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XAC PINH DUNG LUQNG VA VI TRi CUA MAY PHAT PHAN BO (DG) TOI
UU TON THAT LUGI PHAN PHO!

Trwong Quang Ping K hoa, Phan Thi Thanh Binh, Hong Biao Tréan
Truong Bai hoc Béch khoa, PHQG-HCM

TOM TAT: Nhirng thay doi gan day trong co' cau chinh cua cac cong ty dién luc dé tao co
héi cho nhiéu sir déi méi khoa hoc ki thugt, bao gom s tham gia ciia cac méy phéat phan bs —
DG (Distributed Generation) vao hé thong da dat diroc nhiing loi ich khéc nhau. Ca dién luc va
khéch hang déu co loi tir DG. Trong s6 nhiing lei ich ciia DG, 6 rat nhiéu huong dé gidi quyét
bai toan ve DG nhung tat ca deu nham muc dich hudng dén viéc tai wu sy phét trién va van hanh
cua hé thong dién. Trong bai bao nay, mét thudt toan siz dung phurong phap diém trong — PDIP
(Primal Dual Interior Point) sé duroc trinh bay dé gidi quyét bai toan xac dinh dung lwong va v
tri ciia DG nham téi weu ton that lieéi phan phoi. Cac diéu kién rang bugc can bang va khong can
bang duwroc gidi quyét dua trén cac diéu kién Karush Kuhn Tucker (KKT). Churong trinh tinh todn
toi wu lu6i phan phoi 10 nit va 42 ndt sé duoc thiec hién trong MATLAB.

|.GIOI THIEU

Nhiéu cdng nghé tao ning luwong moi khéc nhau dang dwoc phét trién rong khip thé gii.
Tiéu biéu cho nhitng cdng nghé nay 1a nhiéu ngudn phét nhé c6 cong suat tir 10 KW dén khoang
10 — 20 MW va dugc dat gan noi tiéu thy dién nang. Nhitng méy phét ndy dugc goi la méy phét
phan bd — DG (Distributed Generation). Nhiing loi ich ma DG mang lai khi tham gia vao ludi
phan phéi bao gom loi ich k§ thuat valoi ich kinh té.

Céac lgi ich ky thuat:

. Giam tén hao duong day

- Cai thién dién ap

- Giam sy 6 nhiém méi truong

. Tang hiéu suit dién nang

- Tang cuong d6 tin cay va sy an toan
. Cai thién chit lugng dién nang

. Pam bao tinh cung cap dién lién tuc

Céc lgi ich kinh té:

- Tri hon sy dau tu trong viéc nang cap céc thiét bi

- Giam chi phi van hanh

- Tang cuong hoat dong san xuat

- Giam chi phi nhién li¢u

- Tang d6 an toan cho nhitng tai quan trong trong ludi phan phdi

Dua trén nhitng loi ich d6, nguoi ta da dat ra rt nhiéu bai toan van hanh DG. Céc bai toan
xoay quanh viéc chang minh s c6 mit cua DG trong hé théng 1a.co lgi diatrén céc chi sd maho
dat ra. Tuy mdi bai toan sir dung céc thuat toan khac nhau, dit ra cac ham muc tiéu khéc nhau,
nhung déu c6 chung mdt muc dich 1a xé&c dinh vj tri dat thich hop va luong cong suat phét cin
thiét caia DG sao cho si van hanh trong hé théng latéi uu.

Trong [4], R.Ramakumar va cong sy da khao sat loi ich giam t6n hao trén duong day cuaDG
trong truong hop don gian gom cé mot phét tuyén phén bo vai tai tap trung va DG. Ké thira viéc
phan tich d6, chi sb LR — Line Loss Reduction s& duoc phét trién 1én trong truong hop tong quét
hon. Bai toan duoc dat raladi tim vi tri ti wu vacong suat phét ciia DG trong lu¢i phan phdi sao
cho d¢ giam ton hao trén duong déy dat gia tri I6n nhat c6 thé. Khi giai c&c bai toan toi wu phan
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b cong suit — OPF (Optimal Power Flow) dang phi tuyén trong hé théng I6n, phuong phép diém
trong dugc lya chon vi tinh hiéu qua vatdc do hoi tu cuand, nhu da dé cap trong [7].

Bai b&o nay dé xuat giai bai toan téi wu bang giai thuat PDIPA (Pure Primal Dual Interior
Point Algorithm). Chuong 2 va 3 1am6 hinh toan hoc cua bai toan t6i wu. Chuong 4 1a giai thuat
diém trong va céc diéu kién rang budc cia bai toan theo Karush-Kuhn-Tucker (KKT). Chuong 5
la chuong trinh tinh toan dugc thuc hién trén MATLAB, tthg dung giai cho 2ludi dién, 10 ndt gia
lap va Tuyén Rach Chiét 42n(t caaBién Luc TpHCM.

