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The growing penetration of on-site generating units and the rapid growth of
electricity demand could result in increased power loss. This research describes a
mixed-integer quadratic programming (MIQP) based formulation to determine
the optimal operation of switchable capacitors with the aim of minimizing the
total power losses in power distribution systems. The proposed formulation
encompasses constraints such as power flow equations, thermal limits of
branches, and nodal voltage magnitude bounds. The developed MIQP
formulation is converted from a mixed-integer nonlinear programming (MINLP)
model by a piecewise linearization approach. The globally optimal outcome of
the proposed MIQP model is calculated by utilizing the CPLEX commercial
solver within the GAMS programming language. The evaluation of this MIQP
formulation is implemented using an IEEE 33-node distribution network with
different scenarios of load consumption power. The calculation results reveal that
optimal control of switchable capacitors makes a significant contribution to the
reduction of the overall power losses and enhancement of voltage profile in
distribution systems. Moreover, the calculation time of the proposed MIQP
model is significantly lower than that of the MINLP formulation.
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TU KHOA

Ludi dién phan phdi
Tu dong cit

Nguon dién phan tan
Ton thit cong suét

Quy hoach toan phuong
nguyén thyc hon hop (MIQP)

Sy thdm nhép ngay cang nhiéu cia nguon dién phan tan va sy ting trudng
cong sudt tiéu thy caa phy tai co thé 1am ting ton that cong sut tac dung cua
mang dién. Bai bdo nay trinh bay mé hinh tbi wu toan phwong nguyén thuc
hén hop (MIQP) dé xac dinh trang thai van hanh t6i wu cia ty b ngang ¢
dong cat nham t6i thiéu hoa ton that cong suat hitu cong trén ludi dién. Cac
rang budc ciia md hinh t6i wvu MIQP gdm cac phwong trinh dam bao sy can
bang cong sut nat, gioi han dong dién trén cac nhanh va giGi han dién ap cac
nat. M hinh t6i vu MIQP nay duoc bién ddi tir mé hinh ti wu phi tuyén s6
nguyén (MINLP) trén co s ap dung phuong phap tuyén tinh hoa timg doan.
Su danh gia cia mé hinh t6i uu MIQP dwoc thuc hién trén ludi phan phdi
ngit GAMS. Cac kich ban khac nhau cua cong suit phu tai duoc so sanh. Loi
giai ciia mé hinh t8i wu cho thiy, t6i wvu hoa trang thai van hanh cua tu bu
ngang c¢6 dong cit giup giam dang ké ton thit cong suét hiru cong va cai
thién chat lugng dién ap cia ludi phan phdi. Pong thoi, thoi gian tinh toan
cua md hinh t&i wu d& xuat nhé hon nhiéu so véi mé hinh MINLP.
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1. Gioi thigu

Hién nay, vi cdc ngudn dién phan tan (DG) tham nhép ngiy cang nhiéu va cong suét tiéu thy
cua phu tai dién ngay cang ting nén chét lwong dién nang ciia ludi dién phan phdi co thé bi suy
giam [1]. Céc van dé thuong gap nhu dién ap vuot qua gidi han cho phép tai mot s6 vj tri két ndi
cua DG, hay di¢n 4p giam thap trong ché do phu tai cuc dai... Mot trong cac giai phap dé giai
quyet cac van dé trén va ting cudng hiéu qua van hanh cua hé théng phan phdi dién 1a lap dat va
t61 wu hoa van hanh céac tu bu ngang.

