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TINH TOAN PHAN BO DIEN TRUONG CUA BUONG DAY 500 kv
BANG PHUONG PHAP PHAN TU’ HPU HAN

NGUYEN BINH THANG, TRAN KY PHUC, LE TUAN ANH

I. MO DAU

Trong cong tac thiét ké duomg day, dic biét 1a duomg day siéu cao ap 500 kV, vide tinh toan
cudmg do dign truomg do dudng ddy sinh ra 13 hét sirc quan trong, dé dam bao gia tri cuong d6
dién truomg cho phép tai mép hanh lang an toan, & khu vyc dong dan cu, nhiam tranh anh hwdng
cda dién trudng dén con ngudi.

Déi véi cac trudng hop li twémg (mat dat dudi dudmg day 1a mat phing 1i twong, trén do
khong c6 cac dbi tugng che chin hodc tam nhiéu phan bd trudong...) viée tinh toan cudng do
dién trudng bang phuong phap giai tich cho két qua hoan toan chinh xac. Tuy nhién, trong thure
té, mat dit dudi dudng day 1a khong bang phing va ¢ cac dbi tugng che chin hodc lam nhiu
trudmg (cdy cdi, nh ctra...). Viéc giai bai todn trong cac trudng hop nay bang phuong phap giai
tich la khong thé thuc hién duoc. Do véy, cin phai sir dung phuong phap sb.

®  Voi sur phat trién manh mé& caa cong nghé may tinh, phuong phép s6 da trd thanh phuong

phap c6 tbc dd phat trién nhanh nhét va duoc sk dung nhiéu nhat hién nay. Phuong phép s6 1a
mdt cong cy phan tich dién tir rat hiéu qua. N6 ¢6 thé giai quyét duogc cic bai toan rat phirc tap-
ma phuong phap giai tich khdng thé thyc hién duge.

Trong cac phuong phap 56, phuong phap phi"m tir hitu han (PTHH) ¢6 mét vai trd ndi troi,
do tinh da ndng, sy toan dién, kha néng xir Ii linh hoat va ¢ thé két hop véi nhieu chuong trinh
tiéu chuén.

Trong pham vi bai bdo nay s& gidi thiéu phuong phap tinh toan cudng dé dién trudng ctia
dudng day siéu cao ap 500kV mot mach, trong trudmg hop | tudng, bang phuong phép phan ti¥
hitu han, thong qua phin mém ANSYS. Sau d6, s& so sanh két qua tinh toan v&i phuong phap
phuong phap gidi tich.

11. TONG QUAN VE PHUONG PHAP PHAN TU HU'U HAN

Phuong phap PTHH la mét phuong phép s& dwoc sir dung dé giai cac phuorng trinh vi phén
mé té hodc md ta gin dung rit nhleu loai bai toan vat i hodc phi vat li. Vi du: céc bai toan tinh,
qué d6, tuyén tinh hodic phi tuyén trong co hoc chét léng, rén; dién tir hoc; dong luc hoc..

N¢i dung co ban cua phuo‘ng phap PTHH !a sy chia nhé mdt md hinh toan hoc thanh mét
s& hiru han céc thanh phin riéng & (khong chdng 1én nhau), c6 hinh dang don gian goi 14 phén
tir hitu han, hay ngin gon [4 phan tr. Qua trinh chia nhd nay dugc goi la qua trinh r&i rac hod.
Cac phén tir duge lién ket tai mét s diém nhat dinh, goi 14 mit. Hanh vi cia mdi phan tir duge
thé hién dudi dang mot sb hiru han cac bac tu do (Degrees of Freedom - DOF), biéu dién gia tri
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ctia mdt ham hodc nhiéu ham &n tai mot tap hop céc diém nut. Cic ham nay dugce giai mét cach
xap xi hod. Sau do, hanh vi cia toan b md hinh toan hoc duoc xdc dinh bang céch lién két hodc

to hep hanh vi cia tat cd cac phan tir. Qué trinh t8 hop yéu ciu 157 giai phai lién tuc tai bé mat
tlep xiic giira cac phan tir lién ké.

Viée st dung phu’o*ng phéap PTHH dé giai quyét bat ky bai toan nao ciing bao gdm céc budce
co ban sau:

Giai dogm tién xir If (Preprocessing phase)
1. Brinh nghia pham vi, viing xem xét cia bai toan.

2. Lua chon hinh thire gigi han luéi (treong hop bai toan ¢é pham vi xem xét mé/ khong gidi
han - open boundary).

3. Lya chon céc ghﬁn tir roi rac hoa (discrete elements) va cdc ham hinh dang (shaped
functions) dé thé hién hanh vi vét li cua mot phén tir, nghia 1a sir dung mét ham lién tuc,
xap xi dé thay cho 10i giai tai moéi phan tir.

