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The day-ahead unit commitment is often solved using methods that do
not consider the power grid or the power grid model using the direct
current power flow formulation. These methods are becoming
increasingly ineffective as the load’s power consumption and the
penetration level of renewable energy sources continue to rise. This
paper proposes a three-stage method to effectively solve the problem of
unit commitment with the integration of the alternating current power
flow model. These three stages include solving the optimization
problem using linear programming with integer variables, solving the
optimization formulation using second-order cone programming with
integer variables, and solving the optimization model using nonlinear
programming. The proposed solution approach is evaluated using the
IEEE 6-bus and 24-bus transmission networks. The calculation results
show that the proposed procedure has the ability to find the optimal
solution and requires a lower computation time compared to the solution
method based on nonlinear programming with integer variables.
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Lap ké hoach van hanh ngay t6i
Phuong phép ba giai doan

Quy hoach tuyén tinh véi bién
nguyén

Quy hpach hinh nén bac hai
vGi bién nguyén

Quy hoach phi tuyén

Hién nay, 1ap ké hoach van hanh cua hé thong dién thuong dugc giai
dua trén cac phuong phap khong xét lugi dién hoac ludi dién dugec mod
hinh str dung phuong phap dong dién mét chiéu. Cac phuong phéap nay
thuong kém hiéu qua khi nhu cau dién ning cua phy tai va mirc do tham
nhap cua cac ngudn dién tai tao ngdy cang ting. Nghién clru nay dé xuat
phuong phap ba giai doan dé giai mot cach hiéu qua bai toan lap lich
van hanh cua hé thong dién c6 tich hgp md hinh trao luu cong suét xoay
chiéu. Ba giai doan bao gom giai bai toan téi wu sir dung mo hinh t6i wu
tuyén tinh voi s6 nguyén, gidi bai toan t6i uu st dung quy hoach hinh
non bac hai vai bién nguyén va giai m6 hinh t6i wu st dung quy hoach
phi tuyén. Phuong phap gii dé xuat dugc danh gia s dung ludi dién
truyén tai 6 nut IEEE va 24 nit IEEE. Cac két qua tinh toan cho théy,
phuong phap dé xuét c6 kha ning tim nghiém t6i wu va co thoi gian tinh
toan nho hon so v6i phuong phap giai truc tiép moé hinh t6i wu st dung
quy hoach phi tuyén véi bién nguyén.
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1. Gigi thigu

Hién nay, phuong phap 1ap ké hoach van hanh pho bién 1a giai bai toan xac dinh thanh phan t6
may lam viéc sur dung trao luu cong suat mot chiéu (DC-NCUC). M6 hinh DC-NCUC dugc phat
trién sir dung cac gia thiét gan dung [1]: (1) tat ca cac nat co mo-dun dién ap bang 1 pu, (2) phan thuc
cua tong tré doc dudng diy duoc bo qua, (3) hai nut 1ién ké c6 chénh léch goc pha dién ap duge coi la
nhoé va (4) dong cong suét phan khang dugc bo qua. Cac gia thiét trén chi phu hop voi mang dién co
dién ap dinh muc tir 220 kV trg 1én va khong lam viéc o ché do tai ndng. Tuy nhién, trong thoi gian
gan day, nhu ciu dién ning cua phu tai va mirc do thim nhap cac ngudn dién tai tao vao hé thong dién
ngay cang tang. Do do, 10i giai cia mé hinh DC-NCUC tr¢ nén kém chinh xac. Vay nén, viéc ap
dung cic phuong phép 1ap ké hoach van hanh c6 tich hop trao luu cong suét xoay chiéu (AC-NCUC)
¢6 vai trd quan trong dé van hanh hé thong dién hiéu qua va tin cay.

