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This paper proposes an iterative method based on a linear programming
model to efficiently solve the problem of optimal power flow in power
distribution systems integrated with distributed energy sources. The
proposed method is computationally efficient and highly suitable for
real-time applications. The iteration approach is developed using the
fictitious nodal demand model with the aim of dealing with the
nonlinearity of the power loss formula and eliminating the dependence
of solutions on the slack bus selection. The constraints of quadratic
branch flow limits are linearized using the regular polygon with 12
sides. The validation of the proposed method is implemented on the
IEEE 33-node distribution grid using the CPLEX commercial
optimization solver under the GAMS programming language.
Calculation results regarding the active and reactive powers of
distributed generation and nodal voltages clearly show that the
proposed model has a tiny error compared with the general nonlinear
optimal power flow model solved using MATPOWER software.
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Bai bao dé xuat phuong phap lap st dung mod hinh quy hoach tuyen tinh
dé giai bai toan trao luu cong suat tdi wu trong ludi dién phan phdi c6
c4c ngudn dién phan tan. Phuong phap 1ap dé xuat hiéu qua vé mat tinh
toan va phl hop véi cac tng dung thoi gian thuc. Phuong phap dé xuat
duoc xay dung sir dung khai niém phu tai gia twéng. M6 hinh phu tai
gia tudng gidp giai quyét tinh phi tuyén cua biéu thic ton that cong suat
va loai bo sy phu thudc cua loi giai vao sy lya chon nit can bang. Rang
budc gii han truyén tai cong suit trén cac nhanh duoc tuyén tinh hoa
sir dung da giac déu vé6i 12 canh. Phuong phap dé xuat duge danh gia
trén ludi dign phan phdi 33 nit IEEE sir dyng bo giai thuong mai
CPLEX véi ngdn ngir lap trinh GAMS. Cac két qua tinh toan cho thay
cong suat tdc dung va cong suit phan khang phat cua cac ngu0n dién
phan tan va dién ap nat tinh duoc tir md hinh dé& xuat 6 sai so rat nho
S0 Vi 101 giai dat dwoc tir mo hinh trao luu cong suat tdi wu phi tuyén
téng quat str dung phan mém MATPOWER.
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1. Gidi thiéu

Bai toan trao luu cong suét t6i uu (Optimal Power Flow — OPF) da dugc phat trién o luoi
truyén tai tir nhimg nam 60 cua thé ky XX [1] dé xac dinh cong suat phat cua cac t6 may véi ham
muc tiéu 1 cyuc tiéu chi phi van hanh caa hé théng. Bai toan OPF cho phép t6i uu hoa nhiéu kiéu
ham muc tiéu va xét dugc rang budc hé phuong trinh trao luu cong suét cling nhu cac giéi han
van hanh. Ngoai ra, véi sy phét trién cia thi truong dién ban buén ¢ ludi dién truyén tai, bai toan
OPF con dugc ap dung dé tinh toan va phan tach cac thanh phan cua gia bién nat (Locational
Marginal Price — LMP).

Hién nay, lu6i dién phan phédi da va dang duoc tich hop nhidu ngudn dién phan tan (DG) va
cac hé thong Iuu trit ning luong. Do d6, phuong thirc van hanh ludi dién phan phéi nhu truyén
théng khdng con phu hop, tic 1a don vi van hanh ludi dién phan phéi can phai lap ké hoach van
hanh téi wru cac ngudn dién va hé thdng tich trir nang luong, thuc hién cac giai phap dé quan ly
ngh&n mach trong ludi dién. Ngoai ra, su phat trién cua thi truong dién ban ¢ theo phuong thic
tap trung & ludi phan phdi doi hoi phai tinh todn va phan tach cac thanh phan cua gia bién nat
phéan phéi (Distribution Locational Marginal Price — DMLP).

