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TOM TAT:

Puong day truyén tai cao d4p mot chiéu
(HVDC) da va dang duoc Idp dét tai nhiéu
nuwéce tién tién trén thé gici, va né cing sé 1a
van dé duoc dat ra trong twong lai caa truyén
tai dién Viét Nam. Mét hién twong quan trong
khi van hanh duong dy truyén tai HVDC la
phdng dién vang quang xung quanh day dén,
né sé lam tang dang ké cwong do truong
dién trén méat dat va trong khéng gian xung
quanh day d&n. Bai bdo nay sé trinh bay viéc
nghién cteu tinh toan cwong do trwong dién
cia céc kiu duong ddy truyén tai HVDC

dang mét cwe, hai cwe, mach don va mach
kép bang phuong phap phan ti hiru han trén
nén cia phdn mém  COMSOL
MULTIPHYSICS. Céc két qua tinh toan cho
thdy mirc d6 thay déi cuong do va hinh dang
phéan bé cua trwong dién tai cac vi tri khac
nhau bén trén méat dat duéi cdc kiéu duong
ddy khdo sat. Két qua nay ciing la co sé& dir
liéu t6t cho viéc tinh toan, thiét ké cac dwong
day truyén tai HVDC cia truyén tai dién Viét
Nam trong twong lai.

Twr khéa: Puong day truyén tai HVDC, trwong dién, phuong phdp phén te hiru han.

1. GIOI THIEU

Hé thong duong diy truyén tai HVDC dugc
xem 1a ¢6 nhidu vu diém hon so v6i duong day
truyén tai HVAC trén ciing chidu dai va ciing
cong suét truyén tai. Chinh vi thé ma né da va
dang duoc lép dit tai nhidu nude trén thé gioi
nhu Brazil, Thuy bién, Nga, Australia, My,
Canada, Trung qudc...Trén thuc té cling c6 nhiéu
kiéu xdy lip duong day truyén tai HVDC nhu
duong diy HVDC van hanh doc 1ap dang don
cuc, ludng cuc, mach don, mach kép hoac hé
thong duong day truyén tai cao 4p AC/DC van
hanh song song. Puong day don cuc 1a m6 hinh
duoc st dung théng dung nhat, tuy nhién mo
hinh mach kép dang giy duoc sy quan tim diang
ké boi cdc nha nghién ctru —[11]-[12]. Bén canh

d6, cac kiéu duong diy phan pha, tuong tu nhu
v6i dudng day truyén tai siéu cao ap AC, 1a duoc
st dung phd bién véi duong diy truyén tai
HVDC nhdm myc dich lam giam truong dién
trén bé mt diy dan va giam ton hao vang quang,
nhiéu vo tuyén,. .

Mot van dé quan trong trong qué trinh thiét ké
va van hanh duong day truyén tai HVDC da va
dang dwoc rat nhiéu nha nghién ctru trén thé gisi
quan tim chinh 12 hiéu g ving quang xuét hién
khi di¢én dp lam viéc trén duong diy vuot qua gid
tri dién dp khoi tao vang quang (corona onset
voltage), va né chinh la nguyén nhan tao ra
cuong d¢ truong dién ion héa va mat d§ dong
dién ion tai mat dit. Céc ion dwoc phat ra boi
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vang quang trén ddy din s& di chuyén hoic 1a vé
phia dién cyc (day) ddi dién hodc 1a vé phia mat
dét doc theo duong truong —[8], [10]. Trong
truong hop duong day ludng cuc, cé ba ving
dién tich khong gian ton tai: ving don cyc duong
nim giita dién cuc dwong va mit dat; ving don
cuc Am nam gitra dién cyc 4m va mat dat; ving
ludng cuc nidm gitta hai dién cuc — [8]. Viéc tinh
todn cuong d¢ truong dién ciia duong day truyén
tai HVDC, né s& gitip cho cdc nha thiét ké chon
duoc cdc cau tric t6i wu cho dudng ddy truyén tai
HVDC, duoc thuc hién béng hai cdch d6 la
phwong phdp gidi tich —[2] va phuong phdp sb.
Tuy nhién, cho dén nay, véi su pht trién vuot
bac cia mdy tinh va khoa hoc tinh todn thi
phuong phéap 50, cu thé 1a phuong phédp phﬁn o
hiru han, dd hoan toan thay thé cho phwong phip
giai tich - [3]-[12].

