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UNG DUNG BAI TOAN TOI UU HOA TRAO LUU CONG SUAT
PE PHAN TICH ON PINH PIEN AP CUA HE THONG PIEN

Doin Thanh Cinh', Nguyén Thi Thim!
TOM TAT

Bai bdo trinh by vé phwong phdp phan tich én dinh dién dp bang cdch irng dung
bai todn t0i wu héa trao heu cong sudt tim mién gidi han cong sudt trong phan mém
MATLAB/MATPOWER. Bang viéc tang tdi lién tuc, dwong cong PQ cho tirng mit tdi
dwoc xdy dung. Tir d6, xdc dinh dwoc mién gidi han ting céng sudt theo huwéng bat ky.
Phuwong phdp ndy dwoc kiém chirng thong qua viéc mé phong hedi dién IEEE-9 niit trén
phdn mém MATLAB/MATPOWER.

T khéa: On dinh dién dp, mién gidi han céng suat.

1. DPAT VAN BE

On dinh dién ap 1a kha nang duy tri dién ap tai tit ca cac nit trong hé thong dién
trong mot pham vi cho phép ¢ diéu kién lam viéc binh thudng hodc sau khi cac kich
dong bé tac dong [2; 4; 5]. Van d& 6n dinh dién ap c6 thé dwoc phan tich, danh gia bing
cac phuong phap duong cong P-V, duong cong V-Q (hinh 1, 2) [1; 7] dé tim ra diém
lam viéc gi6i han, tir 46 xac dinh do du trir 6n dinh va danh gia sy 6n dinh dién ap cua
hé théng dién [1]. Piém mét 6n dinh dién ap 1a diém ma tai d6 ma tran Jacobian ctia hé
phuong trinh phan b cong suit bi suy bién [2].
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Vi phuong phap phan tich duong cong P-V, V-Q ta chi ¢6 thé xac dinh duoc gidi

han ting cta cong suét tac dung P hodc cong suét phan khang Q theo nhitng hudng nhat
dinh ma chua xac dinh dugc sy ting cong suét theo cac hudng bat ky. Vi vay, noi dung
trinh bay trong bai bao nay la nghién ctru ing dung thuat toan t6i wu tim mién ting cong
suét theo cac hudng bat ky (hinh 3) dé phan tich 6n dinh dién ap cua hé théng dién.
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Hinh 3. Puong cong P-Q
2. UNG DUNG BAI TOAN TOI UU HOA TRAO LUU CONG SUAT BE PHAN
TICH ON PINH PIEN AP CUA HE THONG PIEN
2.1. Co sé toan hoc cua thuat toan

Ban chit ciia phuong phap dudng cong P-V va phuong phap dudng cong Q-V la
thay doi lién tiép cong sudt ciia phu tai tai cic nit tai nham tim ra diém t6i han. Tai d6
hé phuong trinh x4c 1ap khong con hoi ty. Nham xac dinh chinh xac hon gia tri cong suat
cuc dai, cac cong trinh nghién ctru di dé xuét thay doi budc tinh ting tai mot cach phu
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hop [7]. Giai thuat ctia cac phuong phép xay dung duong cong P-V va Q-V noi chung
s 1a giam budc tinh va xac dinh hudng ting tai kha thi nhat tai diém gan mat hoi ty,
nham tim chinh x4c diém miii.

Mot cach tiép can khac dé xac dinh kha ning truyén tai cong sut d6 1a dua trén
bai toan tdi wu hoa triao luu cong suat (Optimal Power Flow - OPF). Giai thuat nay duoc
dua trén dé xuét ciia Van Cutsem [6]. Noi dung ctia phuong phap nay nhu sau: Hé thong
dién ¢ ché do xac 1ap duoc biéu dién bang phuong trinh:

eX) =0 (1)
Trong d6: X 1a cac thong s6 ché do dic trung cho ché d6 xéac lap cuia hé thong dién.
¢@(X) 1a hé phuong trinh cin bang cong suit nut.
Dé 4p dung thuat toan tdi wu vao tim mién giéi han cong suit dé phan tich 6n dinh
hé thong dién, ta viét lai phuong trinh ché d6 xac 1ap bao gdm tham sb nang tai A.
Phuong trinh duoc viét lai nhu sau:

eX,A) =0 (2)

Khi do:
Psi = P, + A kp. AP 3)
Qui = Qo + A kq.AQ 4)

Trong do: Po, Qo 1a cong suat tac dung va cong sudt phan khang & truong hop co so.
O ché d6 t6i han ta cAn tim dugc gia tri 16n nhét cua f(L):

max f(A) (%)
sao cho:
o(X,A)=0
Ham Lagrange tuong (ng voi bai toan co dang sau:
L=fQ) +wl X2 (6)
hay & dang chi tiét hon:
n
L =)+ ) wi.@i(%2) )
i=1
Trong do:

+ A=A Ay .. Ay ]7 1a cac bién dic trung cho sy ting tai tai cic nut, theo
phuong trinh (3; 4).

