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TOM TAT

Bai bao trinh bay viéc ap dung phuong phap diém noi déi ngdu co ban dw doan hiéu chinh
(PCPDIP) cho téi wu phan bb céng suét (OPF) trong hé thong dién AC/DC song song. Trong dé dé
Xuét: i) &p dung phuong phép dw doan hiéu chinh Mehrotra dé lam ting dé hoéi tu, ii) ma tran phan bé
céng suat Jacobi day di gém cé 2 thanh phédn AC va DC, va iii) ham déi twong duoc chon cho phan
tich t6i wu la ham cuwc dai hod loi nhudn xa hoi. Két qua sé cho thdy tinh wu viéc va hiéu qué cda
phuong phép dé nghj nhw do hoi tu va thoi gian CPU nhanh hon phuong phap kiéu Newton duoc ép
dung cho mang IEEE 118 nut va AC/DC 24 nat. Sw so sanh v&i churong trinh Matpower trén mang AC
IEEE 118 nut ciing duoc trinh bay. P&c biét, két qua tinh toén thu duoc trén mang AC/DC song song
nhw chi phi dau tw va tén thét thdp hon mang khi so sanh véi mang AC da khdng dinh duoc wu diém
cua mang AC/DC vén hanh song song .

ABSTRACT

This paper presents the application of a Prediction—Correction Primal-Dual Interior Method
(PCPDIP) for the optimal power flow (OPF) in parallel AC/DC power systems. In which proposed: i)
application of the Mehrotra prediction-correction method for increasing the convergence, ii) the full
Jacobian power flow matrix consists of both AC and DC elements, and iii) the chosen objective
function is chosen for optimal analysis is the function of social benefit maximum. The numerical results
illustrate the primacy and effectiveness of the proposed method such as convergence and CPU time
faster than a Newton-type method as applied on the IEEE 24-bus AC/DC and IEEE 118-bus
systems. The comparison with a Matpower software on IEEE 118-bus systems is also presented. In
particular, the calculation shows that the cost and power loss in the AC/DC network is lower than in
the AC network. It prove the advantage of the parallel operation AC/DC systems

I. GIOI THIEU

Truyén tai HVDC 1a xu thé phat trién cua
cac tap doan dién luc trén toan thé gidi trong
thé ky 21, nham lién két cac ving, lanh thé hay
cac qudc gia lai v6i nhau lam tang hiu qua sur
dung nguon, tang do tin cay truyén tai va cung
cap dién. Dé téi wu viéc quan 1y van hanh hé
thong, bai toan OPF dugc giai bang nhiéu
phuong phédp nhu phuong phap Lambda,
Newton, phwong phap nhan tir Lagrange, giai
thuat Gen... Bai bdo ndy dp dung phuong phap
PCPDIP tinh toan tdi wu phan bd cong suat
trong mang dién AC/DC song song .

Xuit phat tir bai toan qui hoach tuyén
tinh, nam 1984 Karmarkar [5] dua ra mot
phuong phap khac so véi phuong phap don
hinh cua George Dantzig goi la phwong phdp

diém ngi (IP). Phuong phap don hinh 1a bat dau
tr mot diém trén bién cua ving kha thi, chay
doc theo bién tién dén diém tdi wu. Phuong
phap IP cua Karmarkar 1a tir mot diém trong
vung kha thi, tién theo mot “do dai” va mot “do
ddc” chon trudc, sau mot s vong lap sé tién
dén diém tdi wu. Bang cach chon chinh xéc
“diém rén” xuat phat, d6 dai va do doc cua
budc tién s& tién dén diém téi wu nhanh hon
phuong phap don hinh dic biét ddi voi bai toan
¢6 bién phirc tap. Tir ddy ra doi cac Iy thuyét dé
chon budc tién tbi nhat véi cac tén goi nhu: “ty
Ié affine”; chan logarithm™; giam cap™; fim
drong”; doi ngau co ban”; diém ngi khong kha
thi” va cudi cliing 1a phuong phap “diém ngi doi
ngau co ban” dua trén giai thuat “du dodn —
hiéu chinh” cua Mehrotra dugc st dung trong
hau hét cac phan mém hién nay.



TAP CHi KHOA HQC & CONG NGHE CAC TRUONG PAI HQC KY THUAT & SO 70 - 2009

Trong bai bao nay chiing toi dé xuat viéc
ap dung phuong phip PCPDIP dé tinh t6i wu
phén bb cong suit trong hé thong dién AC/DC.
Két qua dugc Kiém tra trén mang IEEE 118 nat
va sau do phat trién cho mang AC/DC song
song 24 nut.