Trong ludi dién phan phdi, tu bu ngang thuong dugc st dung dé 1am ting hé sb cong sut,
giam t6n that cong suit tic dung va nang cao chat lugng dién ap. Do do6, viéc nghién ciru cac bai
toan van hanh va quy hoach tu bu ngang trén luoi dién phan phéi ngay cang tro 1én pho bién.
Thuat toan SHO duogc dé xuat trong [2] dé tim vi tri dat va cong suat dat tdi wu cua ty bu ngang
trong ludi dién phan phéi hinh tia €6 xét cac mo hinh phu tai khac nhau. Ham muc tiéu trong [2]
1a cyc tiéu tong cac chi phi, bao gdm chi phi dau tu ty va chi phi do ton that dién ning. M6 hinh
tai phu thudc dién ap két hop véi thuat toan Bat (BA) ciing duoc dé xuat trong [3]. Véi viéc tiép
can nhidu mo hinh phu tai khac nhau, bai bao [3] dd dé xuat phuong an tinh toan vi tri dat va
cong suét dit tdi vu cua tu bu trong ludi phan phdi c6 tich hop ngudn dién phan tan. Nghién ciru
[4] trinh bay thuat toan tim kiém CucKoo dé tim kiém vi tri dt toi wu cua ty bu trong ludi phan
phdi hinh tia. Phuong phéap [4] xem xét cac muc phy tai khac nhau dé xac dinh vi tri dat va cong
suét tdi uu cuia cac tu dién b dinh va tu dién c6 dong cat voi két qua dugc chimg minh 1a tét hon
cac thuat toan Heuristics. Thuét toan hybrid PPSOGSA dugc ap dung trong [5] dé tinh toan t6i wu
vi tri dat va cong suat phan khang ciia tu bu nham téi thiéu hoa tong ton that cong sut tac dung cua
ludi dién phan phdi co tich hop DG. Twong tu, nghién ctru [6] dé xut thuat toan BFOA cho bai
toan xac dinh vi tri dat t6i wu cta tu bu trong hé thong phan phdi dién. Thuat toan GA dugc trinh
bay trong [7] dé tinh toan tbi wu dong thoi vi tri dat va cong sudt dat cua tu bu va ngudn dién phan
tan. Bai bao [8] sir dung mo hinh tdi wu c¢6 dang non bac hai s6 nguyén (MISOCP) dé lya chon vi
tri dat va dung luong cua tu bu trong hé thong phan phdi dién co xét su thay dbi cong suét tiéu thu
cua phu tai theo dién ap. Ham muc ti€u trong [8] 1a cyc tiéu hoa tong chi phi, bao gom chi phi dau
tu tu bu, chi phi do ton that cong suét va ton that dién ning, Tuy nhién, cac nghién cuu [2]-[8] thudc
kiéu bai toan quy hoach. Mot so it nghién ctru trude day da dé xuat cac phuong phap cho bai toan
van hanh ti wu ty bu. V&i md hinh PSO, bai bdo [9] xét dong thoi trang thai van hanh t6i vu cia tu
bu ngang c6 dong cit va vi tri nac diéu chinh dién ap ciia may bién ap trén hé thdng phan phdi hinh
tia c6 tich hop ngudn dién phén tan. Nghién ctru [10] 4p dung thuét toan Heuristic dé tim trang thai
van hanh ti wu cua tu bu ngang c6 déng cit. Bang 1 trinh bay tong quan céc nghién ciru vé téi uu
hoéa tu bu ngang trong mang luéi dién phan phéi

Cac dong gop chinh cua bai bao nay bao gom:

e X4y dung mé hinh ti wu ph1 tuyén s6 nguyén (MINLP) cho bai toan t01 uu hoa trang thai van
hanh cuta tu bu ngang c6 dong cét trén lu6i phan phéi hinh tia c6 tich hop ngudn dién phén tan;

e Xay dyng mé hinh tbi uu quy hoach toan phuong nguyén thuc hon hop (MIQP) tor mo6 hinh
MINLP théng qua phuong phap tuyén tinh hoa timg doan dong cong suat nhanh;

e Ap dung m6 hinh MIQP dé xac dinh trang thai van hanh tdi wu cua tu bu ngang c6 déng cat
cho luéi dién mau 33 nat IEEE.

