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Toém tat - Bai bao siv dung phan mém Matlab-Simulink d& phan
tich, danh gia phwvong phap song lan truyen séng kiéu D, ap dung
cho dwong day truyé&n tai dién 500 kV Doc Sai - Ba Nang c6 chidu
dai 100 km. Dau tién, cac tin hiéu dién ap pha A, B, C & hai dau
duong day dwoc thu thap béng bién dién ap CVT. Sau do, nhém
tac gia lay mAu voi tan s6 10 MHz cho thanh phan alpha cia dién
ap (Va) cac pha théng qua phép blen ddi Clarke. Tiép dén, loc cac
mau nay béng cach trich xuét hé sé chi tiét bac 1 (Cd1) béng céng
cu Wavelet ho Daubechies 4. Cuéi cuing 1a tinh toan khoang cach
sy ¢0 trong cac trwdng hgp mo phdéng s co trén dwong day véi
dién tré sy cb (10, 20, 30 Q), phu tai thay ddi, va st dung tu bu
doc. Két qua thu dwoc cha bai bao da giai quyét tét van d& ma
phwong phap téng tré hién tai chwa dap tng dwoc, dé 1a xac dinh
nhanh chéng, chinh xac vi tri s cb trén dwérng day truyén tai dién
v6i sai s6 khéng qua + 84 m.

T khéa - song lan truyén; bién dbi Clarke; truyén tai dién; dinh vi
s cO; Matlab Simulink.

1. Pit van dé

Lu6i dién truyén tai la cac duong day co chiéu dai
tuong ddi 16n, di qua dia hinh phte tap, cho nén viée xac
dinh chinh xéc vi tri sy ¢d gitip giam dugc thoi gian nging
van hanh cua duong day dé khac phuc su cd va giam chi
phi van hanh duong day khi xir Iy sy ¢d. Trong thuc té van
hanh, cac su ¢6 trén ludi thuong thoang qua nén viéc xac
dinh chinh x4c vi tri su ¢ s& giup cho don vi quan 1y thye
hién cac giai phap ngén ngira nhu thay thé cac chudi sir bi
phong dién, cit tia cac ciy cao ngoai hanh lang c6 thé vi
pham khodang cach khi c6 tdc dong cta gio....

Hién nay, viéc xac dinh diém su c6 st dung phd bién
nhét 1a thuat toan tong trg do duogc tir mot dau duong day.
Tuy nhién, thuat toan nay chiu anh huong béi nhidu yéu t6
nhu: sai s6 thiét bi do ludong vé dong dién (CT) va dién ap
(VT), anh huong ciia dién tro sy ¢ dén ving lam viéc cia
role khoang cach, anh hudng cia thiét bj bu, anh hudng cia
thong sé duong day, anh hudng cua ciu hinh cot dién, ... [1],
[2], [3]. Mic dau cac hing san xuat da dura ra nhidu giai phap
dé khac phuc nhu sir dung hé sb bu cham dat ke, bi tac dung
twong h ciia dudng day song song kM, tri hoan thoi gian tac
dong khi duong day co lap tu bu, do tong tr¢ toan dudng day
khi khong tai,... nhung sai s vé vi tri su cd Van rat 16n, gay
khé khin cho viée tim kiém va khéc phuc su cb.

Thong ké thuc té mot ) su cd st dung thuat toan téng
tré cua role Siemens 7SA tai TBA 500kV Déc Séi cho
duong day mach kép 220kV Ddc S6i/276-Tam Ky/272, Doc
S6i/277-Tam Ky/271, dudng diy 500kV Ddc So6i/574-Da
Ning/576 nhu Bang 1 cho thay sai s dinh vi con kha 16n.

