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TINH TOAN VA MO PHONG TRUONG BIEN TU
CUA DUONG DAY TRUYEN TAI 500KV
BANG PHUONG PHAP PHAN TU HU'U HAN

Nguyén Bang Khoa' va Vii Phan Ti’
ABSTRACT

This paper proposes a set of mathematical models presenting electric and magnetic fields
caused by operations of a high voltage transmission line under normal loading
conditions. The mathematical models are expressed in second-order partial differential
equations derived by analyzing magnetic field distribution around a 500kV AC power
transmission lines. Finite element methods (FEM) for solving wave equations have been
exploited. The computer simulation based on the use of the FEM has been developed in
MATLAB programming environment. The problem of study is intentionally two-
dimensional due to the property of long line field distribution. From all test cases, the
calculation line of 1.0m above the ground level is set to investigate the electromagnetic
fields acting on a human in comparative with ICNIRP (International Commission for
Non-lonising Radiation Protection) standard.

Keywords: Electromagnetic Field (EMF), Finite Element Method (FEM),
Transmission Line, Matlab programming

Title: Calculation and Simulation of Electromagnetic Field Distribution for 500kV
Power Transmission Systems Using Finite Element Method

TOM TAT

Bai viét nay trinh bay mé hinh todn hoc ciia dién truong va tir truong gdy ra boi dirong
ddy truyén tai dién cao ap dwdi diéu kién phu tai dién binh thuwong. M6 hinh todn hoc
dwoc thé hién bang phwong trinh vi phdn timg phan cdp hai ¢é nguon goc bang cdch
phdn tich sw phdn bé cia dién truong va tir truong xung quanh duwong ddy truyén tai dién
500kV AC. Sir dung phuong phap phan tir hitu han (FEM) dé giai phwong trinh song.
Cdac mo phong bang may tinh dwa trén viéc sw dung FEM va dwoc ldp trinh bang
MATLAB. Nghién ciru nay xdy dung bdi todn trong méi truong khéng gian hai chiéu ciia
dién trwong va tir truong doc theo dwong ddy truyen tai dién. Tir tat ca cdc truong hop
thir nghiém o do cao 1,0 m phia dudi dwong ddy so voi mat ddt dwoc dap dung dé tinh dién
tir truong tac dong lén co thé nguoi theo tiéu chuan cia Uy ban quoc té Bdo vé birc xa
khong ion hoa.

Tir khéa: Trwong dién tic (EMF), Phwong phdp phan tiv hitu han (FEM), Puwong diy
truyén téi, Lp trinh Matlab

1 GIOI THIEU

O Viét Nam, trong nhimg nam qua voi sy hoi nhéap vé kinh té dan t6i nhu cau st
dung dién nang 1a rat 16n. Tir d6, hé thong dién cling dugc lién tuc mo rong va phat
trién ca vé ngudn phat, dudng day truyén tai; xuat hién nhiéu duong day truyén tai
cao ap va siéu cao ap di sdu vao tam cua phu tai, mat do phu tai tap trung cao, dién
nang dugc tiéu thu nhiéu: cac khu cong nghiép, ndi 6 cua thanh thi, .... Theo théng
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ké ctuia cac don vi quan 1y ludi dién cao ap thudc Tap doan dién lyc Viét Nam
(EVN) cho thiy s6 nha va cong trinh ton tai trong hanh lang an toan luéi dién cao
ap & cac cap dién ap duoc thong ké hién c6 187.206 nha va cong trinh, nén cac van
dé vé anh huong cua dudng day déi voi dan sinh cﬁn duoc xem xét. Nhitng anh
hudng bat loi cua dién truong va tur truong & tan sb thap (50Hz) dén con ngudi va
mdi trudng la Van dé da va dang duoc cac nha khoa hoc, cac t6 chic trong nudc
cling nhu qudc té quan tdm nghién ciru. Trong d6, tinh toan truong dién tir cua
duong day tai dién trén khong ma déc biét la duong day cao ap la mot viée hét sire
quan trong nham xac dinh pham vi dnh hudng no: trong sO cac nguon dién truong
va tr truong tan sO thap, ngudi ta dac biét quan tm dén dién truong va tir truong
ctia dong dién tan s6 cong nghiép, cac hé thdng cao ap va siéu cao ap, chiing phat
ra mOi truong xung quanh mot truong dién tir manh, anh huong dén sirc khoe ctia
con ngudi. O cac hé thong dién ap thap thi truong dién tir co cuong do thap hon va
hau nhu khéng gy anh hudng con ngudi va méi trudng.

