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ABSTRACT

The Matlab App Designer was used to design the fault location simulation
program for power transmission lines. The impedance-based methods are
applied to determine the fault location on the transmission line via the
voltage and current measurements at the single and double ends of the
line. This program can be applied to several voltage level transmission
lines, and it can be used to simulate four fault types with different fault
locations and resistances along the line. Moreover, the program is packed
to the *.exe file, so it can be installed into any computer without the
Matlab software. The simulation results of the 220 kV and 110 kV
transmission lines are studied to investigate the performance of the
designed program. The simulation results showed that the program works
effectively and correctly.

TOM TAT

Matlab App Designer duwoc iing dung trong nghién ciru dé thiét ké chirong
trinh mo phong dinh vi sw co trén dwong day tai dién. Cac phwong phdp
duge sir dung dé xdc dinh vi tri sw c6 dira trén cdc phwong phdp tong tro.
Cdc phwong phap do sw dung div liéu do luong dién dp va dong dién tir
mot va hai ddu duong ddy. Chwong trinh dugc thiét ké trong bai bao nay
mang tinh tong qudt cao, cé thé ap dung cho nhiéu duong day cap dién
ap khac nhau, khdo sat toan dién cho bon dang su co ngan mach tai cac
Vi tri va tong tré sw ¢ thay doi doc theo chiéu dai dwong ddy. Ngodi ra,

chuong trinh mé phong dwoc déng géi thanh file chay *.exe nén cé thé
cdi ddt ¢ bat ky mdy tinh ma khéng can thiét phdi ¢ phan mém Matlab
dé tién hanh mé phong. Truong hop nghién ciru doi véi dwong day cdp
dién ap 220 kV va 110 kV dwoc dp dung dé khdo sdt va danh gid chwong
trinh da thiét ké. Cac két qua mé phong di cho thdy dwoc chwong trinh
lam viéc hiéu qua va chinh xdc.

1. GIOI THIEU

Trong qua trinh van hanh hé thong dién, ngan
mach 1a mot dang su ¢6 khong mong mudn xay ra,
khong thé du doan trude va duge gy ra bai nhiéu

nguyén nhan khac nhau (Hung & Huén, 2021; Saha
etal., 2009). Su cb nay rat nguy hiém trong hé thong
dién vi c6 thé gy ra nhitng hau qua rat nghiém
trong. Hon nira, véi dac diém trai dai trén dién rong
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va di qua nhidu ving ddi nai v6i mat do giong sét
cao nén dudng ddy truyén tai dién 1a mot phan tir
chiu nhiéu sy ¢ ngan mach nhét trong hé thong dién
(IEEE Standard, 2014; Mosavi & Tabatabaei,
2016). Vi dic diém dia hinh ddi ndi phtc tap nén
viéc phat hién va dinh vi chinh xéc su ¢4 trén duong
day tai dién s& gép phan tao ra diéu kién nhanh
chong va thuan lgi hon trong cong tac tim kiém va
khic phuc su cd qua do giap giam thiéu thoi gian
gian doan cung cap dién, nang cao do tin cay cua hé
thong dién. Néu khong phat hién, bao vé va khic
phuc kip thdi cac su ¢ ngan mach thi né co thé gay
ra nhitng hau qua nghiém trong ddi véi hé thong
dién (Maner & Lavand, 2018). Do d6, xac dinh dugc
vi tri su ¢b trén duong day tai dién ngay cang can
thiét va cdp bach, giup nhanh chéng xac dinh vi tri
su ¢d dé dua ra két qua chinh x4ac nham rit ngan thoi
gian cat dién, sira chira va tiét kiém chi phi nhan
cong (Reis et al., 2021).

Pé xac dinh diém su ¢ trén dudng day truyén
tai, ching ta c6 thé dya vao thong tin ghi khoang
cach diém sy c6 cua bao vé khoang cach, nhung sai
s6 thuong 1a rat 1on. Vi vy, chiing ta phai két hop
rai quan, bang rung, 16i sudi di kiém tra tung vi tri
trén toan tuyén duong day bi sy cb. Viéc xéac dinh
chinh xac vi tri diém sy ¢6 1a cong viéc kho khin,
t6n nhiéu cong sic va thoi gian ma trong d6 quy
trinh x4c dinh su ¢b trén duong day duoc ap dung
tai cac cong ty truyén tai dién chu yéu 1a sir dung
role bao vé khoang cach hoac bao vé so Iéch. Trong
d6, cac phuwong phap truyén théng xac dinh vi tri sy
cb ¢ do sai s6 16n, mot khi co su ¢b xay ra nhu su
cb thoang qua hodc duy tri, bién phap xur Iy sw ¢6 bd
sung d6 can huy dong sirc nguoi dé tim kiém vi tri
su ¢b (Khoa & Tung, 2018). Cach lam nhu vay s&
gdy mat kha nhiéu thoi gian va cong strc dé c6 thé
khic phuc su cb, gitip duong day tro lai lam viéc
binh thuong. Do d6, cac cach ap dung d6 van chua
thé dap tmg duoc yéu cau khic phuc nhanh sy ¢6 va
chua that sy kinh té. Tir nhitng van dé duoc phan
tich trén cho thay rang viéc phat hién, nhan dang va
dinh vi sy ¢4 trén dudng day tai dién 1a viéc 1am can
thiét phai nghién ctru nham mang lai hiéu qua cao
trong qua trinh van hanh hé thong dién (Ha et al.,
2003).

C6 nhiéu cong trinh nghién ctru cho thiy véi tinh
chét don gian, khdi lugng tinh todn it, tich hop vao
cac thiét bi phan cting dé dang, cac phuong phép
dinh vi sy ¢b dwa trén téng tré dwoc ap dung
(Roostaee et al., 2017; Khoa et al., 2022). Cac dit
liéu do ludng dién 4p, dong dién & mot hoidc hai dau
duong day duogc sir dung dé xac dinh vi tri ngan
mach trén duong day. Mit khac, cac yéu td nhu
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thanh phan dién dung cua duong day, dién tro su cd,
ché do xac 1ap trude khi xay ra sy ¢b ngan mach,..

