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TOM TAT

Bai bao nay trinh bay viéc ap dung Phuong
phép sai phan hiu hgn mién thoi gian siz dung
ham bdan kinh co so (Radial Basis Function-
based Finite Difference — RBF-FD) cho viéc gidi
bai todn qud dé dién dwoc dinh nghia bang hé
phwong trinh vi phan phy thugc thoi gian. Trong
phirong phdp ndy, c&c xdp xi sai phan hiu han
Ciia cde dao ham bdc mét va bdc hai trong mién
thoi gian duroc X8y dung tuwong tw nhir cdc xap xi
sai phan hizu hgn trong mién khdng gian si dung
ham MQ (Multiquadrics) dd dwoc gidgi thiéu
trong [1]. Phuong phip MQ RBF-FD da dwoc

kiém ching vé kha ndng dp dung, dé chinh xéac
va tinh hiéu qud théng qua viéc tinh todn dién ap
qud dé trong mo hinh mach dién chuan va dwong
day truyen tai thuc té 220kV cua Viét Nam. Két
qud S6 Ciia chiing téi dwot so Sanh véi cac ket
qud thu duoc tir cdc phuong phdp gidi tich, FD
truyen thang va phan mém ATP/EMTP. Két qua
so sanh cho thay phirong phdp MQ RBF-FD c6
dé chinh xdc cao hon cdc phwong phdp truyén
thong, ddac biét khi xdc dinh dwoc thong sé hinh

dang toi wu.
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1. GIOI THIEU

Nhu d4 biét dé c6 dwoc mot hé thdng truyén
tai dién tin cay, dam bao van hanh mot cach an
toan, lién tuc thi cac qua trinh dién ra trong hé
thdng truyén tai dién phai dwoc nghién ciu tinh
todn mét cach k§ ludng voi dd chinh xac cao.
Trong qua trinh van hanh hé théng truyén tai
dién, c6 thé chia hoat dong cua n6 lam hai qua
trinh la qua do va xac lap. Trong do, qua trinh qua

do la qua trinh twong tac nhanh gitra nang luong
trong cac phan tir L va C do tac dong boi xung
sét, ngan mach, déng cat duong day, dong cat
tram bién ap, tu bu...[2]-[3]. Cac séng qua do
dong va &p xuét hién trong thoi gian rat ngan,
thuong chi vai chu ky, truyén theo duong day
truyén tai toi cac thiét bj dau cudi nhu may bién
ap, may phat, may cét, tu bu... TUy thudc vao thoi
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gian ton tai va do 1n, 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
dd6 mot cach chinh xdc dong vai trd quan trong
trong viéc thiét ké, lap dat cac thiét bj bao vé va
chon lya cap cach dién phi hop.

Tong quét, cac bién dong va &p cua qua trinh
qua d6 do dong dién khoéng tai duong day dugc
biéu dién trong dang todn hoc bai hé phuong
trinh vi phan hoic trong mién tan sb hoac trong
mién thoi gian. Dang thir hai, trong d6 cac bién
dong va ap phu thudc vao khong gian — thai gian
hoac chi phu thuoc vao thoi gian theo dang
phuong trinh  vi phan thuong (Ordinary
Differential Equation - ODE) la dang théng dung
nhét va dugc nghién ciu tir rat 1au bang viéc su
dung phuong phép tich phan kinh dién, phuong
phap bién ddi Laplace, phwong phép tich chap va
tich phan Duhamel... Miac du két qua tinh toan c6
do6 chinh xac cao nhung cac phuong phap nay
thuong phic tap va dic biét 1a khéi lwong tinh
toan tuwong ddi 16n khi 4p dung vao céac hé thong
truyén tai phuc tap. Trong khi d6, cac phuong
phap sé truyén théng nhu phwong phap bién trang
thai, phuong phap FD, phuong phap TLM,
phuong phap moment, phuwong phap wavelets, ...
d4 cho thay mot vu thé khi dwoc ap dung vao giai
cac bai toan qua do -[4]-[8].

Trong qué trinh nghién ciru phat trién cac
phuong phép sb hién dai, phuong phap ham ban
kinh co s& RBF 14 mot cong cu hang dau trong
Viéc ndi suy cac gia tri roi rac cua khéng gian da
chiéu bang céach sir dung cac ham ban kinh co s¢
-[9]. Phuong phap nay duoc gisi thidu lan dau
tién boi Kansa — [10]. Do ban chét cua RBF 13 tir
phuong phap khong ludi (Mesh-free) nén no
nhan dugc ngay cang nhiéu quan tam trong viéc
Xap xi cac vi phan va giai phuong trinh vi phan
riéng phan.

