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TOM TAT

Khi chuyén sang thi truong dién thi van dé nghén mach truyén tdi la thuong xuyén xdy
ra, cé anh hwéng dén on dinh va dg tin cdy hé thong dién (HTP). Vi vay, diéu khién nghén mach
la chitc nang quan trong ciia bat ky ISO va la qud trinh dam bdo hé thong truyén tai khong bi
vi pham cac gidi han van hanh. Bai bao nay trinh bay phwong phdp sw dung mdt cdt t6i thiéu
(Feut-min) va gid dién cia cac may phat (MF) dé xdc dinh cong sudt phdt cia cac MF nham
giam nghén mach dwong ddy lién ving va trong vimg. Két qud nghién ciru trén hedi dién mau 5
niit va 14 nit ciia IEEE cho thdy tinh hiéu qua cia gidi thudt dé nghi.

ABSTRACT

When switched to power market, the transmission congestion occurs frequently and
affects the reliability and stability of electric power system. Therefore, congestion control is an
important function of any 1SO and it is a process to ensure for transmission system that is not
violated the operation limits. This paper presents a method using minimum cut and electricity
price of the generators to determine generating power of the generators which aimed at inter-
zonal and intra-zonal congestion alleviation. The research results rely on the sample grid 5 bus
and IEEE 14 bus that shows the effectiveness of proposed algorithm.

GIOI THIEU

Nghén mach trong thi truong dién 1am ting gia ban dién tai cdc nat nén can phai diéu phdi
lai cac MF trong vung hay lién ving dé giam ngh&n mach, dan den giam gia ban dién cing nhu
giam chi phi san xut dién nang. C6 nhiéu nghién ciru khoa hoc vé van dé nay nhu diéu do tai,
str dung cac thiét bi FACTs, tuy nhién con nhirg han ché khi chua giai cing luc hai bai toan lién
ving va trong mot ving. Bai bao nay dé xuat mot giai thuat st dung phuong phap Feut-min dé
xac dinh tdp cc nhanh ciia ving cd chai ciia HTD, khi xdy ra ngh&n mach, chi ¢6 nhitng nhanh
nay moi c¢6 kha nang trng ctru nhanh bi ngh&n mach trong HTD.

I PHUONG PHAP TIEP CAN

1. Xac dinh viung co chai trong HTD

HTD duge xem 1a mot dd thi vo huéng G
c6 tap céac dinh V 1a céc nut va tap cac nhanh
E 12 duong day. Mdi nhanh e c6 trong s w(e)
> 0 dai dién cho kha nang mang tai ciia chiing.
Trong G, b6 sung dinh S 1a dinh ndi véi cac
MF va T 1a dinh ndi véi cac phu tai. Nhu vy,
tdn tai cac 14t cét chia dd thi G thanh hai nua,
mot nira chira dinh S va mot ntra chira dinh T.

Goi F 1a tap chura cac lat cat nay, gia tri cua
lat cat thi i: F. (i.n, n: sO lat cit c6 thé) duoc
tinh theo (1) va F . lalat cit ¢ gia tri bé nht
duogc xac dinh bang giai thuat cia Mechthild
Stoer va Frank Wagner.
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Trong do:

- N s6 nhanh ma mit cit di qua,

- W(Cj)i trong s6 nhanh tht j trong Ni
Tép hop cac nhanh F . di qua tao thanh mot vung
¢6 chai ctia HTD nhu hinh 1.

Hinh 1. Vi i lat cdt cuc tiéu trong mang

Té hop nguén
phat S={s,i...}

Té hop phu
@i T={j, ..t}

2. DPiéu khién nghén mach lién ving

Goi tap nut A={1, 2,., N}, E={1, 2,.., L} la tép
cac duong day. Mang dién bao gdbm mdt tap cac
vung Z={1, 2,..., K}. Su phén chia vung dan dén

tap lién két C {1, 2,.... I}, ki hiéu mot lién két
gitra vung k, va k, boi: CU =0, 0, el

Goi dong cong suét tac dung F. trén duong day
tur nut 1 téi nut j, cadc dong cong suat lién quan t6i
duong day phai thoa man 0= =F™ va 0<F, <™
G={1, 2,..., N} la tap cac MF, ki hi¢u véc to Pg
la cong suat tac dung phat ra cua G; D={1, 2, ...,
N, } 1a tap céc tai trong hé thong, ki hi¢u véc to P,
la cong suat tac dyng ti€u thy cia D.

