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TOM TAT

Cac hé théng dién (HTD) hién hitu luén ton tai cdc nhanh yéu nhét co kha nang dan dén nghén mach thuong
xuyén. Khi mang ludi truyén tai dién bi nghén mach s& la mét trong nhitng nguyén nhan day gia thanh san xuat va
ban dién tang cao [9]. Giai quyét bai toan chong nghén mach 1a cach giam chi phi san xuat dién ning ltc su cd vé
gin voi lie binh thuong. Bai béo nay trinh bay 1y thuyét xac dinh mat cét téi thiéu (F,;,) dé tim vi tri nghén mach
ciia HTD va nhitng két qua nghién ciru dat TCSC (Thyristor Controlled Series Capacitor) trén nhanh ngh&n mach dé
diéu phdi lai dong cong suat trong mang chong ngh&n mach.

ABSTRACT

The existing power system exists around the weakest branches can lead to the congestion often. When the
power transmission network will be the congestion is one cause of price pushed the production and selling electricity
to rise. Solve the congestion is a problem reducing production costs at power problems at close to normal. This paper
presents the theory in determining the minimum cut to find the congestion locations on power system and the
research results to put TCSC in the congestion branchs to control power flow in the network to prevent the
congestion.

1. GIOI THIEU

Xét mang dién nhu hinh 1 vé1 X ,{ J,X ff S la dién khang trén hai nhanh truyén tar I 11 giia
hai thanh cai i va j. U, Uj la dién ap tai hai dau thanh cai. Cong suat truyén tai tir thanh cai i dén
thanh cai j duoc tinh theo biéu thic:
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Biéu thtc (1) cho thay: co thé thay doi gia tri bu Xrese dé thay doi cong suat trén nhanh II.
Diéu nay dong nghia véi viéc diéu chinh dong cong suét truyén tai trén nhanh I giam hoic ting
theo.
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Hinh 1. HTD don giin

O trang thai tinh TCSC dugc xem nhu mot tu dién tinh —jX¢ hodc 1a mot cudn khang jXp
nén co thé diéu khién dong cong suat di qua cac nhanh theo (1).

Mot HTD hién hitu hodc vira thiét ké ludn ton tai tap hop cac nhanh xung yéu c6 kha nang
dan dén qua tai HTD. Khi co sy ting tai, hay su cd duong day, dé tranh qua tai tuyén day (néu
c6), can phai diéu chinh cong suat ciia may phat (MF) nén chi phi phat dién bi dy ra khoi gia tri
toi uu C; va dat gia tri C, (C;<C;) va gia dién tai cac nuat tai s€ ting dang ké. Vi vay, néu gidi
quyét duoc viéc phan lai cac ludng cong suat bang TCSC trong HTD ma khong can phai diéu
phdi lai cong suat phat ctia cac MF.
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Nhiéu cong trinh nghién cau truéc diy vé ung dung cia FACTS (Flexible AC
Transmission System) tdp trung vao cac thiét bi nhu: TCSC, TCVR (Thyristor Controlled
Voltage Regulator), TCPST (Thyristor Controlled Phase Shifting Transformer), SVC (Static
VAR Compensator) va UPFC (Unified Power Flow Controller) [3...7]. Tuy c6 nhiing cach tiép
can khac nhau nhung nhin chung cac cong trinh nghién ctru dua trén cac phuong phép sau:

St dung giai thuat Gen [3...6] dé tim kiém giai phap toi uu thuong dugc Gng dung nhiéu
nhat trong cac nghién ctu trudc day. Tuy nhién phuong phap nay phai déi mit voi sé luong
nhanh va nut rat 16n trong HTD, nén thoi gian xu 1y thong tin 1au va phuc tap.

Phuong phép liét ké thir nghiém; con duogc biét dén véi tén goi “phuong phap thu sai”,
(trial and error method) [4] thuong duoc st dung dé tim vi tri toi uu cta thiét bi FACTS trong
mang dién. Gia tri bu lan luot duoc thir trén tat ca cac nhanh cua mang dién dé tim vi tri nao toi
uu nhét theo ham muc tiéu ban dau dé ra nhu: gia ting tong kha ning truyén tai ctia hé thong [6],
gia tang t6i da phuc loi x hoi [4,7] hodc su can d6i gitta chi phi bo ra va dung luong bu hiéu qua

[3].