M5 hinh t6i wvu AC-NCUC 1a mé hinh phi tuyén véi bién nguyén (MINLP). M6 hinh MINLP
nay rat kho giai do tuong tac phiic tap giita cac bién nhi phan va cac rang budc phi tuyén khong 15i.
Dé loai bo su twong tac nay, phan tach Bender la mdt trong cac ky thuat duogc ap dung phd bién [2].
Phuong phap nay phan tach bai toan toi uu ban dAu thanh bai toan chinh (master problem) va cac
bai toan phuy (subproblems) [3]. Bai toan ti wu chinh dwoc giai sir dung quy hoach tuyen tinh vai
s6 nguyén (MILP) va bai toan tdi uu phu dugc tim nghlem str dung quy hoach phi tuyén (NLP) [4].
Céc nghién ctu [5], [6] da d& xuit cac phuong phap giai md hinh AC-NCUC st dung phén tach
Bender. Tuong tu phuong phap phén tach Bender, mot ) phuong phap nhu néi long Lagrange
hoac xap xi ngoai (Outer Approximation — OA) cling dugc dé xuat nham tim nghiém t6i wu cia mod
hinh AC-NCUC. Nghién ctru [7] dé xuat phuong phap 4p dung néi long Lagrange dé giai mo hinh
AC-NCUC bang cach phan tdch md hinh goc thanh cac mé hinh véi kich ¢& nho hon. Ngoai ra,
phuong phap x4p xi ngoai dé xuét trong [8], [9] tich mé hinh gc AC-NCUC thanh mét mé hinh
quy hoach tuyén tinh (LP) vd mot mod hinh MILP dé giai bai toan 13p lich van hanh (UC). Céc
phuong phap phan tach Bender, ndi long Lagrange hodc Xap Xi ngoai giup giam dang ké thoi gian
giai m6 hinh AC-NCUC. Ngoai ra, dé tim nghiém t6i uu toan cuc, cic mé hinh quy hoach hinh nén
bac hai véi s6 nguyén (MISOCP) cho bai toan UC dugc ap dung ngay cang rong réi [10]. Trong md
hinh MISOCP, h¢ phuong trinh can bang cong suat nat duoc 16i hoa bang nai long hinh nén bac hai
[11]. Cac md hinh MISOCP dugc dé xuat trong [12]-[13] ndi l6ng cac rang budc trao luu cong suit
nham tim 16i giai t6i wu toan cuc cua bai toan AC-NCUC. Tuy nhién, sy néi long cua hé phuong
trinh can bang cong suat nit khong chinh xac d6i voi cac ludi dién c6 mach vong kin.

Do d6, muc dich cta nghién ctru nay 1a 4p dung néi long hinh nén bac hai cta cac rang budc
trao luu cong suit xoay chiéu dé xay dung phuong phap giai mé hinh AC-NCUC théa min rang
budc ludi dién. Cac dong gop chinh ciia bai bao gom:

e Xay dyng mé hinh toan hoc cua bai toan t6i wvu AC-NCUC dé 1ap lich van hanh hé thong
dién, trong d6 ham muyc tiéu 1a cyc tiéu tong chi phi ciia hé thong dién;

e D¢ xuat phuong phap ba giai doan dé giai mé hinh t6i vu AC-NCUC;

e Ap dung phuong phap giai dé xuit cho hé thong dién truyén tai 6 nut va 24 nut IEEE;

e So sanh phuong phap giai dé xuat véi phuong phap giai truc tiép mé hinh téi wvu AC-
NCUC str dung m6 hinh MINLP.

Phan con lai caa bai bao gdbm ba phan. M6 hinh MINLP cho bai toan AC-NCUC va phuong
phap giai d& xuat dugc trinh bay trong phan 2. Phan 3 mé ta két qua tinh todn mé hinh AC—
NCUC sir dung k¥ thuat giai dé xuat véi ludi dién 6 nut va luéi dién 24 nut IEEE. Két luan va
huéng nghién ciru trong tuong lai duoc mé ta trong phan 4.

2. Phuwong phap nghién ciru
2.1. Mé hinh MINLP cho bai toan AC-NCUC

Hi¢n nay, hé thong dién bao gom nhiéu kiéu nguon dién nhu dién gio, dién mat troi, thuy dién
va nhiét dién than. Vi muc dich danh gia hiéu qua cia phuong phap giai d¢ xuat, nghién ctru nay
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chi xét hé thong dién c6 cac nha may nhiét dién than. Tuy nhién, mé hinh t6i vu AC-NCUC trong
muc nay co6 thé dugc mo rong dé tich hgp cac ki€u nha may dién khac ma co xét dén nhiéu nha
may thiy dién trén cung luu vuc sdng.