Vé mit toan hoc, bai toan OPF tong quat c6 dang phi tuyén va khéng 16i. Phuong phap quy
hoach tuyén tinh (Linear Programming — LP) dya trén trao luu cong sudt mot chiéu (Direct
Current Power Flow — DCPF), trong d6 ton that cong suit duoc bo qua va coi dién ap tai cac nat
bang dién ap dinh muc, thudng duoc &p dung rong rdi trong mé hinh OPF cho ludi truyén tai.
Tuy nhién, ludi dién phan phéi co cac dic diém khac vai ludi dién truyén tai nhu sau: (1) do
duong day phan phdi co ty s R/X cao nén ton that cong suat khdng thé duoc bo qua; (2) ludi
phan phéi c6 dién &p thap, cau truc hinh tia véi chiéu dai duong day twong dbi Ion nén ton that
dién ap 1on va khong thé coi dién ap cac nut bang dién ap dinh muac. Cac nghién cau hién tai vé
phuong phap giai bai toan OPF trong luéi dién phan phdi duoc trinh bay nhu dudi day.

Bai béo [2] di dé xuit phuong phép 13p Lamda dé giai bai toan OPF. Tuy nhién, phuong phap
nay chi cd thé ap dung duoc cho bai toan OPF ¢6 cac rang budc cia ngudn dién ma chua xét cac
rang budc vé luéi dién nhu gisi han dién ap nit va giéi han truyén tai cong suat trén cac nhéanh.
M® hinh quy hoach hinh nén bac hai (SOCP) [3] da duoc &p dung dé giai bai toan OPF. M6 hinh
SOCP ¢6 dang 161, do d6, nghiém dat dugc tir md hinh nay 1a nghiém téi uu toan cuc [4]. Bai bao
[5] da dé xuat md hinh OPF c6 xét phu tai nhay theo gia. Md hinh nay dwoc giai boi phuong phap
lap diém cb dinh (a fixed-point iteration algorithm) va tiéu chuan heuristic dugc dé xuat dé kiém
tra su hoi tu cua 10i giai. K§ thuat téi vu hai 16p dwoc ap dung dé xét cac rang bugc an toan véi
md hinh 16p trén biéu dién sy c¢b dya trén bién nhj phan va 16p dudi biéu didn md hinh ACOPF
[6]. Pidc diém cua cac phuwong phap giai md hinh tdi wu hai 16p rat phuc tap va khé &p dung trong
thuc té. Ngoai cac ky thuat vé quy hoach todn hoc, mét sb k§ thuat v& hoc may nhu hoc ting
cuong da duoc ap dung dé tiang téc do tinh toan, phi hop véi van hanh thoi gian thuc [7]. Ngoai
ra, k¥ thuat mang hoc sau cho rang bugc dién ép da duoc ap dung dé tim méi quan hé gitra cong
suit phu tai va dién ap nat [8]. Tuy nhién, nhuoc diém cia cac _phuong phap nay 1a khong dam
bao nghiém t6i wu toan cyc cua loi giai tim dwoc. Bai bao [9] dé xuat thuat toan ADMM véi hai
vong lap dé tim nghiém tbi wu toan cuc ctia mé hinh ACOPF. Trong [9], phuong phép quy hoach
tuyén tinh lién tiép da dwoc &p dung dé giai md hinh OPF [10]. M6 hinh OPF tuyén tinh dinh
huéng dir lidu cho ludi dién phan phéi dugc dé xuét trong [11]. Bai bao [12] trinh bay sy 4p dung
ctia hé s6 do nhay dé xay dung md hinh OPF tuyén tinh va xac dinh LMP. Ba phuong phap dé
giai bai todn OPF nhiéu giai doan ¢6 xét tinh bat dinh duoc mo ta trong [13].