2. PHAN TiCH PO GIAM TON HAO TREN PUONG DAY
D¢ duara ham muyc tiéu cua bal toan, dau tién ta ciing thyc hién tuong tw nhu bai todn phan
tich sy giam ton hao trén duong day khi c6 DG trong [4]. Ta cd cong thirc x&c dinh d6 giam ton
hao trén duong déy trong truong hop don gian:
RG
= (2
P
Tu cong thuce trén, ta phat trién 1én thanh cong thirc tinh toan d6 giam t6n hao trén duong day

trong truong hop téng quét caa mot hé théng phan bb ciu tric hinh tia ¢ nhidu phét tuyén. Gia
thiét DG duoc dat ngay tai.

Cong thire tinh do giam ton hao trén duong day duoc viét lai nhu sau:

N
LR = Lloss g - Loss , = é. R (2P Ps +2Q,Qq - PJ - QGZ|)

i=2 3\/ vz

PP, +2Q,Qc - PZ- Q2)

LR = Loss ; - Loss ,; =

Ham muc tiéu chabai toan:
N
o

f()=-1R =-8 =5 (2P, Pq +2Q,Qq - P& - QZ)
i=2 3\/p
Trong d6, N: tong sd ndt trong hé thong, R: tong dién tré ciia cac nhanh tinh tir nguon dén vi
tri dat DG trén tieng pha (W'U), V! dién @p phatai tri hiéu dung (V), Pui: cdng sut tac dung cua
tai tai nat tha i (W), Qi cdng suét phan khang cua tai tai nit ther i (Var), Pei: cong suit tc dung
cia DG tai nit thiri (W), Qgi: cong suit phan khang cia DG tai nt thir i (Var).

3. CAC PIEU KIEN RANG BUQC CAN BANG VA KHONG CAN BANG:

Céc diéu kién rang budc can bang:

_ [v_ o N - r*]
PGi - PLi =Re i-d kzleusik 'Vk

N
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Céc diéu kién rang bugc khong can bang:
V. EV.EV ;" i=1.N
P £P, £EPR i=1..N

Gmini Gmaw

CJSWMH ELCZE E:CJSnwxi’ i=1..N
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4. THUAT TOAN

Bai todn t6i wu dugc dat ravéi tat ca nhirng diéu kién rang budc can bang va khéng can bing
nhu sau:

Min f(x)
st. gx)=0 @ (D]
X < X< Xy (b)
Trong do:
— — c’;‘ R 2 2
f(x)=-LR=-3Q 2 (ZPLi Ps +2Q,Qs - P - QGi)
i=2 MVp
N . N . .
':'|Vi | G +é |ViVnY_in |cos(q;, +d,-d;)- P +P;," j=1..N
i ht
gi(x):.i_ . N
L IViP B - @IViVaY, lsin(g, +d, - d)- Qg +Qy." j = (N +1)..(2.N)
i o

x: tap hop céc bién trang théi bao gom cong suat phét cua cac DG (Ps va Qg), dién &p céc nit
(V va); Xy, X;: ¢an trén vacan dudi cua c&c bién, x.

Tir bai todn téi uu (1), ta bién doi diéu kién rang buoc khéng can bang (1.b) thanh (2.b) &
(2.c) bang céch thém v&o céc bién slack s,. Tass duoc bai toan tdi uu (2) c6 dang nhu sau:

Min f(x)
st. gx)=0 €) 2
X+ Sc= Xy (b)

Xx=%>0,>0 (o)
Ham chin cia bai toan (Barrier Function):

n n

fo=f(x)- ma In( x- x,), - mg In(s,), A3)
i=1 j=1

Trong do, n: sb bién xéc 14p, i: thdng sb ham chén.

Ham Lagrangian tuong duong:

L= (0- y g(x)- ¥ (x, - x- 5,)- ma In(x- x), - m& In(s,), ()

=1 j=1

biéu kién Karush-Kuhn-Tucker (KKT):
N, L, =Nf (x)- Ng()"y+y,- mX- X)) 'e-q(a)

C ~
'ilstm—yx nS e :O(b) )
NyLm:'g(X) _O(C)
N, L, =x+s,- X, =0(d)

Trong d6, e=[1,...]", X =diag(x,...,X,),S, =diag(s, ,....S, ) -
Pure Primal — Dual Interior Point Algorithm (PDIPA):
Bing phép bién ddi thich hop va thém vao mot phuong trinh:
z=mX- X)"e (6)
céc phuong trinh phi tuyén (5.8) — (5.b) va (6) dugc viét lai nhu sau:
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Ga)bp N,L,=Nf(x)- Ng(x)"y+y, - mX- X)'e=g (a)
Gb)P N L, =y,- nBle = e (b) (7)
z=mX- X,)'eb (X- X,)Ze =me(c)

~ Bang cach |4y dao ham bac nhat cia (5.¢) — (5.d) va (7), chiing tasé thu dwoc h¢ phuong trinh
doi xirng sau déy:

& ZH(X- X)) O 0 -1 0 uébzu & nZ ‘e+(X - X,)eu

é ) Ué~. U € . J

e 0 leYx 1 0 0 L:JéDSXl] é r‘erle- Yxe l;l

€ 0 1 0 1 0 lfj'gjyxgzg - X- S X, u (®)
e ~ ue u e ~ u

é -1 0 1 H -NgT@(:anL:I é - N, L, v

g 0 0 0 -Ng 0 HEDYH & 9(x) t
Trong @6, H lamatran Hessian cia ham Lagrangian,

2.N
H=R*f(x)- a y,N’g, () ©)

j=1
Céc buac thyc hién cia phuong phap PDIPA:
Buoc0:  Khoi dau
Chon mét diém khoi dong thich hop sao cho nhitng diéu kién khéng am duoc
thoa man.
Bugc1l:  Tinhtodn thdng sb ham chén, i.
Buéc2:  Giai hé phuong trinh (3.9).
Buoc 3:  Xéac dinh budc lap, , vacap nhat cac giatri.
Buéc4:  Kiémtradiéu kién hoi tu
Néu thoa didu kién hoi tu, c6 nghialanghiém téi vu caa bai todn da dugc tim
thiy, con nguoc lai quay tro vé budc 1.

Tinh toan théng s6 ham chdn: gap* =y, s, +2' (X- X) (10)
o= 9% * (11)
4n?
Xéc dinh bugc 1ap Newton: a = min{0.9995a *,1.0} (12)
Trong do:

a*:min}:_ (X- Xl)j,_ (sx)j - (yx)J - Zj 1;" (13)
1 Dx; (Ds,); (Dy,); DZj[v)

ma Dx; <0,(Ds,), <0,(Dy,); <0,Dz; <0. Hang s5, 0.9995, dugc sir dung dé ngan chan
céc bién khéng am gan bing 0.

Cdp nhdt céc gia tri:
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X = x" +abx
sk*'' = s¥ +abDs,
z¥"t' = z¥ +aDbDz (14)
yk*l = yk +aDy
yy''=yyx+abDy,
Piéu kién dirng:
;dk zlngoLH
i (15)
|
|

5. KET QUA TiNH TOAN TOI UU LUOI PHAN PHOI 10 NUT & 42 NUT

5.1. 10-bus system:
Sep = 63000 KVA

VchMS = 8.7 KV, me = 0.95 p.U, Vrnax = 1.05 p.U

MODEL HODER

@

[ & == ~ODELD

IR

1111

Hinh 1. Luéi phan phdi 10 nut

Bang 1. Két qua tinh toan téi uu lusi phan phdi 10 nit

Tnnt Vi (V) d; (rad) Pai (W) Qai (W)
146909.700
NODE1 8741.7600 | 0.06094900 1400553.0000 0
NODE7 8683.5570 | 0.05079300 349996.5000 | 99741.6000
NODE10 8680.3380 | 0.05023700 349971.3000 | 99666.0000

KET QUA: D giam ton hao trén duong day sau khi tinh ton toi uu luéi phan phéi 10 nit &
1379.7 W; Vi tri dat DG t6i vu latai NODE7 va NODE10 vai cong suat phét 1a 350 KW.

5.2. 42-bus system:
Sep = 63000 KVA

VchMS = 8.7 KV, me = 0.95 p.U, Vrnax = 1.05 p.U
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Hinh 2. Lu6i phan phéi 42 nat
Bang 2. Két qua tinh todn téi uu ludi phan phdi 42 ndt
Node Name Vg (V) d; (rad) Pai (W) Qai (W)
TRAM_AKHANH | 8935.7700 | 0.05292600 | 1601082.0000 472185.0000
CTY_METRO 8697.2160 | 0.02558600 799974.0000 249996.6000
KET QUA:

- B9 giam ton hao trén duong ddy sau khi tinh todn téi wu luéi phan phdi 42 nit 1& 14112
W.
- Vi tri dat DG t6i wu latai CTY_METRO véi cong suit phét & 800 KW.

6. KET LUAN
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Sy tham gia cia DG vao hé théng phan bé s3 dat dugc mot sb loi ich vé mat ky thuat nhu:
giam ton hao duong day, cai thién chi s6 dién 4p, nang cao chat lwong dién nang, tang do tin cay
trong viéc truyén tai va phan phdi, v.v... .

Viéc xéc dinh dung lwong va vi tri cia DG nham tdi wu ton that ludi phan phdi 1a mot bai
todn tbi uu.

Chuong trinh tinh todn bai todn tdi uu dugc thuc hién trong MATLAB va tng dung phin
mém PSSY/ADEPT, khao sét hai m6 hinh: lugi phan phdi 10 nit va lusi phan phdi 42 ndt.

Két qua tinh todn cho thay vi tri dat DG t6i wu la tai n(t co cdng suit tai tiéu thu 16n nhét
trong ludi phan phdi. Do giam ton hao trén lusi phan phdi sau khi 6 DG so véi trudc khi ¢ DG
nhiéu hay it phu thusc vao lugng cong suat phét ra cia DG.

Céc diéu kién rang budc ctia bai todn ngodi ham phan bd cong suat, gidi han dién &p, gioi han
cdng suat phét cia DG, tacd thé phét trién thém tdy thudc vao yéu ciu caa bai toan dat ra.
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