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Tém tit

Ludi dién phan phéi chiém da s6 trong hé théng
dién noi chung, nhimg nam gan day, cac nghién ciru vé
lusi dién phan phdi duge dé& cap dén nhiéu hon va
huéng téi mot ludi dién théng minh. Bai toan tai cau
trac ludi dién 1a bai toan trong van dé nghién cau nay,
nham dua ra cac phuong phap, giai thuat dé giai quyét.
Bai toan tai ciu truc duge xem xét dudi nhidu ham muc
tiéu khac nhau, didu kién rang budc ciing nhu cac yéu tb
tac dong dén bai toan tai cau truc. Trong bai bao nay,
tac gia dé phuong phap su dung thuat toan mé phong
luyén kim dé giai quyét bai toan tai ciu tric, co xét dén
anh huong cua ngudn dién phan tan (DG). Muc tiéu
chinh cua bai toan tai cdu trac xét dén la giam ton that
cong suat va c6 xét dén anh huang cua cac ngudn phan
tan. Phuong phap dé xuat duoc kiém chimg trén ludi
dién mau cua IEEE va so sanh véi cac phuong phap
khéc, cho két qua dang tin cay.
Tir khoa: Ludi dién phan phdi, tai cdu trac, ton that
dién nang, thuat toan mdé phdéng luyén kim, nguén dién
phén téan.
Abstract: Distribution networks take the majority in
the power system in general, and in recent years, there
are more and more studies about the distribution
network, towards a smart electricity grid. This study
aims at finding out the methods and algorithms to solve
the problem of restructuring network distribution. The
distribution reconfiguration problem
under different objective functions, constraints and
factors affecting the issue. In this paper, the authors use
the method of simulated Annealine to solve
reconfiguration problem, and the main objective of the
study is to reduce the power loss with the consideration
of the impact of distributed genration (DG). The
proposed method is qualified varified on the IEEE
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sample grid and compared with other methods to give
out reliable results.

Keywords: Distribution network, reconfiguration,
Power losse, simulated annealing
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1. Giéi thiéu
Ludi dién phan phdi 1a mot bo phan chiém ti 18 16n
trong hé théng dién cia cac qudc gia, co nhiém vu

Tép doan dién luc Viét Nam

truyén tai dién ning truc tiép dén cac phu tai dung
dién.Trong hé thdng dién, tén thit dién ning trén ludi
dién phan phéi (LDPP) chiém ty Ié dang ké. Theo théng
ké cua Tap doan Dién lyc Viét Nam (EVN) ton that
dién ning hang nim chiém 9-13,5% tong cong suét san
XUAt, trong d6 tén that cong suat trén ludi dién phan
phdi chiém 4-6,7% [1]. Ly do lam cho ton thit dién
nang trén ludi phan phdi chiém ty 1¢ cao do cac yéu td,
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nhu nhiéu cap dién 4p, phuong thirc van hanh chua tot,
duong ddy phuc tap, cac hd phu tai co tinh chat khac
nhau v.v.... Mit khac lugi dién phan phéi c6 tinh chét:
Thiét ké kin - mach vong, van hanh hé. Do d6 muc tiéu
clia bai toan tai céu trac ludi dién phan phdi 1a tim ra
dugc ciu trac phuong thirc van hanh hinh tia dam bao
yéu ciu muc tiéu giam ton thét trén ludi dién va dam
bao dugc yéu cau ki thuat dé hé thong van hanh binh
thudng.

Trong thyc té, ludi dién phan phdi 1a hé thong cung
cép dién tryc tiép dén cac phu tai tidu thyu dién.Trong hé
thdng dién, ngoai cic nha may thuy dién, nhiét
dién,....1a cac ngudn chinh c6 cong suit 16n cung cip
dién niang duoc két nbi trén ludi dién truyén tai, thi cac
nha may thay dién, nhié¢t dién cé cong sut nho duge
két ndi tryc tiép vao ludi dién phan phéi. Viéc xay dung
cac nha may thiy dién, nhiét dién 16n két ndi vao ludi
dién truyén tai dang dan gap nhiéu kho khin nhu, ngudn
ning luong so cap tap trung khong con, anh huong moi
truong, chi phi dau tu 16m,...Mat khac, su hinh thanh thi
truong dién canh tranh cua cac qudc gia trén thé gidi
mang lai trién vong phat trién cho cic ngudn dién phan
tan két ndi vao ludi dién phan phéi. Thong thudng cac
DG c6 cong suat nho tir SkW dén 10 kW, duoc két ni
tryc tiép vao ludi phan phdi, nham nhiém vu cung cép
dién ning va nang cao chét luong dién ning.

Hién nay c6 rat nhidu phuong phap dé giam tén thit
cong sudt trén luéi phan phéi, tuy nhién phwong phap
tai cAu trac ludi dién 1a phuong phap hiéu qua va it tén
kém vé mat dau tu nhat. Dé giai quyét bai toan nay
thuong c6 hai hudng, hudng giai tich va hudng sur dung
tri tué nhan tao dé thuc hién giai bai toan tdi wu phi
tuyén. Merlin va Back [2] dau tién d& xuat phuong phap
thay ddi 1an luot cac khoa théng qua viée tinh toan dong
chay qua nhanh 1a bé nhét va thda man cac rang budc
d6i v6i hé thong phan phbi va sau nay dugc
Shirmohammadi va Hong [3], Aoki va cac cdng su [5]
cai tién st dung ki thudt bom va rat mot lugng cong
Suat vao cac nut dé thay ddi trang thai cua cac khoa, két
qua duogc cai thién t6t hon. Civanlar va cac cong su [6]
sir dung ki thuat dbi nhanh bang cach xuit phat tir cdu
truc hinh tia va thuc hi¢én dong mot khoa nay va mo mot
khoa khac sao cho dam bao hinh tia, sau d6 dugc Baran
-Wu [7] dé xuat phuong phap cai tién bang cach sir
dung cac cong thirc gan dung. Tuy nhién cac phwong

