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TOM TAT

Trong nhiing nadm gan day do su phat trién manh mé clia cia cac nguodn dién phan tan két ndi vao
trong hé théng dién, nén bai toadn téi uu vi tri va dung lugng clia cac nguén dién phan tan cé xét
dén tai cu hinh trén hé théng dién phan phoi duge xem xét nhdm gidm thiéu téng tén that cong
sudt trén ludi dién phan phéi hinh tia ciing nhu viéc giam thiéu téng thai gian tinh toan la mot
yéu cau can thiét can phai gidi quyét. Bai bao nay dé xudt phuong phéap Backward/Forward cai tién
thay thé cho phuong phép tinh toan phan b6 cong sudt truyén théng la phuong phap Newton-
Graphson va phuong phap Gauss— Seidel dang dugc st dung hién nay trong Cac giai thuat toi uu.
Chung toi da su dung thuat todn toi uu PSO véi cong cu tinh phan bé cong suat la phuong phap
Backward/Forward céi tién dé tinh toan téi uu vj tri va dung luong clia cac DG cé xét dén tai cdu
hinh ludi dién nham gidm thiéu thai gian tinh todn cla gidi thudt t6i uu. Thudt toan dé xudt da
dugc kiém nghiém trén ba hé théng dién phan phdi hinh tia IEEE, bao gom: hé théng dién phan
phéi 33 ndt, hé thong dién phan phoi 69 nit va hé théng dién phan phéi 119 ndt. Két qua mé
phong th nghiém trén ba hé théng dién da chiing minh rang phuong phéap dé xuat clia chidng
tOi da cai tién viéc thuc hién toi uu trén hé thong ludi dién phan phoi va hiéu qua vé thai gian tinh
toan hon so vadi cac thuat toan khac.

Tu khoa: Backward/Forward, Newton-Graphson, Gauss-Seidel, nguén dién phan tan (DG), Ludi
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GIGI THIEU

Luéi dién phan phdi (LDPP) hién nay c6 céu tric
mach vong nhung dugc van hanh hinh tia vi né lam
giam dong ngan mach va dam bao d¢ tin cay cho hé
thong dién. Trong nhiing ndm gin day LDPP phat
trién do yéu ciu cua thi trudng dién nén ludn c6 su
tham gia ctia cic DG nhdm thyc hién t6t hon nhiém
vu cung cdp nang lugng dién dén ho tiéu thu. Do su
phat trién cta cac nguoén dién phan tan nén bai todn
toi uu vi tri va dung lugng ctia cic DG c6 xét dén téi
cdu hinh LDPP dugc xem xét nhim gidm thiéu tén
thét cong sudt trén ludi dién ciing nhu viéc giam thiéu
thoi gian tinh toan 1a mét yéu cdu can thiét hién nay .
DE giai bai todn t6i uu vi tri va dung lugng cta cac
DG khi tham gia vao LDPP thi hién nay cic nghién
cliu trong tai liéu tham khao?~7 dé xut gidi bai todn
nay v6i muc tiéu cht yéu 1a gidm thiéu ton thit cong
sudt. Trong d6 tai liéu tham khio>> giai quyét bai
todn bang viéc tim cdu hinh vin hanh t6i uu sau d6
tim vi tri yéu nhét ctia LDPP déxéc dinh vi tri va dung
lugng ctia cac DG, tuy nhién két qua chua chinh xdc vi
két qua con phu thudc vao vi tri va dung lugng ctia cac
DG. Nghién ctiu ctia Linh va cs. (2017)7 dé xuit ap
dung thuét toan di truyén (Genetic Algorithm- GA)
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Hinh 1: Luu d6 tdng quat cho giai thuat meta
hueristic.

dé t6i uu vi tri va dung lugng ctia cic DG c6 xét dén
tai cdu hinh LDPP, phuong phdp nay dé xuét xc dinh
vi tri va dung lugng ctia cdc DG trong mach vong kin,
sau d6 tim cdc khoa c6 dong dién bé nhit d€ xéc dinh
céu hinh van hanh hé cua LDPP. Diéu nay chi cho két
qua gan ding do dugc suy luan tu két qua t6i vu LDPP
kin d€ 4p dung cho hinh tia. C4c nghién cttu ctia Im-
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ran va cs. (2014)2, Abdelaziz va cs. (2009)%, Rao va
cs. (2012)°, Nguyen va cs. (2016)°, Nguyen va cs.
(2017)7 da ap dung thuit toan tim kiém hai hoa (Har-
mony Search A Igorithm-HSA), thuit toan phao hoa
(Fireworks A Igorithm-FWA), thuét todn tim kiém
cuckoo (Cuckoo Search A lgorithm-CSA), thuat toan
t6i uu by dan (Particle Swarm Optimization-PSO)...
dugc st dung tai cdu hinh cting luc véi xac dinh vi tri
va dung lugng, phuong phdp nay cho két qua chinh
X4c va t6i uu toan cuc.