Trong bai bdo nay, ching t6i giéi thiéu
phuong phap RBF-FD sir dung cac ham MQ
duoc cai tién tir sy két hop giira phuong phap FD
va phuwong phap RBF. Phuong phap nay duoc
xay dung mot cach téng quat tir phuong phap MQ
RBF-FD trong mién khong gian duoc gidi thiéu
boi V. Bayona va cac dong nghiép - [1]. Ban chat
cua phuong phap nay 1a xap xi dao ham bang té
hop tuyén tinh céc gia tri cia ham d6 tai cac diém
phan b6 dong nhat va khong dong nhat. Trén co
s& d6, phuong phap MQ RBF-FD c6 thé duoc
g dung dé giai quyét cac bai toan tuyén tinh va
phi tuyén mién khong gian — thoi gian voi do
chinh x&c cao.

Pé kiém chimg d6 chinh xac va kha ning
ung dung cua phuwong phap MQ RBF-FD, chlng
toi ap dung cac phuong phap nay vao viéc tinh
todn dién ap qua do trén mot mach dién chuan va
mot mo hinh dwodng day truyén tai ba pha dugc
dinh nghia bai hé phuong trinh vi phan thuong
mét chiéu trong mién thoi gian, nghia 1a chi phu
thuoc vao bién thoi gian. Bén canh do, dé dat
dugc két qua co do chinh xac cao nhat, ching ti
d4 sir dung thuat toan xac dinh hé sé hinh dang
t6i wu trong tham khao [11]. Két qua tinh toan
dugc trinh bay trong c4c hinh v& va bang sé liéu
trong Muc 1. Két qua tinh toan cho thdy phuong
phdp RBF-FD luén luén chinh x4c hon phuong
phép FD truyén thong trong viéc giai bai toan qué
d6 phu thudc thoi gian, va né la hiéu qua cao khi
ap dung cho céc bai toan thuc té trong nganh ky
thuat dién.

2. PHUONG PHAP MQ RBF-FD
2.1 Téng quét vé phwong phap RBF-FD

Trong phan nay, dic co so trén viéc xay
dung xap xi sai phan hitu han RBF trong mién
khong gian duoc trinh bay boi V. Bayona trong

Trang 6



TAP CHi PHAT TRIEN KH&CN, TAP 19, SO K3- 2016

[1], chling t6i s& di xay dung xap xi sai phan hitu
han RBF trong mién thoi gian nhu sau

Xét bai toan qua do dién phy thudc mién thoi
gian trong khong gian maot chiéu, gia thiét ham
u(t) lién tuctrong mién thoi gian, duoc biéu dién

bang phuong trinh vi phan nhu sau
Llu(t)]=a0) 1)
Trong do: L [u (t)] 1a biéu thirc vi phan cua
ham utheot; g (t) la ham thuc theo t
Trong phuong phap RBF-FD, chling ta Xip
xi ham L [u(t)]tai thoi diémt =t; bang cach to

hop tuyén tinh nhitng gid tri chua biét caa ham u
tai n diém roi rac xung quanh diém t;

L[U(tj)]zzn:ajiu(ti), j=1..,N 2

V6i N 1a s6 niit dugc chia theo khoang chia
h trén mién thoi gian; e la trong s6 dwoc xac dinh
bang céch noi suy tir da thirc, cu thé trong phuong
phép nay ching ta st dung cac da thirc la ham ban
kinh co s& RBF duoc viét nhu sau

ut) = Y05 ).0) ®)

Trong do: r,(t;) =l t; —t; ||1a khoang cach tir
nit t, dén diém 1an can t;; ¢ 1a ham ban kinh co
s& phu thudc vao hé sé hinh dang ¢ (c>0). Ba kiéu

ham ban kinh co s¢ théng dung —[9]-[10] dugc
trinh bay nhu trong Bang 1.

