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TOM TAT

Lip dat chong sét van (CSV) dugc cot 1a giai phap hiéu qua dé cai thién hiéu suét sy cd
do set cho duong day truyén tai va dudng day phan phdi dién. CSV thuong duoc lya chon dya
trén cdc tinh toan vé qua dién ap voi dai lugng dién ap va dong dién. Trong mét s6 trudng hop,
dd an toan ciia CSV ¢6 thé bi vi pham do nang lugng hap thu cua CSV ¢6 trj s6 16n hon kha nang
hép thu ma CSV ¢6 thé chiu duge. Chinh vi vay, viéc tinh todn xac dinh dugc nang luong hép thu
ctia CSV dé nang cao d6 an toan cho CSV 1a rat can thiét dé c6 co so lua chon CSV phu hop. Bai
bao nay trinh bay két qua mé phong tinh toan xac dinh ning lwong hap thu ctua CSV lip dat trén
duong day 110 kV bang chuong trinh EMTP/ATP. Nang luong hép thy cua CSV duoc tinh toan
v6i 2 trudng hop sét danh dinh cot va sét danh tryc tiép day pha khi xét den cac yéu td anh huong
nhu dong dién s¢t (bién do, thoi gian dau song va do dai song) va tri s6 cua dién tro tiép dia cot.
Céc két qua tinh toan 1am co so dé chon chdng sét van phu hop nhim nang cao d6 an toan cho
CSV tir d6 nang cao do tin ciy cung cap dién.
Tir khéa: Chéng sét van, ning lwong hip thu, EMTP/ATP,

ABSTRACT

Installation of line surge arresters (LSA) is considered an effective solution to improve
lightning performance of transmission lines. LSAs are often selected based on overvoltage
calculations with voltage and current. In some cases, the safety of LSA can be violated because
the absorbed energy of LSA is larger than the absorption capacity that LSA can withstand.
Therefore, it is necessary to calculate and determine the absorbed energy of LSA to improve the
safety of LSA. This paper presents the results of simulation, calculation and determination of
absorbed energy of LSA installed on 110 kV transmission lines by EMTP/ATP program. The
absorbed energy of LSA is calculated with 2 cases of lightning strike to the top tower and
lightning strike direct to the phase conductor when taking into account influencing factors such as
lightning current (amplitude, front time and tail time) and value of the tower footing resistance.
The calculation results have allowed to choose the right type of lightning arrester to improve the
safety of LSA.

Keywords: line surge arresters, absorbed energy, EMTP/ATP
1. GIOI THIEU

Su ¢b do sét 1a nguyén nhan chinh gdy ra mat dién trén cac duong ddy truyén tai, dic biét
la nhiing duong day di qua nhiing khu vuc c6 mat do sét cao, dién trd suat dat cao va kha nang
che chan kém. CSV lap trén duong day chiu tdc dong truc ti€p cua dong di¢n sét, néu chon CSV
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khong dam bao s& dan dén CSV bi hu hong do dic tinh ciia CSV khong pht hop hodc tdi té nhét
CSV ¢6 thé bi chay nd do ning luong qua CSV vuot qua mirc ning lugng hip thu cho phép cua
CSV déin dén anh hudng t6i do tin ciy cua ludi dién. Cac nghién ciru truée day [1-3] d3 chi ra
rang cai thién kha ning chiu sét cho dudng ddy truyén tai st dung CSV c6 thé duoc dam bao
bang cach lua chon can than va vi tri cia CSV kém-oxit (ZnO). Sau khi CSV lam viée dac tinh
phi tuyen tré lai trang thai ban dau dé dap tmg hip thu ning luong cho lan t1ep theo. So voi CSV
tram bién ap, CSV duong ddy co thé phai chiu mic nang luong 16n hon. Diéu nay 1a boi vi CSV
tram bién ap bi gidi han bo1 mot dong phong di¢n bé mit cach dién hodc do phoéng dién xuong
dat qua dy thoat sét. Do dé, viéc lua chon thich hop bd CSV dudng day phu thudc vao viée xac
dinh ning hap thu cia CSV dé CSV khong bi pha huy trong truong hop sét danh vao dinh cot
hodc danh vao day pha. Nang luong hép thu ctia CSV phu thudc vao déac tinh lam vi¢c cta moi
loai CSV ma con phu thude vao cac dai lugng nhu tham sb cla dong dién sét, dién tré cua tiép
dia cot.

