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Tom tat:

Dién ap qua do do sét trén cach dién dudng day trung thé chiu anh hudng cla nhiéu yéu t6 trong dé
bao gdm téng trd sdng clia cdt bé tdng ly tdm. Cac tinh todn tong trd sdng thudng st dung cdng thirc
giai tich déi véi cac cau trdc cot don gian, khéng cé cong thirc cho cac cot di keém day ndi dat ngoai
than cot. Chinh vi vay, nghién cru nay dé xuat giai phap tinh toan sir dung phugng phap phan tir hitu
han (Finite Element Method - FEM) dé tinh toan tng trd séng cua cac cot bé tdng kém day ndi dat
ngoai than cot cd cau trlic phiic tap hon. Phuang phap tinh todn nay cho phép dé xuét ciu trdc dan
sét t6i uu cla cdt bé tdng ly tdm nhdm cai thién hiéu ndng thodt sét cho céc dudng day trung thé.

T khoa:
FEM, t8ng trd séng, cot bé tdng, cach dién, day néi dat ngoai.
Abstract:

Lightning-induced overvoltages pose a significant threat to the reliability of medium voltage (MV)
distribution lines in power system, particularly through their impact on line insulators. Among the key
parameters influencing these overvoltages is the surge impedance of pole structures, especially
reinforced concrete poles commonly used in MV networks. Traditional analytical methods for surge
impedance calculation are limited to simple pole geometries and do not adequately address
configurations that include external grounding wires. This paper proposes a finite element method
(FEM)-based approach to accurately compute the surge impedance of more complex pole structures
incorporating external grounding conductors. The proposed method enables the detailed modeling of
electromagnetic interactions within the pole-ground system and facilitates the optimization of
grounding designs. Simulation results demonstrate that the optimized grounding structure significantly
improves lightning discharge performance, offering a practical implementation to enhance the
resilience of MV distribution systems against lightning-induced transients.
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1. DAT VAN PE dién 4p nay, néu khong duoc tiéu thoat
bang cac bién phdp bao v¢, c6 thé dan
dén phong dién trén cach dién dudng day
va gy ra mat dién. Mot trong nhiitng yéu
t6 quan trong anh huong dén mirc d6 qua

Khi cac duong day trung thé trén khong
bi sét danh s€ gay ra qua dién ap dat lén
cac chudi cach dién duong day. Cac qua
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dién ap 13 thong sb tong trd séng cua cac
cau tric cOt bé tong ly tam.

Trong nhirng nim gan déy, cot bé tong ly
tdm quay ngay cang dugc su dung rong
rdi cho cic duong day trung thé trén
khong do do bén co hoc va kha ning
chdng lai sy xudng cép do méi trudng.
Tuy nhién, hinh dang phtc tap va thanh
phan vat liéu ctia cot bé tong gy ra kho
khan trong viéc mo ta chinh xac dap ung
ctia chung trong diéu kién qua do do sét.
Dic biét, tong trd song ciia cot bé tong
con chiu anh huong cua ciu triic hinh
hoc, tinh chat dién méi va su c6 mit cla
cac day nbi dit bén ngoai than cot.

Céac md hinh giai tich ban dau vé tong tro
song cua cOt bé tong ly tam chu yéu ap
dung cho ciu trac cot don gian, chang
han nhu cac day ndi dat thang dting hodc
c6t hinh try. Phayomhom va cong sy [1]
da phat trién cac cong thuc giai tich cho
cac cot thang dimg don va nhiéu cot,
cung cap nhing hiéu biét co ban vé cac
phép tinh tong tré sdng cho cac ciu tric
co ban. Tuong tu nhu vay, Wagner va
Hileman [2] d4 dua ra cac biéu thic cho
téng trd song trung binh cua cac cot
thang dimg, sau d6 dwoc Sargent va
Darveniza [3] tinh chinh dé tinh dén cac
c4u hinh phuc tap hon.

Pé thu hep khoang cich giita cac mo
hinh giai tich don gian va ban chét phuc
tap cua céac cdt bé tong, cdc nha nghién
ciru di phat trién cic mod hinh thuc
nghiém va ban thuc nghiém. Vi du, mét
nghién ctru cua Hintamai va Hokierti [4]
da trinh bay mot phuong phép dua trén
ly thuyét truong dién tir dé phan tich
phan (g xung sét cia cac cot bé tong cdt

thép, két hop cac dac tinh dién cua bé
tong vao mo hinh. Cac phat hién cia ho
cho phép 1am rd tac dong cua tinh chat
dién cuia bé tong dén tri sd tong trd song
cua cdt. Nhin chung, han ché ctia cac méd
hinh giai tich 1a chua tinh dén cau tric
tong thé cua cot bé tong di kém day nbi
dat di bén ngoai cot. CAu tric nay lai dac
biét pho bién cho cac duong diy trung
thé tai Viét Nam.