2.1.1. Ham muc tiéu
Bai toan AC-NCUC c¢6 ham muc ti€u cua la cyc tiéu tong chi phi cta hé thong dién, bao gom
chi phi khong tai, chi phi bién doi, chi phi khoi dong va chi phi dung:
i( Z (Cgiuci,t +Cq; PCi,t + C<L:Ji Yeir T C(El)i Zeiy )} (1)
t=1 \ ieQc
Trong d6, Co;, €2 Ian luot 14 chi phi cua t6 may i khi khoi dong va dirng ($MWh); ¢, , C;
an luot 1a chi phi khong tai va chi phi bién dbi cua to may i ($/MWh); U, 1a bién nguyén, 6 tri s6
bang 1 khi may phat i 1am viéc tai thoi diém t va bang 0 khi may phét nghi; Y, 1a bién nguyén, c6
tri s6 bang 1 khi may phat i khai dong o dau thoi diém t va bang 0 khi may phat khong khai dong;
Z.;, la bién nguyén, c6 gié tri bang 1 khi méay phat i dimg & dau thoi diém t va bang 0 khi may phat
khong dimg; Py, biéu thi cong suat hitu cong clia may phat i tai thoi diém t (MW); T 1a tong sb
khoang thoi gian cua chu ky 13p lich van hanh (¢ day T = 24); Q. 1a tAp cc may phat.
2.1.2. Rang budc méi quan hé ciia cdc bién nguyén

Céc rang budc (2)—~(3) dam bao tinh logic cua cac bién nguyén. Cu thé, may phat dang lam
viéc chi c6 th€ dung, khong thé khdi dong. Tuong tw, mdy phat dang nghi chi c6 thé khoi dong,
khong thé dung.

uCi,t—l_uCi,t+yCi,t_ZCi,t:O; ViEQC’ t=2,..T 2
Ueio —Ugis + Yois —Zcis =0; VieQ), (3)
Ugior Yoirr Zoi €{0,1); VieQg, t=1.T (4)

Trong do, Ug; , mo ta trang thai hoat dong ciia may phat i trudc thoi diém dau tién cua chu ky
lap lich.
2.1.3.  Rang budc mikc tang giam Iom nhdt ciia cong sudt phdt
Cong suat phat cta cac may phat tir thoi diém nay ti thoi diém t’ié'p theo duoc quyét dinh bai mirc
tang/giam lon nhat cua cong suat phat, mirc ting cong suat I6n nhat cua may phat khi khoi dong va
mirc giam cong suat 1én nhat cia may phat khi dirmg. Céac rang budc nay dugc biéu dién nhu sau:
Poie = Foiga < RCL,JiuCi,t—l +Sg Yeiis VieQe, t=2,..T )
Puira—Peis SROUG, +S02¢,; VieQe, t=2,..T (6)
Trong do:
° Rgi va RCDi lan luot 1a mirc tang va giam I6n nhat ciia cong suat phat may phat i (MW/h);
e S5 la mirc tang cong sudt I6n nhit cua may phat i khi khoi dong (MW/h);
e SZ 1a mirc giam cong sudt 1on nhat ciia may phat i khi dirng (MW/h).
Tai thoi diém dau tién cua chu ky 1ap lich, cac bat ding thirc (5)-(6) tré thanh:

I:)Ci,l - PCi,O < R(L,‘JiuCi,O + Sgl yCi,l; v' eng (7)
I:>Ci,0 - PCi,l < R(I?iuCi,l + Sg yCi,l; v' eng (8)
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Trong d6, P, la cong suat hitu cong ctia may phat i trude thoi diém dau tién cua chu ky lap
lich (MW).
2.1.4.  Rang budc gidi han cong sudt tic dung va phan khdng ciia té mdy
Gidi han cong sut tic dung va cong suat phan khang cuia cc to méy trong cac khoang thoi
gian lap ké hoach van hanh dugc mo ta trong (9) va (10).
PiMUg, <Py, <Py <PI™ug,; VieQg, t=1..T 9)
oMU < Qe SQF UG, s VieQe, t=1..T (10)
mb ta cong sudt tic dung kha phat ctia may phat i trong khoang thoi gian t (MW);

Trong do, E
Pr™ va PI™ theo thir tyr 1a cong suat phat tac dung cyc dai va cuc tiéu ciia may phat i (MW); Q0™
va Q0™ theo thu tu 1a cong suét phat phan khang cuc dai va cuc tiéu cia may phat i (MVA).
2.1.5.  Rang budc thoi gian hoat dong/nghi t6i thiéu