Tur cac nghién ctru da trinh bay o trén, ta thdy rang c6 nhiéu phuong phap khac nhau dé gidi
bai toan trao luu cong sut tdi wu. Tuy nhién, cac don vi van hanh trén toan thé gisi sir dung phd
bién md hinh dya trén phuong phap quy hoach tuyén tinh do d¢ tin cay cao, hiéu qua vé mat tinh
todn va rat phl hop trong cac tmg dung thoi gian thuc. Do d6, muc dich ciia bai bao 1a dé xuat
phuong phap 1ap dua trén quy hoach tuyén tinh véi phu tai gia twong dé giai bai toan trao luu
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cong suit téi wu trong ludi dién phan phéi ¢ cac ngudn dién phén tan. Cac déng gop chinh cua
bai bao bao gom: (1) Trinh bay ky thuat tuyén tinh héa hé phuong trinh trao luu cong suat; (2) Bé
Xuit phuong phap tuyén tinh hoa rang budc giéi han truyén tai cong suat nhanh; (3) Ap dung khai
niém phu tdi gia twong dé xay dung phuong phap giai bai toan OPF trong ludi phan phdi st dung
quy hoach tuyén tinh; (4) So sanh 16 gidi cua phuong phap dé xuat voi 10i giai dat duoc tir md
hinh trao luu c6ng suat tbi wu phi tuyén tong quat.

Bai bao gom bon phan. Phan 2 trinh bay phuong phap nghién ciru, bao gom bai toan trao luu
cong suat tbi uu tdng quét, ky thuat tuyén tinh céc rang budc phi tuyen mo hinh trao luu cong
sut t6i wu tuyén tinh st dung tai gia tuong. Phan 3 trinh bay cac két qua tinh toan va thao luan
khi &p dung mo hinh dé xuat cho luéi dién phan phdi 33 nat IEEE. Nhiing két luan va hudng
nghién ciru trong twong lai duoc trinh bay trong phan 4.

2. Phwong phap nghién ciru
2.1. Bai todn trao lwu cong sudt toi wu tong qudt cho lwéi dign phan phéi (ACOPF)

Trong bai bao nay, gia su rang ludi dién phan phol van hanh theo co ché thi truong (thi truong
ban 1¢), trong dd, cac ngudn dién phén tan chao gia dé ban dién véi ban chao nhiéu block. Khi do,
don vi van hanh ludi dién phan phéi can giai bai toan trao luu cong suét tdi wu dé xac dinh cong
suat phat téi wu cua cac DG va gia bién nat phan phdi (DLMP). Ham muc tiéu cua bai toan trao
lwu cong suat tdi uu nay 1a cyc tiéu tong chi phi cua lugi dién phan phéi, bao gém chi phi mua
dién tir c4c nguon dién phan tan va chi phi mua dién tir ludi dién truyén tai.

N N;
min zzcgib PGib (1)
i=1 b=1
théa man cac rang budc:
N N
> Py =D P, +AP (2
|N:1 |:Nl
ZQGi = ZQDi +AQ (3)
i=1 i=1
P2 +Qf <S; . e (4)
Paimin < Psi <Psi s 1=1..,N (5)
QGi min—QGi—QGi max’ IZ:L’N (6)
Ulmln —U <U|max’ |:1""'N (7)
0<Py, < PG"‘;X, Vi, Vb (8)
Pei = Z Pein: Vi )
b=1