phép nay bi roi vao cuc tri dia phuong, sau d6 dé khic
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phuc nhugc diém nay Liuet va cac cong su [8] chimg
minh va d& xuit sir dung hé thong chuyén gia dé giai
quyét van d& tai cau hinh cho hé thong phan phdi, két
quéa nghién ciru da cai tién dugc nhugc diém trude do
gip phai.Cac phuwong phap trén két hop véi céc
ludt “heuricstic "da thay thé phan nao cac phuong phap
giai tich nhim giam thiéu thoi gian tinh toan va ciing
cho két qua chinh x4c.Tuy nhién trong mét s6 phuong
phap dua ra két qua nghiém ctia bai toan tuy nhién van
roi vao tdi wu cuc bd. Nhom tac gia SDai-Seub
Choi; Chang-Suk Kim; Hasegawa [9] dua ra ¥ tudng sur
dung giai thuat di truyén (Genetic Algorithms) sir dung
cac phép dot bién va lai tao dé tim ra cu trac t6i uu cho
bai toan tai cdu trac ludi dién.Két qua nghién ctu da
giam duoc thoi gian tinh toan va két qua chinh
xac.Nhédm tac gia Charles Daniel L,'Hafeezulla Khan
and Ravichandran [10] da d& xuit viéc ap dung giai
thuat dan kién (ACS) cho bai toén tai ciu trdc.Viéc ap
dung giai thuat da tim ra trong cac cau tric c6 thé cua
lusi dién phan phdi c6 mot ciu tric c6 ton that cong
suit 1 nho nhat.Cac tham s trong bai toén tai ciu tric
dugc tham sb hoa thanh céc théng sb trong thuat toén
dan kién. Nhom tac gia Xiaoling Jin, Jianguo Zhao,
Ying Sun, Kejun Li, Bgin Zhang [11] da dé xuit viéc
&p dung giai thuat téi vu bay dan (PSO) cho bai toan tai
c4u truc ludi dién. Chiang va Jean-Jumeau [12], [13] sir
dung giai thuat méd phong luyén kim dé giai quyét bai
toan tai cau trac ludi dién.

Dbi véi bai toan xac dinh cong suat cia DG khi két
nbi vao ludi dién phan phdi, cling duge mot sb tac gia
dé xuat nhu: Rosehart va Nowicki [20] trinh bay mot
céch tiép can dua vao phuong phap Lagrange dé xac
dinh vi tri, va dung luong t6i wu cho viéc dit DG trong
hé théng phan phdi c6 xét dén didu kién rang budc gisi
han kinh té va gidi han on dinh, Celli va cac cong sy
[21] trinh bay thuét toan da muc tiéu sir dung giai thuat
Gen (GA) dé xac dinh vi tri va cong sudt cua DG trong
khi két ndi vao hé thong phan phdi.Wang va Nehrir [22]
dé xuat mot phuong phap phan tich dé xac dinh vi tri toi
vu dé két ndi DG trong hé théng phan phdi cho tén that
dién nang giam thiéu.Agalgaonkaret al. [23] di trinh
bay phuong phap xac dinh vi tri va kha nang dap tng
cong sudt cia DG thong qua st dung SMD.M.Padma
Latitha va cac cong su ciing da trinh bay viéc su dung
thudt toan PSO dé tim vi tri va cong sudt cia DG.Viéc
Iwa chon vi tri va diéu khién dong cong suét cua DG la
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bai toan tdi wu hoa t6 hop phic tap.Viéc két hop bai
toan tai cu tric ludi dién véi viee xét dén két ndi cua
DG s& mang lai gié tri thuc tién cao. Trong bai béo nay
tac gia dé xudt viée sir dung thuat toan mo phong luyén
kim dé giai quyét bai toan tai cdu tric co xét dén két ndi
ciia DG vao ludi dién phan phdi. Bai bao chia lam 3
phan: Trong phan 1 giéi thiéu bai toan, phan 2 trinh bay
vé& mo hinh bai todn tai cdu triic ludi dién c6 xét dén két
n6i DG, VA trinh bay thudt toan SA va ap dung cho bai
toan tai cu trac ludi dién c6 xét dén két ni DG, phan 3
tac gia kiém ching phuong phap trén lugi dién mau
IEEE, phan 4 két luan.