D (1-ug,)=0; VieQ. (11)
t=1
4181
Ug 2 TeYo i VieQq; Vie| Ly +1.,T =Ty +1] (12)
k=1
i[um—ym]zo; VieQg, Vte[T-Td+2,.T] (13)
k=t
Lo =min {T ' (TcliJ _TCliJ,O)uCi,O} (14)
ium:o; VieQ, (15)
t=1
4701
Y (L-Ug ) 2T82,; VieQq; Vie[Fy+1,.,T-T¢ +1] (16)
k=1
i[l—ud,k—zctkao; VieQ., Vte[T-T5+2,.T] (17)
k=t
F., =min {T,(TC'? ~T50)(L-Ueig )} (18)

Trong do:
o L 120 gio con lai ma may phat i phai hoat dong, xét tai khoang thoi gian dau chu ky
1ap lich méi, do yéu cau thai gian hoat dong tdi thiéu cua may phat do (h);
® Ug la trang thai hoat dong cia méay phat i tai thi diém k;
e T, lathoi gian hoat dong tdi thiéu ciia may phat i (h);
e T3, lasd gio may phat i da hoat dong, xét tai khoang thai gian dau chu ky 1ap lich méi (h);
o F 1asb gio con lai ma may phat i phai nghi, xét tai khoang thoi gian dau chu ky lap
lich méi, do yéu cau thoi gian nghi tdi thiéu ciia may phat do (h);
e T. lathoi gian nghi téi thiéu cua may phat i (h);
o T, la s6 gio may phat i da nghi, xét tai khoang thoi gian dau chu ky 1ap lich mai (h).
Quy trinh van hanh yéu cau cic may phat khong thé ding mot cach ngau nhién. Néu may
phat i khoi dong & thoi diém t thi may phat nay bt bugc phai lam viéc it nhét TS truée khi dirng
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lai. Cac rang budc 7thc‘ri gian hoat dong tbi :[hiéu dugc trinh bay trong (11)—(14). Tuong tu, cac
may phat khong thé khéi dong mot cach ngau nhién. Néeu mot may phat dugc ding ¢ thoi diém t
thi may phat nay bat bugc phai nghi it nhit T, trudc khi khoi dong lai. Rang budc vé s6 gio toi
thiéu ma t6 may phai nghi duoc biéu thi trong (15)—(18).

2.1.6. Rang budc di trit cong sudt

PClt <P +RoUG 1 +Sa Ve VieQe, t=2,...T (19)
Pc|1 S P+ RCL:JiuCi,O + Sgi Yeias VieQ. (20)
P < PE™ (Ueis = Zeign ) +SaZcins VieQe, t=1...T (21)
> (P —Pus)2Rys WreRs t=1..T (22)

ieQc

Trong d6, Ry 1a yéu cau cong sut du trir cua khu vuc r trong giai doan t (MW), R 1a tap cac
khu vuc trong hé thong dién.

Trong m6 hinh nay, cong suat 1on nhét cac may phat co thé phat trong mdi gio dwoc xét dén.
Dai lugng nay duoc phdi hop véi cong sut  phat moi gio cua cac mdy phat nham dam bao dur trix
ctia hé thong. Cac rang budc duy trir cong suat cua cac ngudn dién dugce trinh bay trong (19)—(22).

2.1.7. Rang buéc luoi dién

Hé phuong trinh (23)-(24) dam bao can bang cong suat nut. Rang budc (25)—(26) lan luot 1a
giéi han dong cong suat trén dudng day truyén tai va gidi han dién ap nut.

Z[gnm n,t_gnm nmt nm nmt] Z Cit Z Dlt; VmEAn’ n:]"'"N’ t=1,...,T (23)

keQ, IeA IE/\

shunt
Z|:_(bnm+bn%jvn,t_gnmsnmt o nmt} ZQC” ZQDIt,VmeAn;nzl,...N;t=1,...,T (24)

keQ, ieAS ieAy

2
(gnmvn,t - gnmcnm,t - bnmSnm,t)

{ [b bshum] . 2 g(sn”:nax)z; vmeA,; n=1..N; t=1...T  (25)
- + 0 WV = O St T BaC
nm 2 nt nm<nm,t

nm™>~nm,t

Uln <V, <UZ n=L1.,N, t=1..T (26)
Trong do:
o V.., Cpn va S, 1acéac bien phy, duoc xac dinh tir cdc phuong trinh (27)—(29):
=(UR) HUM) s n=1u N t=1,T 27)
me =UniUnmi +U"“U$§“t; vmeA,; n=L..N; t=1..T (28)
nmt_U'““Ure —uUrUm; vmeA,; n=L..N; t=1..T (29)

e U va U, theo thir tw 1a phan thyc va phan 4o cta dién 4p nut n tai thoi diém t;
e 0, va bnm duogc xac dinh béi:
G = o[ (1 )” + O )" B == /| (5 ) + (%)’ | (30)

e I, va X, theo thu tyla phan thuc va phan ao cia tong tro doc ciia dudng day nm (pu);
bshunt

