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UNG DUNG CHONG SET VAN TREN DUONG DAY

COMPACT 110kV TAI VIET NAM

APPLICATION OF LINE SURGE ARRESTERS ON THE COMPACT TRANSMISSION LINES 110kV IN VIET NAM

TOM TAT

Bai b0 nay trinh bay két qua nghién clhu tmg dung chéing sét van (CSV) 1&p dat
trén dudng day compact 110kV trong ludi dién Viét Nam. Két qua nghién ciu dya
trén md hinh dién hinh hoc (EGM) va phan mém mo phong EMTP/ATP. S6 lan sét
danh vao duting day compact va dudng déy thong thudng duoc tinh ton so sanh.
Kha néing chiu sét clia durding dy véi céc cAu hinh 13p dét CSV khéc nhau theo dién
trd ti€p dia cOt croc xem xét. Sudt cat dudng day trude va sau khi Iap it CSV duoc
50 sanh. Kha nang chiu sét clia dutng day compact mdt mach va hai mach két hop
VG 3p it CSV duroc so séanh voi dirdng day o6 day chdng sét (DCS) khdng ¢d CSV.

Tir khéa: Butng day compact, chdng sét van, md phong EMTP/ATP.

ABSTRACT

This paper presents result application of line surge arresters on the compact
transmission lines 110kV in Viet Nam. The results study are based on the
geometric model (EGM) method and EMTP simulation software. The number of
lightning strikes to the compact transmission lines and standard line is calculated
and compared. Different line surge arrester installation configurations are
considered. Line lightning performance is computed for different tower footing
resistance. Line performance before and after line surge arrester installation are
compared. Line lightning performance of the single and double circuits compact
transmission lines combined with line surge arresters are compared with the
performance of the standard line without line surge arresters.

Keywords: Compact transmission line, line surge arresters, EMTP/ATP simulation.
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1. GIOI THIEU

Thuc té van hanh cho thay, @ mot so vi tri cOt c6 chiéu
cao va dién tr¢ ti€p dia c6 tri s6 l16n khad nang sét danh gay
phéng dién cao hon nhiing vi tri cot ¢6 chiéu cao va dién tré
ti€p dia cot nhé. Theo mo hinh EGM c6t cang cao tri s6
dong dién sét thu hit cang I6n [1], do vay néu chiéu cao cot
c6 thé gidm duogc thi tri s6 dong dién sét cling giam xudng,
dodng thoi dién tich thu hat sét cling gidm xuéng. Lap dat
CSV la gidi phap chéng sét hiéu qua cho dudng day truyén
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tai, CSV 1ap & pha nao thi hau nhu tai pha dé phong dién do
sét duoc loai bé hoan toan [2-9]. Theo két qua nghién cltu
[3, 10] khi I&p 1 CSV thi I&p cho pha trén cling mang lai suat
s ¢6 nho nhat. Do vay, khi pha trén cung dwoc 1&p CSV
ngoai bao vé cho pha do con déng vai trd nhuw DCS béo vé
cho cac day pha phia dwéi. Loai bé hoan toan DCS twong
dwong v6i viéc sir dung duwong day compact [11-14]. Mac du
dudng day compact chua xuat hién & Viét Nam, nhung viéc
loai bd DCS & duong day thong thwang cling lam cho chiéu
cao cla cot cling giam xudng tir 4m dén 6m ddi v6i dudng
day 110kV. Thuc té€ van hanh cho thay, st dung DCS &
nhitng duwong day phan phdi cdp dién &p nhé hon 35kV la
khong hiéu qua. Vi vay, n6i dung bai béo trinh bay két qua
nghién clru dé xuét giai phap st dung duong day compact
110KV két hop 1&p d4t CSV.

S0 lan sét danh vao duong day phu thudc vao céc tham
sO clia dong dién sét, mat do sét va phu thudc vao cau hinh
cla duong day truyén tai [15]. Hai dai lvong mat doé sét va
tham s6 clla dong dién sét la hoan toan phu thudc vao yéu
t6 tw nhién khong thé thay déi. S6 lan sét danh vao dwong
day sé giam néu chiéu cao cdt gidm xudng. Khi khdng cé
DCS, day pha trén cung sé dong vai trd nhue DCS va CSV lap
vao pha nay sé bao vé trong truong hop sét danh truc tiép
vao day pha. Kha nang chiu sét clia cac pha phia du6i
khong I&p CSV ciing dugc tang 1én do khoang cach cac pha
giam xuéng lam cho cho hé s& ngau hop cac pha ting 1én.