Vé6i nhirng han ché cta cac mé hinh giai
tich thuan tay ké trén, cac phuong phap
s6 di dugc quan tAm nhidu trong nhiing
nim gan day. Cac phuong phap phan cac
ttr hitu han (FEM) va Mién thoi gian hitu
han (FDTD) cho phép m6 hinh héa chi
tiét cac ciu tric phirc tap, bao gom ban
chat khéng dong nhét cia cac cot bé tong
va tuong tac ctia chung véi cac hé thong
ndi dat nhu day ndi dat bén ngoai cot.
Céc nghién ctru su dung FEM da chiimg
minh d¢ chinh x4c dugc céi thién trong
viéc md phong cac truong dién tir bén
trong cac cdu tric phi kim loai, mé ra
cach thirc méi hudng téi cac thiét ké thuc
té va toi uu hon.

Bai b4o nay vi vy dé xuit mo hinh tinh
toan tong trd song cia cot bé tong ly tim
bang mo phong FEM, ¢6 xét dén cdu trac
cot thuc té, tinh chét dién cta bé tong va
su c6 mit cua day tiép dia ngoai than cot.
Phuong phap mo6 phong duoc gidi thicu
trong phan 2 va cac két qua tinh toan
duoc gi6i thiéu trong phan 3. Céac két qua
dat duoc cho phép dé xuit ciu trac tdi uu
ctia cOt bé tong ly tim nham cai thién kha
nang thoat sét cua cot.

42

S6 38 -2025



2. TINH TOAN TONG TRO SONG CUA
COT BE TONG LY TAM BANG
PHUONG PHAP PHAN TU HO’U HAN

Pé cai thién kha ning dan va thoat sét
trén cac duong day trung thé, giam tong
trg dic tinh (tong trd song) cua cot bé
tong ly tam 1a mot didu kién can thuc
hién.

Chuong trinh Comsol Multiphysics rng
dung phwong phap phan tir hitu han dwoc
sir dung dé tinh to4n téng trd song cua
cot bé tong ly tdm di kém day nbi dat
ngoai than cot. Theo Cigré, tong trd sdng
ciia cot c6 thé duge tinh toan tir dién
dung toan phan cua cot dién d6 va thoi
gian lan truyén cua song sét [5] theo
phuong trinh sau:

Zy =T¢/C, (1)

Khi biét v 1a van téc lan truyén cia song
dién tir, H; 1a chiéu cao cua cot bé tong,
phuong trinh (1) tr¢ thanh:

Zy =H/(w=Cp) )

M6 dun AC/DC Electrostatics cua
chuong trinh Comsol Multiphysis dugc
sir dung dé tinh toan nang luwong dién
truong tich trir gitra cot bé tong ly tam va
dat, tir d6 xac dinh duoc dién dung cua
cAu trac. Tu tri s6 dién dung dugc mod
phong tinh toan, téng trd séng cia cot
duogc xéac dinh theo phuong trinh (2).

Uu diém cta phuong phap mé phong s6
nam & viéc tai tao chinh xac ciu trac cot
bé tong ly tAm thyc té va hién trang day
nbi dat bén ngoai cot. M6 hinh mé phong

cOt dugc dat trong mot hop khong khi véi
diéu kién bo duoc dit trén bé mit cua
hop c6 dién thé bang khong. Mit phang
dat duoc dat diéu kién Zero Charge dé
dam bao tinh ddi xtmg cua cac diéu kién
bo. Diéu kién by Terminal c6 dién thé 1
V dugce dit 18n cAu trac cdt bé tong dé tao
dién truong cho mo hinh mé phong.

Cot bé tong v6i thong sb hinh hoc thuc
té nhu trong Bang 1, dwoc mo phong 3D
nhu minh hoa trén Hinh 1, Hinh 2 theo
hai ciu truc:

o (Cotbétongco tiép dia xuong cot,
bang 8 soi thép hinh try nim
trong than cot;

e (ot bé tong ngoai tiép dia xwong
cot con su dung thém day ndi dat
bén ngoai, dang day tiét dién tron
va day tiép dia tiét dién chir nhat.

Bang 1. Théng sé cét bé tong ly tam va day néi

ddt ngodi.
Thong sd Gia tri (m)
Duong kinh trong 0.23
buong kinh 0.35
ngoai
Duong kinh soi 0.02
cot thép trong
than cot
Chiéu cao cot 12
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Hinh 1. M6 hinh cét bé tong ly tam sir dung tiép
dia xwong cot.

Hinh 2. M6 hinh cét bé tong ly tam c6 ddy noi
ddt bén ngoai.

Céch bb tri day tiép dia bén ngoai so voi
cOt bé tong va dang tiét dién day duoc
thé hién trén mat cit ngang nhu minh hoa
trén Hinh 3 va Hinh 4.

<0

Hinh 3. Bo tri ddy noi dat tiét dién tron bén
ngoai than cot bé tong, cach than cot a cm.

S

Hinh 4. Bé tri day néi dat tiét dién chir nhdt bén
ngodi than cot bé tong, cach than cot a cm.

Trong do: a 1a khoang cach tir mdt ngoai
cot bé tong dén day tiép dia ngoai than
cot; L 12 bé rong cua day tiép dia dang
chir nhat.