Do do, bai toan dat ra 1a phan tich va tinh toan truong dién tr ciia duong day
truyén tai nham cung cép mot cong cu tinh toan dé xay dung mot hé théng dién
bén viing, khoa hoc, dam bao an toan cho ngudi va méi trudng xung quanh. Bén
canh do, viéc phat trién ludi truyén tai doi hoi phai tinh toan va mo phong truong
dién tir ciia duong day vi né s& anh huong dén sirc khoe ciia con ngudi sinh hoat &
dudi cac duong diy va cac nhiéu do dién truong va tir truong cua duong day cao
thé sinh ra cho cac duong day dién ap thip hon, céac duong tin hiéu vién
thong,...[11], dac biét voi ket qua tinh toan dugc chung ta c6 thé dé dang quan ly
va dé Xuat cac phuong an t6t nhit cho qua trinh phat trién lu6i dién noéi riéng va
phat trién h¢ thong dién noi chung. Hién nay, tinh toan thiét ké duong day tai dién
duoc thuc hién chu yéu bﬁng viéc tinh todn co hoc cia duong day, kha nang tai
cua duong day, chung ta chua thyc hién danh gia d¢ an toan vé dién tur truong do
duong day sinh ra va anh hudng cua chung.

Cho dén nay, trong nudc chua co bao cao nao vé tinh dién trudng va tir trudng cla
duong day truyén tai bang phuwong phap phan tor hitu han (FEM). Phuong phép
phan tir hitu han 1a mot phuong phap rat téng quat va hiru hiéu cho 10i giai so
nhiéu 16p bai toan ky thuat khac nhau. Tt viéc phan tich trang thai ung suat, bién
dang trong céac ket céu co khi, cac chi tiét trong 6 to, may bay, tau thuy, khung nha
cao tang, dam cdu, dén nhitng bai toan cua ly thuyet truong nhu: 1y thuyét truyen
nhiét, co hoc chat 16ng, thuy dan hdi, khi dan hoi, dién-tir truong [6-9]...Uu diém
ctia phuong phéap nay trong bai toan dién tir truong 1a co thé tinh toan nhanh céc
bai toan dao ham riéng véi cac diéu kién bién va diéu kién cho trudc phtrc tap, xay
dung chuong trinh tinh toan dé dang, c6 thé dp dung cho nhiéu truong hop khac
nhau, do chinh xac cao,...

Trong bai bao nay s& ap dung phuong phap phan tir hitu han dé phan tich va tinh
todn dién truong va tir truong ciia duong day truyén tai 500kV-AC mach don va
mach kép cua ludi dién 500kV khu vuc Mién Tay, két hop véi mod phong bang
phin mém Matlab.
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2 MO HINH HOA CUA TRUONG PIEN TU CUA PUONG DAY TRUYEN
TAI

M3 hinh toan hoc cta buc xa dién trudng (E) trong khong gian xung quanh duong

day truyén tai dién thuong dwoc biéu dién dudi dang cac phuong trinh song

(phuong trinh Helmholtz) nhu trong (1) [8], [15] bat ngudn tir dinh luat Faraday.