Hién nay, c¢6 2 nhém phuong phép d€ giai bai toan
toi uu vi tri va dung lugng ctia cdc DG c6 xét dén
tai cdu hinh v6i ham muc tiéu 14 giam thiéu tdn thét
coéng sudt: phuong phap hueristic va meta hueris-
tic. Hueristic thuong cho két qua roi vao cuc tri dia
phuong, trong khi d6 meta hueristic cho két qua cuc
tri toan cuc nén dugc dp dung rong rai trong cac bai
toan t6i uu LDPP. Thoi gian tinh toan t6i uu cla bai
todn t6i uu dugc tinh & phuong trinh (1). Thuét todn
t6i wu meta hueristis ti cc tai liéu tham khao 2~7 dugc
trinh bay téng quéat nhu & Hinh 1, cong cu dugc st
dung tinh toan phén b6 cong suit 1a Newton — Graph-
son (NT) hodc Gauss — Seidel (Gauss) hay cac phuong
phép phan bd cdng sudt khac nhu phuong phép Ja-
cobi, Dishonest, GMRES, FDPE... Tly thudc vao tling
phuong phép tinh phan bs cong suit thi hiéu qua ctia
mobi phuong phép tinh la khac nhau. Tuy nhién, khi
sti dung cdng cu tinh toan phin bd cong sudt nay thi
mat kha 16n thoi gian tinh todn vi ching phu thudc
vao ma tran tdng dan nut c6 khéi lugng phén ti 16n
nén dan dén thoi gian giai bai todn tdi uu cing ting
theo.

Thoi gian giai = Thoi gian tinh tén thit cong sudt x S&
ca théx S6 quan thé x S61anlap (1)

Trong bai todn t6i uu ngoai muc tiéu tdi wu cua tling
bai todn thi cin phai gidm thiéu téng thdi gian tinh
toan dé€ bai todn dua ra két qua nhanh nhit. D€ giam
thiéu thoi gian tinh todn t&i wu bai todn t4i uu vi tri
va dung lugng ctia cac DG ¢6 xét dén tdi ciu hinh luéi
dién thi can phai gidm thiéu dugc thoi gian tinh phan
b cong sudt trén LDPP. Céc nghién ctiu trong tai liéu
tham khao®°. da dé xuit st dung phuong phap Back-
ward/Forward (BW/FW) thay thé cho NT hodc Gauss
nhdm giam thiéu thoi gian tinh todn nhung dé xuit
nay chi phtt hgp v6i LDPP hinh tia ¢6 dinh. Diéu nay
thuc su khong phu hgp cho bai toan c6 xét dén téi
céu hinh luéi dién. Do do, cn cai tién phuong phap
BW/FW d€ giam thdi gian tinh todn phan b6 cong
suéit cho hinh tia thay d6i phu hgp trong bai toan cé
xét dén tdi cdu hinh LDPP.

Bai bdo nay dé€ xudt 4p dung phuong phdp BW/FW cai
tién lam cong cu tinh todn phan bd cong sudt trong
thuét todn meta hueristic nhdm t6i uu vi tri va dung
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lugng ctia DG ¢6 cdu hinh thay d6i. Phuong phép dé
xudt phét trién dya vao phuong phap BW/FW truédc
d6 chi st dung cho hinh tia ¢6 dinh, céi tién d€ thay
thé cho cong cu tinh bang NT hodc Gauss trong bai
todn tOi uu vi tri va dung lugng ctia DG c¢6 xét dén cdu
hinh luéi thay d6i nham gidm thiéu tdng thoi gian giai
bai toan. Két qua kiém nghiém ctia phuong phap dé
xudt dugc dp dung cho luéi dién phéan phoi 33 nat, 69
nut va 119 nut da cho théy tinh hiéu qué ctia phuong
phép.

PHUGONG PHAP DPE XUAT

Phuong phap BW/FW cdi tién

Nguyén Iy hoat dong ctia phuong phap BW/FW cai
tién dugc st dung thong qua viéc tim ra tit ca cac
dién 4p nut ctia LDPP. Tl cdc dién dp nay c6 thé tinh
truc tiép dong dién, t6n thit va cic trang théi 6n dinh
khéc cho LDPP hinh tia thay thé cho phuong phép
truyén thong nhdm gidm thoi gian tinh todn. BW la
tinh dong dién hodc dong cong sudt véi dién ap dugc
cap nhét va dugc tinh bat dau tu nat cudi cing vé nut
goc. FW la tinh sut p v6i dong dién hay dong cong
sudt cap nhat. Dién dp nat dugc cip nhit trong FW
bét dau tit nut géc dén nut cudi cung, dugec mo ta nhu
Hinh 239,

DIEM KET THUC PIEM NHAN
v,

Vo Vi Vit u
PutjQe
—
R e T
Py ¥ 1] Qe n+]Gn
e Prce1 ) Queer P +Qm

Hinh 2: So d6 don tuyén.