M.A Khaburi va M.R Haghifam (2009) sir dung phuong phap phan ving dé giéi han pham
vi tim kiém [5,7]. Thiét bi bu chi lép dat trén cac nhanh lién lac gita cac vung dé kiém tra tim
kiém giai phap t6i uu theo muc tiéu dé ra. Phuong phap nay c6 uu diém la giéi han duoc khong
gian pham vi tim kiém giai phap nhung két qua tuy thudc vao su phan ving ban dau cua nguoi
van hanh. Noi chung no chi chinh xac trong truong hop c6 su quy hoach lién vung.

Khac phuc nhitng nhuoc diém cia cac nghién ctu trude day; bai bao nay su dung ly thuyét
Fmin xac dinh vi tri xung yéu nhat ciia HTD c6 thé dan dén qua tai thuong xuyén. Két hop véi
tinh hiéu qua cua TCSC dat tai vong nghén mach chéng qua tai dé giam gia thanh san xuat dién
cling nhu gia ban dién trén thi truong.

2. PHUONG PHAP TIEP CAN
2.1. Ly thuyét Fmin

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

Min cut: La lat cét cuc tiéu trong mang phai la lat cit sao cho no chia doi ngudn s va tai t
nam & hai nira cia mat phang cat. Khi d6 kha nang truyén tai tir ngudn s t4i tai t thong qua lat cat
s& bang tong kha nang truyén tai cta cac cung ma lat cat di qua. Hinh 2 gidi thiéu mot s6 lat cat
tiéu biéu cua 1y thuyét.

Hinh 2. M6 hinh hoa F,,;,

Max-flow: Dong cong suat cuc dai duoc hiéu la dong cong suat co kha nang truyén tir
nguon s toi tai t thong qua tat ca cac mit cat. Do d6 max-flow < min-cut. C6 thé hiéu theo nghia
nut thit ¢6 chai “bottle-neck” nhu sau: kha nang truyén tir ngudn s toi tai t c6 thé 1on hon gia tri
min-cut tai nhiing vi tri lat cat khac. Nhung do hé thong bi nghén mach tai vi tri nat that co chai
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nén ludng cong suat truyén tir s ti t toi da chi duoc tinh bang ludng cong suat chuyén qua mat
phang cat co gia tri t6i thiéu.

Noi cach khac, luong cuc dai cia mot ludng tir ngudn phat s téi dinh thu t bang kha niang
thong qua ctia mot 1t cat t6i thiéu.
2.2. Xay dung giai thuat xac dinh Fmin

Xac dinh F, theo [1,2] kha phuc tap, bai bao nay trinh bay mot thuat toan thuc dung duoc
1ap trinh hoa goi 1a max-flow dé xac dinh F;, va luéng cong suat cuc dai trong mang dién theo
nhiing budc sau:

Buéce 1: Thanh 1ap ma tran A=A, ,

Déi v6i mang n nat cho tong thong luong co thé truyén tai gitta cac nat trong mang. Trong
d6 thanh phan duong chéo chinh bang a;=0. Cac thanh phan con lai a; la thong luong lién két
gitta hai nut i-j co gia tri d6i xting nhau qua duong chéo chinh (a;= a;;). Nhitng nut khong noi véi
nhau c6 gia tr1 a;;=0.

BudGc 2: Chon huéng cit
T hop nut ngudn S={s}
T6 hop dinh thu T={t}.

Tinh tong gi4 tri hang thir nhat-tuvong duong voi tong cac thong luong ctia cac nut dugc ndi
v6i td hop nut ngudn phat S.

chi = dg +asl +a52 +ast = Zasi

Tinh tong gia tri hang cubi cung-tvong duong véi tong thong luong cua cac nut duoc ndi
voi td hop dinh thu T.