I1. BAI TOAN TOI UU
2.1 M@ ta toan hoc bai toan tdi wu

Bai toan t6i vu 1a di tim gia tri 1on nhat
hay nho nhat cua ham doi tuwong Véi cac rang
budc duge mé ta nhu sau:

Min a(x,y)
Max

f(x,y) = oy
Subject to {(X y)=0

h., <h(xy)<h_
VGi: X,y :tap cac bién.
g(x,y) :ham ddi tuong v6 huéng.
f(x,y) : cac phuong trinh rang budc.
h(X,y) - cac bat phuong trinh gidi han
cua cac bién.

) Bang viéc thém cac bién “slack” s vao
bat phuong trinh trong (1‘) thi rang budc bat
phuong trinh dugc dua vé dang phuong trinh
nhu sau:

Min  g(x,y) Min  g(xy)

Max Max
f(x,y)=0 hay =0
h(x,y)-h, —s =0 st {Ah(x,y)-s=0

st

h. —h(xy)-s, =0 s>0

Syn >0, 5., >0

mi

AR(X, ) = {h(x' )~ i }

Vi e = (X, Y) 3)
|:Smin :|
S =
Smax
Ham Lagrange.

=gy -p f(xy) -4 (Ah(xy)-9)-uIn(Es) @)

V6i p, u 1a thira s Lagrange, u; thira s6 chan.
Theo diéu kién toi uu Karush-Kuhn-Tucker
(KKT) thi:

VL(X, Y, p, #,8) =0. (5)

Khi us—0 giai (5) chung ta dwoc tap
ngiém (x,y, p, 1, s) cing la 1oi giai cua (1).

2.2 Ung dung vao bai toan trong hé thong
dién

Theo [Gisin et al. 1999], va [Xie et al.
2000] bai toan OPF thi tru:orng dién dién hinh
rang budc an ninh hé thdng boi giéi han cong
SUit truyén tai va gidi han dién ap thanh cai
duoc mo ta nhu sau:

Max -G — Social benifit

f(y) =0 — PF equations

O<PF <P — Sup. bid blocks

0<P <Ry — Dem bid blocks. ©)
st ‘Iij (5,V)‘2 < qumax — Thermal lim

2
|ji(5,V)\ <1’
Qs,, <QG<QGW — Gen. Q lim

Voin SV <V o — 'V "security "lim

min —

Trong d6 ham dbi tugng G 1a chinh hiéu
cua chi phi ngudn phat va tai tiéu thy co .dang
bac 2 theo cong Suat. biat g, = Qpo/Ppo dé don
gian thanh phan cong suat khang Qp cua tai tiéu
thu véi Qpo, Ppo 1a cong suit ban dau cua phu
tai. Ham G dugc mo ta:

G = C.P’+CyPR +sum(C,)+ D,Q; +D,Q, +sum(D,,) (7)

~[CLP3 +CyuPy +5um(Cy,) || D02 + Dy, Py +sum(Dda)]

Cs, Cp (3/MWh): hai vector gia cua cong suét
ngudn va cong suat tiéu thu dugce du gia trong
thi truong dién.
Qg : cong sudt khang ctia may phat.
V, d : dién ap va gbc pha cua thanh cai.
lij, lji : dong dién trén dudng day theo 2 hudng.

Ps, PD : cOng suat cung cap va yéu cau.

Rang budc phuong trinh f(y) chinh la
phuong trinh can bang cong suit trong hé théng.

n

2R-R
fy)=1""

n

ZQ Qg|+q Pdl .

=[6V,Qe. P, P,]" (8

Ham Lagrange tong quat cho ham dbi
tugng Cuc dai hoa lgi nhuan xa hoi nhu sau:
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Min  L=G-p'f(y) 4, (. ~P—s;, )
_‘ugsmin (P - S, ) _ﬂgumax (PDmax -B _SF’DW)

min (9)
_lu;Dmax (R _SPDmm) _'u'Tiimax (Iii2max B qu _S'umx)

2 2 T
s I i Sll‘max ) " Hog (QG ax _QG _SQGmax)

- ﬂgGmm (QGC - QGmln - SQGmm ) - ’U\Imax (Vmax -V~ S\/max )

— ,u\-/rmm (V _Vmin - Svmi" ) — K [Z Insi )

'm

I

Piéu kign KKT VL =0 (5) cho bai toan (6):

v,.L= g, =VG-V F+V.H =0 (10a)
V,L=-g, =-f(y) =0 (100)
V,L= g, =Ah+s =0 (10c)
V.L= 0, =ups—u =0. (10d)

7 Ap dung phuong phap diém noi giai lap
dé tim nghiém cua hé phuong trinh (10).

I11. PHUONG PHAP PIEM NOI
3.1 Buéc tién Newton ** Newton Direction"*
Xap xi Newton [16] hé (10) dugc hé (11)

Doyims AY = J Ap+ i A= —g, (11a)
—JgAy = g, (11b)
J, Ay + As =-g, (11c)
pAS +sAu = —g (11d)

Vo6i: Doums=[ -H.p + [Hj Hji].,uiviG]-
Trong d6 H, Hj va H; lan luot 1& ma tran
Hessian cua rang budc cong suat va dong dién.