Ngay nay, cach dién duong day voi vat liéu composite
da va dang thay thé cho céach dién thly tinh va cach dién
sk trén cac dwong day 110kV. Coéng nghé vat liéu
composite ngay mot phat trién, chiéu dai dwong ro cla
mot phan t&r cach dién duogc tang 1én, do do6 s6 phan t
cach dién trong chudi cach dién giam xuéng, dan dén
chiéu dai chudi cach dién cling ngan xudng [16]. Ngoai ra,
c6ng nghé CSV phat trién da san xuit dwoc loai CSV cé
nang luvgng hap thu Ién c6 thé tdi mot vai MJ [17], cao
hon nhiéu mic nang lvong hdp thu can thiét ctia CSV tinh
toan cho truong hop xdu nhét. Vi thé, st dung CSV lap
truc ti€p cho dwong day compact la hoan toan kha thi.

Bai bao nay trinh bay két qua nghién ctru rng dung CSV
trén duong day compact 110kV cho lwéi dién Viét Nam. S6
lan sét danh vao duong day compact va dudng day thong
thuong dwoc tinh toan va so sanh. Suét su c¢6 cla duong
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day compact I&p CSV va dudng day théng thuong theo tri
s6 dién trd tiép dia cot dwoc xac dinh va so sanh. Anh
hudng cla s6 luvgng CSV 1&p dat trén duong day compact
cling duoc xem xét. Cac két qua vé dang song dién ap dat
trén cach dién ctia duong day compact cac pha cling duoc
phan tich danh gia Ngoai ra nang lvgng hap thu cta CSV
(’ng Vv6i tri s6 nguwdng dong dién sét gay phéng dién va
dong dién sét 300kA cling dugc xem xét.
2. DUONG DAY COMPACT 110kV

Tl dwdng day 110kV c¢6 DCS (goi la dwong day thdng
thuong) nhu duwong day 1 mach trén hinh 1a va dudng day
2 mach trén hinh 1c. Buong day compact sé bd DCS va
phan than cot tir xa clia pha trén cung téi dinh cot cla
duwdng day thdng thuong, khoang cach tir day pha toi cbt
dwoc thu nhé gon lai nhv trén hinh 1b dwong day 1 mach
va hinh 1d dwong day 2 mach.
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Hinh L. Bung day 110KV thong thudng va dudng day compact

Nhu vay, khi do6 kich thuéc clia dwong day compact
dwoc thu nhé gon lai so véi duong day théng thudng. Do
khong c6 DCS nén day pha trén cing sé duoc 1ap dat CSV,
ngoai bao vé truc tiép cho pha dé khi bi sét danh, day pha
nay cling dong vai tro nhe DCS cho céc day pha phia dwéi.
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Vi s6 lieu kich thudc cot clia duong day thong thuong va
dwong day compact nhu trén hinh 1. Xac dinh dwoc s6 lan
sét danh vao duong day (N,) va dong dién sét I6n nhat
danh vao day pha (I,,) theo EGM [2, 18] dwgc trinh bay trong
bang 1, gia thi€t mat do sét la 10 lan/kmZnam.

Bang 1. 56 lan sét danh vao duong day,

Buong Buong day Buong day
day thong thuong compact
. 5 1 mach 193 167
N, (1an/100 km.nam)
2 mach 215 192
1 mach 12,14 9,64
I (KA)

2 mach 16,56 3,55

Két qua tinh toan cho thay khi st dung duong day
compact s6 lan sét danh vao duong day 1 mach giam 14%
va duong day 2 mach giam 11%. B6i v6i duong day
compact day pha trén cung duoc I&p CSV c6 vai trd nhu
DCS nén chi tinh dong I&n nhat danh vao cac day pha phia
du6i. V6i cung moét do cao cot géc bao vé cang nhé thi |,
cang nho do vay chi can tinh toan cho pha trén cung (pha
A) dbi voi duong day thdng thuwong va pha gilta (pha B) doi
voi duong day compact vi géc bao vé ddi véi pha nay Ion
nhéat. K&t qua tinh toan I, dwgc trinh bay trén bang 1 cho
thay dong dién sét Ién nhat danh vao day pha cla duwong
day compact 1 mach va 2 mach déu gidm hon so véi duong
day théng thuong.