Abstract - This article uses Matlab-Simulink software to analyze and
evaluate type D wave travelling propagation method, which is applied
to 500 kV Doc Soi - Da Nang transmission line with the length of
100 km. Firstly, the voltage signals of phase A, B, and C at the two
terminals are collected by the CVT voltage transformer. Then, we
sample them with the 10 MHz frequency for the alpha component of
the phase voltage (Va) through Clarke's transformation. Next, we
filter these samples by extracting the first detail coefficient (Cd1)
using the Daubechies 4 Wavelet tool. Finally, the incident distance
calculation in the case of fault simulations on the transmission line
such as fault resistors (10, 20, or 30 Q), changeover loads, and
vertical compensation capacitors is calculated. The results of the
article solve the problem that the impedance method can not. That is
to quickly and accurately determine the position of the fault on the
transmission line with the error not exceeding + 84 meters.

Key words - travelling wave; Clarke’s transformation; transmission
grid; fault location; Matlab Simulink.

Bing 1. Két qua xdc dinh vi tri su 6 trén role khoang cach va
tim kiem thuec té tai TBA 500kV Doc Soi

Puong day T"S‘"u"c’%e“‘ L (km) | me (km) | m (km)
Débc S6i/276- 331 35,08
Tam K3/272 01/12/2016 | 42,58 5 671 75

Débc S6i/277- 30,1 35,08
Tam Ky/271 01/12/2016 | 42,58 6199 75

Dbc S6i/574- 108,6 62,42
Pa Ning/s576 |0%/12/2016 | 1086 | 5age | 4611

Trong d6, L 1a chiéu dai duong day, mq 12 vi tri su b
hién thi trén role tai TBA Ddc Soi va TBA dbi dién, va m
1a vi tri su cb thuc tim thdy trén duong day.

Nham khic phuc nhuoc diém phuong phép dinh vi su ¢d
ctia role bao vé dang sir dung phd bién trén ludi dién, bai bao
trinh bay cac phuong phép dinh vi su ¢ bang song lan
truyén Trén co s6 do, nhom tac gia thyc hién phén tich, danh
gia cap chinh xac phuong phap kiéu D tmg dung cho dudng
day 500kV Débc So6i — Pa Ning bang phian mém Matlab
Simulink dé dura ra két luan ciia bai viét.

2. Pinh vi sy ¢ bang phwong phap séng lan truyén trén
dudng day tai dién

Thuét toan song lan truyén dua trén nguyén 1y qua do
dién khi xay ra su cb trén duong day truyén tai dién. Séng
su ¢b lan truyén gén v6i toc do anh sang, chay doc theo
duong day huéng vé vi tri dat thiét bi dinh vi va thiét b
dinh vi sy c6 s& nhan biét song dén dé gan nhan thoi gian
tuong ung. Tuy thugc vao phuong phap do dugc st dung
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ma b¢ dinh vi diém sy c6 chia thanh 05 phuong phap A, B,
C, D vaE, c6 thé tom tat nhu sau.

Phuong phap A: B dinh vi diém su c6 kiéu A thuc hién
phép do & mot phia cua duong day, khoang cach dén diém
sw ¢6 dugc phan tich bang cach xac dinh d¢ 1éch thoi glan
gitta song dau t}en tao ra tai vi tri su cp dén tram A (t1) va
song phan xa tiep theo tlr vi tri su co v€ A (t3), nhu Hinh 1.
Khoang cach d dén vi tri su ¢d F dugce xac dinh tai tram A
theo cong thirc [4]:
t3 _t1

2
Trong do, v 1a van tdc truyén song trén duong day (m/s).

d:

xV 1)

Sai s6 cuia phuong phap chiu anh huong boi thoi gian
ngin mach va phat sinh h6 quang tai diém sy cd, néu thoi
gian ton tai qua ngan thi s€ kho c6 song phan xa lan hai tir
diém su cd.

Tram B

Hinh 1. Bé dinh vi su ¢é loai A

Phuong phip B: Bo dinh vi diém su c6 kiéu B dua vao
két qua thyc hién phép do ca hai dau dudng day, song sy cd
tir diém F chay vé ca hai dau tram A va B nhu Hinh 2. Sy xuét
hién ciia dot song dau tién vai micro gidy dén mot dau kich
hoat bo hen gio. B dém thoi gian bi tat & dAu kich hoat khi
tin hiéu tir thiét bi dugc cai dit & dau ddi dién dugc guri di, khi
song phat ra tir vi tri sy ¢b duge phat hién trong thiét bi.

