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1. GIOI THIEU

Piéu phéi role 1a mét trong nhitng
van d¢ 16n dugc quan tdm nghién cuau

Tom tit

Trong hé thong dién, tinh ndng quan trong nhdt cia thiét b
bao vé la hoat dong trong tinh trang khong bznh thwong dé dam
bdo cach ly hoan toan giita phan khéng cé suw cé dién va phan bi
sw ¢6 dién. Chirc nang nay nham dam bdo dé tin cdy cua hé
théng dién. Dé ndang cao do tin cdy va hi¢u suat cia hé théng
dién, diéu phéi role dwoc thuc hién voi viée cai dat thoi gian
hoat déng t6i wu. Role qud dong duwoc sir dung trong khi hedi
dién c6 nhiéu hon mét nguon dwoc két néi, role qud dong cé
huong dwoc sir dung chi hoat dong khi dong dién su c6 chay
theo mgt huong xdc dinh cia role. Muc tiéu chinh cua bai bao
nay la xdc dinh cai dat t6i wu cho cdc role trong cdc kiéu mang
khac nhau bang cdch sir dung Thudt todn Firefly (FA) va Ldp
trinh tuyén tinh (LP) cho viéc tim kzem 16i wu tham sé cai ddt
thoi gian phoi hop bdo vé. Két qua t6i wu diege tim ra cho cdc hé
théng thir nghiém trong méi triong matlab.

Abstract

In an electrical system, the most important feature of
protective equipment is to operate under abnormal conditions to
ensure the complete isolation between the parts without
electrical faults and those with electrical faults. This function
aims to guarantee the reliability of the electrical system. To
improve the reliability and performance of the electrical system,
relay coordination is conducted with optimal uptime settings.
Overcurrent relays are used in case the electrical grids have
more than one source connected, directional overcurrent relays
only operate when fault currents flow in a specified direction of
the relays. The main objective of this paper is to determine the
optimal settings for relays in different network types by using
Firefly Algorithm (FA) and Linear Programming (LP) for
optimally finding parameters of time settings in coordination
with protection. Optimal results are found for the systems tested
in Matlab environment.

trong linh vuc bao vé hé théng dién. bé
cai thién tinh 6n dinh va tinh san sang
cua hé thong, hé thong chuyen tiép phai
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hoat dong theo cac dac tinh nhu dd tin
cay, do chon loc, do nhay, kha nang phan
biét, téc do, v.v. dé tdi uu hoa thoi gian
hoat dong. Hé thong role phai hoat dong
nhanh nhit cé thé ddi véi céc bat thuong
xay ra trong luéi dién dé dam bao it thiét
hai nhét cho hé théng dién ciing nhu cho
nguoi tiéu dung.

Bao vé chinh trong hé thdng phan
phdi dién chia yéu két hop voi role qua
dong. Chirc nang bao vé qua dong cua
role ciing dugc sir dung nhu mot bién
phap bao vé dy phong trong cac hé théng
truyén dan dién. Cac role nay duoc thiét
ké dé hoat dong nhanh chong, khéng bi
truc tric, nho d6 bd ngit mach cach ly
phan bi sy ¢ khoi luéi dién. Diéu nay
cho thay tam quan trong cua van dé phdi
hop role.

Cac role dugce diéu phdi theo céch
ma toan bo hé théng sir dung kha ning
bao vé ciing nhu du phong dé cai thién
hiéu suat va do tin cay cua hé théng.
Hoat dong tdi uwu cua role dugc X4c
dinh bang céch sir dung cai dat thoi
gian hoat dong téi uu cho role. Piéu
phéi role dugc thuc hién theo ba
phuong phap khac nhau l1a (I) Diéu
phéi theo thoi gian (1) Phéi hop theo
cuong d6 dong dién va (III) Diéu phdi
theo ca cuong d6 dong dién va thoi
gian. Trong s cac phuong phap nay,
phuong phap cudi cing duoc s dung
dé diéu phol hiéu qua cac role nham
tranh sy c6 anh huong téi role ciing
nhu theo thoi gian hoat dong ¢ dinh
duogc xac dinh trudc.

