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TOM TAT

Pé bdo vé sét danh lan truyén vao tram bién dp phdn phéi, phia cao thé ciia tram thuong
sir dung chong sét van. Viéc xdc dinh khodang cdach hop 1y giita chong sét van va dau cuee mdy
bién dp nham bdo vé hiéu qud mdy bién dp va cdc thiét bi déng cdt trong tram la rdt can thiét.
Bai bao nay trinh bay phwong phédp méi dé tinh khodng cach phdn cach va thoi gian trung binh
gitta cac lan hw hong (MT BF) cua may bzen dp véi cdc cau hinh khéc nhau do sét danh nham
dam bao tuéi tho may bién dp theo yéu cau dinh truée cé xét dén cdc yéu té anh hwong nhu:
hé sé che chdn cia vt thé, mdt do sét khu vue, gid tri dién cam ciia day noi. CerO'ng trinh
OPSOLA dwoc xdy dung glup ngum sir dung dé dang xdc dinh vi tri ldp dat hop Iy chong sét
van va kiém tra MTBF déi véi cdu hinh tram cé san.

Tir khod: Chong sét van, mdy bién dp, vi tri ldp dat.

ABSTRACT

To protect the distribution substation from lightning overvoltage, the lightning arrester is
installed at the high voltage side of transformers. The determination of reasonable distance
between lightning arrester and terminals transformer to efficiently protect the transformer
and switching devices of the substations is very necessary. This paper presents a new method
for calculating the separated distance and the Mean Time Between Failure (MTBF) of the
transformer with different configurations to assure the life of transformer according to given
requirement and with consideration of the affected factors such as the shielding factor of the
object, areas ground flash density, and the inductance value of connected wires. The OPSOLA
program is built to help the users to easily determine the appropriate installed position of
lightning arrester and check MTBF for the existing configuration of substation.

Keywords: Lightning arrester, transformer, installed position.

I. PAT VAN DPE

Theo yéu cau phdi hop cach dién va dé dam
bao yéu cau kinh té, muc cach dién cta tram
duoc chon thép hon muc cach dién duong
day. Vi vy, tram 1a chd yéu trong cach dién
ctia hé thong va qua ap do xung sét lan truyén
theo dudng day vao c6 thé gdy nguy hiém cho
cach dién cua tram, vi bién do qua ap thuong
16n hon muc cach dién xung cta tram.

DPbi v6i tram phan phdi, bién phap chu

yéu dé bao vé tram chdng xung sét lan truyén
tor duong day vao tram la sir dung chéng sét
van. Trong do, khoang cach gilra chong sét
van va dau cuc cao thé ctia may bién 4p la
hét st quan trong. Néu chdng sét van dit tai
dau cuc méy bién 4p thi thi may bién ap dugc
bao vé an toan nhat, nhung chdng sét van con
phai bdo v€ cho toan bd cach dién cua tram,
cho nén trong trudng hop tong quat nay giira
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chéng sét van va ddu cuc may bién ap cin co
mdt khoang cach phan céch.

Hién nay, vi tri chéng sét van ¢ tram phan
phéi thuong dugc xéc dinh dua trén dién ap
xung tai dau cuc may bién éap, tic 1a chi quan
tam dén van dé k¥ thuat; va co xét dén cac yéu
t6 anh huong, nhuge diém cia phuong phap
nay la hé s6 che chin chon theo kinh nghiém
va chi xét cdu hinh tram mot may bién ap.

Bai bdo nay gidi thiéu phuong phap xac
dinh vi tri 1ap ddt hop 1y cia chdng sét van
bao vé cho tram bién ap phan phdi dua trén

N=N. ’2811 SN

‘(1 S¢)=N

o) day:hla chiég cao cOt (t}"u), m; Ng la mat
do sét trung binh hang nam, lan/km?.nam; b 1a
khoéng cach hai day ngoai ciing, m; dbi véi
hau hét du’orng day phan ph01 thi b~0; S, la hé
sd che chin tong; S, S, 1an luot 12 hé sb che

chin ¢ phia bén tra1 va ben phai duong day.
S, =S, + S,

S, =0 dbi v6i duong day phan phbi
khong dugc che chin boi cac vat thé gan no;

280004
= =g [

tiéu chuan IEEE, nhung c6 cai tién bang cach
xét thém hé so che chan, mat do sét & khu vuc
dat tram, gié tri dién cam (L) cua day dan ndi
¢ hai dau chong sét van.