2. Ap dung thuit toin mé phéng luyén kim
cho bai toan tii ciu tric luéi dién c6 xét dén ngudn
phén tan.

A. M6 hinh bai todn tdi cdu tric ludi dién cé xét
dén nguon dién phan tan
Bai toan tai cdu trac ludi dién phan phdi 1a bai toan
quy hoach phi tuyén roi rac theo dong cong sudt chay
trén céc nhanh [15], nhim muc tiéu dua ra cau tric van
hanh t&i wu dé giam ton that cong suat trén ludi dién
phan phdi ma van dam bao cac yéu t6 ki thuat cua ludi
dién.Viéc két ndi DG vao ludi dién phan phdi nhiam
muc ti€u nang cao chét luwong dién nang, tang do tin cdy
cung cap dién va giam chi phi truyén tai dién ning so
v6i viée phai cung cép dién tir ludi dién truyén tai dén
phu tai.Cong suat t&i uu ciia mdi DG két ndi vao ludi
dién phan phdi khi thay ddi cdu trac s& duoc xac dinh
dé dam bao cac muc tiéu trén.
Piu vao:
-So d6 ludi dién.
- Cé4c thong sb cua cac thiét bi, nhu duong day, may
bién &p, ngudn, phu tai, cac thiét bi by, cac thiét
bi dong cit vv...
- Trang thai ciia cac thiét bi dong cét trén ludi.
- Ton that cong sut ciia ciu trac dang van hanh
- Vi tri cac DG két ndi vao luéi dién phan phdi, cac
théng sb chinh cua DG.
Két qua:
- Trang thai mai cta céc thiét bi dong cat
-Cong suat cua cac DG két ndi vao ludi dién phan
phéi
- Ton that céng suat thoa man ham muc tiéu va céc
diéu kién rang budc.
X4y dung ham muc tiéu:
Xét trong truong hop khong co6 DG
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H1: So d6 hedi dién khdng ¢ nguon phéan tan
o Xét ton that ludi truge khi tai cau tric ludi dién
Tén that cong suat cia ludi hinh tia dugc tinh nhu sau

n
Ploss = Z I:)Loss(k,k+1)
k=1

Trong dé:

Ploss(k,k+1) = La ton that trén timg nhanh

(R +Qi)
Rk .—2
Uk
Py Q 1 cong suat tic dung va cong suat phan khang tai
nat k
Uy 1a dién ap tai nat k
e Xét ton that lui sau khi tai cau tric lugi dién

n
P'Loss = Z P ILoss(k,k+1) (8]
k=1

Trong dé:

P2+ Q'
Ploss(k,k+1) = Rk-w

k

P’ O’y la cong suat tac dung va cong sudt phan khang
nat k
U’ la dién ap tai nat k
Do d6 phan cong suat giam duoc do tai ciu tric ludi
dién:

La ton that trén tirmg nhanh
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Xét trong truong hop ¢6 két ndi DG

H2: So d@6 heéi dién co két ndi ngusn phan tan
Gia sir véi cau tric hinh tia tim duoc, DG duoc két ndi
vao nhanh tia | tai nit m (mel), khi DG hoat dong,
dong dién trén cac nhanh thugc tia | thay doi:

new
Li

=1jj +Dy.lpg
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l;i 1a dong dién khi chua két n6i DG
Ios la dong khi DG hoat dong
D;=1néunhanh icl, D; =0néunhanh igl

Trong do:

Pos
Un
Ton that caa trong truong horp c6 két nbi DG

APpG, Loss = ZP Loss(k,k+1) = Z' Z('|.+D Ing)’Ri (3)

Trong do:
- j=1-k la tap cac nhanh khéng c6 két ndi DG
- i=1-mla tap cac nhéanh c6 két ndi DG
Cong suat cua DG duoc két ndi tai nut k xac dinh

R.pe = k(F‘2+Q|)+ (PG+QG 2R Fs - 2QkQG)— (4)

Ip =

Ham muc tiéu cua bal toan tai cau tric ludi dién khi co
két ni DG dugc mo ta nhu sau:

Min(Rgsse) = MIN(APRo | osse + APpG Losse)  (5)
Céc diéu kién rang buoc:

Diéu kién dam bao vé dién ap cho phép

U, <U; <U__

Diéu kién dam baO vé dong dién cho phép

<1

Diéu kién can bang cong suat khi két ndi DG vao nat k

Pk DG ~ Z Pk +ZAPK losse
k=1

Diéu kién rang budc cong suit cua DG

Pminbe < Poc < Pnaxbe
Bai toan tai ciu trac ludi dién tro thanh tim nghiém

X= (X, %2, X3, Xg,---Xn, Po1, Pog2,-+-Poem) dé ham muc tiéu
(5) dat gia tri Min

Trong do:

(X1, X2, X3, Xa,-.-.Xy) 12 trang thai dong/mé cua cac nhanh

ijcé giatrila0 hoac 1

Poc1Pocz,--Pogm 14 cong suat ctia DG khi két néi
vao nut k.

B. Thudt toan mé phong luyén kim

Thuat todn mod phdéng luyén kim la mot giai thuat

tim kiém xac suét, 1a phuong phép t6i wu hoa co thé ap
dung dé tim kiém ti vu toan cuc cua ham giad va tranh
dugc t6i wu hoa cuc bd bang viéc chip nhan mot 10i giai
t6t hon théng qua x4c sudt phu thudc vao nhiét do T.
Mo hinh khoéng gian thé hién t6i wu toan cuc cua thuét
todn SA duoc md phdng nhu H3
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H3: M6 hinh khéng gian cua thudt toan SA

Thuét toan md phong luyén kim dya trén qua trinh
néng chay va lam mat dé dat vé ciu triic bén viing cua
vat rén, qua trinh nay cé thé duge mo ta qua hai giai
doan nhu sau [16].

Qué trinh diu: Tang nhiét do cua chit rén 1én nhiét
d6 cao dé chat rin nong chay, qua trinh sau giam nhiét
d6 dé cho chit rin dat duoc cAu tric bén viing, khi d6
nang lugng cac phan tir ¢ trang thai nho nhat

Phuong phap mé phdng luyén kim thuc hién dua
trén qua trinh luyén kim cua chat rin va dugc xay dung
tuong ty véi md hinh cua bai toan tbi wu, duoc so sanh
trong bang 1. [17], [18].

