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Phuong phap RBF-FDTD cho mo6 phong
dién ap cam ung sét trén cac duong day
phan phéi dién trén khéng
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TOM TAT

Bai bao trinh bay viéc ap dung phwong phap
sai phan hizu hgn mién thoi gian sir dung ham ban
kinh co so (RBF-FDTD) nhw ham MQ
(Multiquadrics), IMQ (Inverse Multiquadrics) va
GA (Gaussian) da dwroc phét trién trong [1] cho
Viéc tinh toan dién ap cam wng sét trén dwong day
phan phai trén khéng trong hai truong hop dat ly
fwong va ton hao. Ngoai ra, anh huong ciia vang
quang dén dién ap cam ung sét ciing duwot xem
xét. Bé lam tang dé chinh Xac ciia phwong phdp,
bai bdo dé xuat sir dung thudt toan téi wu cho
viéc xde dinh thong so hinh dang. Phuwong phdp
MQ, IMQ va GA RBF-FDTD da duwoc kiém

chiing vé kha nang dp dung, dé chinh xac va tinh
hiéu qua thdng qua viéc tinh toan dién ap cam
ing sét trén dwong day phan phéi 110kV. Céc keét
qud s6 cia phirong phdp RBF-FDTD dwoC SO
sanh véi cac két qua thu dioc tir phiong phdp
sai phan hizu hgn mién thoi gian (FDTD) truyen
thong trén co so loi gidi cua Lightning-Induced
Overvoltages (LIOV). Két qua so sanh cho thay
phuong phdap RBF-FDTD luén luén cé dé chinh
xdc cao hon phwong phdp FDTD truyén thong,
dac biét khi xdc dinh dwoc thong sé hinh dang tai

uu.

Tir khéa: Puwong day phan phoi, phirong phdp RBF-FDTD, dién &p cam ing Sét, vang quang.

1. GIOI THIEU

Trong thuc té van hanh mang dién, duong
day phan phéi dién 1a phan tir quan trong nhat
trong viéc két ndi ngudn phat va tai tiéu thu. Tat
ca cac su ¢b xay ra trén duong day phan phéi déu
anh huéng dén van hanh mang dién. Cac qué
trinh qua do dién xay ra khi dong cit duong day,

tu bu, sét danh tryc tiép hay gian tiép vao duong
day s& lam méo dang séng ngudn 1am anh huong
dén chét luong dién nang. Tuy thudc vao thoi
gian ton tai va do 16n, cac song qua do nay cé thé
lam hu hong cach dién cua cac thiét bi dién va
dan dén c6 thé mat dién. Do do, viéc tinh todn qué
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d6 dién mot cach chinh xac déng vai trd quan
trong trong viéc thiét ké, lap dat cac thiét bi bao
vé va chon lua cip cach dién phu hop.

Viéc nghién ciru bai toan qui do dién da
dugc dat ra va nghién cu tir rat 1au. Cac nghién
ctru nay da phan chi tap trung vao nghién ctru quéa
d6 déng cat duong day, dong cét tu bu,...Khoang
hai thap ky tr¢ lai day, bai toan nghién ctu dién
ap cam ung sét trén duong day phan phdi va
mang phan phéi d4 thu hat duoc rat nhiéu nha
nghién ctu [5]-[14]. Dac biét, véi su phét trién
vuot bac caa ky thuat may tinh va phuong phap
s6, cac nha nghién ctru d4 tim ra dwoc 16i giai dién
ap cam ung sét ngay mot phong phu va chinh xac
hon théng qua cac phuong phap nhu phuong
phap FDTD bac 1 dugc d& xuat boi Agrawal va
dong nghiép [4], ky thuat FDTD bac 2 duoc dé
nghi bai Paolone va dong nghiép [7], va phuong
phap Wavelet dwoc sir dung boi Antonini va dong
nghiép [8]. Mot diéu dang tiéc 1a & Viét Nam rat
it nha khoa hoc, giang vién, k¥ su dién quan tam
dén viéc tinh toan van dé nay.

Trong bai bao nay, lan dau tién tai Viét Nam,
ching toi xay dung hoan thién phwong phap sé
méi 1a phuong phép sai phan hiru han mién thoi
gian st dung ham ban kinh co s¢ (RBF- FDTD)
[1], & d6 cac x4p xi sai phan hitu han mién khéng
gian va thoi gian duoc phét trién tir cac ham ban
kinh co sé. Ngoai ra, dé 1am ting dé chinh xéc,
thuat toan t6i wu xac dinh théng sb hinh dang [2]-
[3] cling dugc dua vao trong phuong phap cia
ching téi. Phwong phap méi nay dd duoc ap dung
cho viéc md phong dién &p cam ung sét trén
duong day 110kV. Két qua tinh toan cho thay
phwong phap dé xuat RBF-FDTD ludn cho két
quéa chinh xac hon phwong phap FDTD truyén
thdng trong viéc mo phong bai toan quéa do dién.