Tram A Tram B

—

F

|
tA e B

Hinh 2. B¢ dinh vi sw ¢é loai B
Viéc tinh toan khoang céach vi tri su c¢b ciing tuong ty
nhu phuong phap do kiéu D (sé& duoc trinh bay duéi day).
Sai s6 ciia phuong phdp 1a phai tinh toan dén sy cham

tré lién quan dén viéc truyén tin hiéu tir tram ddi dién dén
tram kich hoat lam dung bd hen gio.

Phuwong phap C: B¢ dinh vi loai C thyc hién cac phép
do ¢ mot phia cua duong day. B dinh vi giri mdt xung den
vi tri ma xdy ra sy co tai F, khoang cach dén vi tri su ¢b
duoc tinh bang khoang thoi gian giita thoi diém giri xung
(t1) va thoi gian séng phan xa tir vi tri sy ¢d vé tram A (t2)
thé hién & Hinh 3, va cong thic (2) [4]:

\
tl i _/l
| £ |
L, o B[]l vare ;

t(us)) \ r |
May =
:

Hinh 3. Bé dinh vi su 6 loai C

Xung lruyén
trén dwong day

-t
d=2—1xv 2
5 )
Phuong phap nay thuc hién ghép ndi may phat xung
vao duong day gap rat nhiéu kho khan va ton kém chi phi.
Phwong phap D: Khac véi phuong phap B, phuong
phéap dinh vi kiéu D yéu ciu dong b thoi gian cua thiét bi
duoc lgp trén hai dau, bd dinh vi su ¢b xac dinh thoi diém
song déu tién t&i tram A (ta) va tram B (ts), xem Hinh 4.
Khoang cach d dén vi tri sy ¢d F tinh tr Tram A duoc
xac dinh theo cong thirc [4]:

Tram A - - } L -~ - Tram B

I tA tB

Hinh 4. B¢ dinh vi sw ¢é logi D

L+(t, -t )xv

Ll ) ©
2

Trong do, L 1a chiu dai toan bo duong day (ndi tir tram
A dén tram B) (m).

Phuong phap D ¢6 d6 chinh xac cao (ngay ca duong
day co6 bu doc va dudng day song song, ngay ca khi mat
kénh thdng tin). Tuy nhién, khi duong day bi tudt léo thi
phuong phap D khong xac dinh duogc vi tri sy co.

d=

Phuwong phap E: Bo dinh vi kiéu E thuc hién phép do
0 mot phia cia dudng déy, voi myc dich sir dung song gay
ra boi may ct trén dudng day. Dién 4p trong cac pha khi
¢6 1énh chuyén mach ciia may cit c6 mot sy thay (101 bién
d6 va pha khac nhau, két qua tir viée chuyén déi mdi cuc
trong mot khoang thoi gian khac nhau. Khoang thoi gian
giita xung thtr nhat khoi tao boi may cat dong (t) va xung
phan xa tir mach vong cua diém su ¢ vé tram A (t2) dugc
cho ¢ Hinh 5, ding 1am co s& dé tinh toan cho khoang cach
dén diém s cb [4]:
Tram B

Hinh 5. B dinh vi su ¢6 loai E

tz _tl
d 5 XV 4

Bo dinh vi kiéu E c6 thé dugc s dung dé phat hién vi
tri ctia day dan bi tudt 1o hodc dut.

Nhdn xét: Mbi phuong phéap dinh vi su ¢b ¢ uu, nhuoc
dlem va pham vi Ung dung riéng, voi kiéu D dap tng rat
t6t yéu cau vé do chinh xac va tin cdy, kiéu E c6 kha ning
dinh vi su ¢ trong truong hop su cb tudt 1éo hodc dut day,
kiéu A don gian nhét nhung do tin cdy cua n6é phu thudc
vao kiéu dang khéc nhau cta su ¢ nhu hd quang va cac
duong day bén canh, con kiéu C cho d6 chinh xac cao
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nhung phai su dung thiét bi phat xung, gy kho khan cho
viéc van hanh va ghép ndi vao hé thong dién. Hau hét cac

su b trén ludi dién truyén tai 1a do khéch quan nhur thoi

tiét, day diéu cua tré em, cdy ngoai hanh lang d6 vao dudng
day, sét danh vong hodc cam tng vao day dan, ... cho nén
phuong phap kiéu D duoc nhom tac gia dé xuat ap dung,
phan tich.