4, Viét phuong trinh (phuong trinh Laplace - Poisson cho trudng hop trudng tinh) cho mét
phan tir d€ tao ra cac phuong trinh phan to.

5. T hop cac phan tir dé xay dung phirong trinh tng thé.

6.  ap dung cac didu kién béy, didu kién ban diu va tai trong/ngudn kich thich.

Giai doan xit li (Solution phase)

7. Lua chon phuong phap giai. Giai déng thoi mét tap hop cac phuong trinh dai s6 tuyén
tinh va phi tuyén dé c6 dwoc két qua tai cac nat, vi du: dién ap tai cac nit trong bai toan

dién tur. o
Giai doan hiu xiv lf (Postprocessing phase)
8. Xurlisd lidu dé c6 duoce cac thng s cin tim, vi dy: dién trudng tai cac nit, phén tir trong

bai toan dién tir.
1. TONG QUAN VE PHAN MEM ANSYS

ANSYS (4nalysis Systems) la mot géi phan mém Phdn tich sir dung phuwong phdp phdn tir
hiru han (Finite Element Analysis) hoan chinh cia hing Swanson Analysis Systems, Inc. - My,
dung dé& mé phang, tinh toan thiét ké cong nghiép, da va dang dwoc sir dung trén toan thé gidi
trong hdu hét céc Iinh vyc ky thuat:

e Kétclu

< Nhiét

< Dong chay (bao gbm ca dong lue hoc dong chay - CFD)

< Dién/ Tinh dién

<  Diéntir

% Tuong tac gifta cac moi trudmg, giita cac hé vat |i. .

_ ANSYS c6 thé gii céc bai toan émg sult tuyén tinh, két cu phi tuyén hinh hoc - vat ligu -
phan tir, cé thé phéan tich bai toan déng vdi cac phuong phap Modal, phd, di€u hoa, dao dong
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ngau nhién, giai cac bai toan ubn tuyén tinh va phi tuyén, bai toan nhiét & én dinh, truyen nhiét,
dol Irru, bire xa nhiét, dong chay thuy luc, trudng dién tir, truyén am. .., cc bai toan hén hop am
- céu triic, dién - tir, thuy luc - _cau tric, tir - nhiét, 1l - chu tric.. Ngoal ra, ANSYS con c6 kha
nang lién két voi cac phin mém khac nhu: Pro/Eng, Mechanical Desktop, Flotran... dé phin
tich va thim dinh cac thiét ké, co kha nang sir dung céc ban v& thiét ké cua cac chuong trinh
khac dé phan tich thdng qua k¥ thuat JGES.

1 Ph’e‘“m mém ANSYS cd nhiéu mé dun khac nhau, trong 46 ANSYS/Multiphysics la san
pham tong quat nhat cia ANSYS, no chira tat ¢ cac kha ndng cia ANSYS va bao trum tat ca
cac linh vuc k¥ thuat.

IV. TINH TOAN CUONG PQ DIEN TRUONG CUA DUONG DAY 500 kV
MOQT MACH BANG PHAN MEM ANSYS

1. Lya chon mé hinh duéong day

] Xét mot duong day 500 kV mét mach, céd day din ba pha (A, B, C) duge bd tri trén mat
phing ngang, voOi khoang cach pha d va & d treo cao H. Duong diy treo hai day chong sét
(S1, S;) 06 d6 treo cao hg va cach nhau mdt khodng cach 4°, nhu trén hinh 4.1.

| Si S2

T )

®

hs

Hinh 4.{. M& hinh duomg déy 500kV mgt mach '[,

Cac thong s6 coa dudng day phuc vu cho viée tinh toan mé phéng bao gbm:

- Dién ap dinh muc : U =500kV

- Loai day din : ACSR 330/42

- Loai day chéng sét : 1 day chéng sét PHLOX 116 va 1 day chdng sét két
hop cap quang OPGW 81

- S day dan clia mot pha : n=4x330

- Ban kinh déng tri cua day dan: rg = 0,20 m
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- Ban kinh cta diy chéng sét :1,= 0,007 m

- Khoang cach pha trén cot d& :d=12,6m

- D9 cao day dan tinh toan “H=10+16m
- Khoang cét dai biéu 1450 m

- Pb cao tinh toan thy=1m

- Khoang cach tinh toan, tir tim tuyén: x=0+35m
Bai toan xac dinh dién trudmg bén duédi dutng diy siéu cao ap la loai bai toz’gn tinh dién dic
biét, cé pham vi mo hay dudng bién khong gidi han (open boundary domain). Dé giai quyét cac
bai toan loai nay, co hai phuong phap chu yéu: (1) sir dung cac phan tir vé han (infinite
elements) hode (2) dung phuong phap Treffiz. Trong pham vi bai bao nay sé ap dung phuong
phap sir dungicac phan tir vo han.

