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TiNH TOAN BIEN DUNG BU'ONG DAY 500 kv HAI MACH CO
THU TY PHA NGU'Q'C NHAU

NGUYEN BINH THANG, LE TUAN ANH

I. TONG QUAT

Xét mot hé “3 déay - dit, mbi ddy c6 d6 treo cao h;, ban kinh r; va cé mit do dién tich trén
don vj dai t; (i = 1, 3) nhur trén hinh 1.
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Hinh 1. H& “3 day-déat”
Dién thé trén cac ddy duge xdc dinh theo hé phrong trinh Maxwell nhu sau:
@ =0T F Ty ot '
P2 =0Ty T 0Ty + 0Ty ‘ (i-1)
P13 = 03Ty + U33Tz + U333,

Trong phu’cmg trinh trén @1, ¢, @3 14n lugt 14 dién thé trén cac day 1, 2, 3; o, ot 1an lugt 13
hé s thé riéng clia diy i va twong hé giira ddy i va day k.

Hé sb thé riéng duge xac dinh nhu sau:

;= ——In=. (1-2)
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Vi trong méi truding tuyén tinh, hé sb thé twong hd oy = ay; va duoc xac dinh theo cong
thire sau:

Qg = g = ! ll'l'*'ﬁ£ (1-3)
2ne dik

trong d6: € 1a hing sé dién méi ciia khéng khi. Céc kich thude by, Dy, dy dugce thé hién nhir trén
hinh 1.

IL. PHUONG PHAP TINH TOAN DIEN DUNG CUA PUONG DAY 500 kV HAI MACH
; CO THU Ty PHA NGUQ)C NHAU
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Hinh 2. So 43 tinh toan dién dung dudmg diy SCA hai mach ngurgc pha
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Xét mgt dudng day 500 kV hai mach, c6 day dan cic pha dugc bb tri thing dimg, mbi
mach dugc bd tri & mdt phia ciia cOt va c6 thir ty pha ngugc nhau. Khoang cach pha cia ca hai
mach déu 12 d va d6 treo cao ciia pha thip nhét (pha A} 13 H. Khoang cich tir tim dudng diy mai
mach dén tim cot 1a d,. Pudng ddy treo hai diy chéng sét c6 do treo cao hs va cach nhau mdt
khoang cach d’, nhu trén hinh 2.

Dién dung lam viéc ciia pha v&i dét, d6i véi dudmg day hai mach, dwoc xac dinh bing hé
phuong trinh tuyén tinh bidu dién méi quan hé giita dién thé va dién tich trén cc pha, c6 xét dén
anh hudng cia day chéng sét nhu sau:

@ =0T + ATy OaTa t OligTa + OysTs + OyeTs + 05Ty + OlysaTsa

@2 = 01Ty + 0Ty + QT3 + 04Ty + OlpsTs T Ly + Clas) Tsy szsszz

@3 = O3 Ty + OapTy + O33Ty + ClagTy + DlasTs + OagTe + Qlagi Tt + CasaTsy
P4 = 01Ty + 02Ty + Cly3T3 + OlaaTa + ClysTs + QueTe+ OysiTs) + MusaTsy (2-1)
Ps = Osy Ty T 05Ty + Ols3Tat Olsyg Ty + ClssTs + OlsgTe T Qssi Tsi + QlssaTs2

Qs = 061 Ty + Qe Ta + Olg3Ty + ClgaTa + OlssTs + ClgsTs + Ugs) Ts) + Ugs2Tsz

Ps1 = Clisi Ty + Oog Ta + Ol3si T3 + Olys T4 + Olsgy Ts + QlesiTe + Usi51 Ty + Osys2Ts2

(g2 = Q52T T OpsaTo + OasaTs + OlysaTy + OlsgaTs + OlgsaTe T+ OlgsaTsr + Osasatsy

\
V1 hai mach ciia dudng diy song song vdi nhau va cé thir tir pha nguwgce nhau (nhur trén hinh
2), nén ta co:

T =T, 0=T5; 3=T4vaC,=C4;Cy=0Cs; C3=Cs.