3. X4y dung méd hinh dwong diy dé danh gii phuwong
phap dinh vi sy ¢6 bang séng lan truyén

Dé danh gia tinh vu viét ciia phuong phap, nhom tac gia
sir dung phan mém Matlab-Simulink mé phong cho dudng
day truyén tai, dién hinh 1a duong day duong day 500kV
Déc S6i/574 - Ba Ning/576 (Hinh 6).

[ TRAVELING WAVE BASE FAUTL LOCATION ALGRTHM ON 500KV DOC SOI- DA NANG TRANSMISSION LINE |

Discrete,

Ts = 1e-06 s.

powergui Vabc PhaseB_Alpha
Vabc PhaseC_Alpha

A

Clarke’s Transform
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Hinh 6. M6 hinh mé phong phuong phdp dinh vi su 6 lzdng song lan truyén
cho duong ddy 500kV Doc Soi/574 - Pa Nang/576

a. Duong day truyén tai: dudng day 3 pha thong sd rai,
nhu Bang 2.
Bing 2. Théng s6 mé phong

Duong day Phu tai Tu bu doc
L =100 km
RL1 =0,021725 Q/km Binh thuong
RLO =0,19444 Q/km P =500 MW,
LL1 = 3,949¢e H/km Q =50 Mvar, tai | 226 Mvar

cao gap 2 14n tai
binh thuong

LLO = 10,072e** H/km
CL1=29e° F/km
CLO=11,103 e® F/lkm

b. Khéi do ludong dong dién va dién ap 3 pha: sir dung
tin hiéu dién ap dé dua vao bod phén bién ddi tin hiéu song.

¢. Khéi thu thap bién dbi tin hiéu song: Dé thu thap gia
trj tirc thoi cua tin hiéu song truyén khi c6 su ¢b tir hai dau
dudng day, ta c6 thé sir dung tin hidu séng dong dién hoic
s6ng dién ap. Bai bao sir dung song dién ap dé phan tich,
tinh toan thong qua phép bién d6i Clarke nhu Hinh 7.

—
(V;b:) Pioc ABOf—pE—_ || PhaseA_Aipha

CLARK

—a
abc  ABO PhaseB_Alpha
i
CLARK 1
F—
abc  ABO PhaseC_Alpha
h -
CLARK 2

Hinh 7. Khoi bién déi Clarke’s
Xét phuong trinh xac dinh thanh phﬁn Clarke ctia dién ap [5]:
Vol Jfr 1 1V
vV, |=Z2 -1 ||V,

“ 3
\Z 1 V3 —BVe

A

®)

Néu dién &p bang nhau chay qua day din A, B, C va
quay tré lai diém ndi dat thi chi c6 dién ap Vo (zero) duoc
tinh todn ¢ hang trén ciing cua (5). Néu tit ca dién &p chay
qua pha A va tra vé mot nira trén B va C, thi chi c6 dién ap
Va (alpha) tinh todn ¢ hang gitra (5). Néu tat ca dién ap
chay qua pha B va tra vé C thi chi c6 dién ap VB (beta) duoc
kich thich va duge hién thi & cot dudi cung (5). Nhu vay,
thanh phﬁn Vo chi hoat dong khi c6 cham dét, thanh ph?ln
Vo hoat dong tot cho ca sy cd pha - dat va pha - pha, thanh
phan Vp thich hop cho su ¢6 pha - pha. Cho nén, bai bao
sir dung 3 bo thanh phan dién ap Vo cho pha A, pha B va
pha C dé tinh toan trong cac truong hop su ¢b [5]:

v 2 -1 -1y, ]

VA, :% 0 V3 3|V,

VA 1 1|V |

v e (-1 2 -1] A

Ve, =% B 0o BV, (6)
Ve 11 1 ||V

ve 1 [-1 -1 2],

Ve, :% 3 B oy,

A 1 1 1|V,

Tin hiéu dién ap VA0, VBa, VCa tir ca hai dau duong
day dugc chuyén dén b 1dy mau, voi tan sd ldy mau rat
cao 1.e7. Cac tén goi A, Al, A2 twong ung vé6i pha A, B,
C ctia phia dau Déc Soi va tén goi B, B1, B2 tuong tmg véi
pha A, B, C cua phia dau ba Nang.