2.Ci=a+a ta,+a, =2 ay,
Thém t6 hop cac nhanh Cg; va tong thong lugng >’ C.. vao danh sach listcut.
Thém t6 hop cac nhanh Cj va tong thong lugng >’ C,, vao danh sach listcut.
- Cy; 1a thong luong cua cac cung tir t6 hop ngudn phat S dén nut i.
- Cy 1 thong luong cua cac cung tir nat thir i t6i to hop dinh thu T.
Bude 3: Chon niit giam trong so' do
Néu ¥ C; >¥.C;,
Tinh Cp,— max[as]=max|ags, as1, asa, ast]
Di chuyén nut i vao t6 hop ngudn phat S={s,i} bang cach:
- Bé va cong gia tri hang i vao hang s
- Bo va cOng gia tri cot i vao cot s.

Quay lai budc 2.
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Néu > C,; <> C,

Cmax=max|a;;] = max[ag, ai, au]

Di chuyén nut i vao t6 hop dinh thu T={t,i} bang cach:
- Bé va cong gia tri hang i vao hang t

- Bé va cong gia tri cOt i vao cot t

Néu > C,; =>.C,

Kiém tra ma tran A = [A]nsn-

—Néu n#2 thi:

Tinh Cyac—max|ag; , ai, néu max=ay thi di chuyén nat i vao to hop dinh thu T, nguoc lai thi
di chuyén nut i vao td hop ngudn phat S.

Quay lai budc 2.

—Néu n=2 thi:

Xuat ra két qua trong danh sach listcut va dung lap.
2.3. Ung dung trong HTD

Viéc dit TCSC vao HTD la bai toan thiét ké, trong khi diéu d6 cac MF 1a bai toan van
hanh, nén nhanh dugc dat TCSC phai la nhanh thuong xuyén bi qua tai trong cac truong hop tang
tai hay su c0. St dung Fuin dé xac dinh tap cac nhanh thudc nut that c6 chai giita tip cac ngudn S
va tap cac tai T 1a diéu can thiét. Vi chi co nhiing nhanh thudc nut ¢6 chai méi co thé hd tro cho
nhanh bi qua tai. Khi d6, khong gian tim kiém nhanh dat TCSC s& giam dang ké.

Chd thét cb chai
N

Té hop MF S={s,i...} [ F=minout . L
T6 hop dinh tai T={j, ...t}

Hinh 3. F,;, va ché thdt ¢6 chai trong HTD

Theo biéu thuc (1), dé chong qua tai trén cac nhanh ndi nit I va J co thé diéu chinh TCSC
c6 tinh khang hay dung dé phan bd dong cong suét qua cac nhanh khac trong vong nghén mach
ma chuong trinh max-flow da chi ra, khi d6 chi cin xac dinh tinh bu khang hay dung cia TCSC.

2.4. Luwu do xac dinh vi tri TCSC

Tu nhitng phén tich vé kha nang diéu khién dong cong suat cia TCSC. Két hop voi giai
thuat max-flow xac dinh tdp hop nhanh nghén mach HTD, gidi thuat xac dinh vi tri va dung
luong bu cia TCSC duoc trinh bay trong hinh 4.

Powerworld [10] & phan mém mo phong hé thong dién, co kha ning tinh toan phan b
cong suat, phan tich gia thanh dién ning va hién thi truc tiép cac thong s6 nay trén thanh cai ciing

66 TAP CHI KHOA HOC CONG NGHE VA THUC PHAM SO 06/2015



KHOA HOC CONG NGHE

nhu trén cac duong day tai dién. Trong chuong trinh sir dung Powerworld nham kiém ching tinh
ding dan vé viéc giam gia thanh dién ning sau khi xu 1y su ¢6 nghén mach.

| Nhap dt liéu vao maxflow , pow erw orld |

| Tim tap hop nhanh nghé&n mach = maxflow |

1!

| Chay phan bb céng suét = pow erw orld |

l

Bat TCSC vao nhanh aua tai |
T

| Xac dinh dung lvong bu xTCSCA|—|

Tang
Hét qua tai tai nut

thr i

[ i=1dénnimsénut |

Tang tai
toan hé
théng

Y
Tana hét tai
Y
[ xuét gia tri & vi tritdi wu ctia TCSC |

Két thuc

Hinh 4. Lwu dé xdc dinh vi tri TCSC

3. VIDU AP DUNG
3.1. Lwéi dién 7 nut

HTD 7 nat (hinh 5) gdm 4 MF tai cac thanh cai 1, 2, 6 va 7 va cac phu tai cho tai bang 1,
cac thong s6 nhanh cho bang 2. Khi hé thong bi qua tai nén gia dién bi diy 1én cao vi phai diéu
chinh cong suat phat. Dé giai quyét van dé nay, tai liéu [6,7] HTP duoc phan thanh hai ving
ngudn (source area) va tai (sink area) theo chu quan ctia ngudi nghién ctru. Thiét bi FACTS duoc
lap dit trén cac nhanh lién lac gitta hai ving nay dé kiém tra so sanh tinh t6i uu. Tuy phuong
phap nay gi6i han duoc pham vi tim kiém giai phap nhung viéc phan ving khong mang tinh khoa
hoc.