¢6 thé tac dong dén do chinh xéac cua cac phucng
phap tong tré can phai dugc nghién ciru khao sat mot
cach toan dién. Tu co sd toan hoc cua cac phuong
phap dinh vi sy cd dua trén téng tro trong cac cong
trinh (Das et al., 2014; Roostaee et al., 2017; Khoa
et al., 2022) da phan tich ¢ trén, mét chuong trinh
md phong dinh vi su ¢ mang tinh téng quat dugc
thiét ké dé c6 thé khao sat nhiéu trudng hop su cd
khac nhau ciing nhu dé nghién ctu sy anh huong
cla cac yéu té dén do chinh xac dinh vi sy ¢b coa
cac phuong phap tong trg. Matlab 13 mot cong cu
tinh toan manh duoc (ng dung trong nhiéu linh virc
khoa hoc ky thuat (Gilat, 2013). Ngoai ra, App
Designer 1a mét tng dung mai phat trién gan day
ctia Matlab (Valle, 2017); n6 ¢6 nhiéu wu diém va s&
dan dugc sir dung dé thay thé cho ung dung Guide
trude day. Vi vay, dong gop chinh cta bai bdo nay
la nghién ctu tng dung cong cu Matlab App
Designer dé thiét ké chuong trinh mé phong dinh vi
sw co trén duong day tai dién. Chwong trinh mé
phong duoc thiét ké véi giao dién than thién nguoi
ding, mang tinh téng quat va co thé chay dugc trén
cac may tinh ma khong can cai Matlab. Ngoai ra, no
dugc ap dung dé nghién ctru cho cac dudng day voi
nhiéu cip dién ap khac nhau.

2. PHUONG PHAP TONG TRO

Nhiéu phuong phap dinh vi sy ¢b dua trén tong
tro dugc phat trién dé xac dinh khoang cach dén
diém sy cb trén dudng day truyén tai dién. Moi
phuong phép ¢ nhing yéu cau dit liéu dau vao va
cac gia thiét nhat dinh (Saha et al., 2009). Cac
phuong phép dinh vi su cb dya tren tong tré co
nhitng wu diém nhu khdi lugng tinh toan don gian,
¢6 kha nang tng dung trong thoi gian thyuc. Vi thé,
cac phuong phap nay van dang duoc ap dung trong
cac role khoang cach hién nay trong hé thong dién.
Tom luge co sé 1y thuyét cia cac phuong phap dinh
vi sy ¢ dua trén tong tro tir dir liéu do luong cua
mot va hai ddu duong day dé thiét ké chuong trinh
mo phong nham danh gia cac phuong phéap d6 dugc
md tai dudi day.

2.1. Phwong phap tong tré- mgt dau

Mo hinh ciia mot dudng déy truyén tai dién xoay
chiéu ba pha c6 hai ngudn nhu Hinh 1 duoc st dung
dé thiét lap phuong trinh xac dinh vj tri sy ¢ cua
cac phuong phap. Gia thiét rang sy cb ngan mach
xay ra trén duong day tai vi tri cach dau duong day
mot khodng la m (pu). Céc gié tri do luong cua dién
ap sy €0 va dong dién su cb & dau va cudi duong day
lan luot 12 Ug, Ig va Uy, In.



Tap chi Khoa hoc Trirong Pai hoc Can Tho

FL: Fault locator |
m 1 (Pinh vi su cd)

Hinh 1. M6 hinh hé thong dinh vi su ¢6 theo
phwong phap tong tré- mot dau

Dién 4p su ¢d ¢ dau duong day Us nhu trong
Hinh 1 duogc xac dinh nhur sau:

Ug =lg (MZ, )+ 1:R: @

Trong d6: m 1a khoang cach tir diu duong day
dén vi tri sy ¢6; Z1 1a téng tré thir tu thuan (TTT)
cua duong ddy; R 1a dién tro su ¢b; IF 1a dong dién
su ¢d; Ug va lg 1a dién ap su ¢b va dong dién su ¢
& dau duong day, Ug va lg phu thuge vao dang su
¢b va duge xac dinh nhu trong Bang 1.

Bang 1. Céc gi tri do lwong Ug, lc va Al ddi véi
cac dang sw co (Das et al., 2014)

Dang ng:?'m

mach Uc le Alc

AG Ua Ia+ Klco la— lapre

BG Us Iz + Klco I — Ipre

CG Uc Ic + Kleo lc— Icpre

AP UaUs lats (1a bape) — (15 )
SO lCC Us-Uc e te (Is o) — (Ic Iopre)
'ig’c(éAG’ Uc—Ua lc—1Ia  (Ic—lcpre) — (Ia— lapre)

Trong d6: K = Zio/Z11 -1

Trong d6: Ua, Ug, Uc lan luot 1 dién ap su ¢b
cia pha A, B va C; Ia, Ig, Ic lan luot 13 dong dién su
cb cua pha A, B va C; lapre, lzpre, ICpre lan luot 1a
dong dién trudc su ¢d ctia pha A, B va C; lgo 1a dong
dién thir tw khong (TTK) ¢ dau duong day; Zi1, Zio
1a tong tro TTT va tong tré TTK cia duong day.

Tong tr& toan phan (2) tu dau duong day dén vi
tri sw ¢6 duoc do lwong bang cach sur dung dién ap
Ug va dong dién Ig nhu sau (Das et al., 2014):

U |
Z=-%=mz, +R &

I s

@

Phuong trinh (2) dugc xem 1a mdt phuong trinh
co ban dé phat trién cac phuong phap duya trén tong
tro tr dir liéu do lwong cua mot dau dé xac dinh
khoang cach dén diém sy cd. Cac dai lugng chua
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biét trude trong (2) bao gom m, Re va Ir do d6 cac
phuong phéap dinh vi sy ¢6 dua trén tong tro tir dir
liéu do luong cua mot dau dudng day duoc nghién
clru trong bai bdo nay gdbm phuong phap tro khang
don gian, phuong phap Takagi, phuong phap Takagi
hiéu chinh va phuong phap Eriksson. Theo do, vi tri
su ¢ m trong phuong trinh (2) s& duoc xac dinh tir
dir liéu do lwong dong dién va dién ap & mot dau
duong day (gia thiét & phia dau G) boi bén phuong
phép trong bai bao nay duogc trinh bay tom lugc nhu
Bang 2.