+ wi 14 vecto hé s ciia nhan tir Lagrange.

Tai diém t6i vu thoa man diéu kién Karush - Kuhn - Tucker (K-K-T). L4y dao ham

Lagrange cho ting bién ta dugc:
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oL
— =0 of e
gi\ 67\+ Wj. o 0 (8)
ox Wi. w5 = 0 (9)
ow
Tu phuong trinh (8):
w; =0 (11)
Két hop (9) va (10), ta co:
d¢
Y =0 12
X (12)

Tir (12) ta thiy rang diém ti wu cla bai toan trung véi diém gidi han cong sudt o
K an 1 1 L 1A \ A 13 A Ay 0

ché do xac 1ap. Do @(X) 1a hé phuong trinh can bang cong suat nit theo (1), % thuc
chét chinh 1a ma trin Jacobi cta bai toan ché do xac 1ap. Do do, tai diém tdi vu cua bai
toan (5), ma tran Jacobian ctia hé phuong trinh phan bd cong suét bi suy bién. Nhu vy,
vé mat 1y thuyét, phuong phap tim diém téi han cua cong sudt tai s& cho cung 101 giai
v6i phuong phap dudng cong P-V. Su sai khac thuc té c6 thé xuit hién do budc tinh
trong qué trinh giai bai toan tdi wru héa trao luu cong suét.

2.2. Ung dung thuit toan tdi wu tim mién giéi han cong suit cho hé thong di¢n
IEEE 9 nut

Trén co so 1y thuyét da dugc trinh bay & phan 2.1, chwong trinh MATPOWER s&
duoc sir dung dé thir nghiém giai thuat trén. Trong phan nay trinh bay két qua cua tinh
toan OPF duya trén phan mém MATPOWER dé tim diém toi han cong suit tai cua cac
nut trong hé théng dién IEEE 9 nut [3]. Chuong trinh ciing dong thoi cho phép ta xac
dinh duoc diém sup db dién ap khi cong suét dat t6i han.

Hé thdng dién IEEE 9 nat c¢6 nat 1 13 nat can bang (slack bus), nut 2 va nat 3 1a
cac nit may phat, cac nat con lai 1a cac nut tai. Cac dir liu nut va so dd ludi dién hé
théng dién IEEE 9 nut dugc cho nhu bang 1 va hinh 4.

Bang 1. Dir li¢u mit ciia h¢ théng di¢n IEEE 9 niit

Bus Voltage Generation Load
Mag(pu) | Ang(deg) | P(MW) | Q(IMVAr) | P(MW) | Q(MVAr)
1 1,000 0,000 71,95 24,07 - -
2 1,000 9,699 163,00 14,46 - -
3 1,000 4,771 85,00 -3,65 - -
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4 0,987 -2,407 - - -
5 0,975 -4,017 - - 90 30
6 1,003 1,926 - - - -
7 0,986 0,622 - - 100 35
8 0,996 3,799 - - - -
9 0,958 -4,350 - - 125 50
Téng 319,95 34,88 315,00 115,00
¢ 100 + i35 (MVA) 3 g | @
C | % C 0 ® 3 é)
o) ®
b 1 6
125 +j50 (MVA) 90 +j30 (MVA)
O]

LA
Y]

©

—©

Hinh 4. So' b lwéi dién IEEE 9 mit

Céc két qua cua tinh toan OPF dya trén phan mém MATPOWER cho cac nat 5, 7
va 9 cia hé théng dién IEEE 9 nut dugc cho nhu hinh 5, bang 2, bang 3 va bang 4:
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Hinh 5. Puwong cong P-Q ciia cac nit tai
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Bing 2. Piém giéi han cong suit cia nit 5

Pres(MW) Qres(MVAr) Vies(pu)
103,6177 329,4833 0,6636
131,5650 322,4640 0,6646
160,5788 313,8085 0,6667
190,9728 302,9231 0,6721
223,1453 289,0637 0,6804
257,8169 271,3233 0,6921
296,1975 248,1031 0,7084
340,6603 216,1550 0,7314
397,4116 166,7302 0,7671
529,0701 7,4827 0,8751