Bai bao nay s& trinh bay két qua mo phong, tinh toan xac dinh ning luong hap thu cua
CSV loai ZnO khong c6 khe ho dugce lap dit trén duong 110 kV mach kép sir dung chuong trinh
m6 phong qua d6 dién tr EMTP/ATP. Nang lugng hép thu cua CSV dugc tinh toan voi 2 truong
hop sét danh dinh cot va sét danh truc tiép day pha khi xét den cac yéu tb anh huong nhu dong
dién sét (bién do, thoi gian dau song va do dai song) va tri sb cua dién tré tlep dia cot. Cac két
qué tinh toan cho phép chon duoc loai CSV phi hop nham nang cao do an toan cho CSV.

2. DU LIEU MO PHONG
A. Buong day 110 kV

Buong day 110 kV mach kep dai 50km c6 mét day chong sét (DCS) dugc s dung trong nghién
ctru nay. Chiéu dai mdi khoang vuot 13 250 m gla thiét cac khoang vuot dugc gia dinh nam trén
dia hinh bang phing v6i mat do sét 1a 10 1an/km*/nam. Hinh 1 cho thdy cAu truc cua cot va cac
thong sé hinh hoc ciia mdi cot trén duong day.

Hinh 1. Puong déy 110 kV mach kép mét déy chong sét
Day dﬁq cap dién ap 110 kV loai ACRS 400/51, day chong sét sir dung loai c6 181 quang
OPGW c6 tiét dién 90 mm?. Cac s liéu cua day dan va DCS dugc tong hop trinh bay trong bang
1.
Béng 1. Tham s6 ciia ddy dan va day chong sét
| Loaiday [ Puongkinh (mm) | Dién tré mot chidu Ry (QVkm) |




ACRS
400/51 27,5 0,073
OPGW-90 14,4 0,48

Chu(*)iv cach dién bao gdm 7 dia cach dién thuy tinh riéng lé chidu dai mdi bat 1a 146mm tao ra
mot tong theé dién ap phong dién bé mat to1 han (CFO) 650 kV da dugc st dung.

B. Chéng sét van

Céc thong sb ky thuat caa CSV da duoc sir dung:
Dong xa danh dinh: 10 kA

Dién 4p 16n nhat van hanh lién tuc: 110 kV
Ning luong hap thu 7.8 kJ/kV of MCOV

CSV 110 kV str dung loai CSV khong khe ho c6 dac tinh V-A nhu trén hinh 2 [4].
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Hinh 2. Pac tinh V-A cua CSV

2. NANG LUQNG HAP THU CUA CSV
A. Truong hop sét danh dinh cot
Ning luong hap thu caa CSV trong qué trinh xdy ra phong dién nguoc dugce xac dinh boi cong
thire [5]:

E, =1,U,1 (1)
Trong do: ia dbr}g dién qua CSV, Uy dién ap trén CSV, 1t hé“lng s6 thoi gian cua dong dién CSV,
dugc udce tinh bang:

T= Zncs T 2)

2 th b A N

V6i: Zpcs tong tro song cua DCS; T thoi gian lan truyén song trong khoang vuot bang chiéu dai
khoang vugt chia cho van toc anh sang
B. Trueong hop sét danh ddy pha

