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TOM TAT

Bdi bdo d@é xudt phwong dn phdn cum va toi wu phoi hop bdo vé
cho role qud dong dién cé huwdng trong ludi dién phdn phoi tich hop
nguon dién phan tan Distibuted Generation (DG). Thudt todn Newton
Raphson Based Optimizer (NRBO) duoc dp dung d@é phdn nhém va toi
wu cac kich ban van hanh lwoi dién theo tiéu chi N-1, nham giam thiéu
thoi gian tde déng trung binh ciia role trén tat ca cdc kich ban. Thudt
todn xdc dinh cdc bé thong so chinh dinh role toi wu cho timg nhém
cai dat Setting Group (SG), dam bao kha nang bao vé cua role trong
khi van tudn thi cdc rang budc vé thir tw cat role. Tinh ndi bdt ciia
phuong phap dwoc chimg minh thong qua ludi dién phan phoi IEEE 8
niit. Két qua cho thdy thoi gian tdc dong cua role la 0,4773 gidy, giam
19,12 % so vdi trwde khi phan cum. Piéu nay gop phan han ché thiét

hai cho con nguoi va thiét bi khi xay ra sw cé.

1. GIOI THIEU

Hé¢ théng dién dong vai tro thiét yéu trong
doi séng hién dai, dac biét trong giai doan
hién dai héa. Pam bao 6n dinh hé thong gitip
duy tri hoat dong va an toan ludi di¢n, trong
d6 role bao vé 1a thanh phan quan trong. Tuy
nhién, sy gia ting ngudén dién phan tan
(Distribution Generator - DG) nhu dién mat
troi, dién gié khién ludi dién chuyén sang hai
chiéu, gay kho khin cho bao vé truyen thdng
[1]. Role qua dong khong hudng dé tac dong
sai, do d6 can dung role c6 hudng dé xac dinh
chinh xac sy ¢d va co lap khu vuc su cb [2].
Trong bdi canh ludi dién co sy tham nhap
ngay cang cao cua cac ngudn DG, phuong an
bao vé thich tmg dugc phat trién, cho phép
diéu chinh linh hoat théng sé chinh dinh role
theo thoi gian thyc dya trén dir liéu van hanh
thu thap tur hé thong SCADA [3]. Bé dam bao
tinh san sang va 6n dinh, cac kich ban vén
hanh khac nhau can duoc xay dung nham dy
phong cho moi tinh hudng ¢ thé xay ra trén
lusi dién. Trung tam diéu khién nhdn dién

kich ban thuc t& va gui tin hiéu diéu khién
role chon nhom cai dat (Setting Group - SG)
phu hop, gitip rat ngin thoi gian tac dong va
nang cao phdi hop bao vé. Tuy nhién, viéc
nay lam phat sinh sé lwong 16n cac kich ban
van hanh, trong khi ) lugng nhém SG cua
role bi gidi han, dan dén nhirng thach thic
dang ké vé luu trix dit liéu, cling nhu cép nhat
cac thong sb bao vé trong thyc té.

Trong nhitng nim gin ddy, cic phuong
phap phéi hop role qua dong thich tmg di tmg
dung da dang ky thuit metaheuristic dé giai
quyét cac thach thirc tir ludi phan phdi hién
dai. Cu thé, thuat toan GA dugc phat trién
nham t5i uwu hoa phdi hop giita role qua dong
va role khoang cach trong cac so dd bao vé
hon hop [4], trong khi thuat toan PSO duoc sir
dung dé nang cao hiéu qua diéu chinh thoi
gian tac dong cua role qua dong [5]. Mot sd
nghién ctru con két hop GA véi lap trinh
tuyén tinh (LP) dé giam thiéu s6 kich ban van
hanh can xét dén [6], hodc ap dung k¥ thuat
phan cum nham thu gon s6 nhom cai dat
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(SG), qua do cai thlen kha nang thich tng
trude bién dong ciu tric 1u:0’1 [7], [8]. Ngoa1
ra, cac giai phap dua trén t6i vu hoéa tham sd
tuong dwong Thevenin [9] va st dung tién
hoéa sai phan (DE) [10] ciing dd dwgc dé& xuét
dé nang cao do nhay va do tin cdy cua role khi
¢6 ngudn phan tan (DG). Tuy nhién, chua c6
nghién ctru nao st dung dong thoi mot thuat
toan metaheuristic dé vira phan cum céac kich
ban van hanh, vira t6i wu thoi gian tac dong
cua role mot cach théng nhét, dic biét d6i véi
ludi dién dang mat luéi c6 tich hop DG.
Ngoai ra, cac thuat toan trudc day thuong doi
hoi thoi gian tinh todn dai va kho dat dugc
cuc tiéu toan cuc.