Ung dung giai thuat max-flow dé xuét trong nghién ctru nay xac dinh tap hop nhanh nghén
mach bang Fpi, nhu mot phuong phap phan ving mot cach khoa hoc. Hinh 6 gidi thiéu mé hinh
hoa va danh sach lat cét cua ludi dién 7 nat di qua cac nhanh 1-2 va 1-3 theo chuong trinh max-
flow tai hinh 5.

Dé xac dinh vi tri va gia tri qua tai, can giai bai toan phan bd cong suat trén HTD, két qua
nhanh 1-2 bi qua tai 7%. Do d6 vi tri tot nhat dé dit TCSC chong qua tai 1a ngay trén nhanh 1-2.
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Hinh 5. HTD 7 nut Hinh 6. Két qud mé hinh hod lwdi 7 niit

Bdng 1. Dit ligu MF va phu tdi luoi dién 7 nit Bdng 2. Dit liéu nhanh lwoi dién 7 nut
. Pc Qc P, QL . Smax R X B
NG (MW) | (MVAR) | (MW) | (MVAR) Nhanh T mw) | pu) | (w) | (pu)

1 230 80 0 0 1-2 140 0.005 0.05 |0.50
2 150 50 100 15 1-3 120 0.020 0.20 | 0.05
3 0 0 150 40 2-3 100 0.015 0.18 | 0.04
4 0 0 80 30 2-4 100 0.015 0.18 | 0.04
5 0 0 130 40 2-5 120 0.010 0.12 |0.03
6 250 100 200 100 2-6 200 0.005 0.06 | 0.05
7 200 100 200 100 34 200 |0.0025| 0.03 | 0.02

4-5 60 0.020 0.24 | 0.05
5-7 200 0.005 0.06 |0.04
2x
(6-7) 400 0.020 0.24 |0.05

Sau khi lép dat TCSC trén nhanh 1-2 diéu chinh gia tri bu Xpcsc=0.035 dong cong suat
trong mang duoc tinh toan phan bd lai mét cach hop ly. Nhanh 1-2 hét qua tai va lam viéc véi
97% gi161 han cho phép.

Dé kiém tra tinh hiéu qua ctia TCSC lap dit trén nhanh 1-2 trong viéc diéu khién dong cong
suat khi co su thay doi phu tai lién tuc. Bang 2 gidi thiéu két qua khi tang tai hé thong va gia tri
bu ciia TCSC dé diéu khién chéng nghén mach ludi dién 7 nut.

Nhan xét: Vi tri toi uu dé lap dat TCSC la trén nhanh 1-2 voi dung luong ti da la
Xrese=0.05pU, ¢o thé giai quyét moi murc ting tdi 20% cho tat ca cac phu tai, hay noi cach khac,
da tang kha nang truyén tai cia HTD 18n 20%.

Bdng 3. Gid tri Xrcsc bu trén lwoi dién 7 nut

Nut tang tai e Cong suat qua nhanh 12
Stt Q0% | Gt b Xrese ol S %) | Saubu (%)
1 2 0.025-0.045 107 99 -94
2 3 0.011-0.035 102 9902
3 4 0.022-0.045 104 9903
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 | Thtchcacnit | 0.035-0.050 108 9995
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3.2. Lwoi dién 14 nut

HTD 14 nat duoc mo ta hinh 7, c¢6 cac td MF tai cac thanh cai 1, 2, 3, 6 va 8 theo [8]. Cac
nhanh 1-2, 1-5 duoc gidi han voi mirc cong suat la 120MW va 150MW. Cac nhanh con lai co
giéi han cong suat 1a 100MW.

s >
=y e
b o

Hinh 7. Lwoi IEEE 14 bus Hinh 8. Két qud mé hinh hod lwdi 14 nit

M0 hinh hoa ludi dién st dung thuat toan lat cat cuc tiéu voi chuong trinh max-flow da dé
xuat tim kiém tap hop nhanh qua tai voi két qua cho trong hinh 7.