Bai bao c¢6 cu trac gdm 4 phan. Phan 1 trinh bay tdng quan vé bai toan ap dung tu bu ngang
trong ludi dién phan phdi. Phan 2 mo ta mo hinh t6i wu MINLP va MIQP cua bai toan xac dinh
trang thai van hanh tu bu ngang c6 déng cat. Phan 3 ung dung mo hinh t6i vu MIQP dé xuat dé
tinh toan cho hé thdng dién 33 nut IEEE c6 tich hop cac ngudn dién phan tan. Két luan va cha dé
nghién ctru trong twong lai dugc trinh bay trong Phan 4.
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Bang 1. Tong quan cdc nghién ciru Vé dp dung tu bii ngang trong ludi dién phin phoi

Baibio  Kiéubaitoan  Phuwong phép giai Ham muyc tiéu
2] Quy hoach Thuat toan SHO C.l_fC tlegu tong chi phi dau tu tu va chi phi ton that
diénning )
3] Quy hoach Thuat toan Bat C}IS tley ty S.(z top that cong suat tac dung va chi
S0 on dinh dién ap
[4] Quy hoach Thuét toan CSA Cuc tiéu tong ton that dién nang
[5] Quy hoach  Thuat toan PSSOGSA  Cuc tiéu tong ton that cong suat tac dung
[6] Quy hoach Thuat toan BFOA  Cuc dai d6 giam tong ton that cong suét tac dung
et Cuyec tiéu tong ton thit cong suét tac dung, chi phi
7] Quy hoach Thugt todn GA lip dat tu va chi phi lap dat DG
Cuc tiéu tong chi phi, bao gdbm vén dau tu tu, chi
[8] Quy hoach MISOCP phi cho t6n that cong suét hiru cong va ton that
dién nang
A1y .1 Cuc tiéu tong ton that cong sudt tac dung, do
] Vén hanh MOhinh PSO ™ 1ech dien ap va chi phi van hanh tu ,
[10] Quy hoach Thuat toén Heuristic Cuc tiéu tong chi phi cho ton that cong suat tac

Nghién ctru nay ~ Vén hanh

MIQP

dung va chi phi ldp dat tu
Cuc tiéu tong ton that cong suat tac dung

2. Phwong phap nghién ciru
2.1. M6 hinh t6i wu phi tuyén sé nguyén (MINLP)

Ham muyc ti€u cta bai toan van hanh ti wu tu b ngang c6 dong cit trong ludi dién phan phdi
1a cyc tiéu hoa tong ton that cong suat hitu cong ctia ludi phan phoi:

théa man cac rang budc:

trong do:

+
min > R, x——— i Q” (1)
ijjed, i
P> +Q3 . .
Phi—Rhix—z—z —P, +P,; Vie®,,Vh jed, (2
P2 + . .
- Xhi x hIU thI ZQ'J = QGI +QD| QCI’ Vi E(DN,Vh, J ECI)i (3)
2 2 Zi? 2 2 ..
(Ui ) _(Ui) :Z(Ru ij +X; Q ) UJZ(P'J +Qij); VIJECD'- (4)
Qy =Quy X Zis Vied, (5)
12 =20 J_Q” <(I™Y:  vijeo, (6)
um™ <y, <u™: Vied, )

P, va Q; twong mg la cong suét hitu cong va vo cong dau nhanh duong day ij;

P,; va Qp, tuong ing la cong suét hitu cong va vo cong cua phu tai tai nit i;

P, va Qg tuwongung la cong sut hitu cong va vo cong cua ngudn dién tai nit i;

Q.; 1a cong sudt phat cua tu bu tai nat i trong van hanh;
Q. 12 dung lwgng cua tu bu tai nit i (hang sb);
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U, 1a dién 4p tai nut i;

U™ va U™ tuong tng 1a dién 4p 16n nhét va nho nhét cho phép trong van hanh tai nit i;

I; 1a dong di¢n nhénh ij;

7™ 1a dong dién I6n nhét cho phép ctia nhanh ij;

R; va X;; tuong tng la di¢n tré doc va dién khang doc trén nhanh ij;

@, 1a tap céc nit cua ludi dién;

@, 1a tap cac niit ndi v&i nut i;

®_la tap cac nuat dat tu;

@, 1a tap cac duong day;

@ la tap cac nut dit DG,

Z; 12 bién nhi phan biéu dién trang thai dong/ma cua tu, néu z.; =1 thi tu bl ngang lam
viéc, va nguoc lai, tu bu ngang khong lam viéc.