Bang 2 trinh bay két qua tinh toan téng tré séng clia cot
(Z;) theo [18] d6i v6i dwong day thong thuong va dudng
day compact (gia thiét ban kinh tru 0,2m). K&t qua tinh toan
cho thay slr dung duong day compact tong trd song clia
cdt giam so voi duong day théng thueong.

Béng 2. Tong trdséng clia cot ()

Buong day 110kV | Budng day thong thuong | Budng day compact
1 mach 229 211
2 mach 240 226

3. MO HINH MO PHONG EMTP/ATP CHO BUONG DAY
110kV

Céac phan t&r trong mé hinh mé phoéng cho dwong day
110kV théng thuong vao compact bao gébm mo hinh vé
duong day, cot, ngudn sét, chudi cach dién, hé théng tiép
dia va CSV, hinh 2 trinh bay mé hinh mé phéng cla tirng
phan ti trong EMTP/ATP.
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Puong day st dung m6 hinh cta JMarti cho tinh toan
qua dién ap sét duoc str dung [2], gia thi€t vang dat cé dién
tré sudt 1000Q.m. Trong bai bao nay duong day st dung
day dan ACSR330/42,2 khdng phan pha, DCS st dung day
TK-70, khodng vugt trung binh 250m.

M6 hinh ¢t si dung trong tinh toan mé phéng la mo
hinh c6t nhiéu tang (multistory tower), dwgc st dung rong
rdi trong cac tinh toan mé phdng qua dién ap sét duoc IEEE
va |EC gi6i thiéu [2]. D6i vai cot 2 mach, mbi cot chia lam 4
tang, déi voi cot 1 mach mdi cot chi can chia lam 3 tang.
Tang 1 la doan cdt tir dinh cot dén xa cla pha trén, tang 2
tlr xa pha trén xudng xa pha gitra, tang 3 tir xa pha gitta dén
xa pha cudi, va tang tht 4 tir xa pha cudi xuéng dat. Moi
tang duoc mé phong bang mét téng tré séng duoc ky hiéu
lan lvot 1a Z,,, Z,,, Zi3 va Z,, 6 tri sO twong (ng véi tirng loai
duong day theo so liéu trong bang 2. D€ mo ta sw suy giam
song trén mdi tAng cla cot duoc thay thé bdi cac tri s6 dién
tré va dién cam cua tirng tang phu thudc vao kich thuwéc
cla tirng loai cot duwgc tinh theo nhu [2].

M6 hinh nguon sét st dung séng sét dugc mo phong
b&i mdt ngudn dong dang d6c Slope - ramp 1,2/50us (hinh
3) [2]. Tong tré song clia sét duoc thay thé bdi mot dién tra
tuyén tinh cé gia tri 400Q md phéng téng tré kénh sét méc
song song v&i nguon dong.

Chubi cach dién dudng day st dung loai composite bao
gdm 7 bét, chiéu dai mbi bat la 146mm, mé hinh phong dién
trén cach dién st dung mo hinh theo IEEE [2] dé md phdng.
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Hinh 3. Dang séng ngudn dong Slope - ramp

Mo hinh dién tré ti€p dia cot, trong thuc té, gia tri dién
tré ti€p dia clia cot khong phai la gia tri dién tré ¢ dinh
nhv duwgc do & dién 4p mot chiéu ma la mot dién tré phi
tuyén cé tri s6 phu thudc vao doé Ién clia dong dién sét va
qua trinh phéng dién trong dat. Tri s6 dién tré phi tuyén
dugc xac dinh nhu sau [19]:

e NéuI<IthiRy =R,

,, N R
e NEu | >Ithi R, :—°I
l+|—

9
Trong do: R, la dién tré ti€p dia cot & dién ap mot chiéu
(Q); Ila dong dién sét di qua tiép dia (A) I, la cwong do dong
dién gi6i han (A); p la dién tré sudt cla dat (QQ.m); E, la dién
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trvong xay ra phéng dién trong dat hay gradient dién ap
ion héa trong dat c6 gia tri tir 100 dén 1000 kV/m [18].