Bang 2. Xdc dinh vj tri sw C(")‘m theo cac phwong
phap tong tré mot dau (Das et al., 2014)

Phwong phap Vi tri su com

Tré khéang _Im(Ug/15)
don gian Im(z,,)

. Im(UAlS)
Takagi n= Im(Z,,16Al¢)
Takagi hiéu _Im(3Uc1g,)
chinh Im(3Z,,1515,)

A
f f f
m
2

Eriksson Trong d6 &, b, ¢, d, e va f 1a phan

thue va phéan 4o cua cac biéu thirc
tinh toan tir dién ap, dong dién, tro
khang va tong tré' ngudn duoc thé
hién trong Das et al. (2014).

2.2. Phwong phap tong tré hai dau

Phuong phap tong tré hai dau la mot phwong
phap dinh vi su ¢ dua trén tong tré tir cac song dién
ap va dong dién duoc ghi lai ¢ 2 dau cua duong day
dé udce luong khoang cach dén diém sy ¢b (Mosavi
etal., 2016; Maner et al., 2018). Nguyén tic dinh vi
su cd cling twong tu nhu cac phuong phap tong tro
mot dau chang han nhu st dung dién ép va dong
dién khi xay ra sy cb dé wéc luong tong tré toan
phan tir vi tri dau duong day dén dlem su ¢b. Cac dir
liéu do lwdng b sung tir phia cudi duong day cling
dugc st dung dé loai bo nhitng sai so trg khang dugc
gdy rado dién tro sy cb, dong dién tai hoac sy khong
ddng nhét cua hé thong Déi véi phuong phép tong
tré hai dau thi khong can st dung dén két qua nhan
dang su c6 dé xac dinh khoang cach dén diém su ¢
(Das et al., 2014). Tuy nhién, kénh truyén can phai
dugc ap dung dé truyén tin hiéu tir cc thiét bi dinh
vi su ¢ (FL) tai cac tram dén hé théng dinh vi sy c6
trung tdm (Hinh 2). Trudc tién, dix ligu ghi lai ¢ cac
dau duoc ddng bo hoa théng qua hé thdng dinh vi
toan cau. Sau dé, cac dir liéu nay dugc thu thap va
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xu ly tai hé thdng trung tdm dé wéc lugng khoang
cach dén diém sy c6 (Chafi & Afrakhte, 2021).

o Hé théng
trung tdm

vm

Hinh 2. M6 hinh hé théng dinh vi sy c6 theo
phwong phap tong tré hai dau

Mot trong ba thanh phin ddi xing déu c6 thé
duogc sir dung dé tinh toan vi tri sy ¢b. Tuy nhién,
thanh phan thtr ty nghich (TTN) ¢ nhiéu uu diém
hon badi vi n6 khong bi anh hudng boi dong dién tai,
tong tré tuong hd, su khong chic chan cua tong tro
TTK. Do d6, cong trinh ctia Das et al. (2014) di thiét
lap duogc biéu thire xac dinh khoang cach dén diém
su ¢6 nhu sau:

UGZ_UH2+ZL2|H2
(IGZ + IHZ)ZLZ
Trong d6: Ugz, Unz lan luot 1a dién 4p TTN cua

ngudn G va H; lgz, lnz lan luot 1a dong dién TTN
cua nguon G va H.

m=

©)

Ngoai ra, cac dai lugng thanh phén‘TTT cuadién
ap va d(‘)ng dién khi bi su o ¢ hai dau duong day
cling c6 thé dqqc su dung dé xac dinh khoang cach
dén diém su co:

UGl _UHl +Z|_1|H1

m= (IG1+IH1)ZL1 (4)

Trong d6: Uey, Un: Ié”{n luot 1a dién ap TTT cua
nguon G va H; ley, Ih lan lugt 1a dong dién TTN
cua nguon G va H.

Trong hai phuong trinh (3) va (4) thi cac thanh
phan TTT va TTN cuia dién 4p va dong dién ¢ hai
dau duong day s& dugc tinh toan tir dién ap va dong
dién ba pha cia mdi dau twrong ing. Chung dugc xac
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dinh dya theo co s¢ ciia phuong phap cdc thanh phan
doi xirng (Das, 2012), cu thé nhu sau:

Thanh phin TTT va TTN cta dién 4p va dong
dién ¢ nguon G la:

- -|U
U 1 2| meA
e N (5)
Us, | 3|1 a° a
- “|Yec
(1 111 a a? o
== IGB (6)
le,| 31 a® a
- _IGC

Thanh phin TTT va TTN cta dién 4p va dong
dién ¢ nguon H la:

- -|U
U 1 a a’|, ™
H1 :1 UHB (7)
U,,| 3|1 a* a
- Ve
I 11 a a’ e
== e ©))
l,| 3|1 a* a
N _IHC

Trong d6: a= e —_0,5+ j0,866 ; Uga, U,

Ucc 14 dién 4p pha A, B, C ctia nguon G; Una, Urs,
Unc 1a dién ap pha A, B, C cta nguon H.