Ham muc tiéu (1) 1a tdi thiéu tong t6n that cong sudt cua ludi phan phéi. Biéu thic (2), (3) va
(4) biéu dién hé phuong trinh cin bang cong suat. Biéu thic (5) tinh toan cong suat phan khang
cua tu b ngang c6 déng cit trong van hanh. Rang budc (6) mo ta gidi han nhiét ciia dudng day.
Gidi han mé-dun dién ap duge mo ta boi rang bu(f)cr(7).

V& mat toan hoc, mo hinh t6i vu trén 1a phi tuyén do ham muc tiéu (1), cac phuong trinh dam
bao sy can bang cong suat nut (2) — (4) va rang budc gisi han nhiét cua duong day (6) c6 dang
bac hai. Nhuoc diém ciia md hinh phi tuyen nay la phtc tap vé mit tinh toan, thoi gian tinh toan
I6n va khong dam bao tim dugc 16i giai t6i wu toan cuc. Vi vdy, mo hinh t6i vu MINLP chuyén
thanh md hinh t61 vu MIQP. M6 hinh MIQP nay dam bao tim duoc nghiém téi wu toan cuc va cd
the dugc giai hi¢u qua trén cac phan mém toi vu nhu CPLEX str dung ngdn ngit 1ap trinh GAMS.
Phan ti€p theo cua bai bao nay trinh bay phuong phép tuyén tinh héa timg doan d€ dwa md hinh
toi wvu MINLP v€& mo6 hinh t6i wu MIQP.

2.2. M6 hinh toi wu toan phwong nguyén thuc hén hop (MIQP)
2.2.1.  Phiwrong phdp tuyén tinh héa tieng doan

Xét dudng day phan phdi gdm 3 nut h, i, j nhu Hinh 1.
h R, + jX,. i J

hi

th + j Qh:

PG,+_fQ0; Pm"'an,
Hinh 1. M6 hinh lwoi hinh tia co 3 nut

Su can bang cong sudt nat dugc dam bao boi cac phuong trinh dudi déy:

P?+Q? . .
Phi—Rhix%zQ'"—Z P, +P,; Vied,Vh jed ®)
h
Ph2i+Qr$i ; :
Qu — Xy XT_ZQU =—Qu +Qui — Qs Viedy,Vh, jed, 9)
h

Hé phuong trinh cin bing cong suét nit trén c¢6 dang phi tuyén do c6 thanh phin bac hai cua
dién ap nut, cong suat hitu cong va cong suat vo coéng tai dau nhanh duong diy. Do d6, bai bao nay
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dé xuit phuong phéap tuyén tinh héa timg doan dé dua binh phuong cong suét hiru cong va vo cong
dau nhanh dudng day vé dang bac nhit. Ky thuat tuyén tinh héa duoc xay dung nhu dudi déy.
Puong dic tinh phi tuyén coa ham biéu dién ¥ _
dong cong suat tic dung trén cac nhanh duoc chia CRELLLREEE EEL MO SR RERLEReS [ —
thanh L phan doan. Khi d6, binh phuong dong :
cong suat tac dung nhanh Pij2 va gia tri cua bién

|Pij| duoc biéu dién nhu sau:

L —
P’ =Zpij(|)><A5(l) Vijed, (10)

I:Ll b N LY e IS R =2
|Pij|=lzl:Aij(l) Vijed, (11) B =1
Pi :(ZI _1)1”; vijed,,| e{l,...,L} (12) K A‘“m e ‘ :“(3) I ‘ AL (L) - Iey |
_ume —

Aj=— " Vijed, (13) vy )
L_ Hinh 2. Tuyén tinh héa tirng doan (P” )

0<A; ()<A; ;Vijed  le{l,.. L} (14)

trong do

- Af (1) 1a bién can tim, biéu dién cong suét téc dung ciia nhanh ij tng véi phan doan tuyén
tinh thir | (pu);

e (1) 1a s6 thuce, biéu dién d6 doc caa phan doan tuyén tinh I;

- L 1a téng s6 phan doan tuyén tinh hoa;

- Aij 12 do dai 16n nhét dit cho mi phan doan tuyén tinh (pu).