Budc 1: Tién hanh doc dii liéu dudng day va tai, xac
dinh loai ndt cé trong hé thong. Véi quy ude: nut
ngudn dat la ndt s6 2, nat tai dt [a nat s6 1. Sau khi
xdc dinh xong, tién hanh tinh t6n that cong suit trén
duong day lién két véi nut d6, xét nut (k+1) 1a nut cudi
luéi theo phuong trinh (2).

Pl(z)ss (k1) = Rk k1)
Prii1 + Qi
-z Qloss (k, k+1) )
dm ) 5

_x Pikir + Qi
= Ak k1) V2

dm
Véi Pioss (k, k+1)> Qloss (k, k+1) lan lugt la t6n that céng
sudt tac dung va phan khang trén dudng day doan ti
nut k t6i nut (k+1); R, X 14n lugt 1a téng trd va téng
dan ctia dudng day; Py ;1) Qz(k+1) ldn luot la cong
sudt tdc dung va phan khang ctia phu tai tai nat (k+1);
Vi la dién ép ngudn.
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Sau khi tinh xong t6n thét cong sudt va t6n thit dién
ap trén dudng déy thi ta tién hanh cong don tai va tén
thét cong sudt trén nhanh viia tinh vao nut dau cta
nhénh d6 va tién hanh xo6a bo dii liéu dudng day va
cdt dudng day ra khoi lusi. Qua trinh nay tiép tuc
thuc hién cho dén khi gdp nut nguén thi diing lai, tiic
1a t6ng s6 lién két gitia cdc nit bing 0.

PI/_k =Prk + Pkt 1 + Prosseka1); 3)
Qrx = Qi+ Quict+1 + Quoss(k k+1)

Budc 2: Tién hanh cép nhat lai di liéu duong day va
tai da dugc cong don tu bude 1. Xac dinh nut dau
ludi v6i diéu kién: nat d6 1a nat loai 2 va co s6 lién
két 16n hon khong. Sau do ta tién hanh tinh ton thét
dién ap trén tling nhanh di tif nit nguén vé nut cudi
ludi theo phuong trinh (4). Sau khi tinh dugc ton thét
dién 4p trén nhénh ta tinh dién 4p tai cdc nit theo
phuong trinh (4), v6i Vi, Vi1 la dién ép tai nut tha
kva (k+1);V (g g4 1) 12 ton that dién 4p ndi tit nut k toi
nut (k+1).

Vloss/ (k+1) )

PLk+l 'Rk,k+1 +QLI<+I 'Xk,k+1 . (4)
Vi ’

Vit+1 = Vi = Viess (kk+1)

Budc 3: Sau khi c6 dugc dién 4p tai cdc nut va cong
sudt tai cac nut tai da dugc cong don & budc 1, tién
hanh tinh lai chinh xdc t6n thit cong sudt trén ting
nhanh di ti nat géc dén cdc nat cudi nhu phuong
trinh (5). Sau khi tinh dugc t6n that cong suit chinh
x4c trén cac nhanh ta tién hanh tinh t6n that céng suit
trén toan luéi dién theo phuong trinh (6). Truong
hgp c6 thém may phat va tu bu thi dugc tinh nhu
phuong trinh (7).

/

Ploss (k,k+1)
2 2
—Rpexsn)- Pl + 9y .
= Nkk+ 2 >
Vi ) ) )
Q) _x P19
loss (k,k+1) — “*(kk+1)- sz

AP[ms :API +'“+APk+l;

f , , (6)
AQloss = AQI +... AQk+l

Déi vé6i trudng hgp may phat dién, cong sudt tai nut:
P;mt =Ppit — PG?Q;it = Quit — Qg (7)

Dai v6i truong hop tu bu, cong sudt tai nut :

Vi \ 2

nui

o = Qnit — Qb (T ) (8)
dm

Hinh 3 14 luu d6 tinh todn phan bd cong sudt bing
phuong phdp BW/FW cii tién cho ludi dién phén

P3+Q3

Hinh 4: Hé théng LDPP ¢6 6 nut, 1 ngudn.

phéi hinh tia c¢6 ciu hinh thay d6i. O day xét moét
LDPP ¢6 6 nut véi nut 1 1a ngudn va cic nit 2, 3, 4, 5,
6 la tai dugc trinh bay ¢ Hinh 4. Cac budc tinh todn
phén b6 cong suét trong LDPP hinh tia nhu sau:
Budc 1: Tinh t6n thit cong sudt va tn thit dién &p
trén tiing nhanh chay tii cac nut cudi cung vé nut géc.
e} day, xdc dinh nut 1 1a ndt ngudn con cc nit 6, nat
4, ndt 3 la nut cudi. Nhu vay 6 day chon nut 6 (c6
thé chon nut 4 hodc nut 3) d€ bit dau tinh din vé nut
goc. Tinh t6n that cong sudt P, s 6) trén nhanh 5-6,
sau khi tinh xong t6n thét trén nhénh 5-6 ta tién hanh
cong don tai vao nit 5: P’s = Ps +Pg + Pre(5.6) 3 Qs
= Qs +Qg +Qyos5(5,6)- Sau khi don tai thi tién hanh
x06a dii liéu nhanh 5-6 viia tinh. Tiép tuc tinh tén thét
cdng sudt nhanh 2-5, sau d6 cong don vao nit 2 va xoa
dit liéu nhanh viia tinh.