3. THIET KE CHUONG TRINH
3.1. Thuit toan chwong trinh

Déi véi cac phuong phap tong tra, ngoai tin higu
dién ap va dong dién sy ¢b ¢ hai dau duong day thi
cac dai lugng khac chang han nhu tong tro TTT,
téng tro TTN va chidu dai cia duong day 1a nhitng
thong s du vao can thiét dé xac dinh khoang cach
dén diém sy cb (Roostaee et al., 2017). Ngoai ra, tiy
thuoc vao mdi phuong phap ma mét sb dir liéu can
thiét khac nhu dong dién trudc sy ¢d, téng tré cua
nguon ciing dugc xem 1a ddu vao cho giai thuat dinh
vi su cb. Bong thoi, dang su ¢é phai dwoc xac dinh
chinh xac dé cac phuong phép nay dinh vi dung vi
tri s ¢6 trén duong day (Das et al., 2014). Do vay,
giai thuat duoc thiét 1ap nham nhan dang su ¢ dugc
thé hién nhu trong Giai thuat 1.
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Giai thuat 1: Thuat toan nhan dang sy cb

Khéi tao:  Dong dién mdi pha (Ia, ls, Ic)

Gia tri dong dién khoi dong lpickup

Dang su ¢ ban ddu Type = “Normal”

Tinh toan: Dong dién thtr tu khong lo= (Ia+lg+lc)/3

I (1Al = Ipickup) & (ITe] < Tpickup) & (el < Tpickup) & (Ilof = Tpickup)
Then Type = “AG”

I (Al < Tpickup) & (18] 2 Tpickup) & (el < Tpickup) & (Ilo] = Tpickup)
Then Type = “BG”

I (1l < Tpickun) & (el < Ipickun) & (Ilc| = Ipickup) & (Ilo] = Tpickup)
Then Type = “CG”

If (||A| 2 |pickun) & (||B| 2 |pickup) & (||C| < |pickun) & (||0| 2 |pickUP)
Then Type = “ABG”

If (||A| < |pickup) & (||B| = |pickuu) & (||C| = |pickun) & (||0| = |pickUP)
Then Type = “BCG”

If (||A| 2 |pickun) & (||B| < |pickun) & (||C| 2 |pickun) & (||0| 2 |pickUp)
Then Type = “CAG”

If (||A| > |pickup) & (“Bl > Ipickup) & (“Cl < Ipickup) & (||0| < Ipickup)
Then Type = “AB”

I (1Al < Tpickup) & (18] 2 Tpickup) & (1l = Ipickup) & (o] < Tpickup)
Then Type = “BC”

I ([1al 2 Tpickup) & (18] < Tpickup) & (el = Ipickup) & (Ilo] < Tpickup)
Then Type = “CA”

If (||A| 2 |pickun) & (||B| 2 |pickup) & (||C| 2 IPiCkUP)
Then Type = “ABC”

Viéc nhan dang su ¢6 dwoc thuc hién dya trén co
s& so sanh gia tri dong dién luc bi sy ¢b ngan mach
cua timg pha va dong dién tht tw khong véi ngudng
dong dién khoi dong dé xac dinh pha bi su co. Néu
pha nao bi su co thi dong di¢n ngan mach trén pha
d6 s& vuot qua ngudng dong dién khai dong. Néu
dong dién thu ty khong lac bi sy co vuot ngudng
khoi dong thi s c6 do thudc su ¢b ngdn mach co
tiép dat. Chiang han nhu néu théa mén cac diéu kién
(ITal = Tpickup) & (Il8] < Ipickup) & (Ilc| < lpickup) & ([lo] =
Ipickup) thi dang sy ¢6 1a ngan mach mot pha AG,
nghia la Type = “AG”. Bai béo 4p dung co s& ndy dé
de Xuat phuong phap nhan dang tit ca cac dang su
cb ngan mach trong h¢ thong dién va phuong phap
d& xuit do dugc thé hién chi tiét bai cac cau 1énh IF

. THEN nhu trong Giai thuat 1.

Tir cac dir liéu dau vao bao gom thong sb cua
duong day, théng s6 ngudn, dir liéu do luong dién
ap va dong dién lic sy ¢b ¢ hai ddu duong day,
chwong trinh s& nhan dang sy ¢6 va tinh toan céac gia
tri dién ap Ug, lg, Alg twong tng vai dang sy ¢ do
theo Bang 1. Sau d6, cac phuong trinh xac dinh vi
tri m duoc tiép tuc s dung nhu tong hop trong Bang
2 dbi véi cac phuong phap tong tré mot dau va
phuong trinh (3) va (4) ddi v6i phuong phap téng
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tro hai dau dé xéc dinh m. Dya trén co s6 d6, luu do
thuét toan dinh vi su co trén ﬁuémg day duoc dé xuat
dua trén cac phuong phap tong tré nhu Hinh 3.

Téng tr6 TTT cta duong diy
Tong tré TTK cua duong diy

Dién ap va dong dién sur ¢
Dong dién trude suco

Nhan dang sy ¢
Theo Giai thuat 1

Ug = Uca
I = lga + Klgo —
Alg = loa — loppre

Us = Ucs
I = lgg + klgo
Al = lgg — lagpre

Uc =Uca—Uce
I =lea—lcs
Alg = (Iea— loapr) — (les — lespre)

U = Uge
I = loc + Klgo
Alg = lec — locpre

Us =Ugs — Usc
Ig = leg — loc
Alg = (Ies — leepre) — (loc — lacpre)

Type = “BC” or
Type = “BCG”

Uc =Ucc — Uca
Ig = lec = lea

Alg = (lsc — locpre) — (lea — leapre)

Us = Uca — Ucs
lg = lea—los
Alg = (lea— loapre) — (les — loepre)

Xéc dinh thanh phn TTT va TTN cal
dién ap va dong dién ¢ nguon G va H
theo cac phuong trinh (5), (6), (7), (8)

Xic dinh vi tri sy c6 dya trén co's6 cic|
phuong phap: tré khing don gian,
Takagi, Takagi hiéu chinh, Eriksson va
tong trd hai dau theo Das et al. (2014)