Trong bai bdo nay, ching t6i cung cép cho
cdc giang vién, nha nghién cuu, k¥ su dién cia
céc truong dai hoc, cao dang k¥ thudt, cdc cong
ty tu vén xay dung dién, cong ty dién luc va cong
ty truyén tai dién mot cdi nhin téng quéit vé
cuong do¢ truong dién ion héa cua duong day
truyén tai dién HVDC, né dwoc tinh todn bing
viéc sir dung phuong phép phén tir hitu han trén
nén phin mém COMSOL MULTIPHYSICS. Cic
két qué tinh toan cho thiy cuong d¢ va hinh dang
cia truong dién tai mat dat va xung quang day
dan trong dang 2D va 3D, ddc biét n6 con cho
thdy tinh kha dung, hiéu qui cua phwong phdp
phan tir hitu han 1a ¢6 thé 4p dung cho tat ca cac
loai duong ddy truyén tii HVDC tir don cuc cho
dén da cuc, tir mach don cho dén mach kép, phan
pha,...Ngoai ra cdc két qua tinh todn ciing 12 cdc
dir liéu quan trong cho cac nha nghién cuu, k¥ su
trong thiét k& va dy dodn van hanh cic duong
day truyén tii HVDC cua truyén tai dién Viét
Nam trong tuong lai.

2. CONG THUC TOAN HQC

Cong thirc toan hoc ciia trwong dién ion hoa

Téng quat, cuong d6 truong dién ion héa trong
khong khi ¢6 quan hé véi mat do dién tl’Ch‘ P, va
P_ theo phuong trinh Poisson va cic diéu kién
nhu sau

()
VJ,=F(Rp,p.)!q, @)
J.=k,p,E¥D,Vp, 3)
J=T,+J @
V=0 )
E=-Vo. (6)

Véi k,, k_1a tdc do chuyén dong cua ion
duong va ion am. D, va D_1la cdc h¢ sikhuéch
tdn cua ion duong va ion am. J, va J_la cic
vector mat do dong dwong va am; va J 12 vector
mat d6 dong tong; R, 1ahé s6 t4i hop ion trong
khong khi; g, 1a dién tich dién tir.

Céc gia thiét

Trong thyc té, viéc giai cdc phuong trinh
truong dién ion hoéa (1)-(6) 1a rat khé khan, vi
vy trong qué trinh tinh todn cin phai st dung
céc gia thuyét nhu sau - [2]-[10]

Do day ciia 16p ion héa xung quanh diy dn la
khong dang ké. Pidu nay c6 nghia 1a véi duong
day don cuc thi toan bg dién cuc khong gian
duoc ldp day bang céc dién tich cing ddu, va véi
duong day ludng cuc thi cic ion lip day giita 2
cuc.

Dién tich khong gian chi anh hudng bdi d6 16n
va khong phu thudc vao hudng cia dién truong
(gia thuyét Deutsh - [2]).

Van toc chuyén dong cua ion duong k L vaion
am k_1a khong ddi (khong phu thuge vao d¢ 16n
dién truong).

Do khuéch tan ciia ion duong D, va ion 4m
D_1a khong déng ké va duoc xéc dinh boi
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D=—£ )
q.

Trong d6, k1la hing sé chuyén déng cua ion,
k ,1a hang s6 Boltzmann. T la nhiét d¢ tuyét déi,
va ¢, ladién tich dién tur.

Truong dién khoi tao vang quang trén bé mit
day dan la hing s6 ( E, = constant) — gia thuyét
Kaptzov. Véi dudong day ludng cuc thi E, va
E, la hang s6 (kV/m): Day dan dong truc
E,, va E, duoc xdc dinh bang cong thirc

E,, =(31,53+0,963/V/R).10° ®)

E, =(31,02+0,945/R).10? ©)

va trong cdu tric day din - dit, Ej,va
E,_duoc xédc dinh bang

E,, =30(1+/9,06/R.10).10° (10)
E, =(31+0.813/R).10° 11

Bé mit ddy din 1a twong dbi dong nhat.