Hé thong role nhu Hinh 1, role bao
vé chinh (RL1) phai hoat dong nhanh
nhat c6 thé ddi vai su ¢b F1 trong ving
bao vé. Néu role khong hoat dong do
su ¢b trong ving, thi sau mot thoi gian
role ctia phan 1an can tir phia nguon sé

hoat dong (RL2). Pay dugc goi la bao
vé du phong [1]. Bao vé du phong hoat
déng sau mot thoi gian, dugc goi la
Thoi gian phdi hop téi thiéu (MCT -
Minimum Coordination Time). Thoi
gian nay la do thoi gian hoat dong cua
cau dao, thoi gian phat hién ro le va
mot s6 hang sé ngiu nhién dé dam bao
phan biét gira bao vé chinh va du
phong.
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Hinh 1. So do dwong day hinh tia

Gan day [2] da xuédt ban mot bai
b4o cho cling mét vin dé véi Thuat
toan dom dom - Firefly. Ky thuat Lap
trinh tuyén tinh dwoc [3-5] thuc hién
trén cac cau hinh khic nhau ciing nhu
cac nén tang md phong khac nhau. Ky
thuat 1ap trinh tuyén tinh 12 mot trong
nhitng ky thuat téi wu hoéa dugc sir
dung thuong xuyén va dé thuc hién.
Gan day [6] d3 xuat ban mot bai béo sir
dung thuat toan Seeker cho cung mot
van dé. Thuat toan di truyén ciing dugc
thuc hién trén cling mot bai toan dé tim
ra thoi gian hoat dong tdi uu cho céc
cau hinh khac nhau [7, 8]. Thuat toan
dan ong nhan tao dugc thyc hién boi
[9] cho cé&c nghién ciu phdi hop bao
vé. Cac Ky thuat Tién hda khac cy thé
la GA lai va GANLP lai cling dugc ap
dung cho cung mét van dé tuong tu
[10, 11]. K§ thuit NM-PSO duoc s
dung dé tim ra thoi gian hoat dong tbi
thiéu [12].

Y tudng chinh cua thuat toan Meta
heuristic 1dy cam hang tir muc tiéu noi
trén duoc tham khao tir [13] dé tim ra
giai phép téi uu cho bai toan tbi wu hoa
nay.

-24-



Tap chi Khoa hoc, Truong Pai hoc Tién Giang

S6 10/2021

2. NOI DUNG NGHIEN CUU

2.1. Phan tich bai todn phéi hep
bdo vé role

Thuat toan dwoc diéu chinh boi
cac gia dinh nhat dinh rat can thiét de
thuc hién thuat todn nay cho cac
nghién cuu dicu phoi mot cach hiéu
qua. Nhing diéu nay lam co sé cho
mot so cbng thac trong nghién cau
nay.

Céac gia dinh nhu sau:

- Tat ca nhitng con dom dom la
khéng gidi tinh nén chdng thu hat
nhiing con dom dom khac khong xét
t&i gidi tinh caa chdng.

- Po hap dan ty 1& thuan véi do
sang va ty I&€ nghich vai khoang céch.

- b6 sang dugc xac dinh boi ham
muc tiéu cua no.

Diéu d6 twong dong vai:

- Tat ca céc role s& dugc phdi hop
c6 cung mot dac tinh.

- Thoi gian hoat dong ty I¢ nghich
véi d6 16n sy ¢o va ty 1€ thuan vai thoi
gian hoat dong dugc cai dat.

- Thoi gian hoat dong duoc X&c
dinh bai cac thdng so6 cai dat role.

Céc cdng thuc dugc xem xét trong
[13] @& hiéu chuyén dong cua dom
dém cho ca khéng gian tim kiém cuc
bo va toan cau.

2.2. Phén tich céng thac
2.2.1. Ddt van dé

Muc tiéu chinh cua nghién cuau nay
la tim ra thoi gian tac dong toi thiéu dé
role tac dong nhanh khi ¢é sy ¢c6 nham
tranh hu hong qué mtc va ciing nham
nang cao hiéu suat va dé tin cay cua hé
thong. Bé tim ra thoi gian hoat dong
toi thiéu, bai toan phoi hop co6 thé duoc

xay dung dudi dang bai toan tdi wu hoa
rang budc tuyén tinh hoic bai toan phi
tuyén. Dé giam do phuc tap trong giai
phap cua bai todn nay, ching ta cé thé
xay dung né dudi dang bai toan tdi wu
hoa tuyén tinh trong d6 hé s nhan
duoc giit khong doi va thoi gian hoat
dong 1a mot ham tuyén tinh theo cac hé
sb cai dat va thoi gian. Vi vay, tong
thoi gian hoat dong cua cac role duogc
két ndi trong ludi dién 1a ti thiéu theo
phuong trinh muc tiéu:

.
i=1

2.2.2. Dac tinh Role

Dé bao vé duong truyén tai dién,
cac role khoang cach cling nhu role
qua dong duoc sur dung. Dé bao vé cac
role dién khang dudng truyén ngan
duoc st dung, cac ro le trg khang dung
cho duong truyén trung binh va cac ro
le mho cho dudng day truyén tai dai.

Tét ca cac role nay c6 dac tinh thoi
gian nghich dao dugc cho boi cong
thuc:

(1)

-2 spsicC

o = fpsm 1 2)

Trong do:

a, b, C la hang sb

T,, 12 Thoi gian hoat dong

TDS la Thoi gian chu ky cai dat
(Time Dial Setting)

PSM 1a Hé sé nhan duoc xac
dinh theo cong thuec:
PSM = (I, / |

Cac hang sé dung phéi hop theo

cac dac tinh cua role tham khao theo
bang dudi day [14]:

MW)
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Bdng 1. Hé sé Role

Relay characteristics

Hé s6 Relay

a b C
Normal inverse 0,092 0,02 0,149
Very inverse 18,92 2,0 0,492
Extremely inverse 28,08 2,0 0,13
IDMT 0,14 0,02 0,0

2.2.3. DPuong dac tinh Role
Dé bao vé duong truyén

Céic duong dic tinh Ro-le

08
07}--X
- 06} \\ . .
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Hé s nhan dong dién
Hinh 2. Bac tinh Role
Dbi voi nghién ctu trong bai bdo hop toi thieu (MCT - Minimum

nay, chung t6i da xem xét cac dac tinh
cuia role IDMT (Inverse Definite
Minimum Time) cho role qué dong.
2.2.4. Hang so thoi gian phéi hop

Céc tiéu chi cho sy phéi hop téi wu
cua role dugc diéu chinh béi cac rang
budc dugc dua ra dudi day:

T, T ovimary = MCT (3)

Trong d6, (3) thé hién thoi gian sai
léch gitra bao vé du phong va bao vé
chinh phai téi thiéu 1a Thoi gian phdi

ackup

Coordination Time). MCT thuong duoc
lay tir 0,2 dén 0,5. Trong nghién cau nay,
chiing t6i da coi gia tri caa MCT 1a 0,2s.
2.3. Gidi thugt 1@p trinh tuyén tinh
Phuong phép 1ap trinh tuyén tinh Ia
mot trong nhitng phuong phap duoc su
dung nhiéu nhat dé tdi wu hoa bat ky véan
dé nao. Trong phuwong phép nay, céc
rang budc duoc xir Iy nhu mot ham tuyén
tinh va do d6 cong thirc cua bai toan toi
wu héa dugc coi 1& mot bai toan sd
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nguyén hdn hop tuyén tinh (linear mixed
integer).

Trong nghién cau nay, chdng toi coi
cai dit hé sé nhan cua role 1a c6 dinh
(cac hé sb a, b, PSM la hing sb), khi do
thoi gian hoat dong duoc coi la mot ham
tuyén tinh cua Thoi gian cai dat (Time
Dial Setting - TDS) cua role.

a

K=e—M (4)
(PSM)’ -1
Khi d6, thoi gian phdi hop bao vé
dugc mo ta ngan gon la:
T, =K*TDS+C (5)

Bai toan phdi hop role duoc coi la
bai toan toi wu hoa rang budc cO gidi
han.

Start

v
| Binh nghia ham muc tiéu f(x) |

v

| Kh&i tao quan thé |

v

Xac dinh cuwong dé anh sang va xac
dinh hé s8 hap thu anh sang

While t< Max Generation
For i=1:n v&i toan bé n dom dém
For j=1:1 v&i toan béd n dom dém

For |; > |

T, 2Ty

op(min) —

>T

op(max)

(6)

Phuong phap nay la mot trong
nhitng phuong phap théng thuong va
manh mé& nhat. Viéc thuc hién phuong
phap nay rat don gian va d& hiéu. Chung
tbi xay dung cong cu dua trén
MATLAB.