OE O’E
2 —_
V°E —o;u—at —&u = (1)

Trong d6: & 1a hang s dién moi; u, o 1a d6 tham tir va d6 dan dién cia day dan
tuong Ung.
M5 hinh toan hoc cua tir truong (B) dbi voi duong day truyén tai duoc thuc hién
dudi hinh thie cua cuong do tir trudong (H), lién quan dén phuong trinh, B = pH.
Mb hinh nay c6 thé duoc dic trung bang cach str dung phuong trinh song (phuong
trinh Helmholtz) nhu trong (2) [1], [2] bat ngudn tir dinh luat cia Ampere.

oH _oH_,

o Har @

O day co sy tuong ty giira (1) va (2), m6 phong bang FEM cho cac van dé toan
hoc cua dién truong va tu truong 1a giong nhau.

Bai viét ndy xem xét voi hé théng thoi gian diéu hoa miéu ta boi dién trudong dang
phic, E = Ee’” | do d¢:
oE . 0°E
ot f’é‘ oo
Trong do6: o 1a tan so goc

=-w’E

Tir biéu thirc (1), bing cach thay thé dién truong dang phirc, bicu thirc (1) 6 thé
duogc chuyén thanh mét dang khac, nhu sau:

V’E - jeouE — o’ suE =0

Khi xem xét van dé cuia song dién truong trong khong gian hai chiéu bang phuong
phap Galerkin va cac diéu kién bién [9], chung ta c6 biéu thirc (3), do do:

o(10EY 0(10E) (. .\.
vt v A ®

Do khong c6 giai phap nao don gian dé phan tich chinh xac phuong trinh trén. Vi
vay, trong bai bao nay, FEM dugc chon 1a mot cong cu chinh cho viéc tim kiém 161
giai gan dung dién truong cho phuong trinh vi phan duge mo ta nhu trong (3).
Tuong ty nhu dién truong ching ta cd phuong trinh tinh toadn cho tur truong
nhu sau:

O(10H) o(10H . 2
@C(#&c)+@/(ﬂ8yJ_(jww_w 8)H=0 “)
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3 MO TA HE THONG TRUYEN TAI BANG PHUONG PHAP PHAN TU
HUU HAN

3.1 Ra&i rac héa bai toan

Trong bai bao nay xét hé thong duong day truyén tai dién mach don va mach kép
500kV, dugc thé hién nhu trén Hinh 1 va Hinh 2.
Chiéu cao cua day dan duoc hién thi trong hinh 1a & vi tri c6 d vong tdi da. Cac
day dan thip nhat ¢ do cao 13,0 m so voi mat dat [12], [14]. Cac thong s cua
duong day duoc thé hién ¢ Bang 1. Hinh 3 va Hinh 4 hién thi viéc chia ludi cua
dudng day mach don va mach kép 500kV bang phuong phéap chia lugi thich nghi
[61, [7].
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Hinh 2: Kich thwéc ciia dwong day mach don

Hinh 1: Kich thwéc ciia dwong diy mach don
¢ d¢ vong lon nhat (m)

& d6 vong 16m nhét (m)

Bing 1: Théng s6 ban dwong diy 500 kV

Thong s0 duong diy

Gia tri

Tz‘?}n 50 ngu6~n
Bo tri ddy dan cua duong day mach don
Bo tri day dan cua duong day mach kép

50Hz
3 pha nam ngang
3 pha thang dtn

Khoang cach gitlta cac pha nam ngang 10.65 m

Khoang cach gitta cac pha cua mach kép 11.00 m

Chiéu dai khoang vuot 595 m

S6 duong day trong 1 pha 4

Dong dién dinh mtrc 764 x4 A

Khoang cach gitta cac day trong 1 pha 0.458 m

Chiéu cao nhé nhét hpin=13.00 m

Day dan 4xACSR666,6 MCM Ban kinh 0.0264 m
Ban kinh twong duong cua 4 soi day/1pha 0.317m
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3.2 M6 phéng phan tir hiru han

Phuong trinh chi phdi cho mdi phan tir bit ngudn tir hé phuong trinh Maxwell boi
viéc sir dung phuong phap Galerkin, day la phuong phap phan du ¢6 trong [3], [4].
Theo phuong phéap nay, dién truong dugc biéu dien nhu sau:

E(x,y)=EN,+E,N, +EN, %)
Trong do:

Ny, n =1, J, k la ham dang phan tir

E,, n=1, ], k 1a xép xi cia dién truong & mdi niit ctia phan tir.

