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TOM TAT

Bai bdo xdy dung mé hinh mach mdy phdt xung hén hop tiéu chuan dp dong 1.2/50us,
8/20us va mé hinh bién tré phi tuyén da 16p (MLV) ha dp c6 dd phire tap can thiét va do chinh
xdc cao. M6 hinh may phat xung dwoc sie dung dé mé phong danh gia, kiém tra dép img cia
mé hinh bién tré phi tuyén da I6p ha dp véi cdc xung sét tiéu chudn. Mé hinh MLV ha dp cé cdc
théng s6 dau vao can thiét nhw: dong xung sét dinh mirc, dién ap thong qua va sé lwong phan
tir MLV mdc song song. Phwong phdp xdc dinh sé xung sét ldp lai dang 8/20us ma MLV cé thé
chiu duwoc ciing da dwoc de cap.

ABSTRACT

This paper presents the model of voltage and current impulse generator 6kV 1.2/50us, 3kA
8/20us, according to the international standard IEEE C62.41 and the model of low voltage
multilayer varistor (MLV) that have the necessary complexity and high accuracy. The model of
impulse generator is used for simulation, evaluation, inspection of the response of low voltage
MLV model with lighting standard impulses. The model of low voltage MLV has the parameters
such as nominal surge current, let-through voltage and the quantity of shunt connected MLV.
The method to determine the number of lighting impulses that the MLV can respond is also
presented.

GIOI THIEU

Hién nay, viéc xay dung mod hinh cac may
phat xung dong 8/20us va xung ap 1.2/50us,
cling nhu viéc xdy dung cac md hinh bién tro
phi tuyén ha 4p (MOV) va cao ap (LA) da
dugc dat duge muc do chi tiét va do chinh
xac theo yéu cau. Tuy nhién, viéc xay dung
mo hinh médy phat xung hdn hop véi mirc do
tuong thich cao so véi cac dang song quy dinh
trong cac tiéu chuan qudc té va Vlec xay dung
mo hinh MLV c6 d6 phuc tap can thiét va do
chinh xé4c cao chwa duoc dé cap va phén tich
mot cach ddy du. Bai bio nay di sau nghién
ctru va xay md hinh méy phat xung hon hop
ap dong, dang séng dugc chon mo phdng
theo IEEE C62-41 cip C: 6kV 1.2/50us 3kA
8/20us 1am minh hoa, md hinh bién tro da

16p MLV trong mdi truong Matlab. D chinh
xé4c cia mo hinh dugc kiém chimg thong qua
cac yéu cau cia tidu chudn va két qua mo
phong dién ap thong qua duoc dbi chimg véi
catalogue cua cac nha san xuat MLV. Két qua
nghién curu tao diéu kién cho cac vién nghién
clru, cac co s dao tao quan tam dén van dé
qua dién 4p do sét trén mang vién thong va
cac bién phap bao vé.

I. XAC bINH THONG SO CAC PHAN

TU MAY PHAT XUNG HON HOP 6
KV 1.2/50pS - 3 KA 8/20pS

Hinh 1 gidi thiéu so d6 nguyén 1y may
phat xung hon hop:
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Hinh 1. So' dé nguvén Iy may phdt xung hén hop

Bang cach viét phuong trinh vi tich phan mé ta mach va sir dung phép bién ddi Laplace tim
duoc:

I =0RCNFE ™™ =) ()
Voi: o= va f=1 (2)
Theo tiéu chuan: p>>anén 1, (H=>0RC)% (3)
L=t (4)
Sau d6 gié tri 16n nht s& giam theo ham mii xudng 50%:
P ()= TR C) =7 (3)
Tinh dugc o : e N =L g = —In(3) (6)