Dong qua CSV va dién ap phong dién co thé lién quan hé véi nhau qua cong thirc [5]:

i, =k(U,)" (3)
Nang luong hap thu ciia CSV c6 thé dugce udce tinh bang cac cong thurec:
EA:J.iAuAdt “4)
0
E - kLU, 1, +k,LU,,.1, +k,LU,, 7, 5)
A

1+1/a



trong d6 Ua;, Uaz va Uas 1a dién ap phong dién cho dong dién KiI, K,1 va K;1
3. MO HINH MO PHONG

M6 hinh dwong déay: Pudng day truyén tai trong EMTP/ATP str dung mé hinh phy thudc tin
s6 J-Marti da duoc trinh bay trong [6] voi 1 DCS va 6 day pha, khoang vugt trung binh 250 m.
Mo hinh J-Marti s tinh toan sy thay ddi tong trd song cua dy dan theo cac tan s6 khac nhau.

M&6 hinh cét: Cot trong EMTP/ATP str dung md hinh c6t nhiéu tAng multistory duoc dé xuat
trong [7] minh hoa trén hinh 3. Cac tham sb vé téng tré song Z, cua dién tré R va dién cam L
tung trong mo hinh dugc xac dinh theo [7]:

DCS

A

A2

B2

c2

Hinh 3. M6 hinh thay thé cét trong EMTP

Trong bai bao nay céac thong sb tinh toan va xac dinh duoc nhu sau: Zr =220 Q; Z1y = Z13=Z14
=150Q; R;=21,04 Q; L, =4,63 mH; R, =14,03 Q; L, = 3,09 mH; R3; = 14,03 Q; L; = 3,09
mH; R4 =33,4Q; L,=7,37 mH;

MG hinh chudi cdch dién: M6 hinh phong dién trén cach dién trong bai bao nay str dung m6 hinh
theo IEEE [8], co ché phong djén duogc thé hién bang dudng dac tinh V-t phu thudc vao chiéu dai
cua khe hd phong dién theo biéu thuec:

u(t) = (400 + 7017? )L (6)

Trong do: u(t) 1a dién ap phong dién (kV); t 1a thoi gian phong dién (ps); L la chiéu dai khe ho
phong dién hodc chiéu dai chuoi cach dién (m), khe hé phong dién doéi chudi cach dién cap di¢n
ap 110 kV 1a 1,05 m.

M6 hinh dién tro ndi ddt chan cgt: He théng tiép dia cot cho dudng day 110kV, thuong ding loai
RS-2 hogc b6 sung thém mot s6 day ti€p dia, h¢ thong tiép dia ndy dugc dac trung boi cac phan
tor R,L,C. Trong EMTP h¢ thong tiép dia c6 thé dugc thay thé boi mot dién tré R; xéc dinh theo
[7]

Neéu I <1, thi Ry=Ry

Néu I > I, thi
R
Ry = - (7)
I
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Trong dé: Ry: dién tré ¢ tan s6 cong nghiép (Q), I: dong dién qua tiép dia (kA), I,: dong dién gidi
han ion hoa cua dat (kA), p: dién tré suit cua dit (Q.m), Eo: dién trudng ion héa dit (E, =
400kV/m).

M6 hinh chéng sét van: CSV stng dung trong bai bao 13 loai khong khe hd ngoai (hinh 4), st
dung

loai dién trd phi tuyén ZnO dugc mé phong bsi phan tt MOV trong EMTP so db thay thé cua
CSV st dung mo hinh theo [9] trén hinh 5.
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Hinh 4. CSthong khe ho ngoai Hinh 5. M6 hinh thay thé CSV trong EMTP
M&6 hinh nguoén sét: Ngudn sét dang slope-ramp (4/77,5 ps) theo khuyén nghi cua CIGRE [ 10]
dugc str dung, mé hinh nay gdm ngudn dong mic song song véi tong trd song ciia kénh sét Zs =
400 Q. Ciing theo [10] v6i truong hop sét danh vao day pha dong dién sét thuong nho hon 20 kA
va truong hop sét danh vao dinh cdt dong dién sét nho hon 250 kA.