Véi: N, =
2A,
Trong do:
A, 14 dién tich cta phan tir tam giac
Va:

i = Xj¥k — XkYj, b; = Yi— Yk Ci = Xk — X,
A = XiYi — XYk bj =YY 6= X — Xy,
a = XY — XYi, bi=Yi—Vj, ¢ =X — X,

iNﬂ(;[;gﬁJ+§y(igfj}dQ [N, (]a)O' a)g)EdQ 0

Hoac viet dudi dang ma tran rat gon:

[M+K|E}=
(6)
M :(ja)O' —a)"g)jQNndeQ
2 1 1]
_(ja)a—a)zg)A‘, 1 2
B 12
1 1 2

K=v[.N, ON, ON,, N ON, ON,, 70
ox Ox oy 0Oy

bb, +cc, bb,+cc, bb, +cc,

=— b_,bj. +¢c, b_,b,( +c,¢

sym b.b, +c.c,

Trong d6: v 1a d6 tur tro (v = 1/p)

Cho mét phan tir gdm c6 3 nut, bleu thirc x4p xi ctia phuong phap phan tir hiru han
14 ma trdn 3x3. Tinh toan cho tit ca cac phin tir trong hé thng c6 n nut, hé
phuong trinh ¢6 kich thudc 16n véi ma tran nxn.
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4 PIEU KIEN BIEN VA CAC THONG SO MO PHONG

Cac diéu kién bién ap dung ¢ dy l1a dién truong va tir truong tai mat dat va duong
day chéng sét bang khong. Gia dinh phu tai can bang. Cac day din dwoc sir dung
dé thir nghiém 1a day nhoém 15i thép (ACSR) ¢6 cac thudc tinh sau day: dién dan
(6) = 0,8x10” S/m, d tham tir twong ddi (1) = 300, 1 hang sb dién moi twong ddi
() = 3,5. Luu ¥ hing s6 dién méi cua chin khong (go) = 8.85x10™" F/m va do
tham tir ciia chan khong () = 4nx10”7 H/m

5 KET QUA VA THAO LUAN
5.1 Dién truwong

Véi viée ap dung FEM va két hop mo phong bang phan mém MATLAB ciia dién
truong quanh dudng day truyén tai 500kV mach don va mach kép cho chiing ta
cac ket qua phan bd cua dién truong trong khong gian xung quanh duong day
truyén tai dién dugc thé hién ¢ Hinh 5 va Hinh 6. O vi tri cang gan duong day thi
mirc d6 phén bd cua dién truong cang day dac va do l6n cang cao. Pé danh gia
mirc 6 anh huéng cua dién truong dén co thé ngudi ciing nhu méi trudng dudi
duong day truyén tai va dé c6 co s¢ danh gia mirc do nguy hiém cta chung, trong
phan nay chiing ta khao sat dién truong phia dudi duong diy & cac do cao khac
nhau so v&i mat dat va trong pham vi xem xét 70x55m Hinh 7 dén Hinh 13. Pic
biét 1a & do cao 1m so véi dat vi & vi tri nay twong ng v6i d6 cao trung binh cua
con ngudi khi 1am viée & phia dudi duong day dugc thé hién & Hinh 7.