Nhu vay, nhan thdy trong trvdng hop dong dién sét
vuot quad tri s6 toi han gay phéng dién trong dat, thi gia tri
dién tré ti€p dia con gidm hon so voi tri s6 R,. M6 hinh thay
thé dién trd ti€p dia cot va dir liéu nhap vao trong EMTP
theo nhu [2].

500

450 Dic tinh V-A ciia Chong sét van 110 kV - Siemens
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Hinh 4. Bac tinh V-Aclia CSV loai khong khe hé cho cép dién ap 110kV [20]

M6 hinh chéng sét van, chéng sét van si dung trong
mo phong la loai chdng sét van khéng khe hé 3EL cla
Siemens véi dung cho cap dién ap 110kV, véi tri s6 dién ap
lam viéc lién tuc MCOV la 89kV vai dac tinh V-A trinh bay
trén hinh 4. CSV dwoc mo phéng trong EMTP bang mot
dién tr& phi tuyén voi dac tinh phi tuyén nhap vao tir hinh
4. Cac tham sd clia day ndi, cach dién polymer clia CSV
duwoc bo qua.

So dd cac phan tir nhi ngudn sét, cot, tiép dia, chudi
cach dién, khoang vuot, chdng sét van duoc thay thé trong
mo phong EMTP/ATP dugc thé hién trén hinh 5, véi dai
dién cho mot ¢t va 2 khodng vugt trong so dd mé phdng.
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Hinh 5. So 86 md phéng cho mdt ¢ot 2 mach 110KV trong EMTP/ATP
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4. KET QUA MO PHONG
4.1. Sudt su ¢6 ctia duong day compact két hop 1ap CSV
V@i duwdng day théng thudng

Tién hanh mo6 phéng cho duong day théng thuong va
dudng day compact két hop 18p CSV theo tri s6 dién tre
tiép dia thay déi tir 10Q dén 50Q. Suét sy c6 do sét clia
dudng day 110kV 1 mach va 2 mach duoc xac dinh theo [2].
K&t qua mo phdng tinh toan sudt sy cd duong day théng
thudng va dudng day compact két hop 1ap CSV dudng day
1 mach va 2 mach duwgc trinh bay trén hinh 6 va 7.
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Hinh 6. So sanh suat s ¢6 duong day thong thuong va dwong day compact
két hop I&p CSV chia dudng day 1 mach
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Hinh 7. So sanh suat s ¢6 duong day thong thuong va dwong day compact
két hop I&p CSV clia duding day 2 mach

K&t qua mo phoéng trén hinh 6 cho thay d6i voi duong
day 1 néu chi sir dung dudng day compact ma khong Iap
dat CSV tai pha A, khi sét danh vao duong déy sé danh truc
ti€p vao day pha, suat sv c6 khéng phu thudc vao dién tré
ti€p dia va co6 tri s6 rat cao t6¢i 58 1an/100km.ndm. Nhung
khi dutrng day compact két hop voi lap dat CSV tai pha trén
cung sudt sy ¢c6 nhd hon gan 4 lan so véi khi duwong day
compact khéng cé CSV véi R, = 50Q. O’ dai dién trd tiép dia
nhé hon 10Q thi st dung dudng day compact két hop véi
l&p CSV & pha trén cing suat sy ¢6 cling khdng thay doi
nhiéu so voi duong day théng thuong. Khi Ry = 50Q suat
sir ¢6 duong day compact két hop voi ldp CSV & pha trén
cung gidm t¢ 20,5 lan/100 m.nam xubéng 14,6
lan/100km.n@m so v6i duwdng day théng thudng.