2. Gidi thiéu phudng phap sir dung cac phén ti vd han

Cac phéan tir vo han cho phép méd phong hiéu Gng suy gidm trudng & vo cling, trong bai toan
tinh dién, thay cho viéc phai dra ra cac diéu kién b gia dinh tai ving bén ngoai clia mé hinh
hinh hoc. Vi du: trong bai toan xac dinh dién trudmg cia mét diy din mang dién, dat trong
khéng khi, néu khéng st dung phan tir vé han, s& phai xay dung mé hinh cho phan khéng khi
xung quanh day dan dén mét vi tri “vé cung” gia dinh va dua ra cac diéu kién b tai bién coa cac
phén tir khéng khi. Khi s dung cac phén tir v6 han, chi can xiy dyng mod hinh cho mét phin
khéng khi xung quanh day dan.

Noi chung, luong khong khi cin md phong noi trén phy thudc vao loai bat toan camgiai
quyét. DSi voi cac bai toan co pham vi m&, can phai mé rong phan khong khi ra kha xa ving
xem xet trude khi dit cac phan tir vo han.

3. Lya chon kiéu phén tir va diic tinh vt lién

Luwa chon kiéu phin tie

-Méi truomg khéng khi xung quanh day din: chen kiéu phan tir PLANEL21, ¢ cac dac
diém sau:

+ Kich thirde: 2D (chi trong mat phang Oxy).
+ Hinh dang va ddc tinh: tir giac hoac tam giac, 8 n(it hoac 6 nut.
+ Bdc tir do: dién ap (VOLT) tai mdi nit,

- Phén tr tuong trung cho dudng bién khang gii han: chon kiéu phéan tir INFIN110, ¢6 cac
dac diém sau:
+ Kich thire: 2D,
+ Hinh dang va ddc tink: tir gidc, 8 nit hoac 4 nit.

+ Bdc tr do: thé tinh dién (electrostatic potential) tai mdi nat.

Lira chon dic tinh vit lidu
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Trong bai toan phén tich tinh dién, can phai xac dinh hiang sb dién méi (Perx) cho phén tir.

- Hang s6 dién méi tuong dbi ctia mi trrong khéng khi: g, = |.
4, Xiy dyng mé hinh hinh hoc (Modeling)

Do mé hinh cia duong ddy 500kV mot mach trong d6i dom gian nén & ddy s& sir dung cac
cong cy md phong co san cua ANSYS dé xdy dyng mé hinh hinh hgc. M6 hinh s€ duge xéay
dung trong khéng gian hai chiéu (2D).

_ Theo li thuyét. cac phan tir vo han biéu _dif::n gia tri dién ap bang khong tai diém xa vé cung.
Dong thdi, mat dat cling co gia tri dién ap bang khong. Do d6, mit dat va cac phan tir vo han sé
cd mét duong bién chung & phia ngoai cung cia mé hinh hinh hoc.

Do sir dung phan tir v& han INFIN110 dé biéu dién dudmg bién mo, nén phan khéng khi
xung quanh dudng day (ving PTHH) s& dugc md hinh héa bang mdt nira duong tron, ¢6 tim dit
tai mit dal trang voi tim dudng dady va co ban kinh ti tim luyen R = 50 m. Ving phan tir vé

han s& nim tiép xlc phia ngoai ving PTHH va duge mo ta bang mét hinh vanh khin, ¢o ban
kinh trong la R va ban kinh ngoai la 2*R (xem hinh 4.2).

y VUNG PHAN TUVO HAN
]
) / \
T \
/ St S
A L] [} B . C

N

/

X 0O : X
VUNG PTHH i R R

Hink 4.2. M6 hinh tinh toan

5. Chia hréi cho mo hinh (Meshing)

D6i voi ving PTHH (ving khong khi xung quanh ddy dén), 14 viing can xem xét, tinh toan
cuong dé dién truong, mat do chia luai can phai min, do d6 str dung phuong phap chia ludi ty
do, cac phan tir hinh tam giac (7ri) v&i cdc canh ¢é kich thuée la 1 m.
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) Déi voi vimg phén tir vé han, la viing tugng tnmg cho dudng bién mo, kh(")ng‘ca;m xem xét
két qua tinh toan, do dé sir dung phuong phap chia ludi thua, co quy tic véi cac phan tir hinh t@
giac (Quad), xem hinh 4.3.