P34jQ3

Hinh 5: Tinh t6n that cdng suat cho nhanh 5-6.

Tuong tu tinh cho cdc nhanh 2-4, 2-3 va 1-2 con lai
cho dén nut g6c. Hinh 5 va Hinh 6 biéu dién 4p dung
BW trong tinh t6n thét cong sudt va ton thét dién dp
tinh ti nat 6 (nat cudi) vé nat 1 (nut dau). Tu két qua
nay tinh dugc ton thét dién ap trén doan ludi 1-2.
Budc 2: Tién hanh cap nhit lai gia tri duong day va
cdng sudt tai cac nat phu tai da dugc cong don, nhu
Hinh 7. Sau khi cép nhét lai gid tri dudng day ta tién
hanh tinh t6n that dién dp trén cdc nhanh va dién ép
tai cdc nat cta ludi. Tl tén thét dién dp doan ludi 1-2,
2-3, 2-4, 2-5, 5-6 ta c6 dugc dién ap nat 2, nat 3, nat
4, nat 5, nat 6.

Budc 3: Sau khi c6 dugc dién 4p tai cac nut va cdng
sudt tai cac nut tai da dugc cong don & budc 1, tién
hanh tinh lai chinh xdc tén thit céng sudt trén tiing
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Hinh 6: Tinh t6n that cong suat cho va nhanh 1-2.

108

( Bit dau )
L]
Doc dir hién dromg diy va tai (cd xét mdy phdt va tu bi), xéc dinh sb nit va loai mit
(it ngudn: 2, nit tai: sé 1) va sb 1ién két cdc mit

|

Xéc dinh nit cudi lwéi:
mit logi = 1, 56 lién két =1

Ping

Tinh tdn that cong snat trén drong day lién két véi mit goc:
-Céng ddn céng suat phu tai tai nit dova tén that cong suat vira tinh vao nit li én tnrde;

-Giam s6 lién két tai nit viea xdc dinh vi va x6a bo ditlidn diy va nit datinh.

Sai

Téng sb lién két=0

C#p nhit lai gid tri dubng day va tai dirge cong ddn tai cdc mit

=
L
L

4c dinh nit nguén: =2,
56 lién két cua nut >=

- Tinh tén that dién ap. ton that céng suat trén dwdng day va dién ap nut lién két
- Giam s6lién két drong day tai nit vira dwoc xdc dinh va xéa bo dit liéu dwong day

trén nhanh lién két

Sai

Téng sé lién két =0

Tinh téng ton thit cong sudt trén toan lwdi

v
( Ké thic )

Hinh 3: Luu d6 tinh phan bé cong suat biang phuong phap BW/FW cai tién.

nhdénh di ti nut géc dén cac nut cudi nhu Hinh 7.
Tuong ty tinh ton that cong sudt trén nhénh 2-4, 2-3,

S 2-5, 5-6. TU cac két qua nay tinh t6ng tén thit cdn
-— . . > 270 1 q y g 8
Rixti%so 0 | 0 | suat ctia toan LDPP.
i ° nﬂ '—% Viéc tinh todn tit nut cuéi vé nit nguén nham tim
3 dugc gid tri ban ddu ctia ton thit cong sudt trén cac

doan ludi, tuy nhién gid tri nay chua chinh xdc vi chua
x4c dinh dugc dié n 4p chinh xéc tai cic nut. D€ tim
chinh xdc cac gid tri dién ép tai cdc nat va tén thét trén
cac ludi can phai tinh lai gid tri cdp nhat ti nit nguén
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6

!

P'6HQ'6

P'34Q’3

Hinh 7: Cap nhat lai gia tri cia LDPP va tinh tén
that dién ap trén nhanh 1-2.

dén nut cudi.

Ap dung BW/FW cai tié€n vao thuat toan PSO
dé t6i uu vi tri va dung lugng cac DG trong
LDPP

Dé giai bai todn t6i vu vi tri va dung lugng cua cac
DG c6 xét dén tai cdu hinh LDPP thi cin phai giai
lién tuc cac bai todn véi cac bién: vi tri, dung lugng
clia cac DG, céc khda dién md dé€ dam bao van hanh
hinh tia v6i muc tiéu 1a gidm thiéu t6n thit cong suit
trén LDPP, Hinh 8 trinh bay m¢t LDPP hinh tia khi
c6 su tham gia clia cac DG.