. Do d6, hé phuong trinh (2-1) dwoc viét lai nhy dudi day: ~

Q1 =0T + & 2T T 0 T+ Qs Ts) T QsaTse

P2 = Ty + ATy + 0 23Ts + Olasi Ts) + OasaTsa

P03 = '3 T + &'3T2 + 03373+ Oag) Tgp + UasaTs: C

(s = 0 44T4 T & 45Ts + 0 46T + Ol Tg) + OlasaTs2 > (2-2)

(s = 0 54Tq + O 55Ts + O 56T T Olsg) Ts) + QssaTsa

Ps = 0 54T4 + WesTs + & 66Ts + s Tst + OlgsTs2

Q51 = 0151 Ty + 0251 T2 + 035173 + Agis1Ts1 + UsysaTs2

Ps2 = &' y50Ty + AasT2 35Ty + Olgys2Ts) + aszsz"-’sz/

Vi cac hé sb thé o’ duoc dit nhy sau: ¢

0"11 =0y 06
OL'22 =Wy TU25,
0"33 =033 + 0345
0‘34 =0g3 +0s4;

Ogs = Olgy +0g5;

oy =0y +0y5;
O3 =03 + 0y,
0(.44 =a43 +(144;
g5 =05y +0s5;

Qgg =g +Clggs

A3 =03 + 043
Q3 =03 +036;
Qg5 = Oy T 0455

Qs = Ol5y + 056

Oyg) =0 gy T Oggys Qagp = 0psy +Qsgy; Qg = Azgy +0ys1;

Oy52 =gy T Qggy i Oggy =gy T 05535 O3gy = Uzgy +0ygy

Qay = Qg +0gg;
A3y =W3p + U353
Qgp = Oy + 0465

Ogq =0Olg3 +(164;
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Do tinh chit trong hd nén céc hé s thé oy = oy va ag)s; = oisasy. Ngoai ra, vi diy chéng
sét duoc nbi dit nén dién thé trén céc diy chéng sét coi nhir bing khéng, @5 = ¢s; = 0.

Vi vy, tir 2 phuong trinh cubi ciia hé (2-2) ta riit ra dugc:

_ 0 Og160 — 0 15 Oispp )Ty +H(0'557 A1 — 0951 Ol ) T +(00 35 Olgisr — 351 O ) T3

Ts1
2 2
Ogis) —Usis2

_ 0510519 —0 153 Oy )Ty (00 551 Ogysr — 0 2 o ) ¥ +H{(08 351 Ohsisp ~ O 357 Ot ) T3

-
* , °€§181 —0‘52,132
Thay vao ba phuong trinh dhu cia hé (2-2), ta c6 hé ba phuong trinh nhu sau:
! @1 =0 0T + o’ T + o3t
Q2 = 0y T T Oty + ATs (2-3)
Q3= oyT + AWt + A'nT;

trong d6, cac hé s 'thé duge xac dinh nhu dudi day:

W e Sy {0 gp gis — O 5 Cgsy )+ Oysp ()5 O gys2 — @ 1sp O gyst )
0y =0+

2 2
G511 —®s)s2

Q55 {0 252 CLgis2 —O'p5y Cgisy ) +Qygp (') Cgis2 — Q257 Oss) )

'y =0+ 2 2
35151 —&sis2

.
1 r 1 1

o e = o n g 151 (X352 Csisy ~ 0351 Csis I O sy (351 Asisy — X357 Lsist)

13 =013 > >
as1s1 ~sis2

] 1 1 L)

Oy = gy + 28! (&'y52 Q5152 —O'ys51- U515 )+ X257 (051 O 5152 — O'y52 A gys1)

=

2 2
Gg181 —As182

] L ] ]
051 (0252 Cgis2 — Q251 Cgist )+ 0asa (0251 Ugis2 —A'agy Agysy )