Bang 1. Cac biéu thuc ham RBF vai bién thoi gian

Kiéu ham RBF Biéu thirc

MQ (t—tj)2+c2

1
IMQ (t—tj)2+c2
2
t-t,
GA i 2‘)
e C

Thé (3) vao (2), chling ta xac dinh dugc cac
trong sé a;i chua biét bang cach giai hé phuong
trinh tuyén tinh sau

LIp(r (t,).0)]= Zn:aji(]ﬁ(rk t).c), k=1..n (4

CAc xap xi dao ham bac mot va bac hai trong
mién thoi gian sir dung ham MQ RBF ing Vvéi
n=3 duoc viét nhu sau

u'(t;) = aqu(t; — At)+ apu(t; ) + au(t; + At) (5)

u'(t;) = B (t; - At)+ Bou(t; )+ Bu(t; +At) (6)

St dung ham ban kinh MQ, ching ta xac
dinh dwoc cac cong thac tinh trong sb
("%, e"?) va (B, 5", B5"?) trong
mién thoi gian nhu sau trong mién khong gian -

[1]
Mo Mo C+VCR+4AE

" =—ag =, ()
AAtV AL +C
ay? =0 ©)
va
22 — ¢ . 1
( IAf2 & 2 )5 cPVAL +¢?
MQ — MQ — 9
By 3 T 1« )
¢ Jaat?+c? AP+
wo  2¢%+(At? +2c?)V4AL® +¢® +3cAt’ (10)
Mo _

2CAt? (At? +¢?)
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Thuc hién cach tiép can twong tu nhu cho
ham MQ [1], chdng ta c6 thé tim duogc cac hé sé
(q,a5,05) Va (B,.5,,P;) tuong ung vdi cac

ham IMQ va GA RBFs nhu sau

Stt dung ham IMQ, chiing ta c6

cVc? +4At2 (c+\/c2 +4A? )

MR =M _ . (11)
4At(\/At2 +c? )
aZ'MQ =0, (12)
va
2At%2 —¢? . 1
(\/At2+cz )5 c2VAL? +¢2
IMQ _ pIMQ _ 13
B 3 1 1 2c (13)
P 2 2 At2 2
C J4At® +¢* At°+cC
2 2
2c(2at” -¢*) )
5 ° 2, 2
("Atz +C2) C\/At +C
MQ _ _ - _ 14
2 ¢ 1 1 2 14)
C J4a? +c? AtP+c?
Va v6i ham GA, chiing ta thu dugc
—At?
2
GA _ GA _ 2Ate ©
O =0 =Ty (15)
c’|1-e ©
as =0 (16)
va
—At?
4At? e ©
GA GA
T P33 = 2 \2 (17)
—2At
ctl1-e ¢
—2At?
2 8At?e ¢
GA
) T, T 18
2 a2 (18)
ctl1-e ¢

2.2 Thuat toan xac dinh thong sé hinh dang téi
uu

Trong phuong phip MQ RBF-FD, h¢ sé
hinh dang ¢ quyét dinh rat nhiéu dén do chinh xac
cua bai todn. Do d6 viéc nghién ciru, két hop cac
md hinh toan dé tim ra gia tri ¢ téi wu la mot diéu
hét strc can thiét va 1a mot van dé mé dang dugc
céc nha khoa hoc trén thé gisi nghién cau —[9],
[11]-[13].

Trong bai bao nay, dé xac dinh théng sb hinh
dang ti wu ¢ cua phwong phap MQ RBF-FD
ching t6i ap dung thuat toan dugc gisi thiéu
trong [11] vao trong mién thoi gian nhu sau

Thé cong thire (2) vao (1), ching ta cd
D ag(C)ut) =g(t)) +&,(t;:0) (19)
i=1

Trong d6: ¢, (t;;c) a gid tri sai s6 cua biéu
thic toan tir vi phan L u(t;) | dwoc xéc dinh bing
phuong phap MQ RBF-FD. Sai s6 nay c6 thé
dugc xac dinh gan dung theo [1] dua trén két qua
tinh toan bang phwong phap FD truyén thong.

Viét lai (19) ¢ dang ma tran

A(c)u=g+£(c) (20)

Trong d6: u la vector tri s6 1oi giai chinh
xac; A(c) 1a ma tran dwoc tao bai cac trong sb o
dugc xac dinh bang cong thuc (2); &(c) la vecto
sai s6 cia Xap xi MQ RBF-FD duoc thanh 1ap tir
cc phan tir g, (t;;c).