1a dién dan phan khang duong day nm;
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o B, va Qp;, theothtrtyla cong suat hitu cong va vo cong ctia phu téi i tai thoi diém t (MW);

e A° va AP theo thu ty 1a tap cac may phat va phu tai dau néi véi nit n;

e SM™ 1a cong sudt biéu kién 16n nhat co thé truyén tai trén duong day nm;

e U

e N mo tatong sé nit cua ludi dién.
2.2. Quy trinh gidi mé hinh AC-NCUC

Trong phan nay, mt phuong phép giai ba giai doan dugc dé xuét dé giai mo hinh AC-NCUC,
Cac giai doan bao gom:

o va U lan luot 1a tri s6 nhé nhét va 16n nhat cia mo-dun dién 4p nut;

2.2.1. Giai doan 1: Gidi mé hinh t6i wu DC-NCUC va xdc dinh tdp cdc dwong ddy nghén mach

Giai doan nay giai mod hinh DC-NCUC véi ham muyc tiéu (1) va cac rang budc (2)—(9), (11)-
(22) va cac rang budc trao luu cong sudt mot chiéu duge mo ta trong [14]. Cac gia tri cong sut
phat va trang thai van hanh ctia may phat tim dwoc s& duoc sir dung 1am gia tri khoi dau cua cac
bién trong mo hinh Giai doan 2. Ngoai ra, cac duong day bi nghén mach s& duoc thém vao tap
Q.. Néu khong co duong day nghén mach thi tap Qs 1a mot tap rong.

2.2.2. Giai dogn 2: Xac dinh trang thai lam viéc 16i uu cia mdy phat

Giai doan 2 1a giai mo6 hinh MISOCP, trong d6, m6 hinh MISOCP c¢6 ham muc tiéu (1) thoa
man cac rang budc (2)—(26), (31)—(33)

Comt =Cmes VMeA; n=L.,N; t=1.T (31)
St =—Smes VMeA; n=1.,N; t=1.T (32)
(Cnm,t)2+(snm,t)2Svn,tvm,t; vmeA,; n=1..,N; t=1.T (33)

Thuat toan giai trong Giai doan 2 duogc trinh bay cu thé nhur sau:

Budéc 0: Khai tao bo dém budce lap s = 0. Pat cac gia tri cong suét phat, trang thai van hanh
tim duoc tir Giai doan 1 1am gia tri khoi dau cia cac bién tuong g trong mé hinh MISOCP.

Buéc 1: Gidi md hinh MISOCP vei (25) chi ap dung véi céc duong day trong tap .

Budéc 2: Kiém tra gioi han dong cong suét biéu kién truyén tai trén cac nhanh cua ludi dién.
Néu khong ¢ vi pham thi thuét toan ding. Néu c6 vi pham gigi han truyén tai thi thuét toan ting
s =s +1 va chuyén t6i budc 3.

Buéc 3: Cap nhat tap Q, voi cac dudng day ¢ vi pham gidi han truyén tai & bude 2. Ngoai ra,
nghiém tdi wu tim duoc ciia mod hinh MISOCP tai budc lap s — 1 duoc dat 1a gia tri dau cua cac
bién ctia md hinh nay tai budc lap s. Sau do, thuat toan quay lai budc 1.

Tai giai doan nay, do giam dang ké cac rang budc gigi han dong cong suét biéu kién truyeén tai
trén cac duong day nén mé hinh MISOCP tr¢ nén dé giai va don gian hon. Vi m6 hinh MISOCP
su dung Xap xi gan chinh x4c cta cac rang budc trao luu cOng suit nén trang thai hoat dong cua
cac to may xac dinh tai giai doan la trang thai hoat dong téi uu.