Bang 3. Piém giéi han cong suit cia nat 7

Pres(MW) Qres(MVAr) Vies(pu)
129,6277 412,1897 0,6669
164,8837 404,1276 0,6712
201,5137 393,8029 0,6772
240,0370 380,7492 0,6851
281,0833 364,1168 0,6939
325,1409 342,1743 0,7045
373,2519 312,6459 0,7192
4272473 271,0960 0,7409
491,0086 205,9980 0,7752
555,8250 7,8611 0,9510

Bang 4. Diém giéi han cong suét ciia nit 9

Pres(MW) Qres(MVAr) Vies(pu)
109,6541 348,6779 0,6706
139,4065 341,6833 0,6727
170,4258 333,0518 0,6756
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203,2537 322,4032 0,6795
238,5600 309,0320 0,6869
276,9513 291,4601 0,6992
319,7865 267,8619 0,7164
369,8039 234,6472 0,7410
434,1728 182,1530 0,7793
585,3835 8,2792 0,8960

Dua vao két qua thu duoc ta thay, mién gidi han cong suit img voi cac nut tai
duoc gi6i han boi cac duong cong twong tng nhu hinh v&. Va bién giéi han cong suat
tac dung va cong suat phan khang tng véi nat 5 14 529,0701 MW va 329,4833 MVAr;
voinat 71a 555,8250 MW va 412,1897 MV Ar; véinut 9 1a 585,3835 MW va 348,6779
MVAr. Pay 1a diém ting 16n nhét cua tai, néu bat ky sy ting thém nao cua tai s& giy
nén sup d6 dién ap.

Két qua so sanh diém t6i han cua kha nang tai cac nat 5, 7 va 9 dugc cho nhu hinh
6, 7 va bang 5. Hinh 6 va 7 thé hién két qua tinh toan ting tai tai cac nut bang phuong
phap dudng cong PV, VQ voi bude tinh 1 MW. Bang 5 thé hién két qua so sanh gidi han
tang cong suit cac nit theo phwong phap dudng cong PV, VQ va phuong phap OPF.
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Hinh 6. Puwong cong P-V cic nit tai Hinh 7. Pwong cong V-Q cac nut tai
Bang 5. So sanh giéi han ting cdng suit cic nat theo phwong phap dwong cong PV, VQ
va phuong phap OPF
) Phuong phap
Nut Cong suat
Puong cong PV, VQ OPF
5 P [MW] 528 529,0701
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Q [MVAT1] 327.21 329,4833
, P [MW] 556 555,8250
Q [MVAr] 408.73 412,1897
. P [MW] 584 585,3835
Q [MVAT1] 344.92 348,6779

Nhdn xét: Véi két qua thu duoc nhu bang 5 ta thiy riang két qua tinh toan cia hai
phuong phap 1a twong dwong. Phuong phap OPF cho diém cuc dai 16n hon. Tuy nhién,
khac biét nay 1a do cach chon budc tinh ctia phuong phap duong cong PV, VQ. Nhu
vay, viéc sir dung thuat toan t8i wru vao tim mién gi61 han cong suét cho ta rat ngén duoc
thoi gian tinh toan, sd bude tinh va cing lic cho ca gidi han vé cong sut tac dung va
cong suit phan khéang.

3. KET LUAN

Bai bao da trinh bay tong quan vé phuong phap ung dung thuat toan tbi wu
tim mién ting cong suit theo cac hudng bat ky dé phan tich 6n dinh dién ap ciia hé
thdng dién. Két qua duogc tinh toan trén phan mém MATPOWER va kiém ching
trén so dd hé thong dién IEEE 9 nat. Noi dung phuong phap trinh bay trong bai bao
cho phép giam khéi lugng tinh toan trong van hanh thoi gian thuc, dong thoi két
qua cho thay tinh kha thi ctia phuong phap khi ap dung cho cac hé thong dién co
quy mo 1én.
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USING OPTIMAL POWER FLOW FOR VOLTAGE STABILITY
ANALYSIS OF POWER SYSTEM

Doan Thanh Canh, Nguyen Thi Tham

ABSTRACT

This paper presents the analysis of voltage stability by using optimal power flow
to out find domain power limitation in MATLAB/MATPOWER. By increasing the load,
the PQ curve for each bus was drawn and then the domain increase power limit was
identified. This method would be verified through IEEE?-9 bus simulation on MATLAB/
MATPOWER.

Keywords: Voltage stability, Domain power limitation.
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