2. MO HINH TINH TOAN
2.1 Phwrong trinh két néi dién tir truong

Xét cau hinh hinh hoc gitta kénh sét va
duong day dién phan phdi mot pha 110kV, véi
chiéu dai 1km nhu trén Hinh 1. Sir dung mé hinh
duong day khong toén hao dwoc kich thich boi
truong dién tir cua sét, phuong trinh két ndi dién
tir duong day duoc dé xuat boi Agrawal va cac
ddng nghiép trong [4] duoc Viét nhu sau

ovei(x,t) . al(xt) 1
ST, = E*(x,h,t) @

A, o V(Y _g (2)
oX ¢ a

Lo va Co dién cam va dién dung trén don vi chiéu
dai; Vv o(x,t) va I(x,t) 1a dién ap nhiéu va dong
dién doc trén duong day; E'x(x,h,t) 1a truong dién
ngang t6i doc theo truc x tai vi tri chiéu cao duong
day, c6 thé dugc xem la khong thay doi trong
pham vi docao 0 <z<h.

Diém khio sat
: I
l '/rllh‘ =
L2 = 500 m

(e}

SL/2 = - 500w

Hinh 1. C4u hinh hinh hoc gitra kénh sét va duong
day phan phdi 110kV.

Dién 4p cam tng tai mdi diém trén duong
day duoc tinh bang téng dién &p nhiéu va dién ap
toi do sét gy ra theo phuong trinh:

h

VT(x,t)=V5(x,t)—IEiZ(x,h,t)dz (3)

0

=V 1) +Vi(x,t)
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VT(x,t) 1a dién &p cam Gng tong ; V3(x,t) 1a dién ap
nhidu duoc tinh boi hé phuong trinh (1)-(2) :
Vi(x,t) 1a dién ap téi va EMy(x,h,t) 1a truong dién
doc tai d6 cao h cua day dan.

2.2 Léi gidi RBF-FDTD cho | (x,t) V& V*(x,t)

Pé tang do chinh xéc cua 10i giai, Paolone
trong [7] d4 khai trién Taylor bac 2 cho cac thanh
phan dong dién I (x,t) va dienap v *(x,t), va sau
d6 sai phan chung bang cac xap xi sai phan hiru
han truyén théng. Trong phan nay, ching toi 4p
dung cac xap xi sai phan hitu han mién thoi gian
sir dung ham RBF duogc trinh bay trong [1] cho
I(x,t) va V*(x,t), va thu dugc loi giai RBF-
FDTD nhu sau

an+1 =V + kil (Il?—l - Il?ﬂ) + k;/ (Eh.; —Ehy)
Y W (X, GOV + WA (X, 6, VY
RV CTHA
I;Hl = Ikn + k1I (Vkrl-l _an—l) + kzl Ehl?
kW@ @Ax e )17, W (ax,e )1, ©)

+w? (Ax,c ) 1) +k; (Eh/™ —ER™)

Vi céac hé sb:

dt :+’ kl/ = _iw:?) (AX’ Cx)
208 (At ) 2C,
2 2
K== wo(axc); k=2
2L,C, 2L,C,
dt dt
ki =——w{(Ax,c,); k, =—
a | K L 5 ( DN L

dt’® dt
SRR T
LOO 0

Diéu kién bién cua dién ap nhidu tai vi tri tai
tai hai ddu duong day dwoc viét nhu sau

h
V" = [E}(0,0,t)dz - Z,.1] (6)
0

h
Vs = [EL(LONdZ+Z 1. )
0

E'.(x,z,t) 1a truong dién doc téi va Zo, Zu 12 tong
tré tai hai dau dudng dy, n6 thuong duoc chon
bang téng tré dat trung cua duong day cho viéc
bo qua séng phan xa tir hai dau duong day.