Dé tuyén tinh hoa trj tuyét d6i dong cong suét tic dung nhanh (11), ta str dung cac rang budc:

L
P +P =Y A1) Vijed le{12,..L} (15)
1=1
PU+ P =P ;Vijeq)L,le{l,Z,...,L} (16)
P+>O, >0 ;Vije(I)L,le{l,Z,...,L} @an

trong do, P;"va P, la cac bién phu.

IJ
Khi ap dung ky thuat tuyén tinh hoa timg doan, sy lién ké cia mdi phan doan tuyén tinh duoc
dam bao vai cac rang budc sau:

2z (VA <AL (1), Vije®, le{l2,.., L1} (18)
ANz (1-1)As;  Yijed, le{2,..,L} (19)
( )>ZP(|) Vije(I)L,Ie{Z,...,L-l} (20)
z; (1) e{0:1}; Vije® ,1€{1,2,..,L-1} (21)

trong do, zi (I) 1a bién nhi phan, c6 gia tri bing 1 néu do dai phan doan tuyén tinh thir | twong

g véi cong suat tac dung ddu nhanh duong day ij c6 gia tri bang A ij , va nguoc lai.

Trén day 1a k¥ thuat tuyén tinh hoa timg doan dong cong suit tic dung ddu nhanh dudng day,
ap dung ky thuat trén tinh toan twong tu v6i dong cong suat phan khang. Khi d6, hé phuong trinh
trao luu cong suit 4), (8) va (9) van con dang phi tuyén do co thanh phan bac hai ciia mo-dun
dién ap nat. Thanh phan bac hai ciia mé-dun dién 4p nat duoc tuyén tinh héa nhu sau:
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i i 72 (& y
uixui—ujxuj:2(RUP”.+xijQij)—U~—’2(lzllpij,,(A;’,+Aff,)j vijed,  (22)

L
zphi,l (Ar'?i,l +A(h?i,l)

P, - R, x12L 57 > B =—Py+PR,; ViedVhjed, (23)
h
L
thi,l (Ar'?i,l +ASi,l) _ _
Qu — Xy x = G2 _ZQU =—Qui +Qui — Qg Vied,,Vh, jed, (24)
h

trong do, Ui 1a gi4 tri Xap Xi cia mo-dun dién ap nat i.
Pong thoi, rang budc gidi han nhiét (6) ciing dwoc bién d6i thanh:

L
> p(an+ag)<( ) 0r vijea, @)
=1

2.2.2. M6 hinh MIQP trong bai todn vin hanh toi wu tu doéng cdt

Véi ki thuat tuyén tinh hoa & muc 2.2.1, md hinh téi vu MIQP d& xuit gom ham muc tiéu (1)
va cac rang budc hé phuong trinh cin bing cong suit (22) — (24); rang budc cong sudt phan
khang cua tu (5); rang budc gidi han nhiét cua duong day (25); rang budc gidi han moé dun dién
ap nut (7) va cac rang budc mo ta phuong phap tuyén tinh héa ting doan (12)— (21).

3. Két qua tinh toan va thio luin

Trong myc nay, m6 hinh t6i vu MIQP dugc ap dung dé tinh toan trang thai vén hanh tbi uu
cua tu bu ngang c6 dong cat trén ludi phan phoi 33 nit IEEE co tich hop nguon dién phén tan.
Nghiém t6i uu dugc xac dinh sir dung phan mém thuong mai CPLEX va dugc lap trinh vdi ngdén
nglt GAMS [11]. Mdy tinh c4 nhén v6i bo vi xu Iy AMD Ryzen 5 4500U, 6 CPUs, 2.4GHz va
RAM 32GB dugc st dung dé dat dugc cac két qua tinh toan toi wu trong bai bao nay.
3.1.Diz liéu lwdi dién