Bding 1: So sanh qua trinh vt Iy va bai todn t6i wu

Qua trinh vat ly Bai toan tbi wu
Trang thai Céu tric
Nang lugng Ham t6i vu

Trang thai 6n dinh Nghiém ti uu

Qua trinh chuyén trang thai Tim kiém cuc bd

Céc budc thyc hién cua thuét toan moé phong luyén kim
(SA) dugc mo ta nhu sau:

Buée 1: Khoi tao bd dém i = 0, lya chon nhiét do T,
ban dau (di 16n dé dam bao dwoc khong gian tim kiém),
tim trang thai ban dau x& N trong d6 N 1a khong gian
tim kiém.

Buéc 2: (Qua trinh Metropolis TPM): Tao trang thai
x’theo co ché nhiu loan TPM (dugc trinh bay & dudi
day). Tao mdt tap X’ ngiu nhién sao cho x'€ N, tinh
todn d0 chénh 1énh cua ham nang lugng
AC =C(x)—C(x) va xét ddu d6 chénh léch ctia ham
nang luong. Trong d6 C(x) la ham nang lugng & trang
thai x,C(x’) 12 ham ning luong & trang thai x’. Néu
AC <0 thi khi d6 trang thai X’ 1a c4u tric ti uru cuc bd
tuong ung voi X:=X".
NéuAC <0, khdi tao gia triR€(0,1), trang thai x°

ham nang Ilugng C(x),

dugc chip nhan néu théa min phan bd xac suit
Boltzmann
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exp(-55) > R (6)

Bude 3: Néu thoa mén buée 2, hé théng dat trang thai
cén bang thi chuyén sang budc 4, ngugc lai thi quay vé
budce 2.
Buwére 4: Qua trinh giam nhiét do dé hé théng dat trang
thai can bang tinh theo cong thiic: T,,; = T, (7
Trong d6: « la hang s6 thich nghi, T; 1a nhiét do tai lan
tinh thu i.
Buwée 5: Qua trinh hdi tu: Qua trinh dat dugc khi trang
thai can bang dugc giir, x4c dinh duoc nhiét do tai trang
thai can bang va cho két qua nghiém, nguoc lai ting i =
i+1 va quay vé thyc hién budc 2.
C.Ap dung thudt toan luyén kim cho bai todn tdi
cau triic ¢ xét dén nguon phan tan.
Trang thdi ban ddu
Trang thai ban dau trude khi cdu hinh lai duge chon nhu
trang thai ban dau, cong suét cia ngudn dién két ndi vao
Ppe=0
Nhiét do ban dau
Dé tinh nhiét d6 ban dau T,, ta lya chon ngiu nhién
30 c4u hinh kha thi x;. Tuong tng v&i mdi cau hinh do,
tinh céc ham gia C;. Tinh hiéu s6 AC =max , trong do,
maxC, minC lan luot twong Gng v6i gia tri ham gia dat
gi4 tri 16n nhat va bé nhét trong sb 30 c4u hinh kha thi
trén. Theo diéu kién Metropolis, nhiét do ban dau T,
duoc tinh nhu sau [19]:
T

o= *A(%n(o.%)

Ti s6 chap nhin . Theo [18] ta thyc hién qua trinh
Metropolis véi s6 1an bang 10(n+m) voi (n+m) trong d6
n 1a tong sé khoa trong hé théng va m 1a sb lwong DG
két ndi vao ludi sau d6 kiém tra ti s6 chdp nhan & mdi
nhiét do. Néu ti sb chép nhan tai mdt trang thai nho hon
0,1 thi trang thai d6 1a trang thai can béng tai nhiét do
dang khao sat. Ngugc lai, qua trinh Metropolis duoc
thuc hién tiép tuc theo cong thirc sau (8)

Ti 36 Téng s6 trong hop dwoe chip nhan

chap

(®)

Tong so qua trinh Metropolis da dwoc thuc
nhan hién
Co ché nhiéu loan

Trong cac hé thong phan phdi, co hai tap cac khoa:
tap “Tie witch” 1a £ tap “Sectional swich” 1a {2, Va
tap (po . Tap e gém cac khoa ¢ trang thai md, con
tap L2 1a tdp cac khda & trang thai dong va L2 1a tap
gia tri cong sudtcua cac DG két nbi vao ludi tuong tmg.
T hop cac trang thai cua cac khoa va cong suit cia DG
s€ tao ra mot cAu hinh cua hé théng phan phéi tai thoi
diém dang xét. Dé tao ra mot cau hinh méi cua hé théng
phan phéi, mot co ché nhidu loan dugc st dung. s
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dung co ché nhidu loan cua Chiang va Jean-Jumeau
[12], [13] dugc dé xuat dé thay ddi cac cdu tric tai mdi
nhiét d6 khac nhau nhu sau:

1. Lua chon ngiu nhién mot “Switch” tir tap “Switch
tie” £ r0i dong nd. Switch nay dugc chuyén tir tap Qe
sang (2. va cac gid tri cua tdp (g dugc gilt nguyén.
Diéu nay tao ra mot vong kin trong mang phan phdi.

2. DPé dam bao tinh chit hinh tia cua hé théng phan
phéi, mot trong sd cac “Switch” thude (2. trong vong
kin phai dugc mo ra.