II. COSOTINH TOAN

2.1 Yéu t6 che chin

Céc vat thé (cay cbi, cac cong trinh) c6 thé
dong mot vai trd quan trong trong viéc lam
giam dang ké s 1an sét danh 1én duong day.

S6 1an sét danh vao duong day N (sé lan
sét danh/100 km/nam) dugc xac dinh béng
phuong trinh (1):
St SR ” 0
S;= 1 doi v6i duong day phan phoi dugc bio
vé hoan toan tir cac vat thé gan no.

Trén co s¢ ap dung phuong phap hoi quy
phi tuyen xdy dung duogc quan hé glu’a h¢ so
che chén (S s chleu cao vat thé (H) va khoéng
cach tur vat the dén duong day phan phdi (DO)
tao diéu kién thuan loi cho viéc tra ciru hé so

S, hay 1ap trinh toan tu dong sau nay. 16 quan
hé nay duogc trinh bay ¢ Hinh 1.

[1¢& 86 che chan (Sp)

H=30m
H=28m
H=26m
H=2+4m
H=2Zm
H=20m
H=185m
H=165m
H=15m

H= 1l4m

H=125m
H=10m
H=29m

H= 7.5m
H=6,5m

Khoang cach tir vat thé dén drong day phan phéi (DO). m
Hinh 1. Quan hé gitta S;, DO va H

2.2 Phwong phap xac dinh vi tri dit chong
sét van

Dudi day, trinh bay gidi thuat xac dinh vi
tri dat chong sét van doi voi cau hinh tram
mot may bién ap (Khoang cach D, Hinh 2) va

cAu hinh hai may bién ap (Khoang cach D, va
D,, Hinh 3).
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A B C
3m 3m 3m
D, Dy
m "
MBA 2 MBA_1 H

Hinh 3. Tram 3 duong day va 2 may bién ap

Hinh 2. Tram 1dudng diy va 1 may bién ap

a. Cau hinh tram mdt may bién ap va mot
dwong day
Buoc 1. Khoang céach tir tram dén cho sét  day, Q.
Buwoce 5. Dién ap chiu dung cuc dai cua
may bién ap:

danh (phong dién):
dn ™ l N o @ CWW _11BIL
MTBF = =2
( ) (100) V1 PR; PRy Y ©
O day: CWW la dinh séng chiu dung duogc

O day: MTBF la thoi gian trung binh giita J day:
ciia may bién ap, kV; BIL 1a mirc cach d1en
xung co ban ctia may bién ap, k'V; PR, lah¢ sO

bao vé may bién ap, thuong chon > 1,15.
Budc 6. Khoang cach phan cach cho phép

cac lan hu hong, nam.
cuc dai gitra J va dau cuc may bien ap

Buworc 2. D) gia tang di¢n ap song tdoi tai J

Ke ka/ms (3)
m
_0385CVq V-V %)
2,92V, -V,

O day: S 1a do gia tang dién ap song toi
duong day, kA/us; K 1a hang sb suy giam do b=,
O day: C 1a toc do truyén séng trén duong

vang quang, kV.km/ps.
Buorc 3. Gia tri dién cam cua day dan noi &
day, C =300 m/ps.
b. Cau hinh tram hai may bién ap va ba

hai dau chong sét van:

D,,,
(d, + dz).z.lo”.m%, nH 4) duong day
Budc 4. Bién 4p bang ngang qua chong sét Bude 1. LOE‘,H bf) r?ay'blen ap kh(ing can
© T Ahe aAe. xem xét va xac dinh duong day song
van tur J dén dat: v 2k
sét deén.
voov, 412 28, kv s Buée 2. Xac dinh cac thong s6 sau
s " ¢ ) - Xac dinh diém nut J, noi ma diém
chung giira may bién ap, chong sét van
0 day: V, la mic bao vé dau song (FOW) va duong day song sét truyén dén.
ctia chdng sét van tai 0,5 JIS kV; d, la khoang ' q .
cach gitra diém J va chéng sét van, m; d, la - Xac dinh khoang cach D tur J dén dau
cuc may bién ap.
- Xac dinh khoang cach d, turJ dén dau

khoang cach tir chdng sét van va mat dat, m;
la khodng céach trung binh hinh hoc 3 pha

tir J dén mat dat, m; r 1 ban kinh day dan tur cuc chéng sét van.