DPuong day hinh tru dai vd han, song song vdi
nhau va véi mat dat. Mit dat duoc gia thiét la
mit phing nim ngang.

B6 qua anh huéng ciia gi6, 4m udt,. ..

Piéu kién bién

Ngoai céc gia thiét da trinh bay & trén, viéc giai
cdc phuong trinh (1)-(6) cling doi hoi cédc diéu
kién bién nhu sau

Pién thé trén bé mit day dan thi bang dién dp
truyén tai (didu kién Dirichlet).

Dién thé tai mat dit biang khong (diéu kién
Dirichlet).

D6 16n cla truong dién tai bé mat phan pha
dwong va am dugc gia thiét 1a bang truong dién
khoi tao vang quang 1a E,,, E, (tiéu chuan
Peek —[1], hodc gia thiét cua Kaptzov).

3. KET QUA TiNH TOAN

Puong day don cuc

Trong treong hop duong diy don cuc, thay (6)
vao (1), (3) vao (5) va bdé qua su Khuéch tén ion,
chingtacé —=V.Vo=p/¢g, (12)

va phuong trinh biéu dién sy phét trién mat do
dién tich bén trong khong gian dién cyc — vo la:

VpNVo=p’/e, (13)
Day dén dong truc

Trong phin ndy, chiing ta xem xét mot diy dan
ddng tryc nhu trén Hinh 1., ¢6 cdc thong sé nhu
sau: Di¢n dp V, =+120kV ; Bdn kinh day R =
4.75 mm; Ban kinh bién: ry = 290.5mm.

v

Hinh 1. Mo hinh cau triic diy din dong truc.

Buéc dau tién trong phwong phap phan tir hitu
han 1 ri rac hod mién khao sat, & dy ching toi
sir dung 1600 phan tir tam gidc nhu dugc trinh
bay trong Hinh 2.

03 0.2 01 0 01 02 0.3
X

Hinh 2. Luéi phan tir hitu han trong ddy din dong
truc.
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Phuong trinh (12) s€ dugc giai voi cac diéu
kién bién nhu sau

p=01ti r=r, 14
@=V, @i r=R (15)

Suraca; Elsctric parantisl )

y 02 o
o

Hinh 3. Phan b truong dién cua day din ddng truc.

e Sutace: Gactr potants () Contour, Glactn patants ()

Hinh 4. Phéin b6 duong dang thé theo mit cit ngang
clia ddy din ddng truc.

Két qua md phong truong dién cua diy dan
ddng truc dugc cho nhu trén Hinh 3. tuong tng
v6i n6 12 phan bd cic duong dang thé trén bé mit
day dan dugc trinh bay nhu trong Hinh 4.

Hinh 5. cho thiy cdc gid tri cuong do trudng
dién tai cidc vi tri y = 0.2850m, 0.2705m,
0.2405m va 0.1905m. Tir két qua tinh todn nay,
chiing ta c6 thé nhan thiy ring cudng do trudng

dién ting rat nhanh tai vi tri gin day dén va giam
dan vé khong t6i cdc vi tri gan bién ngoai ctia diy
dan ddng truc.

5500
5000 i nimBads —8— y=0.1905m
: £ —v— y=0.2405m
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Hinh 5. Cudng d6 truong dién tai do cao khdc nhau so
v6i mit dat.

Mo hinh day din - dit

Trong trudong hop nay, ching ta xét md hinh
dudng day-dat nhu trén Hinh 6., trong d6 dudng
day truyén tai c6 céc thong sé nhu sau: Chidu cao
clia duong day: H =10m; Bén kinh diy dan
R=0.0lm;Diéndp V =+425kV .

R=00Im
V=423kV

A
i
]
1
]
]

H=10m

Hinh 6. M6 hinh dudng diy din — dit.
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Suface: Electric potansial (V)

b o

Hinh 7. Phan b truong diéncua ddy dan trong md
hinh day din — dt.

patential 0

Surface: Elactric putential () Contour, Elactic

- : ° i §
Hinh 8. Phan b dudng ding thé trong min khao sat
xung quanh day dan.