Sau do st dung cong cu phan tich song Wavelet véi ho
Wavelet Daubechies 4 bang Matlab Code:

%su dung bo loc phan tich song Daubechies4 wavelet
[Lo_D,Hi_D] = wfilters('db4','d");
%Bo loc tai tao



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAI HOC DA NANG, SO 5(126).2018, Quyén 1 61

[Lo_R,Hi_R] = wfilters('db4",'r");

%phan tich tin hieu song thanh 4 muc 'db4’

[cA,IA] = wavedec(A,4,Lo_D,Hi_D);

% trich suat he so chi tiet 0 muc 4 tu wavelet dau A

% cau truc phan tich [c,I]

[cd1A, cd2A, cd3A, cd4A] = detcoef(cA,IA,[1 2 3 4]);

% hinh (1); in(tin hieu); vitri('tin hieu goc')

figure (1); plot (cd1A); title('BUS A");

[cB,IB] = wavedec(B,4,Lo_D,Hi_D);

% trich xuat he so chi tiet o muc 4 tu wavelet dau B

% cau truc phan tich [c,I]

[cd1B, cd2B, cd3B, cd4B] = detcoef(cB,IB,[1 2 3 4]);

% hinh (1); in(tin hieu); vitri('tin hieu goc")

figure (2); plot (cd1B); title('BUS B');
d. Khdi sy ¢b ba pha: tao dang swr ¢d 01 pha, 02 pha, 03 pha, ...
e. Thuét toan tinh toan xac dinh vi tri su ¢: duoc trinh

bay tai cong thire (3).

4. Két qua md phéng

Thoi gian mo phong t = 0,03 s, thoi gian 1dy mau
t=1e”7,t=0,008 s la thoi diém tao su cd va 15*10% s6 mau
thu duoc tuong ung.

Xét trudng hop su ¢b 01 pha véi dién tré Re = 10 Q
cach Tram Doc S6i 60 km véi thong s6 nhu Bang 2, thi
song truyén vé hai dau sau khi sir dung cong cu Wavelet dé
phan tich, ta xac dinh dugc thoi diém va do 16n ciia song
tin hiéu cd1A, cd1B c6 dang nhu Hinh 8, Hinh 9.

&V) , 10° _BUSDOCSOI _

(2)

Bién ap 3 pha Bus Doc Soi

(b)
Song tin hidu cd1A
o -
ST T,
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< Hissazst \
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S6 mau «10%
Hinh 8. Xdc dinh tin hiéu séng truyén vé dau Déc Séi: (a)Tin
hiéu do lwong dién ap 3 pha; (b) Tin hiéu cdl1A cia dién ap pha
A sau phan tich bang Wavelet; (c) Thoi diém séng dau tién
truyén tir diém s co
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Hinh 9. Xdc dinh tin hiéu séng truyén vé dau Pa Nang:
(a)Tin hiéu do lwong dién dp 3 pha; (b) Tin hiéu cd14 cia
dién dp pha A sau phan tich bang Wavelet; (c) Thoi diém song
dau tién truyeén tir diém sw co

Tinh toan xac dinh vi tri su cd:

+ Theo Hinh 8c, thoi gian séng truyén vé dau Ddc Soi
cta song dau tién la:

t, =(4, 01021*10* *0,03) /15*10* = 0,00820044 s

+ Theo Hinh 9c, thoi gian séng truyén vé dau Da Néng
cta song dau tién la:

t, =(4, 0682*10* *0,03) /15*10* =0,0081364 s

+ Theo tai liéu [6], ta c6 van tdc truyén séng trén dudng
day truyén tai:

1 1
V= =
\/LLl xCpy \/3, 949e ™ x 29¢™°

+ Vi tri sy ¢6 tinh tir du Dbc Soi theo cong thire (3):

=295499,9 km/s

m, :%><[L+('[A —t5)xV]

m, = %x [100+ (0,0082044 — 0,0081364) x 295499, 9]
m, = 60,047 (km)

Tuong ty, md phong lan lugt cho cac truong hop su ¢b
AG, BC, ABC ung vdi dién tré sy ¢d RF thay dbi 10, 20,
30 Q & ché d6 phu tai binh thudng, phu tai tai cao, ¢6 tu va
khong c6 tu, ta co két qua nhur Bang 3.
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Bing 3. Két qud mé phéng tinh todn dp dung cho dwong ddy 500kV Déc S6i/574- Pa Néing/576
Khoi wch Dang su ¢b Phu tai Tu bu dgc
OANg cAC RF (Q) 500 MW, | 1000 MW, 226
thwe, km AG (km) | BC(km) | ABC(km) | ("o | 100 mvar | Mvar | OMVAR
5 10, 20, 30 5,084 5,084 5,084 5,084 5,084 5,084 5,084
15 10, 20, 30 14,983 14,983 14,983 14,983 14,983 14,983 14,983
25 10, 20, 30 25,03 25,03 25,03 25,03 25,03 25,03 25,03
35 10, 20, 30 34,929 34,929 34,929 34,929 34,929 34,929 34,929
45 10, 20, 30 44,976 44,976 44,976 44,976 44,976 44,976 44,976
50 10, 20, 30 50 50 50 50 50 50 50
55 10, 20, 30 55,023 55,023 55,023 55,023 55,023 55,023 55,023
60 10, 20, 30 60,047 60,047 60,047 60,047 60,047 60,047 60,047
65 10, 20, 30 65,07 65,07 65,07 65,07 65,07 65,07 65,07
75 10, 20, 30 74,969 74,969 74,969 74,969 74,969 74,969 74,969
85 10, 20, 30 85,016 85,016 85,016 85,016 85,016 85,016 85,016
95 10, 20, 30 94,915 94,915 94,915 94,915 94,915 94,915 94,915

Nhdn xét: Dinh vi sy ¢d bang phuong phap song lan
truyen kiéu D cho dudng day 500kV, can c6 thong tin vé
chidu dai duong ddy, van tdc truyén song va thoi gian
chénh léch cua xung tin hiéu dau tién truyén dén hai dau
duong day dé tinh toan diém sy cb. Két qua thu duoc cua
Bang 3 c6 sai b 16n nhét 84 m, sai sb nho nhét bé‘lng 0m
khi su ¢b giita dudng day.

5. Két luan

Bai béo da thuc hién mo phong, déanh gid sai sé ciia hé
thong dinh vi sy cd bang phuong phap song lan truyén kiéu
D trong cac diéu kién van hanh khac nhau cua hé théng nhu
dién tro su ¢, dang nga"m mach, tu bu doc, phu tai, ... va
cho ra két qua c6 do chinh xdc cao hon rt nhiéu so voi
phuong phap téng tré img dung trong role bao vé truyén
théng. Dua trén co s¢ do, nhom tac gid dé xuat Iya chon sur
dung bd dinh vi sy ¢b SFL2000 cua hang Kinkei véi tan s
ldy mau 10 MHz, thiét bi dong bod GPS GNSS cua hang
Puruno, hé théng mang WAN lién két tat ca cac don vi truc
thudc va ting tram bién 4p ctia Tong CONg ty Truyen tai
dién NPT véi toe do 1 Gbit/s, va may tinh chu dugc lap dat
tai don vi diéu hanh xtr 1y sy ¢d. Hiéu qua mang lai sau khi

dua vao van hanh, hé théng dinh vi su ¢ dé xuit s& dong
vai tro vO cung to 16n trong viéc giam thiéu thoi gian mat
dién ciling nhu nang cao do tin cdy van hanh h¢ thong dién.
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