Hinh 3 md ta ludi dién phan ph01 IEEE 33 nut [12]. Ludi dién nay bao gdm 5 tu bu ngang c6
cung cong suit dinh muc va 3 ngudn DG véi cong sut phat gidng nhau, trong d6 vi tri cua cac tu
b ngang va cac ngudn dién phan tan duoc tham khao tir nghién ctu [13]. Cac dir lidu tinh toan

co ban cua ludi dién phan phdi trung ap dugc mo ta trong Bang 2.
23 24 25

%

Hinh 3. Ludi dién mau 33 it \EEE (C — tu bit ngang; DG —nguon dién phdn tin)
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Bang 2. Théng s6 co ban cua ludi dién 33 nit IEEE

Théng s6 Gia tri

Dién ap dinh mirc (kV) 12,66

Tong cong suat phu tai co so (KVA) 3715 +j2300
Gi6i han dién ap nut (pu) 0,95< U <1,05
Cong suat dinh mic cua tu bu (KVAr) 500

Cong suit phat cua DG (KW) 500

Hé s6 cong suat van hanh DG 0,95 (cham sau)

3.2. Két qud tinh todn
3.2.1. Panh gia do chinh xdc cua mé hinh MIQP

Dé danh gia do chinh x4c ctua phuong phap t6i wu dé xuat, trang thai van hanh t6i vu cia tu bu
ngang duogc xac dinh sir dung hai mé hinh t6i wu MIQP va MINLP. Phuong phap MINLP duoc
thuc hién trén bo giai KNITRO va duoc lap trinh v6i ngon ngir GAMS. Két qua tinh toan trang
thai van hanh t&i wu ca tu bu ngang giira hai phuong phap duoc biéu dién trong Bang 3, trong
do6, “17 1a trang thai tu lam viéc, “0” 1a trang thai tu nghi. Tir két qua tinh toan cho thdy, trang thai
van hanh t5i wu cua tu bu ngang voi hai phuong phap 1a giéng nhau. Ngoai ra, két qua tinh toan

ham muc tiéu (ton that cong suat tac dung) va thoi gian tinh toan duge mo ta trong Bang 4.

Bang 3. Két qua trang thdi vin hanh tu Ciia hai phwong phdp

Phuong phap Nit 8 Nit 13 Nt 22 Niit 23 Nt 27
MIQP 0 0 1 1
MINLP 0 0 1 1

Bang 4. Gid tri ham muc tiéu va thoi gian tinh toan cua hai phwong phap

Théng sb

Phwong phap MIQP Phwong phap MINLP

Ton that cong suat tac dung (kW)

Thoi gian tinh toan (gidy)

39,949
0,103

39,937
1,043

Bang 5. Két qua phdn bé dién dp niit giita hai mé hinh

, U (pu) Sai sb , U (pu) Sai s6
Nt op MINLP (%) Nat —9op  MINLP (%)
1 1,0500 1,0500 0,00000 17 1,0329 1,0336 0,06676
2 1,0486 1,0487 0,00572 18 1,0352 1,0358 0,05793
3 1,0430 1,0433 0,03067 19 1,0481 1,0482 0,00859
4 1,0398 1,0402 0,04326 20 1,0445 1,0448 0,02393
5 1,0368 1,0374 0,05302 21 1,0438 1,0441 0,02682
6 1,0306 1,0314 0,07272 22 1,0432 1,0435 0,02971
7 1,0305 1,0313 0,07370 23 1,0422 1,0425 0,03357
8 1,0292 1,0300 0,07767 24 1,0392 1,0397 0,04424
9 1,0274 1,0282 0,08267 25 1,0395 1,0400 0,04327
10 1,0260 1,0269 0,08667 26 1,0299 1,0307 0,07568
11 1,0259 1,0268 0,08668 27 1,0290 1,0298 0,07769
12 1,0258 1,0267 0,08669 28 1,0226 1,0236 0,09476
13 1,0259 1,0268 0,08668 29 1,0183 1,0193 0,10399
14 1,0263 1,0271 0,08567 30 1,0168 1,0179 0,10708
15 1,0273 1,0282 0,08267 31 1,0171 1,0181 0,10608
16 1,0290 1,0298 0,07769 32 1,0175 1,0186 0,10603
33 1,0189 1,0199 0,10295
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Bang 4 cho thay, sai s6 ton that cong suat cia mo hinh MIQP so v&i mé hinh MINLP 14 0,03%
(0,012 kW). Trong thyc té, sai s6 nay rat nho va c6 thé bo qua. Bong thoi, thoi gian tinh toan cua
md hinh MIQP nho hon nhiéu so v6i mo hinh MINLP. Biéu nay dic biét co y nghia quan trong khi
tinh toan cho cac ludi dién co kich c¢& 16n va xét mo hinh tdi wu véi nhidu khoang thoi gian. Ngoai
ra, sai s6 vé dién ap nut ciing duoc biéu din trong Bang 5. Két qua dién ap nat gita hai mé hinh ¢
sai s6 16n nhat 13 0,107%, va sai s6 niy c6 thé bo qua trong cac ap dung thuc té.