2.3 Xac dinh hé s6 hinh dang ¢ ti wu

DPbi v6i cac phuong phap thudc ho céc
phuong phap khong lugi dang manh RBF (RBF
meshfree methods), cling nhu phuong phap RBF-
FDTD cua chdng tdi, hé sé hinh dang ¢ quyét
dinh rét nhiéu dén do chinh xac va tinh én dinh
trong tinh toan, md phong. Bé don gian cho viéc
xac dinh hé s6 hinh dang ti wu ¢ cua phuong
phap RBF-FDTD, trong bai bao nay, ching toi s&
ap dung thuat toan téi wu dugc d& xuit boi
Bayona va cac dong nghiép [2]-[3]. O do, sai sb
cua phuong phap RBF-FDTD dugc danh gia nhu
sau

E(c) =u—-0(c) )
Khi d6, chung ta c6 hé s6 hinh dang C tbi wu

duge dinh nghia la ¢ sao cho

HE(C*)H =min

oy =M E(c) EmCinHu—G(c)H 9)

RMS

RMS
Trong d6: Ula vector loi giai chinh xéc, ¢

day chung t6i chon la loi giai caa LIOV; ((c) la

vector 16i giai RBF-FDTD; ¢’ 12 hé sb hinh dang

ti wu can tim.

3. KET QUA TINH TOAN

Nghién ciru truong hop sét danh tai vi tri
yo=50m tinh tir tim duong day phan phdi nhu trén
Hinh 1. Trong cac nghién ctru trudc, cac tac gia
d4 chi ra rang, truong hop khoang cach tir vi tri
sét danh dén tam duong day nho hon 50m thi
dugce xem nhu 14 sét danh truc tiép vao duong
day. Dong dién day kénh sét co6 dang
Subsequence Stroke (SS).

3.1 Truwong hep 1: Pét din dién ly twéng
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A. Vi tri gista duwong day

Két qua mo phong dién &p cam tng ¢ gitra
duong day, nghia 1a tai vi tri tim duong day,
nghia 1a tai x=0m nhu trén Hinh 1., dugc trinh
bay trén Hinh 2. Két qua md phong cho thay,
bang céch két hop thuat toan do tim théng sé hinh
dang téi wu, 10i giai RBF-FDTD bam rat st voi
LIOV khi so sanh voi 10i giai FDTD truyén thong
trén toan bo dang soéng.

—-=rom
—— waFom
f,\ —= LoV

|

Dién dp cém iing V)

4
Thos gian [us]

Hinh 2. bién 4p cam Gng sét trén dudng diy don khi
dat ly trong tai x=0m dwoc md phong bang LIOV,
FDTD va RBF-FDTD.

Bang 1. va Hinh 3. cho thay gia tri va duong
cong sai s6 RMS cua phuong phap FDTD truyén
thdng va RBF-FDTD. O d6, ching ta c6 thé nhan
thdy rang sai s6 RMS cta phuong phap FDTD
hién nhién 1a khong thay ddi theo ¢, nhung sai s6
RMS cia phuwong phadp RBF-FDTD giam rét
nhanh trong pham vi bé caa théng s6 hinh dang
c. Két qua nay mot lan nita cho thay ré rang hon
vé d6 chinh xac cua phuong phap RBF-FDTD so
v6i phurong phap FDTD truyén thong trong viéc
mo phoéng dién ap cam tng sét trén duong day
phan phéi.

Sai s RMS

Bang 1. So sénh sai s6 RMS giira i giai FDTD
va RBF-FDTD cua dién ap cam (ing sét tai giira
duong day

Phwong | ¢ theo ¢ theo

. _, » i s6 RM
phap bién t bién x Sal s6 S

MQ-
FDTD 2,8591E-08 |3,9915E+01 |7,294485E-04

IMQ-

FOTD | B:5416E-08 (6,2731E+01 |7,497511E-04
GA- | 4,6911E-08 | 5,0008E+01 7,536582E-04
FDTD |~ ! !

FDTD - - 2,300149E-03

Bang 1. va Hinh 3. cho thay gia tri va duong
cong sai s6 RMS cua phuong phap FDTD truyén
thdng va RBF-FDTD. O d6, ching ta c6 thé nhan
thdy rang sai s6 RMS cta phuong phap FDTD
hién nhién 1a khong thay ddi theo ¢, nhung sai s6
RMS cia phuwong phap RBF-FDTD giam rét
nhanh trong pham vi bé caa théng s6 hinh dang
¢. Két qua nay mot lan nita cho thay ré rang hon
vé d6 chinh xac cua phuong phap RBF-FDTD so
v6i phurong phap FDTD truyén thong trong viéc
mo phoéng dién ap cam tng sét trén duong day
phan phéi.
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HE s hinh dang

Hinh 3. So sénh sai 6 giira phuong phap RBF-FDTD
va FDTD cua dién ap cam eng sét tai vi tri x=0m.
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Hinh 4. So sénh sai 6 giira phuong phap RBF-FDTD
va FDTD cua dién ap cam eng sét tai gitra duong day
theo tdng sb khoang chia dudng déy theo tryc x.