S={1, 2,..., S} la tap cac SCs (Scheduling
Coordinators) Tap nay bao gébm céc trung tam
giao dich dién nang va cac glao dich song phuong
G va D¢ bleu thi tdp con cua cac MF va phu tai
ctia SCs, mdi SC duge dic trung boi:

S={ G, D}.
Goi C (P ) 1a ham chi ph1 cua MF, B(P,) 1a ham

loi nhﬁan cua tai. Gia sir cdc ham ch1 ph1 va ham
loi nhuan 1a cac ham bac 2 nhu sau:

CB)=05, B+, Btay, S (2)
By(®)=PB,s B+, Py +Byy b 3)

Ham muc tiéu:

minY X [C,(P)-By(Py ] )
P By kel geGy
deDy,

Rang budc:

Can bang cong suat doi véi vung k:

Y (,-P)- Y E+ Y F=0%keZ(9)

geGy {,J}eC X {i, J}eC ¢
dEDk iGAk , iEAk ’
k 2k K #k

Phan chia thi truong cua cac SCs:

S P~ Y P=0,7seS (6)
gel¥ deD?

Kha ning truyén tai duong day lién két:

SF <FP™ 0 <F, < B (7)
v {1.-‘1}.. {1.. iy €C
Gi6i han MF:
PP <P, =PI,V geG (8)
Gi61 han tai tiéu thu:
Pf“ <P <P™.¥deD 9)

Muc tiéu diéu khién HTD theo ISO la bicu
thirc (4), ding dé cuc dai phtc loi xa hoi
hoac tuong duong cuc tiéu cac chi _phi xa hoi
dbi voi tat ca cac vung theo cac diéu kién

rang budc khac nhau tir (5) dén (9) ctia mé
hinh.

3. Piéu khién nghén mach trong ving

Ham muc tiéu:

min > € (Pe) =X B;(Ppy) (10)
Fgy PD_| i ]

Rangbugc:

g(x.u)=0 (11)
h(xu) = 0 (12)
Trongdo:

— g vahla cdc tdp rang budc van hanh
hé thong, bao gom cac phuong trinh
dong cong suat hé thong va cac gidi han
dong cong suét truyén tai.

— x 1a tap cac bién phu thudc.

—u la tap cac bien diéu khién, do 1a cac



cong suat tdc dung & MF va cac nut tai.

— ivaj la tap cac MF va cac ho tiéu

thu twong Ung.

Rang budc dang thic c6 thé duoc viét nhu

sau:

S P, -SPy+L=0 (13)
] 1

Trong d6: L 1a ham t6n that truyén tai.

Rang budc bét dang thic c6 thé dugce cho nhu
sau:

PGi _PGi,ma; =0 (14)
Pr —Pp g =0 (15)

Biéu thuc (10) dan toi 1o giai va cac diéu kién
Kuhn-Tucker nhu sau:

0 i L 'fhk (16)
)=y =T —E =0

OLp; ¢ D] k Op

-1 1

L—} (1——)+}L +vwk1——0 (17)
Ol E‘PG e PG1
“’1(1}(}1 €] max):(-) va i = (18)
:{J (PDJ _PDj,max) =0 va TJ =0 (19)
ﬂkhk =0 Vcr‘i ﬂ:k =0 (20)

Trong do:

A :la chi ph1 g1a tang cua hé thdng (nhan tir
dbi ngau vé rang budc dang thirc).

W,y vam tuong u’ng 1a cac tap bién dbi
ngau Kuhn-Tucker vé rang budc cong suit
va rang budc van hanh.
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Tép hop dir
ligu dau vao

Xdc dinh tdp cdc nhinh
v&u nhit trong hé thdng
Phin b& cong suft vi kiém|
tra nghén mach trén Gip
cde nhinh yéu nhit

Co nghén mach duting
diy lién viing khong?

Tinh gid vi diéu khién
nghén mach lién ving

»le

Cd nghén mach duding
diy lién ving khong?

C6 nghén mach duding
day trong ving khong”

Tinh gid va diéu khi€n
nj__hen mach lién ving

|

|

| —

| Tinh gid va dicu khién
| nghén mach trong viing
|

|

|

Hinh 2. Luu do diéu khién nghén mach HTP

IL CAC Vi DU KHAO SAT

1. Hé théng dién 5 nit

HTD don gian, 5 nit, 3 ving, va 2 SC duoc
trinh bay tai hinh 3. Céc bién G, . vaD, .

tuong ung la MF va phu tai cia §C o nut Js
k=1+2vaj=1+5. Cac MF co gidi han 0<
fl’G <500MW, dir liéu duong day cho ¢ bang