23 24 25

19 20 21

Hinh 8: LDPP hinh tia khi c6 su tham gia cia cac
DG.

- T6n that cong sudt ctia hé thong bang tng ton that
trén cac nhanh 1a bé nhat:

Nbr
Ploss = Z ki AP,

i=1
Nnr )

=Y kiR.|li|
i=1
Nbr 2 2

P: 2

=Y kRi——= +2Q’ 9

i=1 Vl

Trong d6: AP;: tdn thit cong suit tic dung trén nhanh
thi i; Np,: tong s6 nhanh; P;, Q;: cong suit tac dung
va cong sudt phan khang trén nhanh thit i; V;, I;: dién
dp nat két ndi ctia nhanh va dong dién trén nhanh tha
i; Pjogst ton that cong sudt tic dung ctia hé thong; k;:
trang thai ctia ctia cdc khéa dién, néu k; = 0, khoéa dién
thd i mé& va ngugc lai.

- biéu kién rang budc: xac dinh cac vi tri khoa ma, vi
tri, dung lugng d€ t6n thit cong sudt la bé nhit
+ Gidi han cong sudt phat ctia DG:

Ppgimin < Ppé.i < Ppgimax

véi=1,2,...,Npg (10)

Trong d6: Ppgimin Va Ppgimax 18n lugt 1a gisi han
cdng sudt nho nhat va 16n nhat cua DG tht i; Ppg;
la codng sudt phat ctia DG thu i; Npg la s6 lugng DG
két néi trén LDPP.

+ Gi6i han dong dién trén cac nhanh va dién 4p cac

.

nut:

(11)

|I,'| S Ii,mux7 Vil = 17 27 ceey me

V(i,min) SVVv < V(i.max)a voii=1,2, ..., Npys

Trong dé: Ny, 1a s6 nut trong ludi dién; I; . la gidi
han dong dién trén nhanh thit i; V; yin va Vi ey 1n
lugt la gi6i han dién ap ndt nho nhat va I6n nhat cho
phép.

Phuong phép dé xuit 4p dung BW/FW cai tién la cdng
cu tinh t6n thit cong sudt trong thuit toan PSO1°
nhdm gidm thiéu thdi gian tinh todn va st dung vong
13p tim kiém c4u hinh tinh todn khi c6 sy thay d6i vé
cfu hinh LDPP, nhu ¢ Hinh 9.

Thudt toan PSO trong mot tdp hgp cic giai phap tiém
nang dugc goi 1a cdc ca thé dugc khdi tao ngau nhién,
moi ca thé sé cd 1 gia tri fitness (muc tiéu), sé dugc
danh gid boi cdc ham muc tiéu d€ t6i vu héa trong
mdi thé hé.

Phuong trinh c4p nhat van t6c :

V%<+l = wvK+cyrand; x (pbest; —x¥) (13)
+cp randy X (gbestl — x{()
Phuong trinh cap nhat vi tri:
x%‘“ :x%‘—o—Vg(H (14)

Trong do:

MBbi cé thé & vong lap k v& ivik = (v vEp VK,
V**1: van t6c c4 thé i 6 vong lap k+1;

w : trong lugng quén tinh anh hudng nhiéu dén do
hoi tu ctia PSO, dugc st dung dé€ kiém soét cac tac
dong ctia vén tdc ¢t va hién tai ctia mdi cd thé;

cjla hé s6 gia toc, j=1,2;

rand;. s6 ngdu nhién gitia 0 va 1;

xik = (ki1 x4, xKin): vitri hién tai c4 thé i & vong
lap k

DX pesti = (P pestits Proestiz... Ppesrin): gidi phép 6t
nhiét ca thé i & vong ldp hién tai k

Spest: Vitri clia cd thé t6t nhét trong toan bo quan thé
x;*t1L: vitri chia cd th&i & vong lap k+1
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( Bét diu )
v

Khoti tao: Quan thé ban dau ngau nhién, trong s6 quan tinh w, hé so
giatoc cl, c2, cac khéamo

Y

Tinh ham thich nghi ctia quan thé ban dau: Tinh toan ton that cong

suat bang phuong phap BW/FW va xac dinh Pbest, Gbest ban dau

|-
Y

y

Cap nhat gia tri van toc, vi tri ctia cac ca thé deé ra tao quan thé mai

v

Tinh ham thich nghi ctia quan thé mdi, tim Ppest va Gopest

v

So sanh Py va Gye hién tai voi gia til trude do va cap nhat

Sai

Té1 ngudng gidi han/
Dat té1 s6 lan lap toi da

Pung

C Két thic )

Hinh 9: Luu d6 giai thuat PSO sit dung céng cu BW/FW tinh phan b8 céng suat.