O day: Decay la thoi gian cudi song, rise 1a thoi gian dau song.
Tait, . =50us thia =13.86*10°
Tir (4) tait, =1ps thi B =6.1*10°
Theo tiéu chuan IEEE, dong ngén mach I(t) va dién 4p hé mach V (t) dugc xéc dinh béi biéu
thite: [0=ALre " T,(=AT,1-¢ ) ™) )
Tu mach twong duong Thevenin: 1 =V /R, =V /2 (8)
Dién tich trong mach: O = [idt =" =0.7 Coulomb 9)
Do Q =CV, vdi dién ap V=6000V, gia tri di¢n dung tinh duoc la: C = 11.7uF.
Véi o =13.86%10° va f=6.1*10° tir (2) tinh dwoc R, =6.17 vaL, =101 pH. ‘ ‘
T mach twong duong Thevenin (V , I ) theo IEEE tong tr¢ Thevenin gin bang
2Q(+10%).
Do d6, véi mach thiétké Z, = (Z /R +Z,)
O day:
Z,=+sl,:7,=sL, +R, (10)
7, =0O0R oyl (11)

“TH T LCs+sRC+L

Vi dang song 8/20ms, va thoi gian cudi song t decay 208, gan bang nira chu ky ciia song
>

tinh duge aco =370 nén w=p /t,, =3.14/20 =157.1krads’s.
Thay s = jw, R, =6.17, L, = 1.01uH va C = 11.7uF vao (11) tim duoc:

‘ZTH‘:2:>|ZTH|2 =4 (12)

H\éng(glsz(“; thoi gian dau song cho dong ngan mach s€ gan bang L,/R, nén L =3.911*10°*R , th¢ gid tri L,
Vao .

Giai phuong trinh nay tim dugc: R,=1.83 va L,=7.17uH.
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II. MO HINH HOA VA MO PHONG MAY XUNG HON HQP

Vi cac gia tri duge tinh toan néu trén, mé hinh may phat xung hon hop trong méi trudong

Matlab dugc trinh bay ¢ (Hinh 2).
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Hinh 2. M6 hinh may phdat xung hon hop 6k171.2/50s 3kA 820 us

Két qua mo6 phong dién ap ho mach va dong dién ngan mach dugc trinh bay & (Bang 1).

Bang 1. Két qud mé phong

A. Dién ap ho mach (Xung ap)

Théng sb Vi V) 90%V top, (1S) 30%V t0,(1S)
Giatri 5931 5338 0.35 1779V 0.05
B. Dong dién ngan mach (Xung dong)
Thong s6 Lo (KA) 90%I 500, (1LS) 10%V . T, 0, (1S)
Gia tri 23 2.07 5.42 0.23 0.46

Tir két qua mo phong trong Bang 1, nhan thay:

1. Poi voi xung ap

Bién d¢ dién ap: Vo™ ,931kV<6kYV, thoi
gian dau song ,=1. 67(t90.y t.) = 0. Sus,
khong thoa diéu klen sai so theo tiéu chuan:
0.84us<t<1.56us.

Thoi gian cudi song 1,=49.44ps, thoa diéu
kién sai sO theo ti€u chudn: 40us<t<60us.

2. Poi véi xung dong

Bién do [ =2 3kA<3KA, thoi gian dau
song 1= 1 25 (t90% -th%) 6.2us, thoa diéu
kién sa1 s6 theo t1eu chuan: 5.5us<t<9ps.

Thoti glan cudi song T,= 22 ps, thoa diéu
kién sai s0 theo tiéu chuan 16 us<t<28 s,

khong thoa diéu kién sai sb theo tiéu chuén:
27KA<T ,<3.3kA

3. Hi¢u chinh

Do mot sb chi tiéu vé bién do ap, dong va
mot sb sai s6 khong thoa yéu ciu theo tiéu
chuan nén phai c6 cac hiéu chinh bd xung
nhu: tang dién dung cua tu dién C va giam gia
tri R, R, va L.. Céc thong s6 duoc chon lai 1a
C=11.9uF; L =2.45uH, R =5.35, L,=3.45uH,
R,=1.365 va m6 hinh may phat xung hon hgp
hoan chinh 6kV 1.2/50us-3kA,8/20us c6 dang
song chuan dat cac yéu cau vé bién do va sai
sd thoi gian dau va dudi song theo yéu cau
ctia tiéu chudn trinh bay & (hinh 3).
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Hinh 3. M6 hinh mdy phdt xung hén hop va dang séng 6kV 1.2/50us 3kA 8/20us