Hinh 4 cho thay mot sy so sanh sai sb giira
phuong phap FDTD truyén thong va RBF-FDTD
theo tong sé khoang chia theo truc x. Tir két qua
so sanh nay, ching ta c6 thé thay phuong phap
RBF-FDTD ludn luén cho két qua chinh x4c hon
FDTD truyén thong ngay ca trong truong hop sé
khoang chia bé. Biéu nay rat hitu ich cho viéc md
phong cac bai toan thyc té 16n ma ¢ do chung ta
khéng can d6 chinh x&c qua cao thi véi phuong
phéap RBF-FDTD ching ta chi can do chia nho
hon rat nhiéu so véi FDTD nhung van dam bao
d6 chinh xac cao. Diéu nay s& lam giam chi phi
thoi gian tinh toan.

B. Vi tri dau dwong day

Két qua md phong dién ap cam ung tai vi tri
dau duong day véi x = 500m duoc trinh bay trén
Hinh 5. So sénh sai s6 RMS giita phuong phap
FDTD truyén thong va RBF-FDTD ciing dugc
trinh bay trén Bang 2. va Hinh 6. Két qua md
phong va so sanh sai sb cho thay rang cac gia tri
mo phong dién ap cam tmg sét, trong trudng hop
khao sét vi tri cudi duong day hay gan cudi duong
day, s& tién lai gin nhau hon khi so sanh véi vi tri
giita duong day. Tuy nhién, vé mat gid tri sai s6
thi chling ta van xac dinh duoc rang loi giai RBF-
FDTD luén chinh xac hon FDTD.

—=FD

D
— MQFDTD
——— LoV,

60

Dién dp cim iing (1

\

NG

Hinh 5. bBién 4p cam Gng sét trén dudng diy don khi

d4t dan dién ly tuong tai x = 500m dwgc md phong
béng LIOV, FDTD va RBF-FDTD.

Bang 2. So sénh sai s6 RMS giira i giai FDTD

va RBF-FDTD cua dién &4p cam ung sét tai dau
duong day

Phwong

* Sai s6 RMS
phéap C theo x al so

C theo't

MQ-FDTD | 8,6120E-12 | 6,1825E+01 | 1,543027E-04

IMQ-

EDTD 5,0051E-01 | 1,2118E+02 | 1,692343E-04

GA-FDTD | 8.952E-02 |1,1483E+02 | 1,684759E-04

FDTD - - 2,292409E-04
\ —GAEm
AN .
RN — - = Eror ]
» —&— FDTD Error |
N
X
N A
A Y
A
= \ N
E \ \,
2 \
= \
Z NN
\ \ 3,
v M
\ N N
L \ » — ke
hY \\‘\ e
N ,-‘\Qlﬁ.__.—ﬁ’-;;:————_

Hinh 6. So sénh sai sb gitta RBF-FDTD va FDTD
cta dién ap cam (ng sét tai x = 500m.
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Hinh 7. So sénh sai s gitta RBF-FDTD va FDTD
ctia dién &p cam wng sét tai x = 500m theo téng sb
khoang chia duong day theo truc x.

Tuwong ty nhu Hinh 4., Hinh 7. ciing cho
thdy phuong phap RBF-FDTD luén chinh xéac
hon phuong phap FDTD trén moi khoang chia,
va nhu thé n6 co wu diém rat 16n khi &p dung cho
c4c bai toan thyc té co kich thuét 16n théng qua
viéc gitr duoc sai s6 trong pham vi cho phép va
giam duoc thoi gian md phong dang ké.

3.2 Truwong hep 2: Pit din di¢n hiru han

Trong c&c nghién ctu trude day, cac tac gia
- [5]-[7] d4 chi ra rang thanh phan ton hao trén
mit dat do dat dan dién hitu han 1a phan quang
trong hon, anh hudng dén ca truong dién tir sét
va dién &4p cam tng sét lan truyén doc duong day.
Trong bai viét nay dé don gian viéc tinh toan, ton
hao ciia mat dit anh huong dén trudng dién tir s&
duge xét dén cho dién truong ngang, trong khi d6
dién truong doc va tir tredong vudng géc xem nhu
khéng bi anh hudng cho dudng day dai dén 5 km
theo Baba - [9].