Gia tri xap xi MQ RBF-FD G dugc xac dinh
thong qua viéc giai phwong trinh tuyén tinh

0=A"(c)g (21)

va sai s6 ciia xap xi RBF-FD duoc xac dinh nhu
sau
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E(c)=u-{(c) (22)

Thé cong thirc (20), (21) vao (22), ching ta
duoc

E(c) = A™(c)&(c) (23)
Theo d6, dé xac dinh gia tri hé s6 hinh dang
ti wu c*, ching ta can cuc tiéu héa sai s6 xap xi
RBF-FD E(c) nhu sau
[E@)], =min[E()[, =min|A*(©)e(c)|, (24)

3. KET QUA MO PHONG SO
3.1 Mach di¢n chuin RLC

Dé danh gia do chinh xac cua phwong phap
MQ RBF-FD, & day, chung t6i ap dung phuong
phap nay vao viéc tinh dién ap trén tu dién v(t)
trong mach dién RLC v&i cac gia tri dugc chonhu
Hinh 1 -[3].

i (1) —
_,\/\/\/\/__IUUO'O'GL_
Q 1H

0.9
O == Vel

Sug(t) V 0.1F

Hinh 1. M& hinh mach dién RLC

Ngudn &p trong mach & Hinh 1. duoc déng
tai thoi diém t=0. Ap dung dinh luat Kirchchoff,
chilng ta thu dugc hé phuong trinh vi phan trong
mién thoi gian

Ri, (t)+L di;t(t) e t) =5 (25)
. d
i (t) = c"dc—t(t) (26)

Do i, =ic nén sau khi thé (26) vao (25) ching
ta c6 phuong trinh vi phan bac hai theo thoi gian
nhu sau

2
0V , pe e,y —5 @7)

LC
dt? dt

Ap dung phuong phap MQ RBF-FD dé xéac
dinh dién ap qua do trén tu dién trong phuong
trinh (27), ching ta thu duoc 161 giai MQ RBF-
FD

n _ 1 5-(RCa, + LCB, +1).¢
¢ RCa+LCP;| -(RCay +LCA, )V (28)

O day, cac hé s6 a va g duoc lay tir cac cong
thirc xap xi MQ (7)-(10) trong Muc 1.

Két qua tinh toan dién &p v(t) bang cac
phuong phép giai tich, MQ RBF-FD va FD duoc
gidi thiéu trén Hinh 2. O d6 chiing ta thiy cac 10i
giai 12 gan nhu tring nhau. Didu nay ching to
phuong phap MQ RBF-FD 12 hoan toan cd thé ap
dung cho bai toan qua dé mach dién. Tuy nhién,
dé thay rd hon vé& do chinh xac cua cac phuong
phép, két qua so sanh sai s6 giita cac phuong
phép FD va MQ RBF-FD dugc trinh bay trén
Hinh 3 va Bang 2. Két qua so séanh cho thiy
phuong phap MQ RBF-FD ¢6 d6 chinh xac cao
hon phuong phap FD, dic biét khi ching ta tim
dugc hé sb hinh dang téi uu.

9

T T
m— Giai tich
sl - QD ||
mams FD

s 4

o @
T T
I

Dien ap tu (M)
IS
T
I

Thoi gian (s)

Hinh 2. Song dién ap qua do trén tu dién ve(t) cua
mach dién RLC.
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= Sai s0 MQ-FD
=sene S3j 50 uoc luong
=== Saj 50 FD

Il

.
10" 10° 10'
He so hinh dang c

Hinh 3. So sénh sai 6 giira phuong phap RBF-FD va
FD cua mach dién RLC.

Bang 2. So sanh sai 6, hé s6 hinh déang tdi vu

theo s6 budc thoi gian trong trueong hop mach
RLC

N=101 | N=301 N=501 N=701

IEarpenrell | 0.68829 |0.219860| 0.130660 |0.092220

[Erolle | 0.06929 |0.007686| 0.002766 |0.001411

o 0.95140 [0.961300| 0.961300 |0.961300
[EC*). | 0.01663 |0.001832 | 0.0006641 |0.000339
cor 1.08000 | 1.080000 | 1.080000 |1.080000

[E*)l. | 0.02387 |0.002609 | 0.000939 |0.000478

[c*-ce*| 0.02860 |0.018700 | 0.018700 |0.018700

Trong do: ||Ero||-» 1 chuan sai s vé ciing cia
phuong phap FD; ¢* 1a hé s6 hinh dang téi wu xéac
dinh théng qua loi giai giai tich; [|[E(c*)|l. la
chuén sai s6 vo cling ciia phuong phap MQ-FD
g véi ¢*; ce* 1a hé sé hinh dang ti wu xac dinh
bang giai thuat ti wu théng qua 1oi giai bang
phuong phap FD; va |[E(ce*)||. 1a chuan sai s6 vo
cling cia phuong phap MQ-FD 1ing vai ce™*.