Dong gop quan trong cua bai bao nay la su
dung thuat toan NRBO [11] dé phan cum va
t61 uu phdi hop thoi gian cua role. Thuat toan
NRBO da dugc chung minh c6 khd nang
kham pha pham vi nghiém (exploration) va
khai thdc vung lan can nghiém (eploitation)
t6t trong thoi gian ngin, dé dong thoi thuc
hién viéc phan cum cac kich ban van hanh va
t6i uu hoa thoi gian cit cua role qua dong cé
hudng. Viéc &p dung role qua dong c6 hudng
gitip bao vé hiéu qua cac ludi dién dang mat
lugi, dong thoi dam bao tinh tin cdy trong
diéu kién van hanh phirc tap do sy hién dién
clia cac ngudn DG.

Bai bao nay duoc chia thanh bon phan
chinh. Phan 1 gioi thigu vé gi6i han s6 luong
SG trong role qua dong c6 huéng. Phan 2
cung cap tong quan thuat toan NRBO va phan
cum tdi wu thoi gian phdi hop bao vé. Phan 3
mo phdng bai toan thong qua ludi dién IEEE
8 nut va kiém chimg thuat toan dé xuit voi két
qua thu dugc. Cudi cing, Phan 4 tong hop
nhitng doéng gdép khoa hoc chinh cua bai bao
va dé xuat hudng phat trién trong tuong lai.

2. PHUONG PHAP NGHIEN CUU

2.1 Thuat toan NRBO

Thuét toan NRBO [11] la mt thuét toan
t6i vu metaheuristic dya trén nén tang quan
thé, két hop giita phuong phap Newton-
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Raphson ¢ dién véi cac chién lugc tim kiém
ngau nhién trong khéng gian nghiém. Diém
noi bat cua NRBO la kha ndng tich hop linh
hoat gitra ky thuat khai pha khéng gian c6
dinh hudéng nho thong tin dao ham va co ché
tranh by cuc tri cuc b hiéu qua. Diéu nay
dugc thuc hién thong qua hai thanh phéan
chinh: Quy tic tim kiém Newton-Raphson
(Newton-Raphson Search Rule - NRSR), thuc
hién céc bude dich chuyén c6 dinh huéng dé
nhanh chong khai thac vung nghiém tiém
ndng, va Toan tir trdnh bay (Trap Avoidance
Operator - TAO), dam bao duy tri da dang
quan thé bang cac budc nhay ngau nhién khi
xuat hién nguy co hoi tu sg’wm vao cuc tri cuc
bd. Nho két hop hai co ché nay, NRBO dong
thoi khai thac tot khong gian cuc b va kham
pha hiéu qua khong gian toan cuc, qua do
nang cao dang ké hiu suat hoi tu va do tin
cay trong céac bai todn toi uvu phuc tap.