2.2.3. Giai doan 3: Tim cong sudt phdt toi wu va dién dp mit

Trong giai doan nay, bai bao ¢ dinh gia tri clia cac bién nhi phan thu duoc tir giai doan 2 va
giai mo6 hinh MINLP trinh bay trong muc 2.1 v4i ham muc tiéu (1) thoa méan cac rang bugc (2)—
(29). Trong d6, do gia tri cia cac bién nhi phan da duoc xac dinh nén mé hinh AC-NCUC ban
dau tré thanh mé hinh NLP. Sau khi giai mé hinh NLP nay, cng suét phat toi wu va dién ap cac
nat dugc xac dinh.
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3. Két qua va ban luin

Trong muc nay, phuong phap giai d& xuit duoc danh gia st dung ludi dién IEEE 6 nit va 24
nat. May tinh ¢4 nhan AMD Ryzen 5 7535HS 3.30 GHz va RAM 16GB dugc sir dung dé thuc
hién tat ca cac tinh toan. M6 hinh AC-NCUC duoc lap trinh bang ngoén ngit GAMS [15] va dugc
giai bang cac bo giai thwong mai GUROBI va KNITRO.

3.1. Ludi di¢n IEEE 6 niit

Muc nay trinh bay két qua tdi uu ciia bai toan AC-NCUC cho luéi dién 6 nat [16] sir dung hai
phuong phép: (1) Phuong phap gidi truc tiép mé hinh t6i vu MINLP va (2) Phuong phép ba giai
doan. Ludi dién nay bao gom 3 t6 may nhiét dién than (G1, G2, G3) va 7 duong day truyen tai.
Hé s6 cong sudt ciia cac phu tai déu bang 0,9.

Trang thai hoat dong cua cac may phat sir dung hai phuong phap 1a gidng nhau va duge trinh
bay trong Bang 1. Trong d6, t6 may G1 va G2 1am viéc lién tuc 24 gid, trong khi t6 may G3 chi
1am viéc tir gid thir 9 dén gid thir 22 va nghi trong cac khoang thoi gian con lai.

Bang 1. Trang thai hoat dong cdac may phdt trong luoi dién 6 nut

Gio Gl G2 G3 Gio Gl G2 G3
1 1 1 0 13 1 1 1
2 1 1 0 14 1 1 1
3 1 1 0 15 1 1 1
4 1 1 0 16 1 1 1
5 1 1 0 17 1 1 1
6 1 1 0 18 1 1 1
7 1 1 0 19 1 1 1
8 1 1 0 20 1 1 1
9 1 1 1 21 1 1 1

10 1 1 1 22 1 1 1
11 1 1 1 23 1 1 0
12 1 1 1 24 1 1 0

Bén canh do, két qua tinh toan cua hai phuong phap dugc trinh bay trong Bang 2. Trong do,
thoi gian giai cua hai phuong phap lan luot 1a 80,2 gidy va 64,6 gidy. Sai s6 vé ham muyc tiéu va
tong cong suit ngudn cua _phuong phap dé xuét so v&i phuong phap giai truc tlep lan luot 1a
0,67% va 0,03%. Céc sai s6 nay cho thay su chinh xéac ctia phuong phép giai dé xuat.

Ngoai ra, két qua tinh toan phan bd dién 4p cac nut tai gio thir 6 duoc biéu thi trong Bang 3.
Trong d6, mé-dun va goc pha cua dién ap nut tai gio thir 6 c6 sy khac nhau 16n nhat lan luot 1a
0,0078% va 0,002273 rad.

Bang 2. So sdnh loi gidi Sz dung hai phwong phdp véi ludi dién 6 nut

Phuwong phap giai truc tiép  Phwong phap ba giai doan  Sai s6 (%)

Ham muc tiéu ($) 2597,74 2615,11 0,67
Téng cong suat nguon (MW) 5309,77 5308,29 0,03
Thoi gian tinh toan (giay) 80,2 64,6
Bang 3. So sdnh dién dp cdc mit cia mang dién 6 nut tai gio thiz 6
Mo-dun dién ap Goc pha dién ap
Niat  Phwong phép Phwong phap Sai sb Phwong phap Phuong phap Sai léch
giai truec tiep ba giai doan (%) giai truc tiep ba giai doan (rad)
1 1,0500 1,0499 0,0086 0,0916 0,0916 0,000022
2 1,0500 1,0500 0,0000 0,0000 0,0000 0,000000
3 1,0294 1,0294 0,0010 -0,0221 -0,0221 0,000002
4 0,9830 0,9830 0,0020 -0,059%4 -0,059%4 0,000002
5 0,9787 0,9787 0,0021 -0,0710 -0,0710 0,000003
6 1,0235 1,0235 0,0010 -0,0274 -0,0274 0,000001
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3.2. Luéi di¢n 24 niit IEEE