Hinh 3. Luwu dé thuat toén dinh vi sy ¢b theo
phuwong phap tong tré

3.2. Ung dung Matlab App Designer

Giao di¢n chuong trinh cho phép nhap va chinh
stra cac thong s6 mong mubn khi cho chay mé
phong thuan tién va than thién véi nguoi dung. Mot
tinh nang maéi duoc tich hgp trong Matlab 2021a 1a
g dung Matlab App Designer duoc sir dung dé
thiét ké giao dién hiéu qua hon so v6i Guide. App
Designer 1a mot phan cta géi co ban ciia Matlab, n6
cho phép thiét ké giao dién ngudi ding thuan tien
hon Véi cac thao tac kéo va tha cac doi tuong 1én
giao dién can thiét ké. Cac thao tac va qui trinh dwoc
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nhtng vao ngdn ngl 1ap trinh cua Matlab. Sau do,
cac ung dung c6 thé dugc thiét 1ap va dua vao sir
dung trén bat ky may tinh ma khong can thiét phai
cai dat Matlab. Giao dién chwong trinh duoc thiét ké
nhu Hinh 4. Trén giao dién chinh, cac thong s6 cua
hé théng c6 thé thay dbi nhu: thong sb caa duong
day (chiéu dai, dién tré TTT, dién khang TTT, di¢n
dung TTT, dién tro TTK, dién khang TTK va dién
dung TTK), thong s6 ngudn (dién ap dinh mic,
nguon strc dién dong, goc pha, tong tré TTT va tong
tré TTK), cac thong tin ciia dang su ¢b (dang su cd,
vi tri ngdn mach tinh theo phan tram chiéu dai duong
day va dién tro su ¢ tinh theo don vi Ohm).

Trén giao dién Hinh 4, cac thong sO dau vao bao
gom: thong s6 duong day, thong so cua hai nguon
va thong sd ddi véi diém su cb ngan mach trén
duong ddy. Cu thé cac thong sb nay 1a: (i) Théng s6
Ciia diong ddy: c6 thé dat thong sb cia duong day
gom chiéu dai duong day (L), cap dién ap ciia duong
day (V), tong tro TTT (Ry, X1, Cy) va TTK (Ro, Xo,
Co); (ii) Thong s6 cua nguon G va H: dat thong )
nguon gdém dién ap dinh mac U (kV), ngudn sic
dién dong E (pu), goc 1éch pha 6 (d9), téng tre TTT
Z1 (Q)va tong tro TTK Zo (Q); (iii) Thong 56 S Co:
chon dang ngén mach, vi tri xay ra su ¢ cach dau
duong day mot khoang m (tinh theo phan tram chidu
dai duong day nam trong pham vi tir 0 dén 100%),
dién tré ngan mach Re (Q); (iv) Cdc nit Iénh: nat
RUN s& chay va cho ra két qua hién thi trén giao
dién bao gom: két qua dién ap, dong dién ¢ 2 dau
duong day va két qua dinh vi su ¢6 cla cac phuong
phap, niit RESET sé& x6a cac 6 két qua tinh toan dé
tr vé trang thai binh thuong; (v) Két qua do lwong:
dién 4p va dong dién tai hai dau duong day duoc
tinh toan va thé hién dudi dang module cua ting
pha. Didu nay giup chung ta dé dang quan sat dwoc
phan ing cua hé théng déi voi timg dang ngan mach
khac nhau; (vi) Két qua dinh vi su co: mot khi ngéan
mach xay ra, cac két qua dién ap, dong dién va thong
s6 duong day duoc st dung nhu 1a dau vao dé thuc
hién cac phuong phap dinh vi su ¢ dua trén téng
trg. Tir d6, chung s& xac dinh duoc vi tri s ¢b tinh
theo phan trim chiéu dai duong day, Mes tinh theo
ph.'?m tram so v&i chiéu dai duong day, vi tri sy cd
Lest tinh theo don vi ki-16-mét va sai s6 caa phuong
phap Error tinh theo phan trim. Gia tri sai s error
duoc xac dinh theo cong thitc nhu trong cong trinh
cua Khoa et al. (2022). Ngoai ra, trén giao dién
chwong trinh, so dd mot soi cua hé théng duong day
truyén tai co hai ngudn & hai dau ciing dugc thé hién
dé nguoi dung c6 thé d& dang khao sat, phén tich va
déanh gia két qua mé phong mot cach truc quan.
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4] MATLAB App - X

Line param
L (la: 120
R1(Ohm'km):

UED
RO (Ohm/km)

X1 (Obma/km)
C1 (uF ey

X0 (Obm/km)
€O (uF lan) 0.0085

U@y 20 00 00 0.0 00

Source G parameters:
Q) 20

E (pu:

Delta (deg): 10

Z1 (Ohm): 1.09-3 351
20 (Oha): 53341103

Source H parameters:

E(pu): 10 00 00 00 00
Delta (deg): [ 00 00 00 00
Z1 (Ohm):
Fault location results:  mest (%) Lest(em)  Error (%)

Z0(Okm): | 11352228

‘Simple reactance: 000 000 000
Takagi method: 000 000 000
Modified Tekagi: 000 000 000
Double end method: .00 000 000

41011281

Fault data: Command buttons:

Fault type: RUN
m ) 0

RESET
RF (Ohm): 0

Eriksson method: 0.00 0.00 0.00

ALV Cuong, H. Q. Cuong, N.T.T. Hieu - KTD E4L

Hinh 4. Giao dién chwong trinh

3.3. Doéng goi chwong trinh

Chuong trinh ¢ trén dwoc thiét ké trén phan mém
Matlab, 1 mot phan mém Ién va doi hoi dung lugng
cai dat trén may tinh kha nhiéu. Didu nay s& gay bat
tién cho viéc thyc thi chuong trinh da thiét ké. Do
vdy, trong bai bdo nay, cong cu hé tro Deploytool
cua Matlab duoc ing dung dé dong goi chuong trinh
dinh vi su ¢b da thiét ke Chung ta chi can gd cu
phap ctia n6 trong cira s6 Command ctia Matlab thi
s& hién ra hop thoai ctia cong cu. Trén giao dién do,
ngudi ding chi can lya chon file chuong trinh chinh,
con cac file di kém chuong trinh chinh sé tw dong
duogc dua vao dé thyc hién qué trinh dong goi thanh
file *.exe. Sau khi qua trinh doéng goi chuong trinh
hoan tat, két qua dau ra s& 1a file cai dat chwong trinh
¢6 duodi *.exe. File cai dit nay hoan toan gidng véi
céc chuong trinh khéc, nghia 1a mudn st dung duoc
chwong trinh trén bat ky mot may tinh nao thi trudc
tién ta phai cai dat n6 bang cach nhap déi chudt vao
file *.exe. Sau d6, qua trinh cai dat sé duoc tién hanh
cho dén khi hoan tét thi biéu tuong ctia chuong trinh
s& xuat hién trén Desktop ciia may tinh. Néu nguoi
dung mudn sir dung thi md churong trinh 1én va thyc
hién cac qua trinh mé phong. Mot sb thong tin co
ban cua chuong trinh bao gdbm: Tén chwong trinh:
Offline Fault Location Program; File cai dat:
Install.exe; Dung lwong: 4148 kB; Pdc diém néi
bdt: co6 thao tac cai dat nhanh gon va don gian, co
giao dién thiét ké rat than thién va d& dang sir dung,
¢6 thé chay dugc trén moi may tinh ma khong can
¢6 phan mém Matlab, 1a mot cong cu hiru ich h trg
tbt trong cong tac dao tao va nghién ctru khoa hoc.
Sau khi dong goi chuong trinh xong, ching ta ¢6 thé
dé dang copy file cai dit Install.exe vao bat ky may
tinh khac dé tién hanh cai dat nhu mét tng dung
thong thuong.
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4. KET QUA VA THAO LUAN
4.1. Trwong hgp 1

Trong truong hop nay, dé danh gia hiéu qua caa
cac phuong phap dinh vi sy ¢b duya trén tong tro
trong chuong trinh moé phong da thiét ké, mot mo
hinh dudng day ba pha trén khong 220 kV dugc ép
dung dé kiém chung chuong trinh. Puong day sir
dung trong truong hop nay dwoc gia l1ap vai cac
thong s6 theo dang mé hinh hinh Pi bao gom: chiéu
dai L = 120 km véi tong tré TTT va TTK trén mot
ki-16-mét1a Z;=0,071 +j0,414 Q/km va Zo = 0,2197
+j1,4029 Q/km. Bén canh, dién dung shunt TTT va
TTK cta nd lan luot 1a C; = 0,0013 pF/km; Co =
0,0085 pF/km. Hai nguon & hai dau duong day dugc
mo hinh hoa dudi dang nguon ap khong doi ndi tiép
Vi tong tro riéng ciia nd. Tan sé dinh mirc cua hé
thong 14 50 Hz va dién 4p dinh muc 1a 220 kV. Hai
nguon nay lan lugt dugc ky hiéu 1a ngudn G va
ngudn H. Trong do, gia tri dién ap cua ngudn G la
Ec = 1,0£10,0° pu; tong tré TTT va TTK ciia n6 la
Zc1=1,09 +j3,35Q vaZgo=5,33+ j11,03 Q. Tuong
tu, gia tri dién ap ciia ngudn H 1a Ex = 1,00.20,0°pu;
tong tré TTT va TTK cua nd 1a Zyy = 4,10 + j11,28
Q va Zy = 11,35 + j22,28 Q. Goc cong suét dugc
dinh nghia boi sy l¢éch pha gilta dién 4p nguon Go
dau dudng day Eg va dién ap ngudn H & cubi  duong
day En. Trong nghién ciru ndy, goc cong suat dugc
thiét lap ban dau bang 10° dé dai dién cho ché d6 xac
lap binh thuong trudc sy ¢b caa hé thdng.

Sau khi nhap cac théng sb nhu trén vao chuong
trinh, ta thuc hién cac chtic néng tinh toan trao luu
cong suat & ché do binh thuong va chire ndng dinh
vi su ¢b tng véi 4 dang ngan mach bao gom: ngan
mach ba pha (LLLG), ngén mach hai pha cham dét
(LLG), ngan mach hai pha (LL) va ngin mach mot
pha (LG). Céc két qua dién 4p, dong dién va két qua
dinh vi sy ¢b s& duoc tinh toan va hién thi 1én giao
dién cua chuong trinh.

Céc két qua mo phong cho trudng hop khi xuat
hién bdn dang ngén mach truc tiép véi dién tro su
¢d Re = 0 Q lan luot tai cac vi tri 50, 60, 70 va 80%
chiéu dai duong day. Theo co s¢ cua cac phuong
phap tong tré da dugc tong hop trong Bang 2 va
phuong trinh (2), két qua dinh vi sy cb caa mdi
phuong phap c6 thé - phu thudce vao gid tri dién tro su
€0 R va vi tri sy cb thyc té trén duong day. Boi vi
khi ngin mach thong qua dién tré sy ¢6 RF s& lam
cho gia tri dién 4p Ug va dong dién lg bi thay ddi,
didu nay dan dén viéc xac dinh tong tro tir gid tri
dién ap Ug va lg & c6 thé bao ham phan dién tré su
¢ Re. Do vay, dan dén két qua dinh vi c6 thé bi sai
léch. Tuy nhién, su sai léch nay nhiéu hay it con phu
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thuoc vao mdi phuong phap dinh vi su ¢ dua trén
téng tré. Bén canh, mic du déi véi ciing mot su ¢d
ngin mach nhit dinh nhung két qua dinh vi su ¢
cla cac phuong phap ciing co thé c6 gia tri chénh
léch nhau. Diéu nay 1a boi vi mdi phuong phép co
cach xac dinh vi tri sy ¢6 m khac nhau nhu trong
Bang 2 ddi voi cac phuong phap tong tré mot dau
va cong thie (3), (4) ddi véi phuong phap tong tro
hai dau. Mot s6 két qua mo phong tir chuwong trinh
dbi véi bén truong hop ¢b ngan mach khac nhau nhu
sau:

Trudng hop dau tién 1a khi xuét hién ngan mach
ba pha (LLLG) v&i dién tré sy ¢d Re = 0 Q tai vi tri
cach dau duong day 50%, két qua dinh vi sy ¢b cua
cac phuong phap tré khang don gian, phuong phap
Takagi, phuong phap Eriksson va phuong phap hai
dau lan luot 1a 50,24, 50,24, 50,24 va 50,03% duoc
thé hién nhu Hinh 5. Nhu vay, vi tri su ¢6 tinh theo
don vi ki-16-mét ciing s& duoc xac dinh va hién thi
& cac 6 bén canh lan luot 1a 60,28, 60,28, 60,28 va
60,04 km. Ngoai ra, cic gi tri sai 6 S0 Voi Vi tri su
¢b thyc té dugc tinh toan tir chuong trinh va hién thi
én giao dién.