2.1.1. Quy tdc tim kiém NRSR

NRSR 1a thanh phin quan trong nhat ctia
thuat toan NRBO vi n6 dinh huéng qua trinh
tim kiém dya theo phuong phip Newton-
Raphson. Thay vi yéu cau biéu thirc dao
ham chinh xac, thuat toan udc lugng dao
ham bac nhat va bac hai thong qua ca thé tdt
nhit va té nhat trong quan thé bang chudi
Taylor. Nh¢ do, thuat toan hoi tu nhanh hon
trong cac pha khai thac va tiép can nghiém
t6i uu nhanh hon.

Thuat toan bit dau bang khoi tao quan thé
cac nghiém ngau nhién nim trong pham vi
nghiém va sau d6 tién dan vé nghiém t6i wu.
Céc ca thé s& duoc danh gia stc khoé
(fitness), gitp xac dinh ca thé t6t nhit X} va ca
thé t& nhat X,,. Lan luot lap qua tung ca thé
trong quﬁn thé, ca thé phu s€ dugc tao theo
cac cong thie tir (1) dén (3) [11]. Trong dé:
X1, X2 X314 cac ca thé phu duge tao,
x"1a ca thé dang xét, randn 1a mot gia tri
ngau nhién theo phan phdi chuéan tic, a va
b1a hai sb ngdu nhién trong [0,1], #/ va r2 1a
hai s6 nguyén ngau nhién khac nhau.
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(1)

XU = LmnanZXE;: +);;) o )J+(ax(X,,—X,fT)+bx(X” XIT))
Ax 2)

X2 =Xb—[randn>< Eyw +§Z)X2Xx )]+(ax(Xb—X,{T>+bx(X,IIT—X,{g))
X3 =X —ox(Xx2) - x17) 3)

Céc gia tr1 dung trong vi¢c xay dung cac
cong thirc (1) toi (3) dugc tinh theo cac cong
thure tir (4) dén (8) [11]. Trong do y, va y,la
vi tri cua hai vector taoratlr Z, ., va x,,va r,
thé hién mot sb ngiu nhién trong khoang (0
;1), Mean 1a phép toadn lay trung binh cong cac
vector, X, vd X lan lugt 1a c4 thé t6t nhat va
c4 thé t& nhat trong quan thé nghiém, dim 1a
s0 chiu cua vector bién s6, ¢ la h¢ s6 dap

ing, IT la sO 1an 13p hién tai va Max IT 1a s6
lan lap tdi da.

vy =1 x(Mean(Z,,,+x,)+1xAx)  (4)

n+l

yb:rix(Mean(Zn#—l-i_xn)_rlXAx) (5)

(X,-X,)xAx 6
2><(XW+X,7—2><xn) (©)

Z ., =x,—randnx

Ax:rand(l,dim)x‘Xb -xr (7)
21T \Y
MaxIT

Cudi cung, ca thé s& dugc cap nhat cho lan
cap nhat tiép theo nhu ¢ cong thire (9):

x =r2><(r2><X1,11T+(1—r2)><X2ff)

+(1—r2)><X3iT )
2.1.2. Todn tir tranh bdy TAO
Toan tir TAO d3 dugc thém vao NRBO dé
dbi pho véi cac bai toan ki thuat. Khi sir dung
TAO, ca thé x'"™' ¢6 thé bién d6i manh tao ra

nghiém X}, gitip ting kha ning tng pho voi
cac rang budc bai toan. Gia tr1 X ;AO duoc tao
khi gié tri rand bé hon hé s6 DF cho truéc,
diéu nay nghia 1a DF chinh 1 x4c suét dung
TAO, nhu ¢ (10) va (11) [11]:

Xiio =X +6x( 14 x5, < X))

+¢92><5><(MxMean(X’T)—,uzxX:T), (10)
i, <0,5

Xrio = xb+91><(ﬂ1xxb Hy X XIT)

+6’2x5><(,ul><Mean(X1T) My X X[T), (11

M 20,5
X -8,
Trong d6 6, va 6,1a hai s6 ngiu nhién
va (-0,5;0,5),

4, va 1,13 hai s6 ngiu nhién tao ra theo
cong thuc (12):

3xrand,if A<O, 5
H =

lan luot trong doan (-11)

L 1fA>05 .
B rand,if A<0,5 (12)
2711 ifax0,5

Trong d6 rand vaAla mot s6 ngau nhién
trong doan (0;1).