trong d6, N 12 tong s6 ndt cua ludi dién; Ni 1a tong sé block chao gia cua to may DG thir i; Ceip
1a gi4 chao tuwong wng véi block thi b cua té6 may DG thu i; Py, 1a cong suat phat tng véi block b
cua té may i; Pei va Qgi lan luot & cdng suit tac dung va cong suat phan khéng caa ngudn dién
tai nat thar i; Poi va Qoi lan luot 12 cong suét tac dung va cdng suét phan khang cua phu tai tai n(t
thir i; AP va AQ Ia ton that cdng suat tac dung va ton that cong suat phan khéng cuia ludi dién; Pj
va Qj lan luot la cong suat tac dung va cong suit phan khang trén duong day ij tai nat i; S.J max |12
gidi han truyén tai cong Sut trén duong day ij; Q. la tap cac nhanh cua luéi dién; Paimin Va Peimax
lan luot 1a cdng suét tic dung nho nhat va 16n nhat cua té may thir i; Qaimin VA Qgimax 1an luot 1a
cong suat phan khang tdi thiéu va téi da cua to may tha i; Ui 1a dién &p tai nt i; Ui min VA Ui max 1A0
luot 12 gioi han dudi va gisi han trén cua dién &p tai nat i; PS> 1a cong suat phét 1on nhat ang véi
block b cuia to méy i.
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Rang budc (2) va (3) 1a hé phuong trinh can bang cng suat tic dung va cong suét phan khang
cua toan ludi dién. Rang budc (4) dam bao gisi han dong cong suét truyén tai trén cac nhanh.
Biéu thirc (5) biéu dién gisi han cong suat tac dung phat cua nguén dién. Gidi han cong suat phan
khang cua ngudn dién duoc mo ta trong (6). Biéu thuc (7) mo ta gisi han dién ap nut. Rang buoc
(8) mo ta gici han cong sut phat ting block. Biéu thire (9) mé ta rang cong suat phét cua to may
bang tong cong suét cua tat ca cac block dugc chap nhan.

M0 hinh trao luu cong suat toi wu tong quét (1)-(3) co dang phi tuyén do hé phuong trinh trao
luu cong sudt (2)-(3) va rang budc gioi han truyén tai cong suat (4). M6 hinh téi uu phi tuyén c6
nhuoc diém 1 thoi gian tinh toan cham va khong kha thi trong cac ung dung thoi gian thyc.

2.2. Ky thugt tuyén tinh hoa cac rang bugc phi tuyén
2.2.1. Tuyén tinh héa hé phwong trinh trao luu cong sudt

Gia st n(t tram ngudn cua ludi phan phédi (diém két ndi voi ludi truyén tai) duoc danh sb 1.
H¢ phuong trinh trao Iuu cong suat cia ludi phan phoi dugc biéu dién nhu sau:

2 2
> [Pki—rki it +2Qki]— > P =P, —Py i=2.N (10)
ke i) Uk 1€Q% (i
P?+Q2 )
Z [Qki,t — Xy “ szl j_ z Qij :QDi _QGi; 1=2,...N (11)
keQp i) Uk 1€Q% (i)
) P’ +Qf .
U -UZ —2(r Py +%,Qp )+ (17 +x )2 g7 =0 VieQii=1..N (12)

trong do, rij va x;; 1an luot 1a dién tré va dién khéng cua duong day ij; Q,,, la tap céc nit két
ndi va cung cap dién tryc tiép cho nit i; Q,,;) 12 tap cac nat két ndi va nhan dién truc tiép tir nat i.
Trong ché do van hanh binh thuong, ton that cdng suét trén cac dudng ddy thuong nhé hon
nhicu véi dong cong suat nhanh. Do d6, thanh phan ton that cong suat nhanh co thé dugc bo qua.
Ngoai ra, mé-dun dién ap nat thwong xap xi bang 1 pu.
(U, 1) =U?-2U, +1=0 (13)
Thé (13) vao (12), ta co:
U =Ui (5P +%Q;) (14)
Khi d6, m6 hinh trao luu cdng suat tuyén tlnh cua ludi dién phan phdi dugc mé ta nhu sau:

> Bi— > B =P,—Py; i=2..,N (15)

keQpr iy 1€ iy

> Q- D Q=Qu Qi i=2..,N (16)

keQ (i) jeQC,m

U, =U,~(P +%,Q,) VieQyii=1.N 17

2.2.2. Tuyén tinh héa rang budc giGi han truyén tai cong sudt
Tuyén tinh hoa rang budc (4) st dung da gidc déu [14] dugc md ta nhu Hinh 1.
Do dai I6n nhat tir day cung be dén cung tron be ddc trung cho sai s6 cua tuyeén tinh:
2
€na =S —4/S° = (L, /2) (18)
trong do, S 1a ban kinh cua duong tron vaL, 1a do dai day cung cua phan doan thi n.
Mai quan hé giita do dai day cung L, va goc chan cung ciia phan doan thi n:

L, =+/25,/L—cos(A6,) (19)
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Thay L, trong (18) vao (19), ta co:

AG, =05 | 2(1-e,, /S) -1 (20)
Tuyén tinh héa sir dung da giac déu duoc biéu dién nhu sau:
Ln :Lreg;emax :ereg; nzl""’Mreg (21)
A, =Aby, =211 M i n=1.., M (22)
M, = 2r . (23)
-1
cos [2(1—ereg IS;) —1}
trong d6, M, la t6ng s6 phan doan tuyén tinh. P
Tir biéu thuc (21)-(23) c6 thé thay rang, khi cho
trudC ereg €O the xédc dinh duoc s6 phan doan tuyen o )
tinh héa, géc chan cung va do dai day cung cua cac N
phan doan. ) A6,
Khi do, rang budc gidi han cong suat nhanh ij
c6 thé duogc tuyen tinh hoa st dung da giac déu cod 0 Q
M canh nhu sau: ) i
Hinh 1. Tuyén tinh héa da gidc déu
Ly @ oP +0,,Q) + @, ,Sj mex <0, VNE{12,...,M} (24)

trong d6, a,,,@,; V& a,, | cac h¢ sb cuia cac rang bude duoc tuyén tinh héa.

Vi cac dinh cua da gidc déu nam trén chu vi cia duong tron nén ta co thé
cua céac dinh nay. Do do, cac hé so tuyen tinh hoa trong (24) dugc tinh toan.

xac dinh duoc toa do

Trong bai bao nay, hé s6 M dugc lya chon bang 12 dé sai s6 e, <1% va khong lam ting

nhiéu kich ¢& ctia mé hinh téi uvu.

2.3. M6 hinh trao lwu cong sudt téi wu tuyén tinh siz dung phu tdi gid twéng

2.3.1. Khdi niém vé phu tdi gid tuéng

Phy tai gia tuong (FND) duoc sir dung dé biéu dién ton that cong suat cia ludi dién. Y tuong
cua phuy tai gia tuong 1a chia doi ton that cong suat trén duong day thanh hai phan bang nhau va

cong vao cong suat phu tai tai hai dau cia duong day dé [15]. M6 hinh ludi
gia tuong dugc minh hoa trong Hinh 2.

phan phéi véi phu tai

’ i m ) i |
- - nNJ NS
@"" rik+JXik’—k‘rim+JXim’—t@ C}I Il Ilo
P +_ . PDi+j QDi PDm+j QDm
0itiQbi  Ppm+jQom +Fei+jFoi  +Fpn+jFom
@) (b)

Hinh 2. (a) M6 hinh luéi dién phan phai c6 ton that véi dién tré va dién khang nhanh;

(b) M6 hinh Leéi phan phdi c6 ton that véi tdi gid fuong
Phu tai gia tuong tai nat i dugc xac dinh nhu sau:
1 RF+Qi. 1 R +Qj
FPiZEZrij T Foi=§ZXu 02

jeQ jeqy;

trong d6, O, 1 tap cac nat dwoc két ndi truc tiép voi nit i.