4. KET QUA VA THAO LUAN
A. Phdn b6 nang heong hdp thu giita cic CSV

Dua trén phan tich cai thién kha ning chiu sét cho dudong day bang cach st dung CSV
duoc thuc hién trong nghién ctru [1], nang luong hfip thu 16n nhit cia CSV d3 dugc tinh toan
bang cach sir dung tich cta dién ap va dong dién duoc tinh toan bang k¥ thuat mo phong truyén
song. Hinh 6 cho thdy phan bd ning lwong hap thyu ciia CSV duoc lip dat trén cic pha trong
truong hop sét danh vao day pha hoac truong hop sét danh dinh cdt. Khi cuong do dong di¢én sét
thdp danh vao dy pha ning lugng hap thu boi CSV & bat ky pha nao 1a khac nhau. Sét danh vao
pha trén cung thi ning luong hip thu cia CSV & pha d6 c6 tri s6 16n nhat va 16n hon 2.5 1an so
v6i nang luong hap thu cta cic CSV & pha khac. Tuy nhién, khi sét danh dinh cot véi tri s6 dong
dién sét cao, niang luong hap thu ciia 2 CSV bét ky duoc lip dit & cung do cao s& hp thu ning
luong bang nhau. Cac CSV lip & cac pha dudi cung hap thy nhleu ndng lugng hon so voi cac
CSV dugc lip & cac pha con lai. Do anh hudng cta qua trinh truyén song trén cot nén ning luong
hap thu ctia CSV lép trén cac pha dudi cling c6 tri s6 1on hon so véi cac CSV lap & pha phia trén,
mac du khi sét danh dinh cdt cac pha trén cung thuong chiu tac dong trudc.
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Hinh 6. Phdn bo néing lwong hdp thu ciia CSV & cét bi sét danh
B. Nang lwong hdp thy ciia CSV khi sét danh dinh cot
Khi ,sét de'l’nh dinh cot dong dién §ét s€ tan qua DCS vé hai phia cta ¢t lan can, V;%l qua
than ct xudng ti€p dia, trén pha Al da lap CSV dong dién sét di qua CSV. Nang luong hap thu
cua CSV qua m6 phong dugc trinh bay trén hinh 7. Két qua cho thay sau thoi gian 0,2ms nang
luong héap thu cia CSV dat bao hoa. Di€u d6 nhén thay phan dudi song dién ap va dong dién qua
CSV giam mac du thoi gian tdng nhung nang lugng hap thu ciia CSV khong doi.
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Hinh 7. Nang lwong hap thu ciia CSV ldp trén pha Al khi sét danh dinh cot

Hinh 8 cho thdy su so sanh giita ning lugng hip thu cua CSV duoc tinh toan boi cong
thire (1) va gia tri thu duoc tir két qua mod phong EMTP véi cac dong dién sét khac nhau gitta
20kA va 200kA. Két qua cho théy rang nang lugng hap thy cia CSV qua mé phong 1a nho hon
mot chut so v6i ning lwong hap thu cia CSV qua tinh toan. Dleu do6 duoc giai thich rang trong
md phong da xét t6i cac thanh phan song dién 4 ap phan xa khi truyén song trén cot xudng tiép dia
va trén DCS qua cac cdt bén canh va thanh phan dién ap hd cam giita ddy pha v6i DCS di lam
giam dién 4p dat 1én CSV, nén ning luong hap thu qua CSV trong mé phong nhé hon so véi tinh
toan khoang 5%.
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Hinh 8. Nang lwong hdp thu ciia CSV ldp trén pha Al khi sét danh dinh cét theo tinh todn va theo
mo phong