K&t qua mo phoéng trén hinh 7 cho thay d6i voi duong
day 2 mach str dung dwong day compact két hop lap dat
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CSV tai pha trén cung clia c& hai mach suat sv c6 giam so
voi duong day thdng thueong. Dién tré ti€p dia cot cang Ion
thi st dung duwong day compact két hop 18p d&t CSV tai pha
trén cung cla ca hai mach cang hiéu qua. Khi dé hai day
pha A clia hai mach doéng vai trd nhuw 2 DCS bao vé cho pha
B va pha C nén kha nang sét danh vao cac day pha phia
du@i cang nhé do gbc bao vé ltc nay bang 0°.
4.2. Suét sy ¢d chia duong day compact khi thay d6i s6
lvgng CSV lap dat

4.2.1. budng day 1 mach

Tién hanh mo6 phéng cho trvong hop duong day
compact két hop voi lap dat CSV khi [dp 1 CSV trén pha A,
lap 2 CSV trén pha A va pha B va 3 CSV tai tit ca cac pha.
K&t qua mo phéng tinh toan suét si ¢6 clia dwong day trinh
bay trén hinh 8.
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Hinh 8. Suét sy ¢6 dudng day compac theo s6 lwgng CSV dwdng day 1 mach

K&t qua trén hinh 8 cho thdy khi tang s6 luvgng CSV 1&p
dat sudt sv cd ctia dudng day giam. Khi lap 3 CSV trén tét ca
cac pha suat sv ¢6 ca dudng day bang 0. Ngoai ra, giam
dién tré tiép dia cling lam giam suét sv ¢6 duwong day. Suéat
su ¢O cla duong day khi Ry = 40Q st dung 2 CSV twvong
dwong v6i duong day cé R,y = 10Q sir dung 1 CSV.

4.2.2. budng day 2 mach
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Hinh 9. Suét sy ¢6 dwong day compac theo s6 lwgng CSV dwdng day 2 mach

Tién hanh mo6 phéng cho trvong hop duong day
compact két hop véi lap dit CSV khi lap 2 CSV, 1&p 3 CSV va
4 CSV. Két qua md phaéng tinh toan suét sy c¢6 cla duwong
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day trinh bay trén hinh 9. Két qua mé phéng ciing cho thay
tvong ty nhw duong day 1 mach, tang s6 lwgng CSV suat su
c6 clia duong day giam.
4.3.bién ap trén cach dién cac pha

Khi khoang cach gilra cac day pha véi DCS hodc gilra cac
day pha v&i nhau giam sé lam ting hé s6 ngau hop cla cac
pha [20]. Dan dén dién ap dat trén cach dién giam xudng.
S dung duong day compact khong chi lam gidm s6 lan sét
danh vao dutng day do gidm duoc chiéu cao cdt dong thoi
giam khoang céch gilta cac day pha véi nhau dan dén lam
ting hé s6 ngau hop gitta cac pha, dién ap dat trén cach
dién cac pha khong l&p CSV cling dugc giam xudng. Mo
phéng trvong hop dwong day 1 mach va 2 mach véi dong
dién sét 50kA (1,2/50ps), R,g = 10Q2, két qua mé phoéng dién
ap trén cach dién pha B va pha C clia duong day thong
thudng va dudong day compact két hop 1&p CSV duoc trinh
bay trén hinh 10 va 11.

800

Théng thuong

----- Compact két hgp CSV pha A
600 -

Pién 4p (kV)
S
[
o

o]
(=
(=]

0
0.E+00

1.E-05 2.E-05 2.E-05

t(s)

Hinh 10. Dién &p trén cch dién pha B dwong day 1 mach

Két qua md phdng trén hinh 10 va 11 cho théay, dién ap
trén cach dién cac pha khong lap CSV cla dwong day
compact két hgp CSV nhd hon so véi dwong day théng
thudng, dién ap trén cach dién pha ldp CSV ludn & muc dién
ap du cda CSV. biéu nay cho thay khi sét CSV lam viéc dong
dién sét chay qua CSV chay trén déy tao ra dién 4p cam tng
trén cac day pha khac, do pha B va pha C gan pha A hon so
vGi DCS nén hé s6 ngau hop pha B va pha C clia dudng day
compact két hgp CSV Ién hon hé s6 ngau hop phaB va pha C
cla duong day thong thuong. Chinh vi thé dién ap dét trén
cach dién pha B va pha C cla duong day compact két hop
CSVsé nhd hon.