Ma tran Jacobi J; ¢ day dugc thanh 1ap
dira trén phuong trinh rang budc cong suit P, Q
trong hé thong. N6 bao gom ca hai thanh phan
AC va DC chinh vi vdy ma ma trén nay dugc
goi la ma tran Jacobi dﬁy du. Ma tran J, 1a ma
tran Jacobi ctia cac rang budc khac.

0 \ Ps Pd
» P . @ .
00 oV
hTlx w ' '
W ow 0. [71}

bat: H=1./s, Hy=u./s la cac ma tran
duong chéo. Thay As tur phuong trinh (11.¢)

vao phuong trinh (11.d). Tinh Ay theo Ay va
thé gid tri nay vao phuong trinh (11.a). Hé
phuong trinh (11) dwoc rat gon thanh hé
phuong trinh (12).

[DZXLMS+‘]|:|I-HIT\Jh _‘];:||:Ay}_|igy+‘];(ngyHsgs)

-J, 0 ||Ap g,

-(12)

Giai hé (12), ching ta dugc budc tién
Newton.

3.2 Dw doan — Hiéu chinh Mehrotra

»  Budc udc lugng dy doan: xem us = 0, udc
lugng Newton cho hé (10) dugc hé (13).

‘:DZXLms +‘];Hm‘]h ‘];:||:Ay:| __|:gy +‘]hT(ng;, —,U):| (13)
-9

-J 0 ||Ap

g P

» Giai hé (13) duoc AY, Ap, Afiva AS udc
Iwong.

» Budc ‘centering’ ude lugng lai us

A 2 A
g, =min|| 281 p x99 (14)
gap 2(m+n)
Véi f=0.1+0.25 : hé s6 “centering’.
gdp : khoang khong bu, dugc tinh:
08p = (s +a,AS).(u+ ayAfz) (15)

gap: khoang khong dbi ngau, tinh theo (20).

m, n lan luot 13 sb rang budc bt phuong trinh
va phuong trinh.

»  Budc hiéu chinh ‘corrector’

» Tinh dai lwong hiéu chinh g, theo cac dai
luwong dugc ude luong & trén.

g, = M+ (APAS — p)/s. (16)

Thay (11.d) bang Ay +Has=—g_, gidi lai
s
hé (11) tim huéng tién thuc cua cac bién.
3.3 Cap nhit bién va giam

> O vong lap th k +1, cac bién duoc cap
nhat
k+1:k+akAk k+1: k+akAk
y y Y p P BYAYY) (17)

K+l K, kack Kl _ ok, ka ok
ST =S 4 AT, u =g oA

V&1 do dai budc o dugc tinh theo (18)
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o s o u
a,= mln[—a.AS,lj, oy = mm[—a.Aﬂ,lj. (18)
cho céc As <0, Au <0. 6 =0.995: hé s6 an toan.

> Giam s

,uS:min[ﬂ gap 1]. (19)

2(m+n)’

Vi khoang khong dbi ngau: gap =s.u  (20)
3.4 Tiéu chuin hji tu

Vong 1ap két thuc khi thoa cac diéu kién

> Saisothirasd chan us<e, (21)
> Sai s6 I6n nhét cua bién
norm(Ay) < &, (22)
> Sai s6 16n nhét ciia rang budc phuong trinh
norm(g,) < & (23)
> Sai sb cia ham ddi tuong % <o (28)

3.5 Chon diém ban diu

Doi v6i bai toan OPF trong hé thong
dién thong thuong chon diém ban dau nhu sau:

Ps® = Psin + 0.1(Psmax — Psmin),
Pi® =Py min + 0.1(Pdmax — Pamin ),
Q" = 0.5(Qg max —~ Q).

Goc pha va bién do cua dién ap c6 thé chon
6© =0 (rad), VO =1 (p.u).

hay tir két qua phan bd cong suét.

IV. KET QUA

4.1 Mang AC IEEE 118 nit

Mang chuian AC IEEE 118 nat gdm c6
109 tai, tong cong suét tai S=42.42+j14.38 (p.u),
54 may phat, 9 may bién ap va 177 duong day.
Két qua phan tich dugc tom tat nhu trong Bang
1va2.