3. Co ché nhidu loan nay phi hop cho mot bai toan
tai cdu tric nhung no lai khong tan dung duoc nhiing ly
thuyét vé cdu truc (Topology) cua hé thong. Gia str tat
ca cac khoa thudc tap (2 dugc lya chon vai xac sut
bang nhau. Hé qua 1a qua trinh tim kiém s& khong duoc
thuc hién dy du trong vong kin c6 kich thude 16n hon,
va nguoc lai, quéa trinh nay s& cho cac két qua tring
nhau trong cac vong kin c6 kich thudc nho hon. Béi
vay, xac suit lwa chon cac khoa thudc tap (e s€ duogc
lién h¢é véi kich thude cia vong kin duge hinh thanh
tuong ung.

| e ,"»-.;‘
& @

® T

¥ G ¥ ®
HA4. Ludi dién IEEE 3 nguén. (a,b trude, sau khi tdi cdu tric)

Tiép theo, trong hinh 3 néu khoa 25 dugc déng,
vong kin gdm ngudn Feeder 1, ngudn Feeder 3, cic
khoa 22, 23, 25, 26, 14, va 13 duoc tao thanh va mot
trong sb cac khoa d6 phai dwoc mé dé dam bao tinh
chét hinh tia cua ludi dién phan phéi. O nhiét do cao, co
ché nhiéu loan m¢ khoa 13 van c6 thé dwoc chip nhan
boi tiéu chuan Metropolis, mic du ham gia bi ting.
Nhung & nhiét do thip, didu nay bi tir chdi. Do dé, viéc
tim ra mot co ché nhiu loan ma no c6 thé tao ra mot
cAu hinh mdi, duoc chip nhan & nhiét do thip, 1a can
thiét. Tir ddy, co ché nhidu loan TPM [14] dwoc dé nghi
dé luya chon cac khoa tie va sec nhu sau:
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1. Dbi v6i mdi khoa tie, mdt vong kin s€ dugc hinh
thanh sau khi dong né. Kich thudc cua vong kin nay
dugc tinh theo s6 lwong cac khoa sec ¢d trong vong nay.
Xac suét Iya chon cac khéa tie dé chuyén trang thai
(opened — closed) ti 1€ véi kich thude cua vong kin
£o0p dugc hinh thanh twong tng.

2. Tur tat ca cac khoa sec trong qop, bac ciia mdi khoa
sec S; dugc tinh theo khoang cach (sé luong switch &
gilra) tir khoa tie téi nd. Vi dy, khi khoa 25 dugce dong,
bac ctia khoa 26 1a 1, bac cua 14 1a 2, vv..

3. Xéc suat dé lya chon cac khoa sec dé chuyén trang
thai (closed —open) duoc tinh:

©)

Sy
SW; 772 5
€00
Ham gia

Céc co cau hinh méi duge tao tir co ché nhidu & trén
phai théa mén cac rang budc cdu hinh. Cac rang budc
nay dudc chia 1am 3 loai: rang budc ngudn cung cip -
hinh tia, rang budc vé kha nang tai cua dudng ddy, rang
budc vé gidi han tong sé lan chuyén trang thai tir ciu
hinh ban diu sang cAu hinh hién tai va rang budc vé
diéu kién gi6i han ciia ngudn phat DG
Ham gia dugc tinh theo cong thirc (10)

> Ross +aA(X)+ B X +yC(x) n<l

C(X):{[ms 1Ly 3 P+ A+ 48 x +7C09 n>L, 00

Trong d6 «,3,6,7v1a cac hé $6 phat cac vi pham rang
budc, A(x) va B(x) C(x) 1a cac ham tuong tng véi cac
rang budc vé& ngudn cép, kha ning tai cua dudong day va
rang budc vé diéu kién ngudn cung cip
Qua trinh giam nhiét do

Trong hé théng cAu truc chit rin, khi ¢ nhiét do cao,
chét rin & trang thai thé 1ong, qué trinh ngudi dan cia
chét rin sé tao ra cac cdu trac tinh thé, khi ¢ nhiét do
cao, qua trinh 1am mat c6 thé dugc dién ra nhanh hon
ma khong anh huong dén ciu trac hinh thanh, sau d6
khi céc cdu trac bit dau hinh thanh thi viéc 1am mat
duoc dién ra chdm hon dé cac cu trac bit diu hinh
thanh khong bi 16i va dat dugc ciu tric bén vitng. Do
d6 trong bai bao nay tac gia dé xuit qua trinh giam nhiét
d6 nhu cong thirc (11), tai thoi cac thoi diém ban dau
khi i =1, 2, 3, w... qui trinh giam nhiét d¢ sé dién ra
nhanh, khi sip dat dén trang thai can bang, qua trinh
giam nhiét do s€ cham dan. Chinh vi vay tai thoi diém
ban dau giam nhiét d9, qua trinh luyén kim s& dién ra
nhanh hon, thudt todn s€ nhanh hon ¢ giai doan dau.

2
Ty=e 0T, (11)

Trong d6 i la s6 lan giam nhiét do cia chét rdn
Diéu kién hét thiic:
VCCA-2015

Néu trong qua trinh giam nhiét do, biéu thiic sau dugc

théa man:
oC x oC x oC x
o e[l +‘le < (12

véi ¢ 1a mot sb rat nho co thé duoc chon ty vy,
oC x

T|T:Tk 1a tri tuyét dbi cia dao ham riéng cuia ham

gia theo T tai gia tri Ty, thi thuat toan s& két thiic va ciu
hinh x tai thoi diém T, chinh 13 nghiém t5i wu cua thuat
todn moé phong luyén kim.