123
J dén mat dat, m; Z 1a tong tré song duong
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- Xdc dinh khoang cach d, tur chdng sét van
va mat dat.

Buéc 3. Loai bo tat ca cac duong day két
n6i dén d,

Buoc 4 Tinh téc do ting dién ap tai diém
nut J:

kA/us  (8)

it

O day: N, la sO duorng day tinh toan (ke ca
dlrong day séng sét truyén dén) duoc két nbi
dén thanh gop cua tram.

(5.84LDZ+154C12

2. (2.92DV, Z-DN.Z-0.77TLCN, + L34 LY, C‘\

Buwéc 5. Qua trinh xac dinh D, va D, dugc
tinh todn tuong tu nhu truong hgp tram mot
duong day va mot may bién ap tir bude 4 dén
budc 6.

2.3 Kiém tra MTBF cua tram co chu
hinh va vi tri dat chong sét van dinh trudc

Phan nay gi6i thidu phuong phép xay dung
quan hé MTBF cta may bién 4p theo mat do
sét ctia timg khu vuc nham kiém tra yéu cau
dam bao tudi tho may bién ap.

T biéu thie (5) va (7), tim duoc:

Va(Va—V7)=0 (9)

ZE

Day la dang phuong trinh bac hai:
us).

Thoi gian trung binh giita 2 1an hu hong:
1000.S;

LJ\
L Z

aSj +bS; +c=0

A

’, giai phuong trinh nay tim duoc do doc S ; (kV/

MTBF = , ham (10)

0.6

N K. .(28h77 +b).(1-S;)

D6 thi 6 quan hé giita mat do sét khu vuc va thoi gian trung binh giita cac 1an hu hong (Hinh
4) g1up ngum van hanh c6 thé kiém tra MTBF véi cac loai tram dit ¢ cac khu vuc khac nhau
nham kiém tra yéu cau dam bao tudi tho may bién ap.

450 boosnennenenns Lemmeennnan freennnnneend

1 —@—Tramgian ldp dit ngoai thinh (5f =0)

N _‘5}_Trq m nén lip &t ngoai thanh (Sf=0)

——Tram treo lip dit ngoai thanh (Sf =0)
—@)—Tram treo lap dit ndi thanh (Sf =0,45)

—W—Tramgian lip dit néi thanh (Sf=0,45)

MTBE (niam)

—)—Tyam nén ldp dat néi thanh (Sf =0,45)

Ng (lan/km?nim)
Hinh 4. Do thi bicu dién quan hé gitta MTBF, S;va N, ctia 3 loai tram bien ap
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III. CHUONG TRINH TINH TOAN

Pé tién cho viéc xac dinh chinh xac khoang
cach hop 1y tir chdng sét van dén dau cuc may
bién ap hodc kiém tra MTBF ciia may bién
ap tuy thudc vao tung loai tram, tung khu
vuc, chuong trinh OPSOLA dugc xay dung
cho phép xéac dinh gia tri khoang cach nay
d6i v6i cau hinh mot may bién ap, hai may
bién ap (Hinh 5) va kiém tra MTBF dbi véi
tung loai tram (tram treo, tram gian, tram nén)
(Hinh 6). Dudi ddy 1a mot sd bai toan ap
dung.

3.1 Xac dinh khoang cach t6i wu vi tri
chong sét van cho cac cau hinh tram bién
ap

a. S6 liéu dau vao: Xét hé thong duong
day phan phdi va may bién 4p ba pha dit tai
Thanh phd H6 Chi Minh cé dién ap 24 kV,
h=10m, b=0, MTBF= 20nam, N =5, 371an/
km2.nam, C=300m/ps, sb du’orng day/pha
bangl d,=1,5m, d,=8,5m, chon loai day dan

tr J dén mat dat 1a AC240 ban kinh r=16mm
D,,; =3/D,D,D; =3/0,7.0,7.1,4 ~ 0,88 m=88 cm

va

OPSOLA Software

OPTIMAL PLACEMENT SOFTWARE OF LIGHTNING ARRESTER 17 j

o7

Phia bén phai duong diy: co chiéu cao
trung binh ctia cac vat thé (cac cay cbi, cac
toa nha) 1a 7,5m va khoang céch tir cac vat thé
d6 dén duong day 1a 1,5m.