KET QUA NGHIEN CUU

Luéi dién phan phdi 33 nat, 1 nguén

LDPP 33 nit, bao gobm 37 nhanh, 32 khoa dién thudng
dong va 5 khdéamé: 33; 34 ;355 36 ; 37 nhu Hinh 10,
tdng cong sudt P=3715 kW va Q =1800 kVar®. Két
qua dién 4p cua hé théng sau khi moé phéng cac
phuong phép tinh phin b6 céng sudt: BW/FW, NT
va Gauss dugc trinh bay & Bang 1 . Phuong phap dé
xudt dugc trién khai trong phan mém Matlab trén may
tinh cd nhan véi CPU Intel Core i3 4160 @ 3.6GHz, 1
CPU, 8GB, Windows 7 SP1 (64-bit).

Két qua tinh todn tit ba phuong phiap BW/FW, N T
va Gauss cho luéi dién phén phéi 33 nut dugc trinh
bay & Bang 1. Tong tén that cdng suit toan ludi dién
ctia phuong phap dé xudt c6 két qua tuong duong véi
phuong phap NT va dugc kiém tra trén phdn mém
PSS - ADEPT ciing cho két qua tuong tu. Két qua
cho théy phuong phap dé xuit c6 do chinh xac cao,
hoi tu nhanh cho théy phuong phap BW/FW cai tién
14 phtt hgp va ¢ kha nang ting dung cao.

110

Hinh 10: Luéi dién phan phéi 33 nit®.

Lu6i dién ban diu véi cac khoa ma 1a 33; 34; 35; 36;
37 ¢6 ton thit 1a 202,68 kW, dién 4p thip nhit 1a tai
nut 18 c6 dién 4p 1a 0,9108 pu. Sau khi sti dung giai
thudt PSO dé€ tién hanh t&i uu vi tri va dung lugng
ciing nhu cac khoa mé ctia luéi dién trong qua trinh
tai cAu hinh. Chuong trinh sé c4p nhat lai di liéu ma
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Bang 1: So sanh 3 phuong phap tinh phan bé céng suat

Phuong phap BW/FW NT Gauss

S6 lan lap 3 548

Thdi gian (s) 0,3987 0,5703 1,1394

Téng tén that cong sust (kVA) 154,8+ 103j 155+ 103j 151+ 100j

Cong sudt nguédn (kVA) 3869,8+1903j 3870+1903j 3866+1900j

Bang 2: So sanh két qua thuc hién véi cic phuong phap trén LDPP 33 niit
Phuong phap Phuong GA3 HSA® FWA?2 CSA®
phép dé xuit
Vi tri DG (nut) 18;25; 7 32;8;25 32;31;33 32;29; 18 18;25;7
PDG(MW) 0,8968; 0,8234; 1,1047; 0,5258, 0,5586; 0,5367; 0,6158; 0,8968; 1,4381;
1,4381, 1,1074; 0,5840; 0,5315; 0,9646;

0,9646; PY =3,036 PY =1,6684 PY =1,68 4 PY'=3,299
Py =3,299

Khéa mé 33;34; 11; 31; 33; 34; 11; 30; 75 14; 10; 32; 28 75 14; 115 32; 28 33;34;11; 31; 28

28 28

AP (kW) 53,22 53,56 73,05 67,11 53,21

Umin (p.u.) 0,9805 0,9685 0,9700 0,9713 0,9806

Thdi gian (s) 28 52,5 46 48 45

tran dudng day, sau d6 dua vao gidi thuat d€ tién hanh
tinh phin b6 cong sudt. T d6, thuit todn sé so sinh
va loc dii liéu ctia ma trdn dudng day d€ tao ra mot
ma trdn méi véi toan cic khoa dong véi cdu tric ludsi
hinh tia.

Két qua so sanh v6i mot s6 phuong phép dugc trinh
bay trong Bang 2 cho thdy thanh phan tdn thit cong
sudt, phuong phdp dé xudt c6 cdu hinh ludi véi tén
thét cong sud t 53,22 kW tuong duong véi 2 phuong
phép CSA va GA nhung thip hon so véi HSA va FWA
lan lugt la 73,05 kW va 67,11 kW. Trong khi, dién ap
nho nhét tai cac nut trong hé thong 1a tuong duong.
Déi véi tha i gian tinh todn trén cling mot cdu hinh
may tinh thi phuong phdp d€ xuét cho két qua tdng
thoi gian tinh todn 1a 28 gidy thdp nhit so véi phuong
phép khac.

Lugi dién phan phéi 69 nut, 1 nguén

LDPP 69 nit ¢6 73 nhanh, 5 khéa dién mdva tdng
cong suit P= 3,802 MW va Q = 3,696 Mvar. So do
don tuyén ¢ Hinh 11. Trong diéu kién vin hanh binh
thuong cac khoa dién 69; 70; 71; 72 va 73 dugec md cd
ton that la 224,89 kW, dién ép thip nhit la tai nut 18
c6 dién ap 12 0,9092 pu®.