Hinh 4 cho théy tinh hiéu qua cua phuong
phap MQ RBF-FD, & d6 chiing ta c6 thé thdy rang
duong cong sai s6 cia phuong phap MQ RBF-
FD ludn ludn thap hon FD trong khi ting sb
khoang chia mién thoi gian trong qua trinh tinh
toan. Mot uu diém nira cua phuong phap MQ
RBF-FD la néu muébn dat duoc mét sai s6 tuong
tu nhu phuong phap FD, ching ta chi can st dung

s6 khoang chia nho hon nhiéu trong phuong phap
MQ RBF-FD. Diéu nay s& lam giam chi phi tinh
toan rat nhiéu trong cac bai toan phuc tap.

—&— Sai so MQ-FD
——Saiso FD

EN,

\ . \ . \ \ .
100 200 300 400 500 600 700 800 900
So buoc thoi gian

Hinh 4. So sénh sai s giira phuong phap RBF-FD va
FD trong khi ting s6 budc thoi gian ciia mach RLC.

3.2 M6 hinh duong day truyén tii dién 220KV

thure té tai Viét Nam

Trong phan nay, chdng toi trinh bay viéc &p
dung phuong phap MQ RBF-FD trong bai toan
thuc té voi mot duong day truyén tai dién 220kV
thuc té 1a duong day Long Thanh — Ham Thuan
VGi cau tric tru va thdng sb co ban duoc cho nhu
trén Hinh 5 va Bang 3-5. Chiéu dai duong day 1a
140km; Dién tro sudt ciia dat 1a 210 Qm.,

Bang 3. Thong sb dién co ban cua duong day

Cong sudt co' | Dign dp dinh (Tan sé| S sgi | Sé
bdan (MVA) mace (kV) (Hz) |moi pha| mach

100 220 50 2 1

Bang 4. Dix liéu toa do day dan

Tén danh Toadp Y ciia | Toa dj X ciia
dinh day dan day dan
Pha a 20.232 4.000
Pha b 16.232 -4.000
Pha c 16.232 4.000

Day dite 25.200 0
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Pong dién khong tai duong day truyén tai
cao ap la mét treong hop gay ra hién tuong qua
d6 dién ap dang ké. Khi dwong day khong tai,
dién ap cubi duong day 1a dién ap dat trén dién

dung duodng day, ldc nay mach dién chi gdbm tong
tr va tong dan cua duong day - [14] nhu Hinh 6.

Budc mot, dé don gian ching téi chi xét so
dd mot pha cua duong day truyén tai Long Thanh
— Ham Thuan nhu trén Hinh 6. O d6, ngudn cao
ap Up duoc dong tai thoi diém t=0, khi d6 dién ap
dau nhan va gia tri dong dién thoa cac phuong

trinh sau
. di,
Ujg = Uy + Rla + I-IIE (29)
. Cp duy,
I, =——=— 30
"= Tt (30)

Hinh 5. Mé hinh cot dién 220 kV cua duong day

A h hap MQ RBF-FD V2
Long Thanh — Ham Thuan. p dung phuong phip MQ vao

viéc giai hé phurong trinh vi phan phu thudc thoi
Béng 5. Thong so6 day dan gian (29)-(30), chung ta thu duoc l5i giai s cua

. . dién ap qua do dau nhan nhu trén Hinh 7. G do,
Dir liéu Dir liéu

day pha | day dat né duoc so sanh voi 10i giai thu dugc bing
Béan kinh ngoai (cm) 1.47 0.825 phuong phdp gial tl(_:h’,FD va phar_1 mem t_hong\]
- — dung ATP/EMTP véi so khoang chia thoi gian la

S0 tao moi sgi 30 7

700. Tuong tu nhu két qua trén Hinh 2. cac 10i

Dudng kinh méi tao | 5 0 275 giai cua dién ap qua do la hoan toan triing nhau.
(mm) Diéu nay cho thay kha nang ap dung cua phuong
Di¢n tr suat cia | 5 oo 1o | 1.887e- phap MQ RBF-FD vao mé hinh thuc té.
day din (Q.m) : 07