(25)
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2.3.2. M6 hinh trdo lwu céng sudt toi wu tuyén tinh sir dung phu tai gia tuéng

St dung hé phwong trinh trao luu céng suat t’uyé”n tinh & myc 2.2.1 va phu tdi gid tuong
(FND) trong muc 2.3.1, m6 hinh trao luu cong suat toi wu (OPF) tuyen tinh cua lugi dién phan
phoi dugc mo ta dudi day. Ham muc tiéu:

N N;
mln Z CGib PGib (26)
i=1 b=1
théa mén cac rang budc:

> Bi— D>, B=Py—Py+F; i=2..,N (27)

ker,(l) jchr(,)
Z Qi— >, Q=Qy-Qs+Fy; i=2..,N (28)

ke, 1€Q¢ iy
U, =U, - (R +%Q;); V] eQ,i=1..N (29)
PGI min —P <PGI max' i:]"'"’N (30)

—Py 1 (cOS @iy Py 1-(cosp,, )" .
i1~ (€050 ) <Q, <8 (COSgma) . i, N (31)
COSgomin COS(pmin
Ui min <U; <UL i=10,N (32)
Q0P + 01 Qy + & Sy i <0 N=1..,12 (33)
0<P,, <PE; Vi, Vb (34)
NI
Fei = 2 Feivs Vi (35)
b=1
Ham muc tiéu (36) la cyc tiéu tong chi phi cua Lua chon xap xi d&u cua phu 1@ 2ia tuong
ludi dién phan phédi, bao gdm chi phi mua dién tir R =0F”=0

thi truong ban budn va chi phi mua dién tur cac DG.
Biéu thirc (27), 71(29) la h¢ phuong trinh trao luu
cdng suét tuyén tinh s dung mé hinh tai gia tuong.
Rang budc (30) 14 gigi han céng suat tac dung phét
cua ngudn dién. Biéu thic (31) dam bao hé sé cong [Giai mo hinh 161 wu (26)-(35) |
suat toi thiéu tai diém déu néi cua ngudn dién phan
tan voi lusi phan phéi. Trong bai bao nay, hé s6
cong suit tol thiéu cua ngudn dién phan tan tai
diém két ndi véi ludi dién duoc iy bang 0,95 cho
ca mién phat va tiéu thu cong suat phan khéang.
Rang bugc (32) la gisi han dién ap nut. Rang budc
(33) mo ta gisi han truyén tai cong suat trén cac [ Hién thi15i giai |
duong day dugc tuyén tinh hoa.

[ Giai m6 hinh téi wu (26)-(35) |

—=| Cap nhat phu tai gia tuong theo (25)]

Hinh 3. Luu do thudt todn dé xuat

Vi ton that cong suét trén cac duong day cua ludi dién 1a mot dai lugng chua biét nén thuat
toan lap duoc dé xuat dé giai mo hinh trao luu cong suat tdi wu tuyén tinh (26)-(35). Hinh 3 1a luu
dd thuat toan cua phwong phap lap dé xuét, trong d6 r 1a chi sb budc lap, ¢ 1a sai s6 cho phép va
trong nghién ctiu nay e = 10 kVA. Thuat toan gom céc budc nhu sau:

Buwéc 1: Lya chon Xap xi dau cua phu tai gia tuong: F,; va Fy.

Buéc 2: Giai mo hinh t6i uu (26)-(35) dé xac dinh cdng sut phat, dong céng suat nhanh va
dién ap céc nat.

Buéc 3: Cap nhat xap xi méi ciia phu tai gia tuong sir dung (37).
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Budéc 4: Giai mo hinh téi wu (26)-(35) dé xac dinh cong suét phét, dong cong suat nhanh va
dién &p céc nat.

Budéc 5: Kiém tra tri s6 cong suat phat trong hai budc lap lién tiép. Néu su sai khac vé cong
SUit phat trong hai budc lap lién tiép nho hon hodc bang sai s6 cho trudc thi thuat toan ding.
Nguoc lai, ta quay lai Budc 3.

3. Két qua tinh toan va thao luan

Trong muc nay, m6 hinh OPF di xay dung & muc 2.3.2 duoc ap dung tinh toan véi luéi 33
nat IEEE c¢6 ngudn dién phan tan [12]. M6 hinh OPF dé xuét duoc lap trinh sir dung ngén ngit
GAMS véi bo giai thuong mai CPLEX [17]. Tat ca cac tinh toan duoc thyc hién trén may tinh ca
nhan vai vi xt Iy AMD Ryzen5 5600G 3,9GHz va 32GB RAM. Md hinh téi wu phi tuyén tong
quat (ACOPF) trong muc 2.1 duoc giai st dung phan mém MATPOWER [18] v&i muc dich danh
gia do chinh xac caa mé hinh tbi wu tuyén tinh dé xuat.