Nho vao nhiéu tham s6 ngiu nhién ma cac
nghiém tao bdi TAO c6 sy da dang va giup
thoat khoi cuc tri cuc bd. Luu do cho thuat
toan NRBO thé hi¢n ¢ Hinh 1.

2.2. Xay dung bai toan phan cum NRBO
2.2.1. Bai todn thoi gian cdt ro2le
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Role duge xem xét 1a loai ki thuét sd, co
cac théng sb chinh dinh 13 gia tri lién tuc. Pac
tinh thoi gian duoc st dung theo tiéu chuan
IEC, dugc biéu dién nhu (13).

B AxTMS

B
(IFJ .
Ips XNy

Trong d6 ¢ 1 thoi gian tac dong (cét) cua
role, A va B lan luot lé’ 13,5 va 1 (dang VI,
IEC 255-3), TMS 1a h¢ s6 nhan thoi gian, /,.1a
dong dién su ¢ qua role va n, 1 ti s bién
dong (CT), I,¢1a dong dién khoi dong tinh
theo cong thirc (14):

I i
I :kxMax{c—”}

Rer

(13)

(14)
( Bat déu )

Nhan dau vao:
Np, Max_IT, DF

Khoi tao quan theé
Xac dinh fitness cua timg
ca the

—

Vong lap For n=1:Np

l

Tao Xnew tir Xn dwa trén quy
tac NRSR va thay thé Xn néu

¢6 fitness tot hon
Sap xép céc c thé dya trén

Sai
rand < DF?
gia tri fitness.

Xac dinh Xb va Xw Pung

Tao X_TAO tir Xn theo
quy tac TAO va thay the
Xn néu c6 fitness tot hon

I

Cap nhat Xb va Xw fe—

Puing

IT=IT+1

IT < Max_IT?

Tra vé nghiém t6i wu Xb
va fitness cuia né

Hinh 1. Luu d6 thuit toan NRBO
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Trong do, [,;1a dong dién khoi dong, k 1a
hé s an toan léy giatrila 1,2; Iéb la dong di¢n
cuong buc qua role trong cac kich ban xem
xét, n., la ti 1&¢ CT. Tuy nhién, /,; khong
nho hon 0,5.

2.2.2. Téi wu thoi gian cdt role

Muc ti€u ctia bai bao la xac dinh thong s6
chinh dinh role sao cho thoi gian gian cit role
1a nho nhét, xét trung binh cac role trén ludi
dién va xét trung binh céac kich ban van hanh.
Ham muc tiéu cua bai toan duoc thé hién qua
cong thire (15):

N,

or-ml 13( 150

s =1 n

(15)

Trong d6, OF 1a ham muc tiéu, N, 1a sb
kich ban, nr' 1a sb role duogc st dung trong
kich ban i, ¢ 1a thoi gian cat cia role thi /.
2.2.3. Rang budc cia bai todn t6i wu thoi gian role

Mic du cac role 13 loai ki thuat s, nhung
van co gidi han vé pham vi chinh dinh TMS
cho role. Cac rang budc vé pham vi nghiém
duoc mo ta & cong thuc (16):

™S, <TMS <TMS,__ (16)

Trong do6 cac gia tri TMS, . va TMS,  _co
gia tri 1an luot 13 0,05 va 2.

_ Bén canh do, role chinh va role du phong
can tac dong theo diung thir ty. Theo IEEE
242-2001, thoi gian phoi hop gitra role chinh
va phu duoc khuyén nghi 1a 0,2 giay. bicu
nay dugc mo ta & cong thure (17):

At=t,—t >CTI (17)

Trong d6 At 1a thoi gian phdi hop, ¢, 1a thoi
gian cat cta role chinh, t, 1a thoi gian cit cua
role du phong, CTI (Critical Time Interval) 1a
khoang thoi gian toi han bang 0.2 gidy.