Bang 1 cho thiy két qua giita chuong
trinh phan tich cua chiung t6i xdy dung va
Matpower [17] 1a nhu nhau. Khi téi wu phan b
cong suét thi dién ap ¢ cac thanh cai duoc nang
1én dang ké (déu I6n hon 1 p.u). Tong cong suat
nguon phat thip hon trong truong hop phan bd
cong suat thuong diéu nay co nghia 1 ton hao
truyén tai thap hon.

Bdng 2.

T61 vu phan bo cong suat

Dy doan Newton

Phuong phap IP hiéu chinh [thong thuong

S6 vong lap 13 67
Thoi gian tinh toan (s)| 3.5437 6.6575

Két qua Bang 2 cho thay s6 vong lip va
thoi gian tinh toan cua phuong phap PCPDIP
nhanh hon phuong phap Newton thong thuong.

4.2 Mang AC/DC 24 nut

Pé ap dung phuong phap PCPDIP vao
mang AC/DC chiing t6i 1dy mang AC IEEE 24
nat. Thay 2 nhanh AC bang 2 nhanh DC nhu
hinh so d6 mé phong AC/DC. Két qua phan tich
t6i uu phan bd cong suit trong 2 truong hop tai
¢b dinh va tai thay d6i duoc tom tit trong Bang
3 va Bang 4.

Bdng 3.
i Mang AC | Mang AC/DC| Tai
Tai co dinh Ps Qg Ps Qg Pd
MW  Mvar | MW Mvar | MW
Tong 3284.6 1175.8(3280.1 1140.6| 3171
Chi phi ($/h) 51931.18 36979.98

Tir két qua Bang 3 cho thay chi phi cho
mang AC/DC thip hon mang AC do phéan b
cong suét gita cac t6 may trong mang AC/DC
t6t hon. Vi HVDC dinh huéng dugc cong suat
truyén tai lam cho ton that trong mang AC/DC
(109.1 MW) thip hon trong mang AC (113,6
MW).

Bang 4.

Mang AC Tai
Taithaydoi [ ps Qg | Pd | Ps Qg | Pd
MW  Mvar | MW | MW Mvar | MW

Mang AC/DC | Tai

Bang 1.
T&i vu phan bd cong suit
Phan bd phuong phap IP
A /(t th \ ~
cong suat fiuong Chufm g trinh Matpower

phan tich

Ps Qg Ps Qg Ps Qg

pu pu pu pu pu pu

Tong 3256.1 1068.8]3150.9|3117.1 965.09]3017.2

Tong: 43.755 7.167 | 43.197 3.8987 | 43.194 3.8826

Loi nhuan (§/h) 38292.666 36477.80

[Ham déi twong [$/h]: 129678 129661
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Bang 3 va 4 cho thay khi tai duoc ti uu So @6 mé phong mang AC/DC 24 miit va két qua
thi cang lam giam ton that trong mang. Mang phdn bé cong sudt.
AC tir 113,6 MW giam xudng con 105.2 MW
va mang AC/DC tir 109.1 con 99.9 MW. Vé e ,
mat lgi nhuan thi loi nhuan thu dugc trong , S
mang AC Ién hon trong mang AC/DC do tong
cong sudt phat va tong cong suét tai trong mang
AC Ién hon. Nhung xét vé ton that thi ton that
mang AC/DC van thap hon trong mang AC.

V. KET LUAN

Téi wu phan bd cong sudt trong mang
lam cai thién dién ap, lam tang do tin cay cho
hé thong dong thoi nod ciing 1am giam ton that
trong mang, nang cao hiéu suat truyén tai. Két
qua phan tich ciing cho thiy uu thé giam ton
that cia mang AC/DC.

Giai thuat t6i wu phan bd cong suat trong
bai bao nay ap dung cho ham déi tuong cuc dai
hoa lgi nhuan. Diéu niy c6 nghia 1a ham chi phi
khong chi xét cho cong suat hiru cong P ma con
cho cong sudt vo cong Q va cho ca tai ¢ dinh
va tai thay doi.

So sanh gitta phuong phap PCPDIP va
phuong phap Newton thong thuong thi phuong
phap PCPDIP cho téc d hoi tu nhanh hon.
Pay 1a diém manh vuot troi cua phuong phap
nay so véi cac phuong phap khac khi tinh toan

Ket qu;.l:[.hu dlmc Q'Ong Vol chuo‘_n;g tr;mh Chi y: tit ca cac gia tri cong suat tai, may phat dugc
Matpower. Giai thugt phan tich dugC viet bang iy, (rong h¢ p.u. Chon co ban Sy, = 100 MVA.
ngdn nglr Matlab 1ap trinh hudng doi twgng cau ) )
trac 16p va tng dung ky thuat ma tran lugc nén
tbc do tinh toan nhanh dic biét cho cac mang
I6n tir vai trim dén vai ngan nut.
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