Két qua md phong 3D truong dién ciia ddy dan
—dat dwoc cho nhu trén Hinh 7. twong tng véi né
1a phan b cic duong ddng thé xung quang diy
dn dugc gidi thi€u nhu trong Hinh 8.

Pé thiy dwoc phan bd trudng dién, ching ta
cét theo phuong ngang tai vi tri y=2m, 4m, 6m va
8m. Két qua so sanh dugc trinh bay trén Hinh 9.
cho thidy muc do thay d6i déng ké cua trudng
dién tai céc vi trf khdc nhau so v&i mat da, tuong
tu nhu két qua thu dwoc & phin trén.

Trudng dién [kV/m]

x [m]

Hinh 9. Cuong d6 truong dién tai cdc do cao khic
nhau so v&i mat dét.

Puong day truyén tai HVDC don cuc 3 day

Xét duong day truyén tii HVDC don cuc 3 day
nhu trén Hinh 10., vdi céc thong s nhu sau: Mdi
diy gdm 4x29,2 mm; Dién dp +750kV; Dién dp
khéi tao vang quang 600kV; Bén kinh mdi b6
diy R=212.1mm; Chiéu cao H =18m. Tat
ca dit lidu duoc 14y tir [4].

‘ 15m ‘ 15m |
= =T R |
I %, | i
| -?;:% ‘
N | N Y
@H/Q’ g«\ o o o
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TN N N SN
o o) g e @ .8
1 N 2 ~, P 37N
%
%
%
H=18m

Hinh 10. Ciu tric dudng ddy truyén tai HVDC don
cuc 3 day.
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Surtace: Bectic patential V)

Anssaraoct
«10°

Hinh 11. Phin b truong dién cia duong day truyén
tai HVDC don cyc 3 day.

Suface: Electric potential (v) Contour: Electric potential (V)
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Hinh 12. Phan b dudng déng thé xung quang duong
day truyén tai HVDC don cyc 3 day.

Két qua md phong truong dién cua day truyén
tai HVDC don cuc 3 day dugc cho nhu trén Hinh
11. trong tmg v&i né 1a phan bd cdc dudng ding
thé xung quang ba diy din dwoc gidi thiéu trong
Hinh 12.

Trudng dién [KV/m]

Hinh 13. Cuong d9 truong dién tai cic d6 cao khac
nhau ctia duong déy truyén tai HVDC don cuc 3 day.

Hinh 13. cho thiy két qué tinh todn cudng do
truong dién tai cac d§ cao khac nhau so v4i mat
dat y=0m, 1m, 2m, 5m, 10m va 15m. Két qua
cho thdy ring cudng do truong dién thay ddi
dang ké ca vé hinh ddng va do 16n tai cic vi tri
gin dudng day, dic biét nhu trén Hinh 13. 1a tai
vi trf d6 cao 15m, tai d6 do anh hudng tuong hd
nén cuong do truong dién tai diy chinh gilra s€
nho hon hai day bén canh. Theo chiéu nguoc lai
cang tién vé mat dat cuong do truong dién thay
d6i khong dang ké va c6 gid tri gin bang nhau.
Két qua thu dugc 1a tuong dong véi [4].

Puwong diy truyén tai HVDC lwong cuc

Xét duong day truyén tai HVDC ludng cuc
nhu dugc gidi thiu trén Hinh 14. — [4] véi dién
ap duong day hai cuc +400kV, £500kV, +600kV.

S = s

0 0305]2 } 0323m |
S IS S W, S O——l——0-

I |

3H k8

Hinh 14. M5 hinh dudng ddy truyén tai HVDC ludng
cyc va mién khao sat .
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Surface Electic patential ()
im0t
10f

4
¥ 40189107

Hinh 15. Phin bd trudng dién cia dudng day truyén
tai HVDC ludng cuc.

o =

Hinh 16. Phan bé dudng déng thé xung quang duong
day truyén tai HVDC ludng cyc.