2.2.4. Phan cum kich ban
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Khi cac kich ban duogc tdp hop vao mot
cum, bai toan tdi wu s& 4p dung cho tirng phan
cum dé tdi wu chinh dinh cho nhém SG ung
v6i cum d6. Diéu nay c6 nghia 1a myc tidu tdi
wu cua thuat toan s& 12 toi wu gid tri trung binh
thoi gian cdt chinh cia cc role c6 xem xét
dén tat ca cac kich ban & trong phan nhém
nay. Thém vao do, cac diéu kién va rang budc
ciia cic phan cum s& bao gdém tit ca diéu
khién va rang budc cta cac kich ban con bén
trong no.

Trong bai bao nay, nhém nghién clru sir
dung bién vecto dé thé hién cach phan cum
kich ban, dinh nghia ¢ (18):

G=[x,..%,... Xy ]VXEN,ISk<Ng  (18)

Ung véi mbi bién phan cum, cac gia tri
trung binh ciia mdi nhém SG duoc tinh toan
t8i vu doc 1ap véi nhau, cudi cung cho ra Kkét
qua téi wu chung cho tit ca kich ban. Nhu
vay, su dung bién phan cum nhu 1a cac ca thé
trong NRBO, thoi gian cit trung binh chung
1a gia tri d& danh gia cac bién phan cum, ta co
thé 4p dung thudt toan NRBO dé xac dinh
cach phan cym tot wu.

Trong d6 x, 1a mot sb tw nhién ngiu nhién
gitra 1 va s6 nhom N, N,la s kich ban. Gia
tri cua x, s€ xac dinh phan cum cua kich ban
thir k. Vi du cho bién phan cum (19) nhu sau:

G=[2,1, L1,1,6, 6] (19)

Néu bién phan cum dang xem xét nhu &
(19), thi c6 thé hiéu rang c6 tit ca 3 phan cum,
trong d6 phan cum 2 c6 mdt kich ban, phan
cum 1 ¢6 4 kich ban va phan cym 6 c6 2 kich
ban. Tuy nhién, dé han ché céc tinh toan thira
thai, cic bién phan cum s& dam bao c6 du sd
lugng phan cum nhu di xem xét, mdi phan
cum cé khong dudi 1 kich ban. Hinh 2 thé
hién so do nguyén 1y cua thuat toan phan cum
v toi wu NRBO.

Nhap tham s6 dau vao DP1.
N1, MaxItl, DP2. N2, MaxIt2

l

Khéi tao ngéu nhién quén thé
bién phan cum

Vong lap For It2=1:MaxIt2

Pua cac gia tri bién phan cym
trong quan thé méi vé trong
mién rang bude

Xac dinh cac cach phan nhom
dura theo gia tri mai bién phan
cum trong quan thé

Ap dung thuit toan t6i wu dé
xac dinh Ips va TMS tmg véi
moi cach phan cum

Ap dung chién_luqc_NRS_R va
TAO d¢ bién doi quan thé bien
phan cum

Dung

Lay thoi gian cit trung binh
chung lam gié tri fitness ca
quan thé phan cum

It2< MaxIt2?