" — gt
Gy =0t > 2
Q5151 —sis2

Ops1 (O 352 O gi5y — @361 Cgs) )+ 0asy (O'35) A gpgy — O30 Cgg) )

" .
O3 = Qo3+ > 2
Qi1 —9s)82

-

¥ 1 L] 1]
Qagy (0152 Cgpsz — g5 Cgis) )+ O0asgy (015 D152 — 150 Agys))

I 1]
@3 = Qg+ ) 2
Ag181 —As182

(] 1] t
0351 Q957 Ogigy — 0251 -Qgisy )+ Oagy (0 gg) Ogis2 —Q'agy Ogys) )

n . |
Oigp =03yt
2 2
G5151 — 5182

L] 1] 1 )
O 35 (@357 Csi57 —O' 351 -Ogps) ) + %352 (A 35 Qg7 — @352 Ogysy)

n I |
@33 =Ag3t > 2
® 5181 —Xs182
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Vi hai mach cba dudng diy cé thir ty pha nguoc nhau, nén ngay ca khi hoan vi cic pha
trong ciing mot mach v&i nhau va hoan vi dong thoi ca hai mach, vi tri twong ddi gitra céc pha
véi nhau, v&i dit va véi ddy chdng sét ciing s& khac nhau, do d6 ta phai xac dinh cu thé di¢n
dung cia tirng pha C;, C; va Cs.

* Hé phuong trinh (2-3) ¢6 thé viét dudi dang ma trén nhu sau:
Q| | pa’pa’; ||n
Py [=| @' @ @y3 | T2 |- (2-4)
93] | o310 32 "33 |[ T3
Sir dung phuong phép giai hé phwong trinh tuyén tinh ta c6: =

7 2 21X 03305059 ) — 9y (W91 05303031 )+ 93(075 X550 5 O3 )
=
A

" " n tt " (1] " 1 ; (1] n r "
. (0.0 30 30035 ) + P (OO 33— 00 3.0 31 ) = Q3 {0) .03 0 5.0y )
)=
A

p . " " "
(0120730 50 0" 3 ) = Qo {0 1075302y O3 )+ P (@O 00 . 0y )
-
A

Véi:
'A=0(."“ ((]."22.(1"33—(1"23.0."32 )—(1"12 (0("2].(1"33—0:'23.(1"31 )+(1"l3 (a'"Zl'a“SZ_d'ZZ‘d'fil )

Do d6, khi chia ca hai vé ciia phuong trinh 1) cho @, theo dang sb phirc ta duec:

T

1 2 ST

N [@".a"33—0")3.0"35 ) —a" (@50 33—0"p3.0"3) ) +a(@”y .0 35— 0" .07 )]

P

12 . 1 - 1 LY " " n [1] " L1] " 1 (1] " " "
f—K[—z(a 12:0733 70 3073 )+ (0710733 70713.075) ) = (070755 ~0 .0y )]

a

¢

. .

T3 — 1 1 " " L1] " " L1} L1l n )+ " " a — n a" ]
—_-K[;(a 12:0 23— 0" 550713 ) — a0 10 g3 —0 gy 03 ) + (O | &g A 2.0 )
¢3 ' '

A3

, . I
trong do: a - toan tir pha: a= —5+_]—2—.

: . . 1a T s a . L Ara N sa
Phin thyc ciia biéu thirc bén vé trdi — & ba phuong trinh trén chinh la dién dung 1am vige

Y
ciia pha v&i dét. Do d6, tir ba phuong trinh trén ta xac dinh dugc di¢n dung cua diy din céc pha
véi dit:
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- " 11} " " l {1 (13 L1] L1} l L1} " 1} "
G, =Ca1=Cc2 =X[(°‘ 22:0 330 3. 32)+§(°‘ 21033~ U 3.0y, )+E(‘1 2:073] 010 "3p )]
l 1 £1] n " " (] " " [1] l " 1] i} 1]
G, =Cg =Cp =Z[5((1 12003370 3.0 "3 } (A" Lo -0y )+5(f1 1 3y )]
l l " " " " 1 " " (1} L1} 11} R L L1} "
C;=C¢ =Cx2 =K[§(°€ 220" 13— 5.0 23)+5(°‘ 11:0723 =0 1.0 3 )+ (0 Ly — 0y .0 )]