3.1. Dir liéu lwoi dign

Lué6i dién 33 nat IEEE véi 8 nguon 3 % 2
dién phan tan (DG) dugc md ta trong ) S
Hinh 4. Thong s6 ky thuat ciia cac DG I I P
dugc mo ta ¢ Bang 1.
Gia mua dién tai diem két ndi véi ()
3 4 5 6J 7 8 9 1

ludi truyén tai (LMP) la 10 $/MWh. Tri
so LMP nay duoc tham khao tur bai bao |
[19], trong d6 gia dién ban bubn ngay toi |

N
cua thi truong dién PIM (M5) bién thién ; l l
tir 10 SMWh dén 70 SIMWH. e O O @)
Giéi han dong cdng suat truyén tai

trén cac duong day cua luéi dién la 10-
MVA. @

) Hinh 4. Luci d@i¢n 33 nit IEEE
Bang 1. Thong so ky thudt cua cac nguon dién phan tan

0 11 12 13 14 15 16 17 18

Nguﬁn Vi tri Pcmin (kW) P Gmax (kW) COS@min
DG1 2 0 600
DG2 7 0 600
DG3 10 0 800
DG4 19 0 600
DG5 26 0 400 0.95
DG6 30 0 500
DG7 13 0 700
DG8 21 0 500

Ban chao gom 3 block cua cac DG duoc md ta trong Bang 2.

Bang 2. Dir liéu ban chao cua cac nguén dién phan tan

A Cong suét chao Gia chao N Cong suat chao Gia chao
Nguon Block g(kW) ($IMWh) Nguon Block g(kW) ($IMWh)
1 250 6 1 150 9
DG1 2 200 8 DG5 2 100 14
3 150 12 3 150 19
1 250 8 1 500 7
DG2 2 150 11 DG6 2 300 11
3 200 15 3 200 14
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A Cong suat chao Gia chao N Cong suat chao Gia chao
Nguon Block g(kW) ($IMWh) Nguon Block g(kW) ($IMWh)
1 350 7 1 300 7
DG3 2 200 9 DG7 2 200 14
3 250 13 3 200 20
1 250 8 1 300 9
DG4 2 200 14 DG8 2 100 17
3 150 16 3 100 25

3.2. Két qud tinh toan
Két qua tinh toan dién &p niit sir dung mé hinh trao luu cong suat téi wu tuyén tinh dé xuat va
md hinh trao luu cong suat t6i wu tong quat (ACOPF) duoc trinh bay trong Bang 3. Ket qua tinh
toan cho thay rang su khac nhau I6n nhat vé dién &p nat gitra hai mé hinh 1a 0,118% (tai cac 32
va 33). Sai s6 nay hoan toan c6 thé bo qua trong céac &p dung thuc té.
Bang 3. So sdnh dién &p cac nat sir dyng md hinh OPF tuyén tinh dé xuat va mé hinh OPF tong quéat
U (pu) U (pu) U (pu)