Léy két qua bién phan cum va
01 wu img véi fitness tot nhat

Hinh 2. So d6 nguyén ly thuit toan
phan cum bang NRBO

3. KET QUA VA THAO LUAN
3.1. M6 phéng luéi dién

Trong dé tai nay, cac thuat toan duogc tham
dinh trén ludi dién thi nghiém chuan IEEE 8
nat [12] voi 7 duong day truyén tai, trong d6
cac ngudn DG duoc tich hop tai nat 1 va nut
6, cing mot ngudn ludi xem nhu ngudn ap 1y
tuong. Hé thong van hanh theo mé hinh mit
lu6i & hai cap dién ap 150/10 kV. Céc théng
s6 dudng ddy va thiét bj duoc thé hién chi tiét
o phﬁn Phu luc. Nham phuc vu muc ti€u
nghién ciru, hé thong duoc hiéu chinh tai vi tri
cac DG. Tai Bus 1, may phat Genl gbc duoc
thay bang cum hai may phat dong bo vai tong
cong suat khong d6i. Tuong tu, Gen2 & Bus 6
ciing phan tach thanh hai may phat dong bo
giit tong céng sudt nguyén ven. Bén canh do,
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moi may bién ap ban dau duoc chia thanh hai
may bién 4p song song van bao toan cong suét
dinh muc. Cac hiéu chinh nay dam bao so dd
phan phdi cong suat va dong dién ngin mach
ctia ludi khong thay doi so v6i cau hinh gdc.
Theo tiéu chi du phong N-1, mdi khi ngit
dién mot thiét bi trén ludi dién sé tao ra duoc
mot kich ban van hanh. Nhu vay, bay kich
ban tir KB1 t6i KB7 duoc tao ra khi cit dién
trén cac duong day, sé thir tu kich ban tmg
v6i duong ddy bi cat dién. KB8 1a khi ngudn
hé thdng ngat khoi ludi dién, tiac ludi dién bi
co lap voi luoi dién bén ngoai. Boén kich ban
dugc tao ra bang cach lan luot ngit may phat
Genl.1, Gen2.1 va may bién ap TI.1, T2.1.
Kich ban cubi cung KB13 1a kich ban van

63.75 MW £3.75 MW
Genl.l Genl.2
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hanh chinh, khi moi thiét bi déu hoat dong
binh thuong. Trén mdi dudng day truyén tai
s¢ c6 2 DOCR ngugc hudng nhau va dat hai
phia cuia duong day.

Nhu vdy sé& co tit ca 14 relay voi mdi relay
can xac dinh 2 gia tri chinh dinh d6 1a TMS
val,s . Mot nghién ctru cho thdy phan 16n cac
relay dugc dung trén thi trudong ngay nay
thuong c6 thé lwu giit tir 2, 4 hodc 8 SG.
Trong pham vi cua bai bao nay, sb luong SG
dugc sur dung s€ 1a 4, do d6 tr 13 kich ban
ban dau s& dugc chia vao 4 phan nhom khac
nhau, va céac kich ban cung nhém s€ st dung
cung thong s6 cua SG. So d6 mot soi cua ludi
dién dwoc thé hién & Hinh 3.

~
Bus7? e .
Lump2 ump:
72.111 MVA B0.623 MVA ﬂ MVAsC
T1
75 MVA T6 (% @
75 MVA
L Bus3
Bus4
B8 (CB1 B2 B3 —
Y Line2 Y CBg Line3
: — —> ™
R14 R2 Ro R3 R10
[ Wt Line4
Line7?
—{ ¥
R1 R7 s
CB7

e cBi1

Bus2 .
—
CB13 B85
Line5s
— 1)
B} ¢ e = T
@/ R13 Lineb Lumpd
L.:l;g; VA, — @ B6.023 MVA
- RS

63.75 MW
Gen2.2

Hinh 3. M6 phéng mang dién thir nghiém IEEE 8 nit
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3.2 Két qua mo phéng

Thuat todn NRBO s€ duoc st dung cho ca
hai nhiém vu: phan cum va t6i wu. Dbi voi
phan cum, cac tham sb cai dat cho cho thuat

sanh véi két qua thuét toan Kmeans-LP trong
[8] va khi chua phan cum.