& MATLAB App - X

L (k) 120 UEV)
RO (Ohenvlom)

X0 (O km):

€0 (uF lan)
Source H parameters:

UKV 220
E (pul: L0

Delta (deg) 1 Delia (deg:
21 (Ohmy: 21 (Olsm): 410711280
Faulilocation resulis:  mest (%) Lest (k) Error (%)
20 (Ohmy: 1 20Okl 11352225
Simple resctance: 1 11 6028
| Foult data: Command buttons: Tkngi mefhod: 024 6029 D24
Fault type: G v e ‘ Modified Takngi: 0.00 0.00 0.00
w O = Double end method: <0 05
RF (Ol = RERCH) Erikuson method: 0.4 6029 04

M. V. Cuom. 1. Q oo, N T.T. Hiew - KTD Ks1

Hinh 5. Két qua déi véi ngin mach ba pha tai
50% chiéu dai duwong diy

Truong hop thir hai 1a xét ngin mach hai pha
cham dit (LLG) tai vi tri 60% chiéu dai duong day
Vi gia tri dién tro su ¢d Re = 0 Q, cac két qua dién
ap, dong dién va két qua dinh vi sy cd cua cac
phuong phép tong tré duoc tinh toan va hién thi trén
Hinh 6. Két qua nay cho thdy phuong phép tro
khang don gian va phuong phap Takagi cho ra két
qua Vi tri ngin mach tai 60,68%, phuong phéap
Eriksson cho ra két qua vi tri su ¢6 tai 60,83% va
phuong phép tong tro hai dau cho ra két qua vi tri sy
cb tai 60,05%. Cac két qua nay so véi Vi tri su €0
thuc té c6 do chénh léch kha nho.
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2 MATUAR App - - %
Line parameters:
L (k) 120 Uy 220
R (b Jan): 0.071 RO (Ol ke 02197
X1 (Ohanlom ) 0414 X0 { Ohun o ;. 1.402¢
C1 (uF lem): 0.0013 | ©0 (uF ) 0.008%
Source G parameters: Source H parameers:
URvy 20 U 220
Epuk 10 E (pu): 10
Delin (deg: 10 Dela (deg)i
Z1 (Obu): 109335 Z1 (Obm): 4101128
20(Olnk | 510 || Z0(Okak 113822280
Fault data: Command buttens:
-
m () xm= . .
RE (b o N

Hinh 6. Két qua ctia ngin mach hai pha cham
dét tai 60% chiéu dai duong diy

Truong hop nghién ciru thir ba 1a gia thiét ngan
mach hai pha (LL) tai vi tri cach dau duong day 70%
chiéu dai duong day véi dién tré sy ¢d Re = 10 Q,
cac két qua xac dinh vi tri sy ¢6 cia cac phuong phap
lan luot 1a: 74,02% (phuong phéap tré khang don
gian), 74,02% (phwong phap Takagi), 73,31%
(phuong phap Eriksson) va 70,07% (phwong phap
tong tro hai dau) Vi ngan mach gian tiép thong qua
dién tro su ¢ Re = 10 Q nén nd di anh hudng dén
d6 chinh xac cta cac phuong phap trong viéc dinh
vi s ¢6 trén duong day tai dién.

& MATLAB Agp - X

Line parameters:

L (k) 120
RI (Ohmkm): | 0071
X1 (Ohmkm): | 0414

UV

RO (Obman):

X0 (Ohmlam):

220
02197

14029

CL {uP ) 00013 | €0 (uF k) 0.0085
Source G parameters: Source H parameers:
UV 220 Uy 220
E(puk 10 Edpu: 10
‘Delta (deg): 10 Delta (deg): o

71 (Obm): 1.09-3 35 Z1 (O] 410+11 28
Z0(Qhny | 5331105 || Z0(Okmp 11.35-222si |
Fault data Command battans:
o
0 mms| :
o s | J

Hinh 7. Két qua déi véi ngin mach hai pha tai
70% chiéu dai dwong day

Trudng hop nghién ctiu thir tu 1a ngan mach mot
pha cham dit tai vi tri cach dau duong day 80%
chiéu dai duong day vai dién tro su cd Re = 20 Q.
Céc két qua md phong caa truong hop nay dugc thé
hién trén giao dién cua chuong trinh nhu Hinh 8. Vi
tri sy cd duge xac dinh tir cac phuong phép: phuong
phap tré khang don gian 1a 77,92%, phuong phap
Takagi la 85,28%, phuong phap Takagi hiéu chinh
la 89,18%, phuong phap Eriksson la 81,64% va
phuong phap tong tré hai dau 1a 80,18%.
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4 MATLAB App - x |

OFFLINE FAULT LOCATION PROGRAM

n): 2
R1 (Olmykmm): 0.071

UEV)

a0

Siugle-line diagram:

R0 Ohmkm): | 02197

| | %1 (Ohmdam): [ o1 X0 (Ohmim); | 14029

I €1 (uF k). | 00013 €0 (uFem} 0.0085

| Source

| wewy 20 Uy 220
Efpu) ‘ 10 Bipu): 10 ‘

| Delt (degy- ‘ 10 Delta (deg): o ‘

| 21Oty 103 3 20Ol 4101128

: Z0(Oham): | 5334110 20 (Ohm): 11.35-22.261 | — m -
Fauli data: Command butions: D 10233 28
Fmittpe | 10 v §0.18 1070 015

o

M.V Cuong. I Q. Cacag, N.T.T- Hiru - KTD K41

Hinh 8. Két qua déi véi ngin mach mjt pha tai
80% chiéu dai dudng day

Céc két qua mo phong & trén cho thay rang viéc
thay dbi dang ngin mach, vi tri sy ¢6 va dién tro su
cb da kiém ching duoc hiéu qua cua chwong trinh
ciing nhu danh gié sai s gitra cac phuong phap dinh
vi su ¢6 dua trén téng tro. Nhu vay, tir chuong trinh
md phong nay, nguoi dung hoan toan co thé van
dung né dé nghién ctru cho céc hé thong khac bang
cach thay ddi thong sé duong day, thong sé nguon.
Ngoai ra, cac dang su cd, vi tri sw ¢ va dién tro sy
¢cb ciing duoc thiét 1ap dé dang dé kiém chang hiéu
qua dinh vi su ¢d giita cac phuong phép di dugc tich
hop trong chuong trinh mé6 phong.