111
A /\/Rv\/_'r‘vv“r\_uza 0
ia

aptuu2a (V)

=1 4

o T

O 0

L
008

Hinh 6. Mach twong dwong mot pha cua duong day T el
truyén tai Long Thanh — Ham Thugn. Hinh 7. Séng dién 4p qué do uza(t) cia dudng day
truyén tai Long Thanh — Ham Thuan.
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m— Sai so MQ-FD
===== Sai 50 uoc luong
=== Sai 5o FD

RITIEH i

He s0 hinh dang ¢

Hinh 8. So sénh sai sé giita phwong phap RBF-FD va
FD cua dudng day truyén tai Long Thanh — Ham
Thuan.

Bang 6. So sanh sai 6, hé s6 hinh déang tdi wu
theo s6 budc thoi gian trong truong hop duong
day truyén tai Long Thanh — Ham Thuan

N=301 | N=501 N=701
IEate-emre|l.|0.296700 | 0.146100 | 0.085500
IEroll | 0.206300 | 0.080900 | 0.041400
c* 0.001648|0.001729 | 0.001747
IEC®)|l. |0.027010|0.009585 | 0.004927
Ce* 0.001612|0.001666 | 0.001675

IEC*)|l |0.028160|0.009943 | 0.004994

Két qua so sanh sai sb gitra cac phwong phap
FD va MQ RBF-FD dugc trinh bay trén Hinh 8
va Bang 6 cho thiy phuong phap MQ RBF-FD
¢6 d6 chinh x4ac cao hon phwong phap FD va két
qui md phéng thu duoc tr phian mém
ATP/EMTP, dic biét khi ching ta tim dwoc hé sb
hinh dang téi wru. Hon nita, twong ty nhu Hinh 4,
Hinh 9 mét 1an nira d4 cho thay tinh hiéu qua cua
phuong phap MQ RBF-FD so véi FD trong khi
thay ddi s6 khoang chia thoi gian tinh toan. Day
1a mot wru diém ndi bat ciia phwong phap RBF-FD
khi ap dung cho céc bai toan thuc té phuc tap, ¢
d6 thoi gian tinh toan dwoc giam rat nhiéu nhung
van dam bao dugc sai s6 theo yéu cau khi so sanh
V6i phuong phap FD truyén thong.

—€— Sai so MQ-FD
—— Saiso FD

L I L L I L L
100 200 300 400 500 600 700 800 900
So buoc thoi gian

Hinh 9. So sénh sai s giira phuong phap RBF-FD va
FD trong khi ting s6 budc thoi gian ciia bai toan qua
d6 cho duong day truyén tai Long Thanh — Ham
Thuan.

Buéc hai, chdng toi ap dung phuong phap
MQ RBF-FD vao mach ba pha ctua duong day
truyén tai 220kV Long Thanh — Ham Thuan ¢
mach dién twong dwong nhu trong Hinh 10.
Trong bai toan qué do nay, dién dung tuwong hd
dugc bo qua, ching tdi chi xét dén cac thong sb
dién cam twong hd. Cac thong sé duong day sau
khi duoc tinh todn: [R]=[21.25 20.78 20.78]

Q, [C]=[1.32 1.26 1.33]yF,
292.302 136.484 158.995

[L]=|136.484 292.693 139.800 | mH.
158.995 139.800 292.694

R1 L1
ula l’- u2a
Ea -
x>z L13=L31/ L12=121 ; "I 2
L . Jo=
i R2 Py 22 . s
ulb i » u2b
1
J_Q \ ‘\ C2
T? | L23=132 ) I 2
s R3 RN L33 // ¥
ulc ic_ o * & u2c
C3 Cc3
Iz I

Hinh 10. Mach dién twong duong ba pha cua duong
day truyén tai Long Thanh — Ham Thuan..
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Ngudn cao &p xoay chiéu ba pha trong mach
trén duoc dong vao duong day tai thoi diém
t =0, khi d6 dién 4p dau nhan va dong dién phai
thoa mén hé phuong trinh vi phén

> Phaa
di, diy, di,
Uy, = Uy, +Riy + L —2 it &4, — it +L13 (31)
C, du,,
i, =— —=2 32
a T Tt (32)
> Phab
diy di,
Uy = Uy, + Riy + Ly —* at Ll — at o 4L 23 c (35)
C, du,,
i, =—=.—<2 34
b= gt (34)
> Phac
di, di,
Uy = Uy, + Ri; +L31W+L32 St +Llgy—= ° (35)
C; du,,
j=——<C 36
¢ 27 dt (36)