5.E-06

1000 -~ Ucd_B-Théng thuong
Ucd_C-Théng thuong
800 - = = = Ucd_B-Compact két hgp CSV pha A
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Hinh 1. ién &p trén cch dién cac pha dudng déy 2 mach
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4.4.Nang lvong hap thu ctia CSV

Treong hop sét danh tric ti€p dinh cot cda dwong day
compact két hgp lap CSV, vi khdng c¢é DCS nén trudng hop
nay sét danh tryc ti€p vao day pha. M6 phdng véi dong
dién sét 50kA (1,2/50us), Rq = 10Q, day la ngudng dong
dién sét ma CSV l&p & pha A lam viéc trong khi cac pha
khong 1&p CSV khéng xay ra phong dién, ngudng dong
dién nay theo phan bd xac sudt tich luy cwong do dong sét
[1] x&c suat xudt hién tri s6 dong dién sét I&n hon 50KkA la
15%. Két quad mo6 phéng xac dinh nang lvgng hap thu cta
CSV trong truong hop 1ap CSV & pha A véi nguéng dong
dién sét 50kA va truong hop l&p CSV trén tat ca cac pha voi
ngudng dong dién sét 300kA dwoc trinh bay trén hinh 12.
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Hinh 12. Nang ltong hap thu ctia CSV

Két qua mod phéng trén hinh 12 cho thay, nang lvong
hap thu ctia CSV véi ngudng dong dién sét 50kA thi nang
lvgng hép thu cda CSV & ca truong hgp 1 mach va 2 mach
déu co tri s6 nhé hon nhiéu lan nang lvgng hap thu cho
phép cta CSV. Khi dong dién sét 300kA (Dong dién sét I6n
nhat theo phan bé cda IEEE [1]) nang lwvgng hap thu I6n
nhat ctia CSV & trwong hop 1 mach dat téi 1157kJ (trong
trwvong hop nay ca 3 CSV trén cac pha AB,C déu lam viéc)
nhirng van dam bao ning lvong hap thu ho phép ciia CSV,
nén CSV khong bi pha héng. O truong hop duong day 2
mach do tat ca cac CSV tai cOt bi sét danh cung lam viéc
nén dong dién sét da phan bé sang cac CSV khac nén nang
lvgng hap thu ctia CSV chi dat 296kJ nhé hon nhiéu lan
nang lvong Ién nhat ma CSV ¢é thé chiu duoc.

5. KET LUAN

S6 lan sét danh vao duwdng day compact it hon so véi
duwong day théng thuong c6 DCS, tri s6 dong dién sét I6n
nhat danh vao cac day pha phia du6i cting nhd hon, dan
dén suat su cd do sét danh vao day dan cting nhé hon.

Pudng day compact chi hiéu qua khi két hop voi lap dat
CSV, néu khbéng c6 CSV khi sét danh vao duong day sé
danh tryc tiép vao day pha rat nguy hiém suat su cd clia
duwong day rat cao téi 60 lan/100km.nam, béi vi duong day
110 kV chubi cach dién chi chiu dugc dong dién sét nho
hon 3,2KA (vi Ugy, = 650KV, tong tré séng day pha 400Q2)

Sudt s c6 clia duong day compact két hgp véi CSV phu
thudc vao s6 lugng CSV 1&p dat va dién tré ti€p dia clia cot.
S6 lvgng CSV tang Ién sudt sy c6 gidm xudng trén ca
duwong day 1 mach va 2 mach. Khi dién tré ti€p dia cla cot
cang l6n st dung dudng day compact két hop 1ap CSV cang
hiéu qua.
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Khi xay ra sét danh ma CSV lam viéc, str dung dwong day
compact két hop vai CSV 1am tang hé sé ngau hop gilra cac
pha, dan dén dién ap dat trén cach dién cac pha khéng lap
CSV gidm xudng.

Nang lvong hap thu cha CSV véi tri s6 dong dién
ngudng bat dau gay phong dién trén céch dién c6 tri s6
nhé hon nhiéu so v6i kha nang hap thu ctia CSV. V6i tri s6
dong dién sét rat cao 300kA thi nang lwvgng hap thu cua
CSV ¢6 thé dat tai ngan kJ, tredng hop nay rét it xay ra do
xac sult xuat hién nguwéng dong dién sét nay rat nhd
khoang 0,2%.
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