Phuong trinh két néi dién tir cia Agrawal s&

dugc viét lai cho truong hop mat dat ton hao nhu
sau - [7], [13]

avi(xt) . al(xt) .. al(x,t) , (10)
T+LoT+£§g(t—r)7dr:Ex(x,h,t)
ol (x,t oV e(x,t
(1) L ¢, V) _g (11)
OX ot

6] day: g; (t-7)la dién tro qua do cua dat

Trong phan trén, ching toi da ching minh
rang phuong phap RBF-FDTD luén cho két qua
t6t hon phuwong phap FDTD truyén thong. Vi vay,
trong treong hop nay, ching téi cling ap dung
phuong phap MQ RBF-FDTD két hop vai viéc
sir dung hé sé hinh dang t6i vu ¢ dé mé phong
dién ap cam tng sét.

e
-
#

Jon 3y anung W]

yd
g
)
T
.
rd
7
k4

Ihor gran [ua]

Hinh 8. bién &p cam Gng sét trén dudng diy don khi
dét dét Iy tuong va tdn hao tai x = Om.

ion ap cam ung tron duong day 1 ph

w
£~

< !

= M N

s s,

: N

S

1

1o gan [ps]

Hinh 9. bién 4p cam Gng sét trén dudng diy don khi
dat ly tuéng va ton hao tai x =500m.

Két qua md phong tai gitra va dau duong day
dugc trinh bay trén Hinh 8. - 9., cho thiy toan bo
két qua md phong dién &p cam g sét trén toan
chiéu dai duong day. Két qua cho thiy rang tai
gitta dudong ddy noi gan vi tri sét danh dién ap
cam ung sét sé tang 1én rat nhidu so vai truong
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hop dat ly tuong. Trai nguoc lai, dién p cam tng
sét tai hai dau duong day s& giam rat nhiéu.

4. KET LUAN

Bai bao trinh bay mét ap dung cta phuong
phap RBF-FDTD vao viéc mo phong dién ap cam
mg sét trén duong day phan phéi dién trén khéng
trong ca hai truong hop khao sat dat Iy tuong va
t6n hao. Bén canh d6, anh huong cua vang quan
1én dién &p cam ung sét ciing dwoc xem xét. Két
hop phuong phap RBF-FDTD va giai thuat tim
thdng s6 hinh dang ¢ téi uu, cac két qua md phong
d4 cho thay phuong phap RBF-FDTD luén cho
két qua chinh xac hon phuong phap FDTD truyén

théng. Ngoai ra, phuong phap RBF-FDTD s&
mang lai hiéu qua cao théng qua viéc tiét kiém
thoi gian md phong hon rat nhiéu so véi FDTD
trong cac bai toan thuc té Ion ma ¢ d6 khong doi
hoi d6 chinh xac qua cao. Céc két qua nghién ctu
ciing da cho thay rang phuong phdp RBF-FDTD
la ¢6 nhiéu uu diém hon phwong phéap sb truyén
thong trong viéc mo phong, tinh ton céc bai toan
qué do dién trong nganh k¥ thuat dién.

Ghi nhégn: Nghién citu duwoc tai tro boi Dai
hoc Quac gia Thanh phé Ho Chi Minh (PHOG-
HCM) trong khudn khé Dé tai ma s6 C2014-20-
10.

The RBF-FDTD method for modeling the
lightning-induced voltages on overhead

distribution lines
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1Ho Chi Minh city University of Technology, VNU-HCM

2Tay Ninh power company.

3 Vietnam National University Ho Chi Minh City (VNU-HCM)

ABSTRACT

This paper presents an application of the
Radial Basis Function — Based Finite Difference
Time Domain Method (RBF-FDTD) such as MQ
(Multiquadrics), IMQ (Inverse Multiquadrics)
and GA (Gaussian) is developed in [1] for
modeling the lightning-induced voltages on

overhead power lines in both cases of ideal
ground and lossy ground. In addition, the
influence of corona on the lightning-induced
voltages has been considered as well. In order to
increasing the accuracy of proposed method, the
optimal algorithm of finding the shape
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parameter has been used. The accuracy,
effectiveness and applicability of The MQ, IMQ
and GA RBF-FDTD are evaluated through
computing the lightning-induced voltages on
110kV overhead distribution lines. The solutions
obtained by the RBF-FDTD are compared with

those of the traditional FDTD based on the basic
solution of the LIOV. The obtained results
demonstrate that the RBF-FDTD is always more
accurate than the traditional FDTD, in
particular with the optimal shape parameter.

Keywords: Overhead distribution lines, RBF-FDTD method, lightning induced voltages, corona.
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