Dien truong cua mach don E(kV/m) Dien truong cua mach kep E(kV/m)
55 55

50 A 50
45 1 a5

40 1 40

35 q 35

30 30

y(m

25 25

20— 80 20

15

x (m) x (m)

Hinh 5: Phén b dién truong theo mit cit ngang Hinh 6: Phén b dién truong theo mit cit ngang
cia dwong ddy mach don ciia dwong day mach kép
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E (kV/m)

10~

So sanh dien truong o do cao 1m

—&— mach don
—=— mach kep

40

Hinh 7: Dién truwong ¢ do cao 1m dwdi duong

E (kV/m)

day mach don va mach kép

So sanh dien truong o do cao 3m
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Hinh 9: Pién trwong ¢ do cao 3m duwdi dwong

E (KV/m)

day mach don va mach kép

So sanh dien truong o do cao 5m
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Hinh 11: Pién truong ¢ d¢ cao 5m duéi duwong

day mach don va mach kép

5.2 Tur trudng

Truong Dai hoc Can Tho

So sanh dien truong o do cao 2m

—=&— mach don
—=— mach kep

E (kV/m)

Hinh 8: Pién truwong ¢ d¢ cao 2m dudéi duong
day mach don va mach kép

So sanh dien truong o do cao 4m
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Hinh 10: Pién truomg ¢ d¢ cao 4m duéi dwong

diy mach don va mach kép

So sanh dien truong o do cao 10m
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Hinh 12: Pién truwong ¢ d§ cao 10m dwéi
duong ddy mach don va mach kép

Céc két qua mo phong dudi day trinh bay tinh phan bd cua tir truong trong khong
gian xung quanh dudng diy truyén tai mach don va mach kép, tvong tu nhu két
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qua cua dién truong. Tir truong cua dudng ddy truyén tai ngoai phu thudc vao do
16n cia dong dién cua dudong dy, nd con phu thudc vao khoang cach dbi véi
duong day. Cac két qua phén tich cho thdy tir trudng ciia duong diy mach don va
duong day mach kép phan b trong khong gian xung quanh dudng day hinh 14 va
hinh 15. Tir trudng & cac khoang cach khac nhau tinh tir mat dit dén duong day
d6i voi mach don duge thé hién ¢ hinh 16 dén hinh 22. Twong ty nhu dién truong
chung ta nhan thdy ring ¢ khoang cach cang gin duong déy thi tir truong cang 16n
va kha nang phan b cua dudng day mach kép s& cao hon so véi mach don.

Tu truong (MicroTesla) Tu truong (MicroTesla)
55 55 1800
50 1 1600 50 1600
45 - —A 45 4
1400 1400
40 B 40 4

1200

5 g 35 1200

1000

y (m)
y (m)

x (m)

Hinh 13: Phén bb tir truong theo mit cit ngang Hinh 14: Phan bo tir trwong theo mét cat ngang

ciia dwomg diy mach don cia dwong diay mach kép

So sanh tu truong o do cao 1m 200 So sanh tu truong o do cao 2m

180

160

i
I
S

B (MicroTesla)
=
Y]
S

B (MicroTesla)

100

80

X (m)
Hinh 15: Tur treong ¢ do 1m dudéi dwong day Hinh 16: Tiur treong ¢ do 2m duéi dwong day
mach don va mach kép mach don va mach kép
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So sanh tu truong o do cao 3m So sanh tu truong o do cao 4m
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Hinh 18: Tiur trwong ¢ do 4m dwéi duwong day
mach don va mach kép

100 L
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Hinh 17: T trwong ¢ do 3m dudi dwong day
mach don va mach kép
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Hinh 19: T trwong ¢ do Sm dwéi dwong diy
mach don va mach kép

Hinh 20: T trwong 6 do 10m dudi duong day
mach don va mach kép

6 KET LUAN

Bai viét ndy di nghién ciru sy phan bd cua dién trudng va tir truong xung quanh
duong ddy truyén tai dién cao 4p trong didu kién dong dién phu tai binh thuong.
Str dung thong so ciia dudng day truyén tai 500kV cia ludi dién Mién Téy. Cac
mo phong bang méy tinh dugc thyc hién bang cach st dung phuong phap phén tir
hiru han két hop véi lap trinh MATLAB va két qua cho thdy rang dién tir truong
clia ca hai truong hop mach don va mach kép cta dudng déy truyén tai 500 kV &
mire d6 1 m so v6i miat dat duoc gia dinh 1a mirc do 1am vi¢c cuia con nguoi & dudi
duong day.