Két qua md phong truong dién cia day truyén
tai HVDC ludng cuc duoc cho nhu trén Hinh 15.
tuong wng voi né 1a phin bd cdc duong déng thé
xung quang dy dan ludng cuc dwoc gi6i thidu
trong Hinh 16.

Trudong dién [kV/m)
=

ol
Y Ee—-600kV--2¢ 2m
~— E--400KV—-2 =11.2m
—+— E--400kV-- 2 =13.2m
of - E-500kV-—-Zc =11.2m
- E--500KV--2 =13.2m
9 ; E-600KV-X =11.2m | —
w  -» ;-0 0 ©

- E--G00kV--X =13.2m
x [m]

Hinh 17. Cudng d¢ truong dién tai cdc d6 cao khéc
nhau cia dudng day truyén tai HVDC ludng cyc.

Két qua tinh todn cudng do dién trudng tai cdc
d6 cao khdc nhau cta cdc duong diy truyén tai
HVDC ludng cuc (x600kV, +500kV, +400kV)
nhu trén Hinh 17. 1a tuong ddng véi [4]. N6 cho
thdy tdc d6 thay ddi cta cuong do truong dién do
anh hudng cua dién tich khong gian DC, va do
16n va dau cua cudng d6 dién trudng twong Ung
v6i d6 16n va ddu cua dién cuc day din HVDC.
Puong day truyén tai HVDC luong cwe mach
kép

Cudi ciing chiing ta xem xét dudng diy truyén
tai HVDC ludng cuc mach kép véi hai diy chéng
sét nhu duoc gidi thiéu trén Hinh 18. — [12] véi
dién 4p duong diy mach kép +600kV. Két qua
moé phéng 3D trudng dién cua duong day truyén
tai HVDC ludng cuc mach kép dugc cho nhu
trén Hinh 19. trong tng véi né 1a phan bd cac
duong ddng thé xung quang diy dan dugc gidi
thi¢u trong Hinh 20.
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Hinh 18. M6 hinh dudng day truyén tai HVDC ludng
cuc mach kép-[12] .

Surace = ectic porential (v) ‘

¥6.0125x0°

Hinh 19. Phan bé dudng déng thé xung quang duong
déy truyén tai HVDC ludng cuc mach kép.

Surace: Bt potential ) Contaun Electric patenta V)
ASTIEA0 ABONKP
) 0 0 2 L
SETIS
45054
= 3 3081 B
= 33088
27058
20l
c 1303
L ® osas
03008
03006
25019
asom |
e @ -2 1044 A
H 2705
33088
2001

45084 0

b 51106
— 20

e 4
LESITRIE BT

Hinh 20. Phin b4 truong dién ctia dudng day truyén
tai HVDC ludng cuc mach kép.

Trén co s& cac gid tri tinh toan dugc, ching ta
c6 thé thiy rang viéc thay ddi céc gid tri hy, hy, hs
va Sy, Sy, S; s€ tic dong ding ké dén gia tri cyc
dai cta cuong d0 truong dién va mat do dong
dién ion héa. Céc nha nghién ctru trén thé gidi da
ching minh dugc ring viéc giam cic gid tri
khoang cach nay s€ lam giam cuong dg truong
dién trén mat dit va xung quanh day dén, tuy
nhién giam nhu thé nao dé ¢6 duoc mot thiét ké
t6i uu nhat van dang la mot bai toin mé va dang
duoc giai quyét.

4. KET LUAN

Bai bdo trinh bay viéc d4p dung phuong phdp
phén tor hitu han cho viéc tinh toan cuong do
truong dién cua céc loai duwong ddy truyén tai
HVDC nhu duong diy don cuc, ludng cuc, mach
don va mach kép. Cic két qua tinh todn thu duoc
la twong duong voi cdc két qua trong tai ligu
tham khao. Két qua tinh todn trong bai bdo nay
cling chimg minh dugc ring cic nha nghién ctru
va thiét ké c6 thé sir dyng phwong phép phan tir
hitu han dé du dodn truée duge mic do va hinh
dang cua hién tuong ving quang, cudng do
truong dién ion héa khi van hanh duong day
truyén tai HVDC tai Viét Nam trong tuong lai.
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Ngoai ra, cdc vin dé nhu anh huéng cua céc
thong s méi truong, anh hudng truong twong hd
gitta duong diy cao d4p AC/DC van hanh song

song s& dwoc ching t6i dé cip trong bai bio tiép
theo.