II1. AP DUNG TiNH TOAN PIEN DUNG BUONG DAY 500 kV BAC - NAM (MACH 2)

Trén co s¢ phuong phap va cac cong thirc & trén, sau day ta s€ 4p dung tinh toan cu thé di¢n
dung don vj ciia dudng day 500 kV Bac - Nam mach 2.
Cac s6 liéu dau vao ding ¢ tinh toan nhu sau:
- Loai ddy din: ACSR 330/42.
- Séday din ciia mbt pha: n =4,
- Budc phin pha: a=0,45 m.
- Khoang cich pha: d = 10,5 m,
- Khoang cich tir tim m&i mach dén tim c6t (13n lugt tir trén xudng): d,=7,8; 8,2; 8,7 m.
- Khoang cé4ch giira hai day chong sét: d’ = 15,6 m.
- Dgcao'cnia xa day dan thip nhét: 27 m.
- Db cao cia xa day chéng sét: 48,7 m.
- Thir ty pha (tir dudi lén): + Mach 1: A, -B,-Cy
) + Mach 2: G, - B; - A,.
Két qua tinh toin nhu sau:
Cai = Ce = 1,471.107" [F/m]
Cp = Cpz = 1,416.10"" [F/m]
Cer = Caz = 1,364.10™" [F/m).

IV. KET LUAN

Voi phuong phap tinh toan di trinh bay & trén, ta c6 thé xac dinh dugc dién dung cho mét
trudng hop dic bi¢t cia duong day 500 kV hai mach: dudng day c6 thir tr pha hai mach nguoc
nhau, lam co s& dé tinh toan phén bd cudng dd dién trudmg bén dudi dudmg day. Tir két qua nay,
ta c6 thé so sanh v&i phan bb cudmg d6 dién trucmg bén dudi dudng day 500 kV co thir tw pha
hai mach glong nhau vi dua ra kién nghj cin thiét nhdm han ché dnh hudng ciia dién truomg
dudmg day siéu cao 4p dén con ngudi, cling nhr moi trudng.
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SUMMARY

CALCULATING CAPACITANCE FOR 500 kv DOUBLE CIRCUIT TRANSMISSION
LINE WITH INVERTED PHASE SEQUENCE

In defining electric field distribution under 500 kV transmission line, phase-ground
capacitance calculation plays a very important role. This paper presents the capacitance
calculation method for a special case: 500 kV double circuit transmission line with inverted
phase sequence.

Based on Maxwell’s set of equations expressing the relation between phase potential and
charge of a “3 phases - ground” system, we could apply for a 500 kV double circuit transmission
line with vertical configuration of conductors and inverted phase sequence: A-B,-C; va C;-B;-
A; including the effect of two earth wires. So there will be eight equations showing the link
between the potential and the charge of phase conductors and shielding wires.

Because of the inverted phase sequence, when transposing the phase sequence of two
circuits at the same time, the relative position between phases, phases to ground and phases to
earth wires will be different, so we have to calculate the capacitance of all phases. This is quite

ifferent from the case of two circuits with the same phase sequence. After alterring, we will
make the above equations shorten and so we could define the phase capacitance that is the ratio
of the charge per the potential of each phase respectively. '

With this result, then we could calculate the distribution of electric freld under 500 kV
double circuit transmission line with inverted phase sequence, compare with the case of two
circuits with the same phase sequence and raise the necessary recommendation to mitigate the
effect of EHV transmission line electric field on human and environment.

Dia chi: Nhdgn bai ngay 2 thang 5 ndm 2006

Nguyén Dinh Thing, Trudmg Dai hoc Bach khoa Ha Nbi.
Lé Tuén Anh, Céng ty Tu vén xay dyng dién 1. ¢
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