Két qua tinh todn dugc trinh bay 6 Bang 3, sau khi
thuc hién t6i uu vi tri va cdng suit DG va cdu hinh vn
hanh hé t6i vu thi két qua t6n that cong sudt da gidm

ti cdu hinh ban dau 224,89 kW xu6ng con 40,47kW
va bién do dién ap nut thdp nhdt da dugc cai thién
ti 0,9092 dén 0,9872 p.u. Phuong phap dé xuit cho
théy c6 cung céc két qua v6i phuong phiap CSA vé vi
tri, dung lugng ctia cac DG va cac khéa mg. Két qua
tinh todn cho théy tén thit c6ng sudt thu dugc ctia cac
phuong phép la tuong duong khac nhung théi gian
tinh todn cho phuong phap dé xuatla 68 gidy nho hon
s0 v6i cac phuong phap khéc khi tinh toan trén cling
mot cdu hinh mdy tinh.

Luéi dién phan phéi 119 nat, 1 nguén

LDPP 119 nut c6 118 khoa dién, 119 nut va 15 khéa
maé s118;5119;8 120; s 12155 12255 123; 5 1245 s 125;5
s 12655 127; s 128; s 129; s130; s 131; s132 dugc trinh
bay & Hinh 12 v6i tdng cong sudt la 22709,7 kW va
17041,1 kVAr®.

Két qua tinh toan va so sanh véi phuong phap CSA
dugc trinh bay ¢ Bang 4 cho thiy phuong phap dé xuat
c6 cung cac két qua vé vi tri, dung lugng ctia cac DG
ciing nhu cédc khoa mé va tdn thét cdng sudt 1a tuong
duong vé6i phuong phap CSA. Thai gian tinh todn trén
cung mot cdu hinh mdy tinh thi phuong phép dé xuét
la thdp hon so véi phuong phap CSA, phuong phap
dé xuit cho két qua tinh todn véi thoi gian 1a 156 giay
con CSA cho két qua tinh toan véi thoi gian la 2478
gidy.
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28 29 30 31 32 33 34 35
28 29 30 31 32 33 34
47 48 49 50
47 48 49 72 :
53 54 55 56 57 58 isg 60 61 62 63 64 65
53 54 55 56 57 58 59 60 61 62 63 64
27 | 46 66 67
———
52 66 73
1 65 E 70
I 2 4 5 6 7 8 |910 [1112 1314 15 16 17 18 19 20 2122 23 24 25 26 }27
[T 23 4 5 6 7|8 9 1011112 13 1415 16 17 18 19 200 21" 220 23 24 "2
50 67 H
52 51 !
68 69 !
35 — 69 e 71;
36 37 38 39 40 41 42 143 44 45 146
—_——

—_— e —8 — — — ——
36 37 38 39 40 41 42 43 4 4

Hinh 11: Lugi dién phan phagi 69 nut® .

Bang 3: So sanh két qua thuc hién véi cic phuong phap trén LDPP 69 niit

Phuong phap GA3 HSA® FWA?2 CSAS
dé xuit
Vi tri DG (nut) 61; 62; 65 505 21; 61 61; 60; 62 61; 62 ; 65 61; 62; 65
Ppc (MW) 1,752; 0,1566; 0,7431; 0,6778; 1,0666; 1,1272; 0,2750; 1,7496; 0,1566;
0,4092 1,6224 0,3525;0,4257 0,4159 0,4090
Py =23152 Py =3,0433 Py =1,8448 Py =1,8181 Py =23152
Khoéa mé 69; 70; 12; 58; 61 69; 70; 12; 55; 69; 17; 13; 58; 69; 70; 13; 55; 69; 70; 12; 58; 61
62 61 63
AP (kW) 40,47 39,332 40,3 39,25 40,49
Unpin (p-u.) 0,9872 0,9841 0,9736 0,9796 0,9873
Thoi gian (s) 68 1021,42 1005,6 988 978,5
Bang 4: So sanh két qua thuc hién véi cac phuong phap trén LDPP 119 niit
Phuong phap GA3 HSA® FWA? CSA°®
dé xuit
Vi tri DG (nut) 50;109; 73 52;106; 70 505 106; 70 52;109; 71 50;109; 73

Ppc (MW)

Khoa mé

AP (kW)

Umin (Pu)
Thoi gian (s)

2,5321; 3,6818;
3,6043;
PYy=9,8182
42;25;22; 121;
122; 58; 39; 125
70; 127; 128; 81
130; 131; 33

590,12
0,9766

156

>

>

2,6613; 3,5943;
3,7683;
PY = 10,0241

42;25;21;121;
122; 58; 41;
125; 71; 127;
128; 80; 130;
131; 33

588,54
0,9742

2526

2,0241; 3,0572;
3,2154;

Py =8,2967
42; 25;22; 121;
122; 59; 40; 125;
71;127; 128; 81;

130; 131; 32

596,26
0,9604

2496

2,1322; 3,1073;

3,0542;

Py =8,2937
42;25;22; 121;
122; 58; 41; 125;
70; 127; 128; 81;

130; 131; 33

578,45
0,9652

2484

2,5331; 3,6819;
3,7043;
PY=9,9193

42;25;22; 121;

122; 58; 39; 125;

70; 127; 128; 81;
130; 131; 33

586,24
0,9644

2478
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Hinh 12: Luéi dién phan phéi 119 nut®.