Phia bén trai duong day: c6 chiéu cao trung
binh cua céc vat thé (cac cdy cbi, cac toa nha)
1a 10m va khoang cach tir cac vat thé d6 dén
duong day 1a 35m.

Ngoéli ra, do khoéng cach gilta cac nut
(diém) trén duong day gan nhau nén 601 voi
tram hai may bién ap c6 thé xem hé sb che
chdn cua cac duong day dén 1a nhu nhau.

b. Két qua tinh todn:

+ Doi voi tram 1 dwong day va 1 may
bién dp: D=4,35m tng voi song co do dbc
S,= 1198,6 kV/us, khoang cach tir tram dén
cho sét danh la d =125m va sO lan sét danh
vao du’orng day N = 39,95 1an/100km/nam.

+ Doi véi tram 3 dwong ddy va 2 may bién
dp: Khoang cach tir cac may bién ap dén truc
chinh ctia dudng day lan luot 1a D =12,5m va
D,=2,95m.

Line Line Line
Transformer A B

Design
Checking

Single-line, Single-transformer substation

E 3m 3m _ 3m
3m|
Pz Dy Arrester|
™ ™ im 1
T2 T 5

Three-line, Two-transformer substation

Exit Program

University of Technical Education HO CHI MINH City- Faculty of Elecirical & Electronic Engineering

Back

Single-line, Single-transformer Substation

n 24 kv h 10 m

z 450 |chm b 0 m

BIL 150 kW Mg 5.37 fashesilon™2ir
C 300 mfus MTIBF 20 |year

Kc 150 kV.lkmfus DO_left 1.5 |m

va | 46 |[kv HO left | 7.5 |m

a1 1.5 |m DO right| 35 |m

d2 8.5 |m HO right 10 m

OUTPUT DATA
Rate of rise of incoming surge at junction .J (5) 1198.6 kvius

Distance from station to flashover {dm) 0.1251 km

Flashs collection rate (IN) 39.956 flashes/100 km/yr

Distance from J to transformer (D) 4 3543 /m

Save Back

NOTES
Un : System voltage
BIL: Basic lightning impulse insulation level of the transformer
Z: Surge imped of line d

C: Velocity of light
Kc: is the corona constant

tor or substation bus

Va: Surge arrvester FOW protective level at 0.5 us

dl: Conductor length between Distribution Line and arrester terminal
d2: Conductor length between surge arrvester and ground

h: is the pole height

h: is the structure width

Ng: is the ground density

MTEF: Mean time between failures

DO: Distance of Object from the Distribution Line

HC: Ohject Height

l7 S D Transformer
—A2 —e
(] 5
| dm d1_|_ E

Arrester

d>
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Three-line, Two-transformer Substation
INPUT DATA NOTES
Un : System voltage
EBIL: Basic lightning impulse insulation level of the transformer
Z: Surge impedance ofline conductor or substation bus
C: Velocity of light
Kc: is the corona constant

Tn 24 |V Ng | s5.37 |fashes/km 2T

BIL 150 KWV MMTBF_T1 20 |¥ear

z 450 |ohm MTBF_T2 20 |year

%a: Surge arrester FOW protective level at 0.5 us
h: is the pole height

Kc | 150 |KV lonfus DO_left 1.5 |m b: is the structure widih
Ng: is the ground density
[} 300 |mius HO_left 7.5 |m MTEF: hMean time between failures
Do Distance of Object from the Distribution Line
Va 46 |V DOy _right 35 m HO: Object Height
Line Line Line
h 10 |m HO_right 10 |m A B c
b 4] 1m
3m 3m 3m
OUTPUT DATA
3m|
Distance from HIATN BUS to transformer T1 (D1)12.447 m D D
2 1 Arrester
Distance from MATN BUS to transformer T2 (D2} [2.9486 m 1m
r LAl r LA )
T2 Tq =