3.2.2. Pdnh gid hiéu qua ctia van hanh toi wu tu bii ngang

Dé danh gia hidu qua ctia mo hinh t6i wu dé xuit, két qua tinh toan khi ty van hanh vai trang
thai t6i wu theo mé hinh d& xut (goi tit 1a “mé hinh véAn hanh t6i wu tu dong cit”) va khi tu van
hanh véi trang thai cd dinh (goi tit 1a “md hinh van hanh tu ¢6 dinh”) duoc tinh todn va so sanh.
Loi giai trao luu cong sudt voi trang thai tu ¢ dinh duoc thuc hién bang phuong phap Newton-
Raphson trén phan mém mé phong POWERWORLD [14].

Mo hinh van hanh téi wu tu dong cit va mé hinh van hanh tu ¢ dinh duoc tinh toan trén ludi
dién 33 nut IEEE tai 4 mirc cong suat tai khac nhau, bao gom: (1) 50% tai co so; (2) 75% tai co
s0; (3) 100% tai co sd; (4) 125% tai co so.

Két gua tinh toan ham muc tiéu ctia md hinh van hanh tu tai 4 mirc cong suét tai duoc trinh
bay trong Hinh 4. Két qua ti wu tir hinh v& nay thé hién riang ton that cong suat tac dung cia ludi
dién khi ap dyng mo6 hinh van hanh tdi wu tu dong cit nho hon so véi khi ap dung mo hinh van
hanh ty ¢ dinh. D6 giam ton that cong suét tac dung lan luot 13 78,82% va 2,15% khi muc tai
bang 50% va 125% tri s tai co so.

Trang thai van hanh cta tu dong cat khi tinh toan bang mé hinh tdi wu dé xuét dugc biéu dién
trong Hinh 4. Dya trén 10i giai téi vu ¢ bang nay, ta thdy rang, trang thai van hanh cua tu bu
ngang bi anh hudong bai cong suat cua phu tai. S6 lwong tu bu ngang ¢ trang thai lam viéc ting
khi cong suét phu tai tang (tir 1 tu lam viéc tai mic 50% cong suét tai dén 4 tu lam viéc tai mirc
125% cong sut tai co s).
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Hinh 4. Két qua tinh todn ham muc tiéu
Két qua so sanh dién ap nat cuia hai mé hinh van hanh tu tai cac mirc cong suét tai khac nhau

dugc trinh bay trong Hinh 5. Két qua téi uu tir hinh v& nay cho thiy, mé hinh van hanh tbi wu tu
dong cat co chat lugng dién ap tai cac nat tot hon nhi€u so vai md hinh vén hanh tu c6 dinh.
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e V6i mic tai 50% cong suat co s, mo hinh ty déng cit c6 mot s6 nut nim ngoai giGi han
dién ap nut cho phép. Cu thé, cac nit 10 dén nut 18 va cac nut 25, 32, 33 ¢6 gia tri dién ap nit
nam trong khoang tir 1,051 pu dén 1,068 pu. Trong khi d6 dién ap nat ¢ng v6i mé hinh tu ¢é dinh
ludn ndm ngoai gidi han cho phép. Pong thoi, dién ap 16n nhat khi tinh theo md hinh tu ¢ dinh
12 1,088 pu (tai nat 18) dwoc giam xudng 1,068 pu (tai nut 18) khi tinh theo mé hinh tu dong cat.