THAO LUAN

T cac két qua thi nghiém trén luéi dién 33 nat, 69
nut va 119 nut da cho théy thoi gian tinh khi st dung
cdng cu tinh phan b6 cong suit 1a BW/FW cii tién da
giam xudng dang ké so v6i cong cu tinh phin bs cong
sudt 1a NT hay Gauss trong thuat todn meta hueris-
tic. Thoi gian tinh ctia phuong phdp dé xuit so véi
phuong phap CSA dugc trinh bay ¢ Hinh 13 da cho
théy tinh hiéu qua cta phuong phéap dé xuat.

KET LUAN

Tu cac két qua so sanh gitia phuong phdp dé€ xuit
v6i mot s6 giai thuét t6i uu khac co thé thdy ring
phuong phap dé€ nghi thuc hién t6i vu vi tri va cong
sudt cta cic DG két hgp véi xac dinh cdu tric vin
hanh LDPP béng giai thuat PSO véi cong cu tinh phan
bd cdng sudt la phuong phdap BW/FW cdi tién 12 mot
phuong phép kha thi d€ thuc hién t&i vu ludi dién lién
quan dén DG va cu tric van hanh LDPP. Phuong
phap BW/FW cai tién tinh toan phan b6 cong suét cd
nguyén li hoat dong don gian, d chinh xac cao va
thoi gian hoi tu nhanh hon so véi cac phuong phap
truyén thong khac. Vi véy, trong tuong lai phuong
phép BW/FW cai tién c6 thé thay thé phuong phap

NT hoéc Gauss trong viéc tinh phan b6 cong suit dé
rut ngdn thdi gian tinh phan b cong sudt va gi tong
thoi gian tinh todn ctia bai toan tdi uu trong LDPP
hinh tia c6 cdu hinh thay déi.

PONG GOP CUA TAC GIA

Toén Ngoc Triéu: xay dung giai thudt, chay phdn mém,
viét ban théo, viét bai ddnh gid va chinh sta.

Truong Viét Anh: dé xuit y tudng, viét bai danh gid
va chinh sta.

Vi Phan Td: d€ xudt y tudng, viét bai danh gia va
chinh sta.

XUNG POT LOI iCH

Cac tac gia cua bai bao khong cé su xung dot vé lgi
ich.

TU VIET TAT

DG: Ngu6n dién phan tan (Distributed Generations)
BW/FW: Phuong phéap Backward/Forward

NT: Phuong phap Newton - Graphson

Gauss: Phuong phap Gauss — Seidel

LDPP: Luéi dién phén phoi

GA: Thuét toan di truyén (Genetic Algorithm)
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Hinh 13: Théi gian tinh toan ciia phuong phap dé xuat va CSA.

HSA: Thuét todn tim kiém hai hoa (Harmony Search
Algorithm)

PSO: Thuat todn t6i uu bay dan (Particle Swarm Op-
timization)

CSA: Thuét toan tim kiém cuckoo (Cuckoo Search Al-
gorithm)

FWA: Thuét todn phdo hoa (Fireworks Algorithm)
FDPF: Phuong phép p han tich nhanh dong cong sudt
(Fast Decoupled Power Flow)

GMRES: Phuong phép du lugng t6i thiéu tong quat
(Generalized Minimal Residual)

IEEE: Vién ky nghé Dién va Bién Tt (Institute of Elec-
trical and Electronics Engineers)
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ABSTRACT

In recent years, there is robust development of distributed generations (DG) connected into the
electrical system. Thus, The issues such as the optimization problem of the position and capacity
of power distribution sources has taken into account the re-configuration on the electricity distri-
bution system to minimize the total Power loss on the ray distribution grid as well as minimizing
the total calculation time which is an essential requirement. This paper proposes enhancement
Backward/Forward method which is change for Newton - Graphson and Gauss - Seidel methods
are being used. We used PSO optimization algorithm accompanied by power distribution calcula-
tion tool which is Backward/Forward method to calculate the power distribution in the optimsize
location and capacitance of Distributed Generations considering the re-configuration of the elec-
trolytic grid. The algorithm has been simulated on three IEEE ray power distribution systems which
includes 3 types of power grids: 33-node power distribution system, 69 nodes and 119 nodes. Sim-
ulation result presents that our proposal improves the performance of distribution grid system and
better than some other algorithms.
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	Kết luận
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