Save Back

Hinh 5. Céc giao dién tinh toan ctia chwong trinh OPSOLA

de xac dinh vi tri chong sét van

3.2 Kiém tra MTBF ciia may bién ap &
tram bién ap treo khu vuec Tp.HCM

a. 86 liéu dau vao: Xét tram bién ap treo
c6 cong sut SMB , < 3x75kVA, duoc lap dat
tai thanh phé H6 Chi Minh, véi khoang cach
tir chdng sét van dén dau cuc may bién ap 1a
D=1,5m; khoang céach tir dudong day dén dau
cuc chong sét van la d =1,5m va khoang céach

trinh bay trén giao dién (Hinh 7).

b. Két qua tinh todan: Gia tri MTBF=29,98
nim tng véi do dbc S=1792 2kV/p,Ls va
d =834 m. Mat khac, tu01 tho may bién ap
theo yeu cau dinh trudce 14 20 nim nén vi tri
dat chong sét van ¢ day 1a hop 1y trong diéu

tir chéng sét van den mat datla d =8,5m (Hinh
6). Cac thong s6 con lai cia cau hinh duoc

kign mat do sét N =5,3 71an/km?.nam.

io

| lso

1200

1500

s610

r
8
®

soo{ | BA
IS
/== 1 ) C e

TONG CONG TY DIEN LUC VIET NAM
CONG TY BIEN LUC 2

TRAM BIEN AP TREO
CONG SUAT < 3x75 KVA

Hinh 6. So dd mat cét tram bién ap treo
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Checking - Single Line Single Transformer Substation

INPUT DATA
Un | 24 kv dl | 1.5 |m
BIL 150 |17 dz 85 m
Zz 450 |ohm D 1.5 |m
C 300 | mfus Mg | 5.37 fashesdan™2/yr
Kc | 150 |kV.lanfus  DO_left 15 |m
a 46 kv HO_left 7.5 |m

h 10 |m DO_right | 35 |m
b 0 |m HO right | 10 |m

Rate of rise of incoming surge at junction J (58) 1797.2 kVus

Distance from station to flashover {dm) |0 0834 km

Mean time between failures (MTBF) 29986 years

Calculate | Save | Back |

Un : System voltage

BIL: Basic lighining impulse insulation level of the transformer
Z: Surge imped of line ductor or substation bus

C: Velocity of light

Kc: is the corona constant

Va: Surge arrester FOW protective level at 0.5 us

b: is the structure width

h: is the pole height

dl: Conductor length between Distribution Line and arrester terminal
d2: Conductor length hetween surge arrester and ground

D: Distance from Arrester to Transformer

MITBF: Mean time between failures

Ng: is the ground density
DO Distance of Oh_]el:t frum the Dlstnhutu]n Line
HO: Object Heigha —

Hinh 7. Giao dién kiém tra MTBF cua chuong trinh OPSOLA

IV. KETLUAN

= D¢ xuét phuong phap xac dinh vi tri
lép dat hop 1y cua chéng sét van bao vé tram
bién ap phan ph01 vOi cac cAu hinh khac nhau
c6 xét dén cac yéu td anh huong nhu: hé sb
che chan cua vat thé, mat do sét khu vuc, gia
trj dién cam cta day nbi nhim dam bao tudi
tho clia may bién ap theo yéu cau dinh trude.

= Xy dung duoc 16 dudng dic tuyén
quan hé giita chidu cao vat thé che chan,
khoang cach tir duong day dén vat thé che
chan va hé s6 che chin ddi v6i duong day
phan phéi va 6 dudng dic tuyén quan hé giita
MTBEF, hé sb che chian va mat do sét khu vuc
tao diéu kién kiém tra khoang céch phan cach
D va MTBF bang tay hay tu dong.

* Chuong trinh OPSOLA gitp nguoi
st dung thuan ti¢n trong vi¢c xac dinh khoang
cach phan cach hop ly, dong thoi kiém tra
duge MTBF cuia may bién ap ddi voi cdu hinh
tram c6 san nham dam bao tudi tho may bién
ap theo yéu cau dinh trudc.
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