Bang 1. Két qua phan cum

o o - . cuia thuat toan NRBO
toan la: DP1—0,6, NI—ZO, MaXItlr—3O bo1 SG1 SG2 SG3 SG4
vo1 thuat toan NRBO stir dung cho t6i uu, céac KBS KB1 KB7 KB4
tham sé lan lugt 1a DP2=0,6; N2=10000, KB13 KB2
MaxIt2=200. Két qua thu dugc thé hién & gg
Béang 1 cho thdy cach phan cum céc kich ban KB6
sau khi chay thuat toan phan cum. Bang 2 thé KB9
hién thong s6 chinh dinh role cua thuat toan. KB10
Hinh 4 tong hop thoi gian cit role trung binh KBI11
ciia mdi role thuat toan NRBO, ddng thoi so KBI2
Bang 2. Thong s6 chinh dinh role cho cic nhém SG theo thuit toAn NRBO
SG1 SG2 SG3 SG4
Relay
TMS PS TMS TMS PS TMS PS
1 0,4184 0,5 0,5229 0,9073 0,5 0,4157 0,5
2 0,413 2,144 0,1225 4,284 0,3924  2,0735 0,1046 3,461
3 0,4965 2,118 0,1004  5,1667 04788  2,1338  0,0507 4,5803
4 0,7399 0,5 0,1932 1,637 1,3741 0,5 X X
5 0,461 0,5 0,4113 0,5 1,0651 0,5 X X
6 0,6999 0,552 0,4765 1,128 1,1918 0,5 0,5691 0,745
7 0,6961 1,333 0,3001  2,0888 X X 0,3911 1,502
8 0,7146 0,681 0,5078 1,4092 0,5 0,8117 0,595
9 0,7851 0,5 0,6902 0,5 1,6907 0,5 0,9358 0,5
10 1,0667 0,5 0,3436 1,375 1,9722 0,5 0,7663 0,5
11 0,4695 1,52 0,1324  3,3615  0,6325 1,512 X X
12 0,4245 2,197 0,1457  4,2805 0,4975  2,1765  0,5969 1,56
13 0,562 0,5 0,5142 0,5 1,1277 0,5 0,4928 0,5
14 0,8264 0,5 0,3424 1,416 X X 0,8682 0,5
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Thoi gian cdt trung binh trong méi kich ban clia thuat toan Kmeans-LP va NRBO

-
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Hinh 4. Thoi gian cit trung binh ciia thuit toan Kmeans-LP va NRBO

3.3. Thao luan

Két qua nghién ctru cho thiy rang khi ap
dung thuat toan phan cum va t6i vu NRBO,
thoi gian cit trung binh chung cua céc role thu
duoc la 0,4773 gidy. So voi phuong phéap
phan cum str dung thuat toan Kmeans-LP dua
trén chi s AV+SD (Average va Standard
Deviation) trong [8] voi thoi gian 0,5056 giay,
két qua nay da cai thién khoang 5,6%. Khi so
sanh véi truong hop khong thuc hién phan
cum, thoi gian cdt trung binh 1a 0,5901 gidy,
thi phwong phap NRBO di cho thiy su cai
thién déng ké 1én t6i 19,12%.

Céac két qua dat dugc phan anh rd uvu thé
cua viéc két hop phan cum va toi wu hoa
thong sb role thong qua thuat toan NRBO so
v6i phuong phap phan cum Kmeans két hop
LP cting nhu phuong an khong thuc hién phan
cum. Ly do chinh cho su cdi thién 1o rét vé
thoi gian cit trung binh nay xuét phat tir kha
ning phan nhom linh hoat cia NRBO, vén
truc tiép dua trén tiéu chi tdi wu hoa thoi gian
tac dong cua tung nhoém SG. Thay vi dya trén
cac tiéu chi phan cum thong thuong nhu thoi
gian chuin role cta cac kich ban, thut toan
NRBO thuc hién déng thot vi¢e phan cum va
t6i uu hoa, qua d6 tim kiém cau triic phan
nhém phu hop nhét gitp tdi thiéu hoa tong
thoi gian tac dong role trong hé théng. Hon
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ntta, NRBO thuéc nhom cac thuat toan
metaheuristic dang quan thé, c6 kha ning
vuot trdi trong viéc tham do khong gian tim
kiém mot cach toan dién, han ché hién tuong
hoéi tu cuc by thuong gap & cadc phuong phap
dua trén lap trinh tuyén tinh thong thuong
nhu LP.