III. MO HINH BIEN TRO PHI TUYEN DA
LGP (MLV) HA THE

1. Xay dung mo6 hinh MLV

MLV la dién tré phi tuyén da 16p (Hinh  ngudng. Nho dic tinh nay, khi xuét hién xung
4), c6 dic tuyén V-1 d6i xtng (Hinh 5). Trong ~ dot bién qué ap cao, MLV s& nhanh chong trd
ché d6 1am viéc binh thuong MLV coi nhu  thanh dudng dan tro khang thap dé trigt xung
hé mach véi dong dién ro cyc thap va dién  dot bien.
tr6 MLV giam khi dién 4p vuot qué dién ap

Protection 4

level |V
Internal electrode 0
50
B0

- Surge

Max. permissible | 10 current

Ceramic layer operating voltage | -140-100 -60 20 120 60 100 140 A
-30
/ 50
MLvoors-F-£ 70 MLVOO74-K-E
Hinh 4. Cau tao ML Hinl 5. Ddc tuyvén 1-I ciia MLT”

béc tinh V-I cua MLV c6 dang:

I=Kv" g>1 (13)

O day: I, V lan luot 1a dong dién va dién ap qua MLV, K 13 hang s6 ctia Ceramic, o 1a hang s6.
Tir biéu thirc (13) c6 thé trinh bay dudi dang:

logl” = B, + B, log(I) + B,e ™™ + B¢ v6i 1>0 (14)

. B, +B, log( I)+Bje Pd Dy el D) _
Hay ]' — 10 1 2 3 4 (13)

Khi xét dén sai so cta dién ap trén bién trod TOL%:

V = (1+TOL /100)] 055 oDyt Be 0,0 (16)
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Str dung mo hinh hoi quy phi tuyén dé Xac
dinh céac gia tri Bi tr cdc cap thong sd cua
du’ong dac tinh V-I cia MLV bat ky Dua
vao biéu thuc (16) va cac gia tri Bi, xdy dung
mo hinh MLV trong moi tru’ong Matlab. Céc
thong s6 dau vao ctia md hinh MLV dugc

ol

=|E)=
Icon | Parameters | Initiahzation | Documentation
Dialog parameters
[Z¢] | [Prompt Variable Type Evaiuste  Tunable
C operating valkage (v) Ve | ed E ¥ |
2| | Max Impuise Current () [tmax | edit - | ™
[Tolerance of varistor voltage(... TOL | edt 0 2
2. Number of MLV N Tedt |
¥
Options For selected paramete
Popups (one per ine):  In dislog:
Dizlog
callback:
(6] (“on ] (e |

Hinh 6. Théng s6 dau vio

Céc thong sd dau vao ciia md hinh MLV duogc
khai bao trong muc Initialization: L;,, C, B,,
B,, B,, B, va chuong trinh duoc Vlet de truy
xuét céc gla tri va tinh gia tri cia mang di¢n ap
V_array_input theo mang dong dién I array
output ing v&i cac loai MLV. Cac thong sd
nay dugc cung cap tir thu vién dir liéu MLV
ha thé (Hinh 7)

khai bdo trong muc Parameters cua hop thoai
Mask Editor (Hinh 6) bao gom dién 4p lam
viéc xoay chiéu cyc dai (V ), gia tri dinh cua
xung dong (I ), sai sd cua dlen ap % (TOL),
sO lugng MLV méc song song.

= =E®

Icon | Parameters | Initisleation | Doumentation
Dialog variables iisizaton conmmands
B RB= (100e-5) /N

Imax RIG=(100e6) /N
oL

N

if (Imax==2.5)
b1=1.7741151:b2=0.0237055:b3=-0.0015"
L={3e-9) /N; = {4000e-12) *N;

elseif (Imax==4.5
b1=1.7741151;b2=0.0237055;b3=-0.0015
L= (3e-9) /N;C= (4000e-12) *N;

=-0.0015°

51
L= (3e-0) /M; ol Hooa -12) *N;
elseif (Imax==8)
b1=1.7741151;b2=0.0237055;b3=-0.0015"
L=(3=-9) /N; C= (4000e-12) *N;
=

[Cvomask ] (Lo | [Ccancel | [(beb ] [ aoeiv
Hinh 7. Hop thogi Initialization

2. Mo phéng dap ing MLV

Nhap s6 liéu MLV ha thé ctia hing
Epcos loai CN1812K30G, CN2220K14G,
CN2220K30G c6 cac thong sb trong catalogue
(Bang 2) va m6 hinh MLV da xdy dung trong
Matlab va tién hanh mé phong dién ap du cua
cac MLV nay ung vo1 xung dong 0.8kA va
1.2kA 8/20us. Két qua trinh bay ¢ Bang 3.

