugc md ta hinh 7, ¢6 cac to MF tai cac thanh céi 1, 2, 3, 6 va 8 theo
[8]. Cac nhanh 1-2, 1-5 dugc gidi han voi mirc cong suat la 120MW va 150MW. Cac
nhanh con lai c6 gidi han cong suat la 100MW.

M6 hinh hoa lu6i dién st dung thuat toan 14t cit cuc tiéu voi chuong trinh max-
flow da dé xuat tim kiém tap hop nhanh qua tai voi két qua cho trong hinh 7.

Hinh 7: Lwoi IEEE 14bus

Két qua chay chuong trinh Max-flow (hinh 8) chi ra tap hop cic nhanh xung yéu
nhat cia HTD 1a 1-2 va 1-5. Day la hai nhanh c6 nhiéu kha nang gay qua tai HTD theo
1y thuyét nay.

Hinh 8. Két quda mé hinh hod luéi 14 mit.

Giai bai toan phan bd cong suit cho théy nhénh 1-2 bi qué tai 10%, do do6, vi tri
tot nhat dat TCSC chong qua 1a nhanh 1-2.
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Sau khi lap dat TCSC trén nhanh 1-2
diéu chinh gia tri bu X, =0.05 dong cong
suat trong mang dugc tinh toan phan bo lai
mot cich hop 1y. Nhanh 1-2 hét qua tai va
lam viéc vdi 99% gidi han cho phép.

Dé kiém tra tinh hiéu qua cia TCSC
lap dat trén nhanh 1-2 trong viéc diéu khién
dong cong suat khi c¢6 sy thay doi phuy tai
lién tyc. Bang 2 trinh bay két qua tang tai

dé diéu khién chong nghén mach ludi dién
14 nut.

Nhanxét: v6i giatri cai datthiétbibu
0.2X  <Xpec<0.5X . (0.05<X,(<0.10)
trong hé tuong doi (pU), hau hét qua tai
hé thong déu dugc TCSC diéu khién giai
trir mot cach hidu qua va kha niang truyén
tai cua HTD ciing tang 1én 20%, khong can
diéu chinh cong suit phat cua cac MF.

trong HTD 1én 20% va gia tri bu cua TCSC

qlé tr1 Cong suét qua nhanh 12
Stt Nﬁt tang bu X o cc b
i (20%) Trugebu | g bu (%)
(%)
. > 0.06-0.10 12 99 - 92
D 3 0,08 -0.10 119 103 -101
3 4 0.07-0.10 115 100 - 95
1 5 0.05-010 1] 100 - 92
5 6 0.05-0.10 110 99 -92
6 9 0.06 - 0.10 112 99 - 92
7 10 0.05-0.10 110 99 -92
3 11 0.06 - 0.10 112 99 -92
5 12 0.05-0.10| 110 99 - 92
11 14 0.05-0.10 111 99 - 92
12 Tat ca cac 0.10 133 113
nut

Bang 3: Gid tri X,

Truong hop 2 va 12 qua tai trén
nhéanh van chua duogc khic phuc. Néu diéu
chinh tdng gid tri bu 1én nita co thé dat
duoc muc dich chdng qua tai trén nhanh.
Tuy nhién c6 thé dan dén qua tai cac nhanh
khac ctia hé théng va anh hudng t6i tinh
hiéu qua cua giai phap vé mat kinh té. Do
d6 dbi voi hai truong hop nay cé thé két
hop viéc han ché ting t6i da 1én 20% cong
suat hodc két hop diéu khién thay d6i cong
sudt phat cta cac to may néu khong thé cat
tai. Viéc két hop diéu khién nay van thoa
man tinh hiéu qua ctia giai phap ma van dat
tiéu chuéan kinh té ciing nhu k¥ thuat.

va ty l¢é giam cong sudt qua tai trén luoi dién 14 nut.

Nhu vay, vi tri va dung luong t6i uu
cua TCSCbu cho ludi dién 14 ntitnay la trén
nhanh 1-2 véi gia tri cai datla X, .= 0.10.

V. KET LUAN.

S6 lugng nhanh can khao sat trong
bai toan tim vi tri dat TCSC trong HTD c6
thé giam thiéu bang bang phuong phap mat
cit toi thiéu két hop véi viéc giai bai toan
phan b cong suat.

Két qua nghién ctru con chi ra rang:

tai vi tri xung yéu nhéat cia HTD 1a noi dat
TCSC c6 ¢6 hi¢u qua va lam gia tang kha
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nang truyén tai, chong qua tai nhanh dé
giam chi phi san xuat dién trong HTD, diéu
nay dong nghia véi viéc giam gia ban dién
trén thi truong.

Céc két qua khao sat trén cac ludi
dién 7 nut va 14 nat (IEEE 14bus) da cho
thay tinh hiéu qua cua giai thuat.

TAI LIEU THAM KHAO

Ford, L.R., and Fulkerson, D.R., “Maximal
Flows Through A Network”, Can.
J. Math. 8, 399-404, 1956.

Gerbex, S., Cherkaou, R., and Germond,
A. J., Member, IEEE, “Optimal
Location Of Facts Devices To
Enhance Power System Security”,
Paper accepted presentation at
2003 IEEE Bologna Power TCH
Conference, June 23th-26%,
Bologna, Italy.

Khaburi, M.A., Haghifam, M.R., “A
Probabilistic  Modeling  Based
Appoach  for Total Transfer

Capability Enhancement Using

FACTS Devices”. Electrical Power
and Energy Systems 30 (2009),

XXX—XXX.

Mithulananthan, N., Acharya, N., “A
proposal for Investment Recovery
of FACTS Devices in Deregulated
Electricity = Markets”.  Electric
Power Systems Research 77 (2007),
695-703.

Rashidinejad, M., Farahmangd, H.,
Firuxabad, M. F., Gharaveisi,
A.A., “ATC Enhancement Using
TCSC Via Artificial Intelligent

Techniques”.  Electric ~ Power
Systems Research 78 (2008), 11-
20.

Shrestha, G.B., Feng, W., “Effects of Series
Compensation on Spot Price Power
Markets”. Electrical Power and
Energy Systems 27 (2005), 428—
436.

Stoer, M., and Wagner, F., “A Simple Min-
Cut Algerithm”, Journal of The
ACM, Vol.44, No. 4, pp.585-591.
July 1997.

http://www.pserc.cornell.edu/matpower/