Calculation of electric field of HVDC
transmission lines using finite element

method

e Vu Phan Tu
VNU-HCM

ABSTRACT:

The HVDC transmission lines have been
building in many modern countries in all over
the world, and it will be an important problem
of Viet Nam power transmission. The
important phenomena of operation of H/DC
transmission lines is corona discharge
around HVDC transmission lines that is a
cause to increase significantly the electric
field strength over ground surface and
around lines. This paper presents the
investigation and calculation of the electric

TAI LIEU THAM KHAO

[1]. F Peek, Determination Phenomina in High
Voltage Engineering New York: McGraw
Hill, 52-80 (1929).

[2]. W. Deutsch, Uber die Dichteverteilung
unipolarer Ionenstrome, Annalen derphysik,
Vol. 5, 589-613 (1933).

[3]. Vinay Jaiswal and M Joy Thomas, Finite

Modelling of Ionized Field

Quantities around a monopolar HVDC

Element

Transmission Line, Journal of Physics D:

field strength of many models of HVDC
fransmission lines such as monopolar,
bipolar, single- and double-circuit using the
finite element method based on COMSOL
MULTIPHYSICS software. The -calculation
results have shown the strength and shape
of the electric field strength at many positions
over ground level. These results are also
good datum to calculate and design HVDC
transmission lines of Viet Nam power
transmission in the near future.

Applies Physics, Vol. 36, No. 23, 3089-
3094, Dec. (2003).

[4]. S. Fortin, H. Zhao, J. Ma, F. P. Dawalibi, A
New Approach to Calculate the Ionized
Field of HVDC Transmission in the Space
and on the Earth Surface, PowerCon 2006.
International Conference on Power System
Technology, (2006).

[5]. Tiebing Lu et al, Analysis of the Ionized
Field Under HVDC Transmission Lines in
the Presence of Wind Based on Upstream

Trang 51



SCIENGE & TECHNOLOGY DEVELOPMENT, Vol 16, No.K4- 2013

[6].

[7].

(8].

[9].

Finite Element Method, /IEEE Transactions
on Magnetics, Vol. 46, No. 8, Aug. 2010.

M. Abdel-Salam and Z. Al-Hamouz, A
finite-element analysis of bipolar ionized
field, IEEE Trans. Ind. Applicat., Vol. 31,
No.3, 477-483 (1995).

7 Al-Hamouz, M Abdel-Salam and A Al-
Shehri, Inception voltage of corona in
bipolar ionized fields- Effect on corona
power loss, IEEE Trans. Ind Appl vol. 34,
57-65 (1998).

P. Sarma Maruvada, Electric Field and Ion
HVdc
Comparison  of

Current Environment of

Transmission  Lines:
calculation and Measurments, IEEE Trans.
on Power Delivery, vol. 27, No. 10, 401-

410, Jan. 2012.

Z Al-Hamouz, Adaptive finite element

ballooning analysis of bipolar ionized

[10].

[11].

[12].

fields, IEEE Trans. Ind. Appl., vol. 32,
1266- 1277 (1996).

Zakariya M. Al-Hamouz, Corona Power
Loss, Electric Field, and Current Density
Profiles in Bundled Horizontal and Vertical
Bipolar Conductors, IEEE Transactions on
Industry Application, Vol. 38, No. 3,

Sept./Oct. 2002.

Yong Yang, Jiayu Lu, and Yinzhao Lei, A
Calculation Method for the Electric Field
Under Double-Circuit HVDC Transmission
Lines, [IEEE Transactions on Power
Delivery, Vol. 23, No. 4, Oct. 2008.

Jie Liu,

Jiansheng Yuan, Analysis of Field, Ion

Jun Zou, Jihuan Tian, and
Flow Density, and Corona Loss of Same —
Tower Double — Circuit HVDC Lines
Using Improved FEM, IEEE Transactions
on Power Delivery, Vol. 24, No. 1, January

2009.

Trang 52