G1,1 Y
160w i
8 §/mwh

G2,1

240fhma

14 §/mwun

G1,3
o @IJ G1,5 D12
23 4/Mwh Offfvnwr “m. -I—-I% :
ale 38 $Mwh 160 MW

G2,3

x = als
OB @' G2,5
38 $MWh :

o “ > = > D2,2
Viing 3 33 $Mwh '._ 240 MW

Hinh 3. HTD 5 nut
T Té1 nat X (Q) G161 han
nut (MVA)
1 2 0,02 200
1 3 0,01 200
2 3 0,02 100
2 4 0.02 200
3 5 0,02 300

Bang 1. Dir liéu dirong ddy cua HTD 5 nut

Str dung phuong phap Fcut-min dé tim tap céc
nhanh c6 kha nang xay ra nghén mach trong
HTD. Két qua trinh bay tai hinh 4.



F _=F,=0+0-+200+ 100 =300,
= F, =0+ 300 = 300.

hoac F .
* min

F,=600
|/ F,=800
[
200 ¢
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sau bugc nay dugc trinh bay trén hinh 6. Theo
yéu cau trén duong day lién két gitra hai ving,
G1,1 giam ngd ra tir 160MW xudng OMW,
G1,4 ting ngd ra tir OMW dén 60MW, G1,3
tang ngd ra tr OMW dén 100MW vi ludn c6
G1,1 + G1,3 + G1,4 + G1,5 = D1,5, tuong tu
G2,1 giam ngd ra tir 240MW xudng 200MW,
G2,4 ting ngd ra tir OMW dén 40MW vi ludn
c6 G2,1 + G2,3 + G2,4 + G2,5 = D2,5. bay
la su phan chia thi truong, tang hay giam cong
suit trong cip t6 may nao d6 cua SC nay thi
dugc bu boi giam hay ting cong suat cta clng

Hinh 4. Két qua sir dung phirong phép Feut-
min

Do d6 tap cic nhanh yéu nhat 1a nhanh S-5,

S-3, 1-3, nhanh 2-3 va nhanh 3-5. Day la tap

cac nhanh c6 kha nang xdy ra nghen mach

nhleu nhét. Dleu nay the hi¢n tai két qua phan
bd cong suét trén PowerWorld tai hinh 5.

Gi4
Ving 1 o
1 oy
13 §/Wh
4 G24
2408y Oy
14 $MWh Vin g2 20 $Mwh

611
160w
8 §MAh

SC do.

61,1
oy
B §/Mwn

G2,1
2008w

"
14 gMwh

Ving 1
1

Gl4

@ cofp

o, 13 $/MWh
N 524

40l

Viing 2 20 §Mh

G1,3

62,3
offw
35 $MWh

lOOMW E =
23 $Mwh

./

oW

33 §Mwh

ke $/M\Nhl ;
) 5
. 535
offrwy l»_)_» 02,2

Ving 3

D12
160 MW

240 MW

613
oM

’ {J
23 $MWh
3

G2,3
o
33 £/Mih

Ving 3

515
oRMw

33 §Mwh

38 4/MWwh I
Hl-)
525
o

&)

HEH

)

>

5

>3

D12
160 MW

02,2
240 MW

Hinh 6. Két qua diéu khién nghén mach lién
viung.

Chi phi bién cia mdi SC & mdi niit duge

Hinh 5. Phin b6 dong céng sudt theo ké
hoach ban dau trén duong day lién ket

a. Chéng nghén mach lién ving

Theo hinh 5, ké hoach ban dau s& dan dén
qua tai 60% trén duong day 1-3 lién két giita
vung 1 va vung 3. Dya vao Feut- -min (F
= F,) nhéan thay dé chong nghén mach trén
nhanh 1-3 can tang cong suat di qua S-5, §-3,
2-3 hay trong HTD can tang cong suat MF5,
MF3 va ting dong cong suat trén nhanh 2-3.
Tuy nhién lugng ting cong suit & mdi nut nd
con phu thudc vao suét tang tiéu hao nhién
liéu cia mdi MF dién.

SC1 ban voi gia 83/ MWh, va SC2 ban voi
gia 14$/MWh cho duong day nghén mach ndi
gitra hai vung. Vi gid cua SC2 cao hon gié cua
SC1, nén viéc su dung duong day nghén mach
s& dugc chi dinh SC2 trudc, sau d6 dén SC1.
C6 nghia la cong suit theo ké hoach cua SC1
s& giam trudc, sau d6 moi dén SC, giam cho
dén gidi han cho phép ctia duong day Két qua

trinh bay trong bang 2.