So 6 thuat toan dé xuit dugc mé ta nhu trong H5

Tao x = {X1, X2 ...Xn, Poc1, Poey,.. Poem}
Tinh AF,, Khoi tao nhiét d6 ban dau T, i =0

»la
V*‘
Co ché nhidu loan TPM dé tao x’,
Tinh tén that A B, (gi4 tri ham nang luong C (10))

v

Tinh toan chénh Iénh x, x’

AC = Cixy - Crx) Giam nhiét do:
+ TE-:I =TE_5-!-_:ID
T i=i+1
Ping cai

Ty s6 chdp nhan < 0,1

Trang thai can bing

Ding ¢

Diém dong bang

Ping

Sai

| Nahiem t6i wu, vatinn Poy @) |

H5: Luu dé thudt todn SA cho bdi todn tdi céu tric ludi dién

6 xét nguon phén tan
Tir d6 ta c6 thé mé hinh cac budce dé ap dung thuat toan
md phong luyén kim cho bai toan tai cdu trac ludi dién
nhu sau:
Buée 1: Nhap dir lidu cta ludi dién, khoi tao mot cau
trac ban dau ciia hé théng Xo, xac dinh nhiét do ban dau
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cua thuat toan mo phdong luyén kim, gia tri T, da lon dé
dam bao khong gian nghiém, tinh toan T, theo cdng
thuce (5)
Buwée 2: Sir dung co ché nhiéu loan TPM dé tao ra lan
can Xg la x
Buwée 3: Xéac dinh d6 chénh 1éch ham nang lugng (ham
t6i wu) theo cong thitc: AC = C(x) —C(X,)
Trong d6: C(x) 1a ham nang luong tuong tmg (10) va
kiém tra dugc cac diéu kién rang bugc cua h¢ théng.
Buée 4: Kiém tra didu kién AC <0, néu AC <0 thi
thuc hién budce 6, néu nguogc lai thi thue hién bude 5
Buée 5: Kiém tra didu kién x4c sudt phan bd
Metropolis, néu biéu thic phan bd xac suit
exp(—AC/T,) >R
trong d6 R € (0,1).Néu biéu thirc dung thi thuc hién
budc 6, néu sai thi quay lai thuc hién budc 2.
Budée 6: (Piém can bang). Cap nhat ciu hinh méi cua
hé thdng. Néu ty s6 chdp nhan (8) trong cau hinh méi
bé hon 0,1 thi trang thai tai nhi¢t d6 d6 duogc chép nhan
va chuyén sang budc 7, nguogc lai thi quay lai budc 2
Bude 7: Kiém tra diéu kién két thuc (diém déng bing),
Néu thoa min cong thie (12) thi cau hinh tim dugc 1a
nghiém cua bai toan, tinh toan giam nhiét d6 theo cong
thire (11) va quay lai budc 2.
3.Kiém tra trén vi du miu ciia IEEE

Kiém tra trén ludi dién 16 nut, dién 4p danh dinh 6
kV ¢6 21 nhéanh va 6 khoa mé c6 2 DG do G.Celli dé
xuét duge mo ta tai hinh 3, sd liéu nhanh va nat cho
trong [3]. Trong LDTA c6 2 DG, cong suat phat lan
lugt 12 450kW ¢ nut 9 va 630kW & nit 13. Qua trinh
tim c4u hinh van hanh giam ton that cong suat tac dung
duoc khao sat trong 2 truong hop khong c6 DG va cd
DG. Két qua trinh tim kiém c4u hinh téi wu dugc so
sanh vé6i két qua cua [3] va ddi chiéu vé6i trinh TOPO
trong PSS/ADEPT 5.0 dé kiém ching wu diém cta
thuat toan. Két qua téng hop cho trong bang 2

—

nhanh

.
L =N

e _w 6
khod

|
I 1 13
14

H6: So dé lwdi dién 16 mit — |EEE
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St dung Matlab dé xdy dung chuong trinh mo
phong thuat todn mo6 phong luyén kim cho bai toan tai
cAu trac, duge chay trén Matlab R2012, cAu hinh may
tinh Intel® Core™ i5, RAM 4Gb, Windows 8, két qua
tinh toan dang tin cay, ham muc tiéu dat gia tri cyc tiéu,
dua ra dugc cau hinh t6i uu cho mang dién, két qua
dugc so sanh voi mot s6 phuong phap khac.

Lya chon cac thong s6 a = 750; f = 800;y =0,1; ¢ =
01; 6=1;

Két qua tinh todn dwugc so sanh voi thuat toan do
G.Celli[4] @& xuit va v6i cong cu tinh toan Topo trong
phin mém PSS/ADEPT. Ta nhan thiy cac két qua so
sanh ddi voi cac truong hop khong co DG, ¢6 1 DG két
n6i 1an luot & cac nut s6 9, sb 13 va trudng hop két ndi
ca 2 nut, thi két qua nghién ctru cua thuit toan SA do
nhém tac gia dé xuét cho két qua chinh xac so vai két
qua coa thuat toan G.Celli va ciia phin mém
PSS/ADEPT.