2.4. Thudt todan dom dom (Firefly)

Thuat toan Firefly duoc ldy cam
hing tu thién nhién Thuat toan heuristic
Meta duoc phat trién boi Xin She Yang
vao cudi nam 2007-2008. Thuat toan nay
gidng nhu t6i wu hoa bay hat va dua trén
hanh vi nhap nhay cua dom dém. Luu do
cua thuat toan nhu sau:

D6 hap dan thay d8i theo cap s&
Nnhan v&i khoang cach r

Panh gid cac gidi phap mdi va cap
nhat Cuyong|dd anh sang

K&t thuc forj
K&t thuc for i

X&p hang nhirng con dom dém va
tim ra k€t thudc t8t nhat

v

Pang k€t qua qua trinh va hinh anh

C D

End

Hinh 3. Luru do thugt todn Pom dém (Firefly)
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Thuat toan dom dom — Firefly, khoi
tao mot bﬁy dom dém vai sd luong dom
dom xac dinh & vi tri ngau nhién trong
khéng gian tim kiém n chiéu. Khong
gian tim kiém nay duoc diéu chinh boi
s6 luong role duoc két ndi trong mot
ludi dién. Vi tri cia dom dom nay cho
thiy giai phap tiém ning cho van dé tdi
uu hoa trong khéng gian tim kiém cuc bo
hoic toan cuc. Do sang 1a mot chi sé vé
gié tri thé chat ciia mdi con dom dom.

Mdi con dom dém bj thu hit vé phia
con tuong d6i sang hon. Va do do, su
hip dan giita cac dom dém duoc dinh
nghia Ia mot ham ciaa do sang. Vi do
sang cling la mot ham phy thudc vao
khoang céch gitra hai con dom dom. Do
d6, do hap dan 1a mot ham cua do séng
cing nhu khoang cach. Van toc di
chuyén cua mdi con dom doém vé phia
sang hon phu thudc vao do hap dan. Vi
no la mot phuong phap 1ap lai nén céac
gia tri cua do sang va do hap dan dugc
tinh toan va cap nhat sau mdi lan lap.
Tuy thudc vao cac gia tri cap nhat nay, v
tri cia cac con dom dom trong mot
khong gian ngau nhién s& duoc cap nhat.
Vvong lap theo s lan lap lai dugc xac
dinh trude hodc khi dat du s6 luong cac
con dom doém hoi tu dén vi tri tot nhat co
thé trong khdng gian tim kiém n chiéu.

X (k)=

Trong d6 a 1a hé sé chuyén dong
ngau nhién. Mot o 1én hon cung cap
khong gian tim kiém toan cuc, khi gia tri
nho hon s& hién thi khdng gian tim kiém
cuc bo. B dugc gidi han trong khoang tur
0 dén 1. Néu B duogc giit & muc 1, thuat
toan tao ra giai phap trong khéng gian
tim kiém cuc bo noi con dom dém sang
nhat xac dinh hoic phan loai vi tri cua

X (k=1)+ 8 (% (k-1)-

Mot con dom dom duoc xac dinh
boi mot vecto trong khong gian n chieu:

X, =[ X} X2 X (7

Trong d6 n biéu thi kich thuéc cua
khong gian tim kiém. Khéng gian tim
kiém duoc giagi han bai cac rang budc:

X*(min) < X* < X* (max) (8)

Dén sb ban dau ctia dom dém dugc
diéu chinh boi phuong trinh sy phan bo
deu:

X = X*(min)+(X* (max)—X*(min))*random

9)
Trong d6 random la mot ) ngﬁu
nhién tr 0 dén 1, duoc lay tir phan phoi
dong deu.
Do hap dan cia Pom dém thir i va j,
Bij, dugc xac dinh baoi:

ﬂij :(ﬂmax,i,j _ﬁmin,i,j)exp(_eri,j )+ min,i, j
(10)
Trong d6 r,j la khoang céch
Descartes gitra dom dom thir i va thir j.
Néu cuong do anh sang cia dom
dom thr j nhiéu hon cuong d6 ctia dom
dom tht i, thi dom dom tha i di chuyén
vé phia dom dom thir j sang hon va vi tri
caa no tai lan lap thar k duoc dam bao
bang phuong trinh sau:

X; (k-1))+a(random-0.5) (11)

nhimg con dom dém khac. Néu duoc giir
& muc 0, n6 s& két hop tim kiém cuc bo
ngau nhién theo cach hop tac.