Ludi dién truyén tai IEEE 24 nuat [17] ¢6 33 t6 may nhiét dién than va 38 duong day truyén
tai. Mo hinh AC-NCUC duoc giai bang hai phuong phap d& cap trong muc 3.1. Trong do,
phuong phép giai truc tiép vai bo giai KNITRO khéng tim duoc nghiém véi gisi han thoi gian
giai 1a 10 gio. Tuy nhién, phuong phap dé xuat tim dwoc nghiém ti wu vai thoi gian giai 1a 1894
gidy. Tri s6 Ciia ham muc tiéu 14 2715458$.

Bang 4 trinh bay khoang thoi gian 1am viéc cua tirng t6 may. To may G1 lam viéc tir gio tha 8
dén gio thir 24 va nghi trong cac gio con lai; t6 may G2 khong lam viéc trong 24 gio (@ 1a t6 may
tuong tng khong lam viéc trong 24 gio).

Bang 4. Ké hoach hoat déng cdc may phdt trong ludi dién IEEE 24 mit

Tomay  Kéhoach van hanh T6 may Ké hoachvan hanh | Témay K& hoach van hanh
G1 8-24 G12 1-24 G23 1-24
G2 (%) G13 1-24 G24 1-24
G3 1-24 G14 ? G25 (%)
G4 1-24 G15 1-24 G26 0
G5 1-24 G16 1-21 G27 1-24
G6 1-20 G17 1-21 G28 0
G7 1-24 G18 1-20 G29 1-24
G8 8-24 G19 16-21 G30 0
G9 1-21 G20 8-21 G31 1-24
G10 0 G21 1-24 G32 1-24
G11 16-24 G22 1-24 G33 1-24

Mt khéc, biéu d6 phan bd dién ap nut tai cac thoi diém t = 3 gio, t = 11 gio va t = 22 gio
dugc mo ta trong Hinh 1. Trong do, tai thoi diém t = 22 gid hau hét dién ap cac nit thip hon hai
thoi diém con lai, cac nut c6 dién ap thap nhat tai thoi diém nay 1a nat 2 va nat 8 véi dién ap ciing
bang 0,95 pu. Ngoai ra, Hinh 2 biéu dién phan bd dién ap trong 24 gid cua cac nit 1, nat 12 va
nat 24. Trong dé, tai moi thoi diém dién ap nit 24 cao hon hai nat 1 va nat 12.

§ s 1.05
== t=3gid t=11 gigr = 1=22 gi&r
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095 L L 0.96
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Hinh 1. Phdn bé dién dp niit tai cdc thoi diémt =3 Hinh 2. Phdn bo mé-dun dién dp trong 24 gio tai
gio, t =11 giova t = 22 gio cua luoi dién 24 nut cdc nut 1, nut 12 va nut 24 cua lwoi dién 24 nut

4. Két luan

Bai bao nay dé xuat mot quy trinh gdom ba giai doan dé giai mé hinh AC-NCUC. Giai doan dau 1a
giai md hinh DC-NCUC. Sau d6, cong suat phat va trang thai van hanh tim dugc tir giai doan nay 1a
gia tri khéi diu cua giai doan 2. Cing véi do, cac duong day nghdn mach ciing duoc xac dinh. Giai
doan 2 ctia phuong phap dé xuét 13 giai moé hinh MISOCP. Sau giai doan 2, trang thai hoat dong cua
cac may phat dugc xac dinh. Cudi cing, giai doan 3 cia phuong phap dé xuét 1a giai mo hinh AC-
NCUC vei blen nguyén da biét dé xac dinh Cong suat phat t6i wu va dién ap nat. Két qua tinh ‘toan cho
thay rang sai sb cua phuong phap dé xuét co gia tri rat nho SO Véi phu:ong phap giai truc tlep khi ap
dung cho luéi 6 nut IEEE. Ngoai ra, phwong phép giai dé xuat c6 thé tim dwoc nghiém t6i wu ciia mo
hinh AC-NCUC trong khoang thoi gian cho phép ma phuong phap giai truc tiép khong tim dugc khi
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ap dung cho ludi 24 nut IEEE. Hudng nghién ctru trong tuong lai la giai m6 hinh AC-NCUC trong hé
thong dién c6 tich hgp cac t6 may tua-bin khi chu trinh hon hop va hé thong tich trlr nang lugng.
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