Hinh 11 trinh bay két qua dién ap qué do tai
dau nhan cia duong day truyén tai 220kV Long
Thanh — Ham Thuan dugc tinh todn bing céc
phuong phap FD, MQ RBF-FD va phan mém
ATP/EMTP vi s6 khoang chia thoi gian 1 1000.
O day, st dung giai thuat tim théng s6 hinh dang
t6i wu ma khong can phai c6 11 giai giai tich nhu
dugc trinh bay trong Muc 2.2., ching téi xac dinh
dugc gia tri thong sé hinh dang ¢=0.0023. Két
qua so sanh gia tri dinh Ion nhit caa dién ap qué
do6 duoc trinh bay trong Bang 7.

Dien ap dau nhan (k)

. \ . . . . \ , .
0 001 002 003 004 005 006 007 008 009 01
Thoi gian (s)

Hinh 11. Bién ap qua do tai dau nhan cua duong day
truyén tai 220kV Long Thanh — Ham Thuan.

Bang 7. Gia tri dinh cuc dai cua dién ap qua do

Phwong Pién ap dinh (kV)
phap Phaa | Phab | Phac
ATP-EMTP (262.1650 |-329.6980 |262.3720
FD 261.4679|-330.6339 | 262.6958
MQ-FD 261.6411|-330.6978 | 262.7097

4. KET LUAN

Bai bao nay, trén co sé phuong phap RBF-
FDM —[1], d4 trinh bay cach tiép can mai dé xay
dung cic xap xi sai phan hiru han caa cac dao
ham bac mot va bac hai trong mién thoi gian su
dung ham ban kinh co s& RBFs. Trén co s¢ do,
phuong phap s6 moi MQ RBF-FD duoc thanh lap
va duoc ap dung lan dau tién cho viéc tinh toan
dién 4p qua do cua mach dién chuin va duong
day truyén tai ba pha thuc té cua Viét Nam duoc
dinh nghia v& mit todn hoc boi phwong trinh
ODE phu thudc thoi gian. Bén canh do, thuat toan
xac dinh thong s6 hinh dang ti uu trong [11]
ciing da dwoc dé xuit dua vao phuong phap MQ
RBF-FD cua ching t6i. Két qua tinh toan cac
truong hop trén d4 cho thay phuong phap MQ
RBF-FD c6 d6 chinh xac cao hon cac phuong
phdp truyén théng nhu FD va phan mém
ATP/EMTP, dic biét khi tim duoc théng sb hinh
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dang t6i wu. Mot wu diém nita cua viéc két hop
thuat toan trong [11] va phuong phap MQ RBF-
FD la ching ta c6 thé xac dinh dwoc gié trj thong
s6 hinh déng téi wu cho bit ky bai toan qua do
thuc té ndo khong can phai c6 1oi giai giai tich ma
chi can ¢ loi giai FD.

Ghi nhgn: Nghién citu nay duoc tai tro bai
Pai hoc Quac gia Tp.HCM trong khuén khé Pé
tai mad so C2014-20-10.

Application of the MQ RBF-FD method to
calculating transient voltages of power

transmission lines

Vu Pham Lan Anh !
Le Quoc Viet*
e VuPhanTu?

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

2Vietnam National University — Ho Chi Minh city

ABSTRACT

This paper presents an application of the
Radial Basis Function — Based Finite Difference
Method (RBF-FD) to solving the electrical
transient problems defined by the time-dependent
ordinary differential equations. In this method,
the finite difference approximations of first- and
second-order derivatives in time domain are
formalated the same as those in space domain
based on the MQ (Multiquadrics) function
presented in [1]. The MQ RBF-FD method are
for the sake of evaluating the accuracy,

effectiveness and applicability used to compute
the transient voltages on the benchmark circuit
and 220 kV three-phase transmission line of Viet
Nam. Our numerical results are compared with
those obtained by the analytical method, the
traditional FD method and ATP/EMTP software.
The compared results have been shown that the
MQ RBF-FD method has accuracy that is higher
than ones of the traditional numerical methods,
especially with the optimal shape parameter.

Keywords: transient, transmission line, RBF-FD method.
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