Bang 2: Két qud va so sanh G.Celli va PSS/ADEPT

STT Ehdamé MPLHF) Phuwong DGl G2 Ghi chi
phip {oitd) | (marl3)

1 |2.881516 114.71 | GCai[4] 0 0 Ehéingca
)] be

2 | 2,18,17,20, 03.3 Tego 0 0 Ehdnzco
10,19 (PSIADEPT; DG

3 | 216,17,20, 04.1 5A 0 0 Ehdnzco
10,18 D&

4 | 2,510,15,18, 76.1 GCali[4] 450 630 Cocil
0 DG
2,17,18,20, 66.5 Topa 450 630 Co el
10,19 (PESADERT) DG

& 21718151 66.3 5A 450 630 Co el
08 DG

7 | 2.810,15,16, 101.4 GCali[4] 450 0 DGlEm ||

0 vidge, DG2
nghi

8 o[2171615, 83.5 Tego 450 0 DGLLm

10,9 (PEEATERT) vide, DG2

X -

o | 2,17,16,15, 83.5 BA 450 0 DGl lam

10.0 vige, DG2

X wini

10 | 2,8,10,15,18, 5.0 GCali[4] 0 630 | DGlughi

20 D2 1lam
vide

11 | 2,17,17,20, 721 Tega 0 630 | DGlughi,

10,19 (PEEATERT) DG 1im
' vids

12 | 2,17,17,20, 721 BA 0 DGl nghi,

1019 D2 1lam
) vidge

Hinh 7 md phong qua trinh hoi tu cua thuét toan SA
dbi véi cac truong hop khong co6 DG, ¢6 1 DG va 2 DG
két ndi vao luéi dién phan phdi, qua trinh hoi tu dat
duoc tai nhiét do tir 18 dén 20 do.



Hoi nghi toan quéc 1an thir 3 vé Didu khién va Ty dong hoa - VCCA-2015

Qua teih hoi 11 cusa thuat toan SA-wx ol 16 ma
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H7: Quda trinh héi tu cia thudt toan SA

Hinh 8 m6 phong db thi dién ap tai cic nit trong cac
truong hop. Nhan thiy gia tri Upi, trong céc truong hop
déu nam trong gidi han dién 4p cho phép. Tuy nhién
trong truong hop khi ¢6 ca hai ngudn phan tan tham gia
thi dién &p cua cac nit dam bao nhét va c6 gia tri Upip =
0.85pu.

Ca thi ga tn den ap ta cac et trang cac truong hop

1005

0985

SHAIN S ap - pu

G058

0975

fast
H8: D6 thi dién ap ciia cic mit
4.Két luan

Trong bai béao nay, nhom tac gia dé xuat mot giai
thuét st dung nguyén Iy mé phong luyén kim cho bai
toan tai cau trac ludi dién phan phdi c6 xét dén anh
huéng cia ngudn dién phan tan khi két ndi vao ludi
dién. Trong ndi dung trinh bay, cac dong gop cia bai
bao di cai tién phan nao thuat toan md phong luyén kim
dé két qua tbt hon, cu thé: Trong co ché nhiéu loan, viéc
lwa chon vong kin dé mo, da sir dung béac cia khoa dé
thuc hién qua trinh dong/mé vong kin, ham gia cta hé
thdng duoc dua vao (10) dam bao dwoc ham muc tidu
(5) dat gi4 tri min va dam bao duoc cac yéu td rang
budc cua bai toan, thong qua cac hé ) “phat’, qua trinh
giam nhiét d6 duge nhom tac gia dé xuét sir dung theo
(11), rat ngén duogc thoi gian khi nhiét d6 dang & murc
cao thi giam nhanh va khi dén mot mirc nhiét do co thé
VCCA-2015

dat duoc cau hinh tdi wu thi nhiét 6 s& giam cham, dam
bao khong bi sai sot (151) va tao diéu kién dé cho diém
cuc tiéu cuc bo dé dang thoat ra khoi diém tdi wu cuc bd
dé tién toi toi uu toan cuc trong qua trinh hinh thanh cau
tric. Bai bao cling dé xuat tiéu chuan dimng cta h¢ thong
khi dat duoc céu tric tdi uu (12) dé bai toan hoi tu. Két
qua nghién ctru dugc kiém tra trén ludi dién mau cua
G.Celli [4] va so sanh vdi cong cu tinh toan Topo trong
phan mém PSS/ADEPT

Tai liéu tham khao

[1] Tap doan Dién lyc Viét Nam (EVN); Béo céo tong
két ké hoach nam 2014.

[2] A. Merlin and H. Back, “Search for a Minimum
Loss Operating Spanning Tree Configuration for Urban
Power Distribution System,” in Proc. 5th Power Syst.
Computation Conf. (PSCC), Cambridge, U.K., 1975,
Paper 1.2/6.

[3]1D. Shirmohammadi and H. W. Hong,
“Reconfiguration of Electric Distribution Networks for
Resistive Losses Reduction,”IEEE Trans. Power
Delivery, vol. 4, pp. 1402-1498, Apr. 1989.

[4] G. Celli, E. Ghiani, S. Mocci, and F. Pilo, “A multi-
objective evolutionary algorithm for the sizing and the
sitting of distributed generation,”IEEE Trans. Power
Syst., vol. 20, no. 2, pp. 750-757, May 2005

[5] K. Aoki, T. Ichimori, and M. Kanezashi, “Normal
State Optimal Load Allocation in Distribution
Systems,” |EEE Trans. Power Delivery, vol. PWRD-2,
pp. 147-155, Jan. 1987

[6]S. Civanlar, J. J. Grainger, and S. H. Lee,
“Distribution  Feeder  Reconfiguration for Loss
Reduction,” |EEE Trans. Power Delivery, vol. 3, pp.
1217-1223, July 1988

[7]M. E. Baran and F. F. Wu, “Network
Reconfiguration in Distribution Systems for Loss
Reduction and Load Balancing” IEEE Trans. Power
Delivery, vol. 4, pp. 1401-1407, Apr. 1989.