4.2. Trwong hgp 2

Truong hgp nay, chuong trinh mé phong dugc
ap dung ddi v6i duong day thuc té 110 kV Vinh Son
- Hoai Nhon thugc ludi dién 110 kV tinh Binh Dinh.
DPuong dy nay két ndi tir nha may thuy dién Vinh
Son 2x33 MW dén thanh c4i 110 kV ctia tram bién
ap 220 kV Hoai Nhon. Puong day st dung loai day
din ACPK185/29 ¢6 chiéu dai 45,92 km véi cac
thong s6 TTT: Ry =0,1591 Q/km; X; =
C1 = 0,0021 pF/km va thong s6 TTK: Ry = 0,3182
Q/km; Xo = 1,173 Q/km; Co = 0,0078 pF/km. Cac
dir liéu dau vao dugc nhap vao chuong trinh mo
phong dé nghién ctru kha niang dinh vi su ¢ cua cac
phuong phap dong thoi danh gia hiéu qua cua
chuong trinh. Trong truong hop nay, cac két qua mo
phong dbi V6i su €O ngan mach maot pha lan luot véi
dién tré su ¢b Re bang 0 Q va 30 Q. Gia st vj tri
ngén mach thuc té xay ra tai cac vi tri 10, 30, 50, 70
va 90% chiéu dai duong day. Khi do, két qua mo
phong tir chuong trinh duoc Iuwu lai va téng hop dudi
dang biéu d6 hinh ¢t nam ngang nhu Hinh 9. Trong
Hinh 9, truc hoanh thé hién vi tri sy ¢6 woc lugng va
truc tung thé hién vi tri sy ¢ thuc té xay ra trén
duong day. Hinh 9(a) thé hién két qua dinh vi sy ch
khi xuat hién ngéin mach mét pha tryc tiép (tic Re =

0,391 /km;
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0 Q) tai cac vi tri nhu da gia thiét. Boi vi Re =0 Q
nén cac phuong phap da dinh vi chinh xéc vi tri sy
ch v6i sai s0 nho. Két qua mo phong cia truong hop
ngan mach mot pha thong qua dién tré sy ¢d Re =
30 Q ciing duoc thé hién dudi dang biéu dd hinh cot
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nam ngang nhu Hinh 9(b). Hinh 9(b) cho thay I’ang
dién tro sy ¢ anh huong dén kha nang dinh vi sy ¢6
clia cac phuong phap tong tré mot dau nhung né
khong anh huong dén kha ning dinh vi su ¢b
phuong phap tong tro hai dau.

o
(=}

~
(=)

w
(=]

Vi tri su co thuc te (%)
W
[=)

—_
(=}

30

50

70 90

Vi tri su co uoc luong (%)
B Phuong phap tong tré hai diu

B Phuong phap Eriksson

Phuong phap Takagi hi¢u chinh

B Phuong phap Takagi

B Phuong phap trd khang don gian

(a) Dientro Re = 0 Q

el
S

~
(=}

w
(=}

Vi tri su co thuc te (%)
W
(=)

—_
o

|
|
l I

|
|
|
|
|
|
|

10 30

50

70

Vi tri su co uoc luong (%)

= Phuong phap tong tré hai déu

H Phuong phap Eriksson

Phuong phap Takagi hiéu chinh

B Phuong phap Takagi

EE Phuong phap tr¢ khang don gian
(b) Pién tro Re = 30 Q
Hinh 9. Két qua dinh vi su cé d6i véi dwong diy thuc té 110 kV Vinh Son - Hoai Nhon

5. KET LUAN

Cong cu App Designer cua Matlab dugc nghién
ctru ing dung dé thiét ké chuong trinh mé phong
dinh vi sy ¢b trén duong day tai dién. Trong chuong
trinh nay, co s& cac phuong phap tong tré trong cong
trinh cua Das et al. (2014) dwoc lap trinh dé x4c dinh
vi trf su ¢d tir cac gia tri do luong dién ap va dong
dién & mot va hai dau duong day tai dién. Cac két
qua mo phong da thé hién hiéu qua dinh vi sy ¢ trén
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duong day tai dién clia cac phuong phap dua trén
téng tro. Ngoai ra, chuong trinh mé phong nay co
giao dién than thién va dé dang sir dung. Chuong
trinh ¢6 thé 4p dung duoc cho nhidu duong diy co
cip dién ap khac nhau. Bén canh, cac thong s6 do
luong ¢ hai dau duodng day, cac két qua dinh vi su
cb dbi \! bbn dang ngén mach tai cac vi tri va dién
tré su c6 khac nhau duge khao sat mot cach toan
dién trong chuong trinh mé phdng.
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Hudng phat trién trong twong lai ciia 1a nghién LOI CAM TA
clru cac phuong phéap dinh vi su ¢b trén cac dudng
day truyén tai dya trén cic phuong phéap truyén
song, mang noron dé tich hgp vao trong chuong
trinh md phong. Ngoai ra, bai bao nay c6 thé mo
rong theo huéng nghién ctru dinh vi sy ¢ ddi voi
duong day c6 dang hinh T.

Nghién clru nay duoc tai trg boi Truong Dai hoc
Quy Nhon d6i v6i dé tai nghién ctru khoa hoc c6 ma
s0 S2021.732.33.
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