Tham sb Y xéc dinh su thay doi cua
muc d6 hap dan véi khoang cach trong
khong gian tim kiém. Néu n6 la 0 thi
thuat toan twong tu PSO; va néu né 1a o
thi d6 hap dan bang 0, hién thi tim kiém
ngau nhién hoan toan. Cudi cing, thuat
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toan nay hién thi két qua tt nhat so voi
cac phuong phép khac.
3. KET QUA VA MO PHONG

Mot lu6i dién don tuyén (nhu Hinh
4) 1a mot hé thdng don gian, trong do
dong dién chi chay theo mét hudng.
Chiéu cua dong dién tir ngudn dén tai
trong mang dién. Vi dong dién chi chay
theo mot hudng, nén role dugc dat
khong c6 bat ky dac tinh c6 hudng nao

c6 nghia 1a role 1a loai role qua dong
khong huéng co dic tinh Thoi gian ti
thiéu xac dinh nguoc (Inverse Definite
Minimum Time - IDMT). Méi role c6 bd
ngat mach riéng dé cach ly phan bi sy ¢b
vé6i phan con lai dé tranh hu hong qua
muc trong trudng hop xay ra sy cd, vi
du: Role 03. Néu ro le dé khong hoat
dong thi ro le cAp trén (Rowle 02) bao vé
dyu phong.

| Phan doan 1 Phan doan 2 | Phan doan 3
Nguo / Vi
be —TH-0 m-e -0 L
udi tri su
Role 01 Role 02 Role 03 7 cb
trop= 05 gléy trRop= 0,25 gléy tr op= 0 g|éy

Hinh 4. LBPP duwoc béo vé béi 03 thiét bi Role, va vi tri su ¢é xay ra trén phan dogn 3

Trong truong hop tha nghiém nay,
duoc coi 1a truong hop dong su ¢b ngay
bén ngoai bus A va bus B lan luot la
5000 A va 4000 A. Dé don gian, cai dat
phich cam caa mdi ro le duogc coi la 1.
Ty 1€ CT & xe buyt A va xe buyt B duoc

liy tuong ung la 500: 1 va 400: 1. Thoi
gian hoat dong téi thiéu cho mdi role
duoc coi 120,25 va toi da 1a 1,2s. MCT la
0,25s. Tinh toan cho hang sé6 K duoc
thuc hién bang cach sir dung (4) va lap
bang:

Bdng 2. Hé sé K cua cdac Role

STT Vitriswco

Role 01- hé s6 K Role 02 —hé¢ s6 K Role 02 — hé s6 K

Gitra Role 01 va

1 Role 02 2,91
Gitra Role 02 va
2 Role 03 3,296

3 Sau Role 03 3,54

2,97 -

3,296 2,97

Bdng 3. Két qud tinh todn TDS

Role TDS  Tinhtheo Tuyén  Thuét toan Pom
tinh - LP dom - FIREFLY

RO1 X1 0,136 0,0980

R02 X2 0,067 0,0653
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Hinh 5. Két qua phai hop bado vé 3 Role sir dung thudt todn Pom dém- Firefly

4. KET LUAN

Bai toan phdi hop role tdi wu duoc
giai quyét bang Thuat toan Firefly nhu
Hinh 3. C6 mot s6 ky thuat t6i wu hoa
hién dai khac cd thé dugc chang minh 12
hitu ich di dugc d& cap trong tai liéu
tham khao. Thuat toan tuwong ty co thé
duoc sir dung cho cac cdu hinh khac
nhau va ciing cho cic mang phan phdi
khac nhau. Trugc khi ung dung, nguoi ta
phai hiéu ring cac nhu ciu co ban cua
ung dung khong bi anh huong. Ban than
thuc tinh Meta-heuristic goi y rang ban
phai thu va tim ra thuat toan nao phu hop
nhat Voi ung dung va cung cap giai phéap
gan nhu tdi uu.
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