, Sai s6 . Sai s6 . Sai s6
Nat M6 hinh NGt M6 hinh Nat M6 hinh AC
ddxut ACOPF (%) ddxuit /\COPF (%) dé xudt  OPF (%)
1 1,0500 1,0500 0,000 12 1,0330 1,0323 0,071 23 1,0388 1,0383 0,049
2 1,0490 1,0490 0,005 13 1,0309 1,0301 0,078 24 1,0325 1,0318 0,072
3 1,0422 1,0418 0,036 14 1,0289 1,0280 0,084 25 1,0294 1,0286 0,081
4 1,0399 1,0395 0,045 15 1,0276 1,0267 0,088 26 1,0316 1,0309 0,076
5 1,0380 1,0374 0,053 16 1,0264 1,0255 0,091 27 1,0303 1,0295 0,080
6 1,0325 1,0317 0,073 17 1,0246 1,0236 0,096 28 1,0241 1,0232 0,097
7 1,0319 1,0311 0,075 18 1,0240 1,0231 0,097 29 1,0199 1,0188 0,107
8 1,0316 1,0308 0,076 19 1,0493 1,0492 0,004 30 1,0185 1,0174 0,110
9 1,0325 1,0318 0,073 20 1,0493 1,0493 0,003 31 1,0147 1,0135 0,116
10 1,0340 1,0332 0,068 21 1,0497 1,0497 0,002 32 1,0139 1,0127 0,118
11 1,0336 1,0329 0,069 22 1,0491 1,0490 0,005 33 1,0136 1,0124 0,118

Két qua so sanh cdng suat phat cia cac nguon dién sir dung mo hinh tuyén tinh dé xuat va mo
hinh trao luu cong suat tdi uu tong quat (ACOPF) dugc trinh bay ¢ Bang 4. Két qua tinh toan cho
thdy rang sai s6 lon nhat vé cong suat tac dung va cong suit phan khéang phat ctia cac ngudn dién
gitta hai md hinh lan luot la 0,348% va 0,1407%. Sai s6 nay hoan toan cé thé bo qua trong céc ap
dung thyc té.

Bang 4. So sanh cdng sudt phat si dung mod hinh OPF tuyén tinh dé xudt va md hinh OPF téng quét
P (MW) Qc (MVATr)

NgUon s iinh dé xudt ACOPE 2 0 (%0) yamiiih ab xuat ACOPE  oai S0 (%0)
Ludi truy?n tai 1,0158 10123 0,348 1,4305 14285  0,1407
DG1 0,45 045 0,000 0,1479 01478  0,0541
DG2 0,25 0.25 0,000 0,0822 00822  0,0114
DG3 0,55 055 0,000 0,1808 0,1808  0,0030
DG4 0,25 0.25 0,000 0,0822 00820  0,1931
DG5 0,15 0,15 0,000 0,0493 0,0493  0,0204
DG6 0,50 0,50 0,000 0,1643 0,1643  0,0036
DG7 0,30 0,30 0,000 0,0986 0,0986  0,0090
DG8 0,30 0,30 0,000 0,0986 0,0986  0,0459
4. Két luan

Bai bao dé xuit mé hinh trao luu cong suat toi wu tuyén tinh lap. M hinh c6 xét tén that cong
suit cua lué6i dién sir dung phu tai gia tuong. Cac rang bugc cia md hinh t6i wu dé xuat bao gébm
hé phuong trinh trao luu cong suat tuyén tinh, gioi han truyén tai cong suat cd dang tuyén tinh,
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gidi han dién &p nit va cac rang budc cua té may phat. Trong d6, hé phuong trinh trao luu cong
suat dugc tuyén tinh hda sir dung mot sb gia thiét hoan toan pha hop véi van hanh trong thuc té.
Rang budc gigi han cong suat truyén tai dwoc tuyén tinh hoa sir dung da gidc déu véi 12 canh.
Lud¢i dign 33 nut IEEE dugc s dung dé danh gia mo hinh dé Xuét Céc két qua tinh toan cho thay
sai s6 vé cong Suit phat vadién ap nat glua md hinh téi wu tuyén tinh dé xut va mé hinh trao luu
cong suit téi wu phi tuyén tong quat rat nho va co thé bd qua trong cac ap dung thuc té. Huéng
nghién ctru trong tuong lai 1 4p dung mo hinh téi wu tuyén tinh dé xuét dé tinh toan va phan tach
céc thanh phan ciia gia bién nit trong thi truong ludi phan phéi.
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