Bdng 2. Bang thong sé MLV ha thé ciia Epcos

Dién ap Dong dién o, bién ap phong dién max. voi
le‘lrri viéc | xung 8/26;15 Sai s cua xung 8/20us (V crest)
Loai j dién ap MLV
AC max. max (%)
V) (kA crest) o 0.8kA 1.2kA
CN1812K20G 20 0.8 10 100
CN1812K30G 30 0.8 10 149
CN2220K14G 14 1.2 10 100
CN2220K30G 30 1.2 10 175
Bdng 3. Két qua mé phong
Loai MLV hang Epcos
bién ap du trén MLV (V) CN CN CN
1812K20G 1812K30G 2220K14G CN 2220K30G
0.8kA 0.8kA 1.2kA 1.2kA
Theo Cataloge 100 149 100 175
Két qua mo phong 104 151 95 170
Sai s6 (%) 4 1 5 3
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Tir két qua md phong (Bang 3), nhan thdy mo
hinh MLV ha thé xay dung c6 do chinh xac
cao. Sai s dién ap du 16n nhét cia mé hinh
16n nhat 14 5% trong khi d6 sai s6 cho phép
bdi nha ché tao 1a 10%.

3. Xac dinh xung sét lap lai v&i xung dong
8/20us

Khi x4c dinh sd 1an xung sét lap lai cua
MLV, thudng nha san xudt MLV cho dudi
dang xung vudng 2ms. Trong khi d6 cac ti€u
chuan chdng sét lai qui dinh dang xung chuan
8/20us. Piéu nay dan dén kho khan cho ngudi

700

a. Mach mé phong

65

sir dung. Dudi day trinh bay phuong phéap qui
xung chuén 8/20us ra xung vudéng 2ms tuong
duong trén co s¢ cung nang lugng tan sét. Tur
d06, dé& dang xac dinh s6 xung sét lap lai cho
phép cia MLV khi c¢6 thong sé xung dang
song 8/20us.

Machmé phong bao gom: may phat xung sét
0.8kA 8/20ps, mo6 hinh MLV CN1812K30G;
mo hinh khdi thuat toan tich phan, cac scope.

Két qua dang song dong xung va gia tri Ii “d
trinh bay ¢ Hinh 8.

001
001

oon |
000 o

b. Dang song dong dp

01 02 03 04 05 06 07 08 09 10° 01 02 03 04 05 06 07 0§ 09 10*

c. Gia tri J‘f‘d/‘

Hinh 8. Mach va két qua mé phéng

Tur két qua mo phdng, gia tri bién d¢ dong dién cuc dai i va ji "d nhu sau:

7"=0.618KA, jfdr =14mAs. @21

T biéu thuc (21), tinh duoc gia tri t: :

Iiwdf 14
70618

=23us

Tirgidtr £, =23usva i =0.618kA, tradd thi (Hinh 9), xac dinh duoc s xung sét 1ap lai ma CN1812K30G

¢6 thé chiu duge 1a n= 1000

.
10*
A

'nax

Hinh 9: Quan hé s6 ldn xung ldp lai va d3 réng xung ciia MLV CN1812K30G

IV. KET LUAN

1. Bai bao gio6i thiéu mo6 hinh va mé phong
may phat xung hon hop dang xung ap
1.2/50us, dong 8/20us twong thich véi

céc tidu chuan qudc té trong moi truong
Matlab.
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2.

Mo hinh MLV ¢6 @6 chinh xac cao, dugc
xdy dung trong moi truong Matlab véi day
du thong sé dau vao rat can thiét dé nghién
clru qué trinh qua d§ do sét trong mang
truyén tin hiéu ctia hé thong thong tin.

. Trinh bay phuong phap xac dinh s xung

sét lap lai cho phép cua MLV khi co6 thong
s0 xung dang song 8/20ps tir dang xung
vuong 2ms cho bdi nha che tao.
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