C. Cdc yéu té anh hwéng t6i ning lwong hdp thu ciia CSV

Cl: Anh huwong cua 56 luong CSVlcfp dat cot lan can

Trong thuc té, nang luong duoc chia sé bdi cac CSV tai mot cot bi anh hudng nhiéu boi
su hién dién cua cac CSV ¢ cac cot lan can. Ban chit anh huong ciia cac CSV lan cén nay lén
g suét nang Iuong cua CSV bi sét “danh” phu thudc vao vi tri cua ct set danh vao duong day.
Hinh 9 cho thay ning luong do CSV phu thudc vao sé cac CSV trong cac cot lan can. Diéu nay
duoc hiéu rd rang, khi sét danh vao day dan pha, cac CSV lan can gitip chia sé mot sb6 nhiém vu
va do do, diéu nay lam giam {mg sut ning luong 1én CSV tai ¢t bi sét danh. Tuy nhién, khi sét
danh vao dinh cot két qua lai nguoc lai. Trong truong hop nay, nang luong duoc hap thu boi cac
CSV & cot tang 1én khi sé lwong cac CSV & cac cot 1an can ting. Diéu nay duoc giai thich 1a do
dong dién di qua cac CSV lan cén c6 cyc tinh nguoc nhau, va do d6 phan xa nguoc tr¢ lai dan
dén su gia ting ning luong dugc hap thu boi CSV tai cot b sét danh.
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Hinh 9. Anh huwong cua cac CSV cot lan can toi nang lwong hcfp thu cot bi set danh

Hinh 10 cho thay ty 1 phan trim ning luong dugc chia sé bai cac CSV & cac ¢t 1an cén,
khi sét danh vao day dan pha va sét danh vao dinh cot. Do d6, c6 thé noi rang khi sét danh vao
day din pha, cic CSV gan nhét hap thy gan 40% nang lugng, va cac CSV trén cac cot lién ké héap
thu 20%. Gia tri nay giam xudng chi con 10% dbi v6i cac CSV & du xa trén phan duong day



dugc xem xét trong nghién ctru ndy. Tuy nhién, khi sét danh vao dinh cot, CSV gan nhit chi hip
thu 10%, trong khi CSV & xa nang luong hap thy rat nho.
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Hinh 10. Ty l¢ phdn tram (déi voi nang lwong dwoc hdp thu boi CSV tai cot bi sét danh) nang
luwong dwoc chia sé boi CSV lién ké tai cac cét doc theo duong ddy

C2: Anh hwong cua tri s6 dién tré tié}) dia cot

Két qua mé phong chi ra rang ning luong hap thu cia CSV phu thudc vao dién trd tiép
dia cot. Hinh 11.a 1a truong hop sét danh vao day pha vdi dong dién sét 10 kAva 20 kA con ot
hinh 11.b truong hop dong dién sét 200 kA danh vao dinh cét, dién trd cot co dai tir 10 Q dén 60
Q. Vi truong hop sét danh vao day pha ning luong hap thu giam khi dién tré tiép dia ting, d6i
vé6i truong hop sét danh dinh cot nang lwong hap thy ting khi dién tro tiép dia cot ting 1én. Trong
truong hop nay khi lap CSV ¢ 2 pha A1-A2 (pha cao nhét) thi & dai dién tré nho niang lugng hép
thy 16n nhét, khi dién tro tiép dia 16n (>50 Q) ning lugng hap thu nho nhét trong 3 trudng hop
lap CSV trén pha B1-B2 hodc C1-C2.
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b. Set danh vao dinh cot
Hinh 11. Nang lvong hdrp thu cua CSV theo dién tro tié}? dia cot
C3: Anh huéng ciia géc pha dién dp nguon