6. D3t tai trong va diéu kién bién (Loads)
Tat trong dat 1én mo hinh:
- Day dﬁr): dat mot gia tri dign ap U = (500/\/§)k\/ 1én QQy dan cua ba pha A, B, C.
- Day chong sét: dat gia tri di¢n ap U = 0 1én cac day chong sét S, va s,
Diéu kién bién cua bai toan la:
- Mat dat co gia tri dién ap U = 0. ) X .
- Bé mit bén ngoai cia vung phan tir v han dugc danh diu c& (Flag) bang tai bé mat INF.

7. Giai bat toan (Solution)

Do bai toan ¢é tinh chét trudng don (chi xem xét dign lru’om,) nén chon phuong phap giai
JCG (Jacobi Conjugate Gradient), ¢ toc d§ giai nhanh.

] o ) - |
ILEGERTS | AN

s FEb u Coew
IRERE B

INF

1

Hinh 4.3. M6 hinh PTHH trong ANSYS

8. Xir Ii két qua (General PostPro)

Tir két qua tinh toan 1a gid tri dign &p tai cac nat, phan tir, ¢6 thé xéc dinh duge cuong do
dién truong tai cac diém bat ky trong m6 hinh, C6 thé hién thi két qua dudi dang do thi (Graph)
hoéc phan bo dudi dang hinh mau (Contour Plot).

9. Két qua tinh toan

] Ké( qué tinh toan phén b cuong d6 dién truong bén dudi duong day 500kV mét mach
bang phan mem ANSYS dugc the hién nhu trong hinh 4.4. K&t qua nay ciing dugc so sanh véi
két qua tinh toan biang phuong phép giai tich (ap dung truc tieép luat Gauss). .

Trong do:
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- Eh = 10 (GT): két qua tinh toan bing phuong phap giai tich (duong phén bd cudng do
dién trudong khi do cao thap nhét tir diy dén t&i dat Hp, = 10m).

- Eh = 10 (FEM): két qua tinh toan bang phuong phap PTHH - phén’ mém ANSYS (dudng
phan bo cudng d6 dién trudng khi d6 cao thap nhat tir ddy dan t6i dat H,,, = 10m).

Tir hinh 4.4 ¢6 thé thiy, két qua tinh toan cta hai phuong phap trén a hodn toan tuong tw nhau.
V.KET LUAN

Str dung phuong phap phin tir hitu han (phin mém ANSYS) dé tinh toan phén bé cuong 46
dign truong bén dudi dudmg day 500kV mdt mach, trong trudng hop li tudng, cho ket qua hoan
toan tuong tu v&i phuong phéap gidi tich. Dy 1a co s& quan trong dé ¢6 thé giai quyet bai toan
trén trong truomg hop mat dét dudi duong day Ia khéng bing phing va co cac dbi tugng che
chén hodc [am nhidu truémg bing phuong phép phin tir hiru han.

PHAN BS CUONG BO BIEN TRUONG BEN DUGI DUONG DAY 500KV MOT MACH
KET QUA TINH TOAN BANG PHUONG PHAP GtAL TICH VA PHUONG PHAP PTHH
Hmin = 10m; 14m; 16m

Gidi han hanh lang an toan

—=—Eh=10(GT)
- Eh=10 {FEM)
—4+—Eh=14 {FEM)
. ——Eh=14 (GT)
. i—=—Eh=16 (FEM)
'« gh=16 (GT)

E [kV/m]

01234567 & 95101 1213141516171B1920212223242523272829303132333*35
x[m]

Hink 4.4. K& qua tinh toan bing phuong phap PTHH va phuong phap giai tich
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SUMMARY

ELECTRIC FIELD COMPUTATION FOR 500 kV TRANSMISSION LINE USING FINITE
ELEMENT METHOD

In transmission line design, especially extra high voltage 500 kV transmission line,
the computation of the electric field distribution below the line plays a very important role in
order to assure the allowed electric field strength at the edge of ROW in inhabited area and to
protect people f;‘rom the adverse effects of electric field.

In ideal cases (the ground under the line is flat and in absence of physical objects disturbing
the field distribution), ‘analytical methods are the most satisfactory solution for problems of
electric field calculations with exact results. However, in fact the ground is not flat and trees and
structures (houses, buildings...) are present under or in the immediate neighbourhood of the line.
Using analytical methods in this case is impossible. So we have to use numerical solutions.

With the advent of computing power, numerical methods are the most recent and rapidly
advancing. They are very powerful electromagnetics analysis tools. Numerical methods can
solve very complex problems that the use of analytical approach is impossibie.

Among the various numerical methods, the finite element method (FEM) has a dominant
position because it is versatile, having a strong interchangeability and can be incorporated into
standard programs. 1

This paper presents the calculation method of the electric field distribution below 500kV
single circuit transmission line, in an ideal case, by finite element method through the ANSYS
software. The results of this method are the same as the analytical method. This is the base to
solve the problems of field distribution in case that the ground is not flat and trees and structures
are present in the line vicinity using finite element method.
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