SC | Nat | Gia ($MWh) | LMP ($/MWh)
1|8 LMP, =7
2 |- LMP =13

sc, '3 |23 LMP, =23
4 |13 LMP, =13
5 138 LMP, =23
1|14 LMP, = 14
2 |- LMP, ,=20

sc, |3 |38 LMP, ;=30
4 |20 LMP, ,= 20
5 133 LMP, =30

Bang 2. Chi phi bién ciia méi SC ¢ moi miit.

b. Chéng nghén mach trong ving

Sau khi diéu khién nghén mach lién ving,
duong day 3-5 van con bi qué tai 33% (hinh
6). Dya vao Feut-min (F ;=F,) nhan thay:
de chong nghén mach tren nhanh 3-5, phai
chuyén mot phan cong sudt qua nhanh S-5
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bang cach ting cong suat phat cia MF5 tai
nat 5.

Dé loai bo sy nghén mgch nay, G, giam ngo
ra cua no tr I00MW xuong OMW véi gia 23$/
MWh, trong khi d6 G, ; tang ngo ra cua nd tu
OMW t61 100MW voi gia 33$/MWh. Két qua
duogc trinh bay ¢ hinh 7.

(e,

51,1

Ol

8 §/Mwh ™,

G2,1 ¢ G24
200y 0w
14 ik Ving 2 20 §merh

G1,3
O HlH
23 §Mwh
3
-

G2,3
ol Y
38 $Mh

Ving 1
1

HGLS D1,2
o | (G ) I;»—)—é '
38 $Mwh 160 MW
5
G2,5
10ofw 02,2
33 $MWh "’»’)'9 240 MW

Ving 3

Hinh 7. Két qua diéu khién nghén mach trong
vung

2. H¢ thong dién IEEE 14 mit

Synchronous
COMpensators

@ Gennerators
3

T

(] G

Hinh 8. So d6 mang dién IEEE 14 it

May phat c b a
1 0.0430293 20 0
2 0.25 20 0
3 0.01 40 0
6 0.01 40 0
8 0.01 40 0

Bang 3. Ham chi phi MF: a+bP+cP? $/MWh

Kha ndng mang tai cia cac nhanh trong IEEE
14 nat dugc cho tai hinh 9. Dua vao dir liéu
ban dau cua HTD, str dung phuong phap Feut-
min dé tim tap cac nhanh c6 kha ning xay ra
nghén mach trong HTD, ¢ day tac gia chi vé
vai 1at cat dai dién, két qua (hinh 9) la:

F . =F =0+0+0+40+100+100 = 240
Vi véy tap cac nhanh yéu nhit trong HTD nay

s€ thudc cac nhanh ma mat cat F, di qua, bao
gom nhanh 1-2 va nhanh 1-5.

Két qua phan bd cong suat cho thay: Nhanh
1-2 ¢6 dong cong suat 158,2MVA nén bi quéa
tai 58,2%. Dya vao lat cit  F . =F, diéu
khién dong cong suat trén cac nhanh S-2, S-3,
S-8, S-6 va nhanh 1-5 dé chong nghén mach
trén nhanh 1-2.

Hinh 9. Két qua sir dung phwong phdp Feut-min

Két qua diéu do cong sudt tdi vu bang chuong
trinh Matpower c6 giam khong gian tim kiém
nhu trén cho thy: nghén mach trén duong day
1-2S,=99,99MVA da duoc loai bo va khong
c6 duong day nao bi nghén mach.

Két qua diéu do cong suat 1a MF tai nat 1 phai
giam bat lugng cong suét 1a 78,85MW, MF tai
nut 2 ting thém luong cong suat 1a 0,09MW,
MF tai ntt 3 tang thém 52,03MW, may phat
tai nat 6 ting thém OMW, va may phat tai nat
8 ting thém 19,47MW, diéu nay lam gia dién
tai cac nut c¢6 gia tang thém, tuy nhién hi¢n
tuong nghén mach trong HTD da duoc loai
bo. Két qua gia dién tai cac nit duoc trinh bay
tai hinh 10.

NUT GIA NOT
1 3532143
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Hinh 10. Gid dién & cdc nit sau chong nghén mach
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IV. KET LUAN

Vi¢c str dung Fcut-min da lam giam khong
gian tim kiém cac MF can phai huy dong
trong viéc chong nghén mach duong day lién
vung va trong vung.

Két qua khao sat trén HTD 5 nat va IEEE 14
nut da cho thay tinh hi€u qua cua giai thuat
de nghi.

Thong tin gia nut c¢6 thé dung dé nang cao hiéu
qua st dung ludi dién, ngudn ning lugng, diéu
khién nghén mach, phac thao gia dién hop ly
cho HTD, cung cép tin hiéu kinh té cho viéc
dau tu ngudn dién va ludi truyén tai.
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