Hinh 12 cho thiy anh hudng cta goc pha dién ap ngudn goc téi nang lugng hip thu cua
CSV la dang ké trong ca truong hop sét danh vao diy pha va trudng hop sét danh vao dinh cot.
Ning lugng hip thu cia CSV khi sét danh vao day pha 16n nhit ¢ goc dién ap 0°, trong khi sét
danh vao dinh cot niang lwong hip thu ciia CSV & goc dién ap 180°. Vi sy thay dbi goc pha dién
ap, nang luong hip thu ciia CSV ting 1én khi sét danh vao dinh c6, nhung ning lugng hap thy
nay van khé thap so voi muc ning luong hap thu ma CSV ¢6 thé chiu duoc.
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Hinh 12. Nang lwong hdp thu ciia CSV theo géc pha dién dp nguon

Hinh 13 trinh bay két qua mé phong ning lugng hip thu ciia CSV cho ca trudng hop sét
danh day pha va sét danh dinh cot khi dong dién sét thay doi, xét véi cac tri s dién tro tiép dia
khac nhau. Két qua cho thdy khi dong dién sét tang thi nang luong hép thu ctia CSV ting 1én.
Trong trudong hop sét danh day pha nang luong hap thu ctia CSV hau nhu khéng phu thudc vao
tri sO dién tro tlep dia, con truong hop sét danh dinh cot nang luong hép thu cua CSV ngoai phu
thudc vao tri s dong dién sét con phu thude vao dién trd tiép dia cot.
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Hinh 13. Nang lwong hdp thu ciia CSV theo cuong do dong dién sét

Anh hudng cta thoi gian dau séng cua dong dién sét t6i nang lwong hip thu caa CSV
theo mot s vuong do dong dién sét duoc trinh bay trén hinh 14. Két qua mo phong cho thay
truong hop sét danh day pha ning luong hap thu cia CSV hau nhu khong thay dbi. Trong truong
hop sét danh dinh cot khi thoi gian dau song ting 1én ning lwong hap thu cia CSV giam.
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Ning luong (kJ)

Tds (ps)
b. Seét danh vao dinh cot

Hinh 14. Néing lwong hdp thu ciia CSV theo thoi gian dau song (d dai sén: 77,5us)

Truong hop anh huong cua d6 dai song t6i nang luong hép thu cua CSV khi sét danh dinh
cot va truong hop sét danh vao day dan dugc trinh bay ket qua trén hinh 15. Két qua cho thay khi
d6 dai song tang 1€n thi ndng lugng hap thu cia CSV trong hai truong hop trén déu ting.
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5. KET LUAN

Thong qua két qua mo phong xac dinh ning lugng hap thu cua CSV lap dat trén duong
day 110 kV mach kép véi céc truong hop khac nhau cho théy, néu CSV chi duoc lua chon dua
trén cac tinh toan vé qua dién ap véi dai luong dién ap va dong dién 1a chua du. Kha ning hip thu
ning luong cua CSV ciing 12 mot dai lwong can duge xét dén. Dé tinh toan mirc ning lwong hip
thy 16n nhat ciia CSV can phai xét dén cac yéu té anh huong nhu tham sé ctia dong dién sét va
dién tr& tiép dia cua cot.

Trudng hop sét danh truc tiép vao day dan, nang luong hap thu cia CSV 1a 16n nhét, do
vay khi day la truong hop duogc tinh toan dé chon CSV. S6 luong va vi tri CSV trén mot cot déu
anh hudng t6i nang lugng hap thu cia CSV, trong céac truong hop lip CSV thi CSV lip & pha
trén cing ludn chiu mirc ning lugng hap thu cao nhat.

Céc yéu t6 vé& dong dién sét bao gdm cudng d6 dong sét, thoi gian dau song hay do dai
song hoac di¢n tro t1ép dja déu anh huong dén nang luong hép thu cua CSV. Cac két qua méd
phong cho théy tri s6 dong dién sét va dién tro tlep dia cOt anh huong rat 1o den nang luong hap

thu cia CSV. Do d6, mdi duong day khi can lap CSV thi cdn xem xét cac yéu td nay dé chon
duge CSV phu hop dap ing duoc mirc nang lugng hip thu dé nang cao do tin cdy cho CSV
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