Céc phan tir da giac Free Tetrahedral
dugc st dung dé ludi hoa mé hinh cot bé
tong & muc do si€u min va vung khong
khi bao quanh cot & muc do thua. Mo
hinh luéi hod dugc gioi thi€u trén Hinh
5.
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Hinh 5. M6 hinh lwéi hoa cot bé tong ly tam.
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3. KET QUA MO PHONG

Phan b6 dién thé trén cot bé tong ly tim
tiép dia xuong cot duge gidi thidu trén
Hinh 6 d& minh hoa cho két qua mé
phong bang phuong phap phan tir hitu
han. Téng trd song trong cac trudng hop
nghién ctru cua cot bé tong sau do6 dugc
tinh toan tir két qua mo phong dién dung
clia cac cau tric ndy.

Multislice: Electric potential (V) o

Hinh 6. Phdn bé dién thé trén cot bé tong siv
dung tiép dia xwong cét.
Anh hwéng cua tinh chat vat liéu bé
téng
Téng tré song ciia cot bé tong ly tim phu
thudc vao dién dan suat cua bé tong duoc
tinh todn va gidi thi€u trén Hinh 7.

310
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oo |,
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3 e
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Pién dan sudt clia bé tong (S/m)

Hinh 7. Sy phu thudc cua téng tro song vao

dién dan sudt clia cot bé tong.

Tir két qua mo phong c6 thé thay tong trd
song cua cot ty 1& nghich véi dién dan
sudt ctia bé tong, tri s tong tro song
giam khi dién dan suét ting 1én. Trén
thuc té diéu kién nay xay ra khi cot bé
tong bi 4m w6t hodc mat do cdt thép tang
1€n.

Anh hwéng cta kich thwéc va cach
bé tri day ndi dat ngoai than cét

Céc Hinh 8 va Hinh 9 trinh bay két qua
tinh todn tong trd sdng cua cot bé tong ly
tam phu thudc vao hinh dang, kich thudc
va cach lip dat day nbi dat bén ngoai
than cot. Cac két qua nay cho thay tong
tré song cua cot o xu hudng giam dan
khi kich thuéc cua day ndi dit bén ngoai
tang 1én. Piéu ndy cling duoc quan sat
thay khi khoang cach lip dat day nbi dat
so voi cot ting 1én. Piéu nay cho thay
viéc st dung céc loai cft bé tong kem
day ndi dat ngoai co kich thudc 16n va

280 o o Puwong kinh 1 cm
A A Duwong kinh 1.5 cm
270 &, Puong kinh 2 cm

260

Tong tré séng (Q)
I
o

0 20 40 60 80 100
Khodang céch so véi than cdt bé téng (mm)

Hinh 8. Tong tré- séng cia cdu triic ¢t bé tong

va ddy néi dit ngoai dang tron.
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Hinh 9. Tong tro song cua cau tric cgt bé tong

va ddy néi ddit ngoai dang chir nhdt.

lap dat c6 khoang cach so vé6i than cot
cho phép giam tong tré séng ctia cot. Cac
giai phap nay cho phép han ché duoc qua
dién &p do sét giang 1én than cot ciling
nhur céc cdu tric lién quan nhu xa va cach
dién duong day. Hiéu ning chong sét cho
cac duong ddy trung thé c6 thé duoc cai
thién khi thuc hién cac cai tién giam téng
trd song cho cot bé tong ly tdm cua céc
duong day nay.

4. KET LUAN

Nghién ctu da tng dung phuong phap
phan tir hitu han dé phén tich va t6i uu
hoa céu tric dan sét cia cot bé tong ly
tam st dung cho duong diy trung thé,
v6i trong tam 13 dic tinh tong tré song
clia cot. M6 hinh mé phong cho thay

tong tré séng chiu anh huodng cua tinh
dan dién cua bé tong, boi kich thudc va
vi tri 1ap dat cta day nbi dat ngoai than
cot. Day ndi dat c6 kich thudce 16n va lap
dat c6 khoang céach so véi than cot cho
phép giam déng ké tong tré song ciia cot.
Hiéu ning chdng sét cho cac dudng day
trung thé tir d6 c6 thé duoc cai thién khi
thuc hién céc cai tién giam tong tré séng
cho cdt bé tong ly tdm cia cac duong day
nay. Cac nghién ctru tiép theo c6 thé thuc
hién do ludng thuc nghiém dién dan suét
ctia bé tong trong cac diéu kién van hanh
thuc t& dé co tri sb thuc té cho cac diéu
kién mo6 phdng tinh toan. Bén canh do,
tri s6 tong trd song tinh todn bang mo
phong FEM c6 thé img dung dé tinh ton
qua dién ap trén cach dién duong day
trung thé trong cac mo phong Gmg dung
chuong trinh qua do¢ di¢n tur.
LOI CAM ON

Cac tac gia tran trong cam on Truong
bai hoc Dién luc da cép kinh phi thyc
hién nghién ciru nay trong khuon kho ciia
Dé tai nghién ctru khoa hoc cép Trudng,
ma so dé tai: 04.DTKHCN/2023.
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