[8] C. C. Liu, S. J. Lee, and S. S. Venkata, “An Expert
System Optimal Aid for Restoration and Loss Reduction
of Distribution Systems,” |EEE Trans. Power Delivery,
vol. 3, pp. 619-625, May 198

[9] S.Dai-Seub Choi; Chang-Suk Kim; Hasegawa, J;

“An Application of Genetic Algorithms to The Network
Reconfiguration in Distribution for Loss Minimization
and Load Balancing Problem”, 1995. Proceedings of
EMPD '95., 1995 International Conference on 21-23
Nov 1995 pp 562-56


http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=3588
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=3588

Hoi nghi toan quéc 1an thir 3 vé Didu khién va Ty dong hoa - VCCA-2015

[10] Charles Daniel L., Hafeezulla Khan 1. 2 and
Ravichandran S. 3, Network
Reconfiguration For Loss Reduction Using Ant Colony
System Algorithm” - |IEEE Indicon 2005 Conference.
Chennai. India. Pp 619-625 | | 1 3 Dec. 2005

[11] Xiaoling Jin, Jianguo Zhao, Ying Sun, Kejun Li,
Bqin “Distribution Network Reconfiguration for Load
Balancing Using Binary Particle Swarm” Zhang 2004
International Conference on Power System Technology
- POWERCON 2004 Singapore, 21-24 November 2004
pp 507-510

[12] H. D. Chiang and R. M. Jean-Jumeau, “Optimal
Network Reconfiguration Distribution System: Part 1:A
New Formulation and a Solution Methodology,” |EEE
Trans. Power Delivery, vol. 5, pp. 1902-1909, Nov.
1990

[13] H. D. Chiang and R. M. Jean-Jumeau “Optimal
Network Reconfigurations in Distribution System: Part
2: A Solution Algorithm and Numerical Results”, |EEE
Trans. Power Delivery, vol. 5, pp. 1568-1574, July
1990

[14] Young-Jae Jeon*, Jae-Chul Kim, “Application of
Simulated Annealing and Tabu Search for Loss
Minimization in Distribution Systems” Sliver, Electrical
Power and Energy Systems 26 (2004) pp 9 -18

[15] Demck Bouchard and Aziz Chikhani , V.L John,
M.M.A. Salama “dpplications of Hopfield Neural
Networks to Distribution Feeder Reconfiguration”,
Proceedings of the Second International Forum on

“Distribution

Applications  of Neural Networks to Power
Systems,ANNPS '93, pp 331-316. 1993
[16] PJ.M. van Laarhoven and E.H.L.Aarts,

Simulated  Annealing: Theory
Reidel, Dordrecht, 1987

[17] S. Kirkpatrick, C. D. Gelatto, and M. P. Vecchi,
“Optimization by Simulated Annealing,” Science, vol.
220, pp. 671-680, May 1983.

[18] V. Cerny, “Thermodynamical Approach to The
Traveling Salesman Problem: An Efficient Simulated
Algorithm,”J. Optim. Theory Applicat., vol. 45, no. 1,
pp. 41-51, 1985.

[19] Hong-Chan Chang and
“Network Reconfiguration
Using Simulated Annealing” Electric Power Systems
Research, pp. 227-238 Vol 29 (1994)

[20] S. K. Goswami and S. K. Basu, “A4 New Algorithm
for The Reconfiguration of Distribution Feeders for
Loss Minimization,” |EEE Trans. Power Del.,vol. 7, no.
3, pp. 1484-1491, Jul. 1992

and Applications,

Cheng-Chien Kuo,
in Distribution Systems

VCCA-2015

[21] W. Rosehart and E. Nowicki, “Optimal placement
of distributed generation,” inProc. 14th Power Systems
Computation Conf., Sevillla, 2002, pp. 1-5, Section 11,
paper 2

[22] (10B1) C. Wang and M. H. Nehrir, “Analytical
approaches for optimal placement of distributed
generation sources in power systems,”IEEE Trans.
Power Syst., vol. 19, no. 4, pp. 2068-2076, Nov. 2004
[23] P.Agalgaonkar,S.V.Kulkarni,S.A.Khaparde,andS.
A.Soman, “Placement and penetration of distributed
generation under standard market design,”Int. J.
Emerg. Elect. Power Syst., vol. 1, no. 1, p. 2004

Pham Thuong Cat is a
Honorary Research Professor in
Computational ~ Sciences  of

Computer and  Automation
Research Institute of the
Hungarian Academy of
Sciences. He is the Editor-in-
Chief of the Journal of

Computer Science and Cybernetics of the Vietnamese
Academy of Science and Technology (VAST) and a
Vice President of the Vietnamese Association of
Mechatronics. His research interests include robotics,
control theory, cellular neural networks and embedded
control systems. He co-authored 4 books and published
over 150 papers on national and international journals
and conference proceedings.

Nguyen Tung Linh is born 1982.

He is BS. Degree in electric

inductry. MS degrees in electric

= power system, all Ha Noi

= University of Technology of Viet

' Nam in 2005 and 2009. He has

been working for Information

Technology Faculty at Electric

Power University from 2006 -

2015. He working in postgraduate department of

Electric power university. His current researtch intersts

include: Power system, application information for

power system, intelligent power system, automatic grid
distribution, reconfiguration distribution network.