4. KET LUAN

Trong nghién ctru nay, bai toan phén cum
va t6i wu phdi hop role qua dong c6 huong
trong ludi dién phan ph01 duoc thuc hién
thong qua thuat toan téi vu NRBO, dong thoi
tién hanh danh gia, so sanh véi hai trudng hop
khac 1a khong phan cum va st dung thuat toan
két hop Kmeans-LP. Luéi dién IEEE 8 nit
duoc mo phong va phan tich véi 13 kich ban
van hanh va chia thanh 4 cym tuong ung véi 4
bd thong sb cai dit cua cac nhom SG. Két qua
thu duoc chi ra rang thuit toan NRBO cho
hiéu qua tdt hon trong viéc phan cum cac kich
ban va giam thoi gian cit trung binh cia role,
ddng thoi vin dam bao cac rang budc dit ra
trong mdi kich ban. Nghién ctru trong tuong
lai c6 thé hudng dén viéc mé rong tmg dung
thuét toan cho cac ludi dién c6 céu tric phic
tap hon, hodc nghién ctru tich hop thém cac
cong cu tdi uu hoéa nhim muc tiéu cai tién
thuét toan NRBO, cho ra két qua tdi wu thoi
gian phdi hop tbt hon.
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APPLYING THE NRBO ALGORITHM FOR CLUSTERING PROTECTION RELAY IN
DISTRIBUTION NETWORKS WITH INTEGRATED DISTRIBUTED ENERGY RESOURCES

ABSTRACT

This paper proposes a clustering and optimization approach for coordinating directional overcurrent
relays in distribution networks integrated with distributed generation (DG). The Newton Raphson Based
Optimization (NRBO) algorithm is employed to effectively group operating scenarios under the N-1
contingency, aiming to minimize the average operating time of relays across all scenarios. The algorithm
is then applied to compute the optimal relay setting parameters for each Setting Group (SG), thereby
enhancing relay protection performance while ensuring coordination constraints are met. The
effectiveness of the proposed method is demonstrated on the IEEE 8-bus distribution system. The results
show that the relay operating time is reduced to 0.4773 seconds, achieving a 19.12% improvement
compared to the pre-clustering configuration. This contributes to mitigating risks to both personnel and
equipment during fault events.

Keywords. Adaptive Protection, Distributed Networks, Kmeans Clustering, NRBO, Overcurrent Protection

Phu luc
Béng 1. Pac tinh dwong diy cia lwéi dién IEEE 8 nut [11]
Cap dién ap Chiéu dai
Bus-Bus (V) R (©2/km) X (2/km) Y (S/km) (km)
1-2 150 0.004 0.05 0 100
1-3 150 0.0057 0.0714 0 70
3-4 150 0.005 0.0563 0 80
4-5 150 0.005 0.045 0 100
5-6 150 0.0045 0.0409 0 110
2-6 150 0.0044 0.05 0 90
1-6 150 0.004 0.05 0 100
Béng 2. Dir liéu may phat cua Bang 3. Dir li¢u may bién ap ciia
lugi dién IEEE 8 nit [11] ludi dién IEEE 8 nit [11]

Bus S(MVA) Vn(kV) X (%) Bus- MVA K Vs (k X
7 150 10 5 us-bus S ( ) Vp(kV) s (kV) (%)
8 150 10 15 1-7 150 10 150 4

8-6 150 10 150 4
Béng 4. Dir liéu phu tdi ciia lwdi dién IEEE 8 nit [11]
Bus P (MW) Q (MVAr)
2 40 20
3 60 40
4 70 40
5 70 50
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