Két qua chay chuong trinh Max-flow (hinh 8) chi ra tdp hop cac nhanh xung yéu nhat cia
HTD la 1-2 va 1-5. Pay la hai nhanh c6 nhiéu kha ning gdy qua tai HTD theo ly thuyét nay.

Giai bai toan phan bo cong suat cho thay nhanh 1-2 bi qua tai 10%, do do, vi tri tot nhat dat
TCSC chong qua la nhanh 1-2.

Sau khi lép dit TCSC trén nhanh 1-2 diéu chinh gia tri bu Xrcsc=0.05 dong cong suat trong
mang duoc tinh toan phan b lai mot cach hop ly. Nhanh 1-2 hét qua tai va lam viéc voi 99% gidi
han cho phép.

Dé kiém tra tinh hiéu qua ciia TCSC lap dit trén nhanh 1-2 trong viéc diéu khién dong cong
suat khi co su thay doi phu tai lién tuc. Bang 2 trinh bay két qua ting tai trong HTD 1én 20% va
gia tri bu cia TCSC dé diéu khién chong nghén mach ludi dién 14 nut.

Nh@n xét: vOi glé tri cai dé‘[ thlét bl bu O-ZXIine<XTCSC<O-5XIine (005<XTCSC<O 10) tI'Ol’lg hé
tuong d6i (pU), hau hét qua tai hé thong déu duoc TCSC diéu khién giai trir mot cach hiéu qua va
kha ning truyén tai cua HTD ciing ting l1én 20%, khong can diéu chinh cong suat phat cua cac
MF.

Bdng 4. Gid tri Xrcsc va ty Ié giam cong sudt qud tdi trén luoi dién 14 nut

Stt | Nut tang tai (20%) | Gié tri b Xresc Trggg%j“(ﬁ; ;1“"1 nslinsul(%, »
I P 0.06-0.10 112 99 - 92
> 3 0.08-0.10 119 103 -101
3 4 0.07-0.10 115 100-95
4 5 0.05-0.10 111 100 -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
8 1 0.06-0.10 112 99-92
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9 12 0.05-0.10 110 99 - 92
10 13 0.05-0.10 111 99 - 92
11 14 0.05-0.10 111 99 - 92
12 Tat ca cac nat 0.10 133 113

Truong hop 2 va 12 qua tai trén nhanh van chua dugc khic phuc. Néu diéu chinh ting gia
tri bu 1én nita c6 thé dat duoc muc dich chéng qua tai trén nhanh. Tuy nhién co6 thé dan dén qua
tai cac nhanh khac ctia hé thong va anh hudng toi tinh hiéu qua cua giai phap vé mit kinh té. Do
d6 d6i voi hai truong hop nay co thé két hop viéc han ché tang toi da Ién 20% cong suat hoic két
hop diéu khién thay ddi cong suat phat cua cac to may néu khong thé cat tai. Viéc két hop diéu
khién nay van théa man tinh hiéu qua cua gidi phap ma van dat tiéu chuan kinh té cling nhu k¥
thuat.

Nhu vay, vi tri va dung luong t6i uu ciia TCSC bu cho luéi dién 14 nat nay 1a trén nhanh 1-
2 voi glé tr1 cai dét la XTCSC: 0.10.

4. KET LUAN

Bai bao nay gioi thiéu mot phuong phap méi dé xac dinh diém nut c6 chai-la diém yéu nhat
cb hiru trong HTD. Giai thuat dé xuat duoc ing dung dé phan ving HTD gi6i han pham vi khong
gian tim kiém giai phap mot cach hiéu qua.

Noi dung nghién ctru cling chi ra rﬁng: tai vi tri xung yéu nhét cua HTD, noi dat TCSC ¢co6
thé gia tang kha nang truyén tai va chong qua tai dé giam chi phi san xuat dién trong HTD, diéu
nay dong nghia véi viéc giam gia ban dién trén thi truong.

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