o V6i mirc tai 75% cong suit co sd, md hinh tu dong cit ¢6 hau hét dién ap nit (trir hai nat
17, nat 18) nam trong gigi han cho phép, trong khi d6 mé hinh tu ¢6 dinh c6 nhiéu nut c6 dién ap
nam ngoai gi¢i han cho phép. Cu thé, dién 4p cac nit 9 dén nut 18 va cac nat 20 dén nat 22 nam
trong khoang tir 1,051 pu dén 1,07 pu.

Vé&i mirc cong suat tai co s& va muc tai 125% cong suit co s&, mod hinh tu dong cit luén gitr
dugc dién ap nat ndm trong gidi han cho phép, trong khi d6 mé hinh tu ¢ dinh van c6 mot s6 nat
nam ngoai gidi han dién ap nut cho phép. Cu thé, tai mirc cong suat tai co s, dién ap cac nut 18,
21, 22 nam trong khoang tir 1,051 pu dén 1,052 pu. Tai mirc tai 125% cong suét co s, nat 22 Voi
gia tri dién ap nat bang 1,051 pu.

Bang 6. Két qua tinh todn trang thai van hanh tu dong cdt

Mikc cong suat tai

Vi tri cia tu

50% 75% 100% 125%
Tainat 8 0 1 1 1
Tainat 13 0 0 0 1
Tai ntt 22 0 0 0 0
Tai ntt 23 0 0 1 1
Tainat 27 1 1 1 1

1,04 4 . e ——Tycadish = =Tydong cdt
—Tucddiah | = =T ddng cit

103 L S 123 4 56 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3] 32 33
123456 789101112131415161718192021222324252627282930313233 it
Niit

(@) 50% tdi co s6 (b) 75% tdi co so

Bign dp (pu)
z

Dién ap (pu}
g
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1234567 89101112131415161718192021222324252627282930313233 123 45678 9101112 |x|4|s15] 1819 ﬂ | 2324 2526 27 28 29 30 31 32 33
it Nat
0, 25 2 . ”
(c) 100% tai co so (d) 125% tdi co s¢

Hinh 5. So sdnh phdn bé dién ap it giita hai mé hinh vén hanh tu trong cdc kich ban
4. Kétluan

Bai bao nay trinh bay m6 hinh t6i wu c6 dang quy hoach toan phuong sO nguyén (MIQP) cho
bai toan t01 wu ché d6 van hanh cia tu bu ngang c6 dong cit trong ludi dién phén ph01 co6 tich
hop ngudn dién phan tan (DG). M6 hinh ndy c6 ham muc tiéu la cuc tiéu hoa tong ton that hitu
cong va cac rang budc tuyén tinh. Trong d6, phuong phap tuyén tinh hoa tirng doan dugc ap dung
dé dua binh phuong dong cong suit dau nhanh dudng diy vé dang bac nhat. M6 hinh MIQP duoc
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danh gi4 trén ludi phan phdi 33 nat IEEE véi 4 mirc cong suat cia phuy tai. Két qua tdi wu cho
thiy, mo hinh dé xuat gitp giam ton that cong suét hiru cong va cai thién chat luong dién 4p cua
lu6i dién phan phéi. Ngoai ra, m6 hinh MIQP ¢6 sai s0 rat nho va thoi gian tinh toan nhé hon
nhiéu so véi mé hinh t6i vu MINLP. Hudng phat trlen cuia dé tai nghién ctru la xay dung m6 hinh
MIQP dé xac dinh ddng thoi trang thai vén hanh t6i wu cua ty bu c6 dong cit va cong sudt phat
ti wu cia DG c6 xét sy phu thude cong sudt tiéu thu cua tai thay di theo thoi gian va cong suat
tu bu vao dién ap van hanh.
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