bién truong trung binh cta cac khoang cach x cua dudong ddy mach don va mach
kép khi xét & chidu cao cua duong day tai gilta nhip 1a 7.1375kV/m va
8.1969kV/m, day la gia tri cao hon muc gidi han cho phép con nguoi lam viéc &
dudi duong day trong 24 gid/ngay [11], [13]. Muc gidi han cho phép con ngudi
lam viéc dudi duong day trong 24 gid/ngay 1a nho hon 5 kV/m theo tiéu chuan quy
dinh cia Viét Nam [13].

27



Tap chi Khoa hoc 2012:21a 19-29 Truong Dai hoc Can Tho

T truong trung binh cua cac khoang cach x cua dwong day mach don va mach
kép khi xét chiéu cao ciia dudng day tai giita nhip 1a 64.2440 pT va 72.0534uT,
nhitng gia tri nay thip hon so voi muc gisi han gay nguy hiém ddi voi nguoi khi
lam viéc dudi duong day trong 24 gid. [10], [11]. Theo Quy dinh ciia Uy ban qudc
té Bao vé birc xa khong ion hoa (ICNIRP) [10], mirc d6 ctia tir trudng an toan dé
con ngudi cho cong chiing dén 24 gio / ngay khong dugc 16n hon 100uT va cho ca
ngdy lam viéc, nghé nghiép khong duge hon 500uT.

Dién trudng va tir trudng tan sb thip 1a mot trong nhing truong dién tir bao quanh
con ngudi va cac sinh vat. Cac cong trinh nghién ctru khoa hoc va thyc té 1am sang
da chi ra nhitng biéu hién bénh 1y ciia con nguoi khi bi tac dong boi cuong do bic
xa 16n hodc kéo dai. Nhimg nghién ctru trong phong thi nghiém da chimg minh r6
rang tac dong trén ion cac dai phan tir cua té bao gdy nén tin hiéu cho cac chat dan
truyén than kinh, hormon, khang nguyén va khang thé [10].

Cuong do dién truong E xung quanh duong ddy tai dién giam rat nhanh ty 18
nghich voi khoang cach, dat gia tri 16n nhit & phia dudi dudng day va tai sat
duong day, cuong d¢ dién truong dudi duong day cao ap phu thudc dién ap va
khoang cach dudng day so v6i dit, nhung khong vuot qua 10kV/m, ngoai khoang
cach an toan khong qua 5kV/m. Su tac dong cua truong dién tir d6i véi co thé
nguoi: Tac dong sinh hoc cua trudng dién tr 1én co thé, tac dong nhiét, tdc dong
gdy rdi loan thin kinh, tic dong gy rdi loan hé thong tuin hoan, tic dong
dién tinh, ...

Anh huéng nghiém trong ciia dién truong va tir trudng & tin sb thap co thé anh
hudng dén hé than kinh con ngudi nhu kich thich than kinh & mirc d cao. O mirc
d6 thap hon bao gdm sy thay doi trong té bao than kinh cta hé than kinh trung
wong c6 thé anh hudng dén tri nhé, nhan thirc va cac chirc ning nao khac [17].

T6 chic ICNIRP (International Commission for Non-Ionising Radiation
Protection-19998) da dua ra ngudng mat do hién tai 100mA/m?” cho su thay doi
nghiém trong trong chirc ning cua rhé than kinh trung wong (ndo, diy cot song &
dau va than) [18].

Gan day IEEE (2002) x4c dinh rang ngudng cudong do manh cia dién truong 1a
53mV/m tai tin s6 20Hz lam thay ddi chirc ning ciia ndo trong 50% ngudi khoe
manh. IEEE d& nghi ring giéi han cin ban cho no 1a 17,7mV/m trong méi truong
nghé nghiép va 5,9mV/m cho cong dong.
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