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NGHIEN CU'U MO HINH CHONG SET VAN DANG OXIT KIM LOAI
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TOM TAT: Cic nghién cuiu vé ddc tinh ciia chdng sét van oxit kim loai (MOV) ddi
vdi cdc xung ddu séng tang nhanh, thdi gian ddu séng ciia xung dudi Sus, cho thdy dién dp
trén chéng sét van dat dinh nhanh hon so vdi dong dién chay qua chéng sét van, dong thoi
dién dp du trén chdng sét van sé tdang lén khi dong chay qua né cé dj déc cang lon. Nhu
vdy, chéng sét van oxit kim loai ¢é ddc tinh ddp vng ddng hay con goi la ddc tinh phu thuéc
tdn s6. Van dé khé khdn thuong gdp phdi la cdch xdc dinh cdc théng sé ciia mé hinh mét
cdch don gidn ma van ddm bdo dé chinh xdc mé phdng.

Bai bido nay sé trinh bay mé hinh chéng sét van MOV vdi phuong phdp don gidn dé
xdc dinh cdc théng s6 clia mé hinh tit bdng thong sé ky thudt cia thiét bi chéng sét do nha
ché tao cuny cdp.

Két qui mé phéng vdi dong phéng cé pham vi dat dinh tiv 1us dén 45 us tuong dwong
vdi két qué thi nghiém ciia nha sdn xudt. Piéu nay da chitng t6 tinh diing ddn ciia mé hinh.

1. GIOI THIEU

Chéng sét van (MOV) 12 thi&t bi thudng dugc diing d€ han ch& qud dién 4dp tdc dung
1én cdch dién cda thi€t bi. Trong diéu kién binh thudng MOV c6 trd khdng cao gan nhu hd
mach, khi xudt hién quéd dién dp qud do, MOV s& nhanh chéng trd thanh dudng din trd
khdng thap dé€ triét xung dot bi€n. MOV c¢6 dic tinh nay 13 do dudng cong V-I clia né
phi tuyén. '

Nhitng nghién citu vé xung déng cit trong hé thong (vi du nhu déng cdt tu bd) cho
thay ring chi cAn bi€u dién MOV bing mét dién trd phi tuyén véi dic tinh V-1 wr
Catalogue. Tuy nhién, MOV c¢6 nhitng dic tinh ddp @ng dong rit quan trong d6i véi cdc
xung sét hay d6i v6i xung c6 diu séng ting nhanh. P&i v6i nhitng xung dong c6 thdi gian
diu séng nhanh hon 10ps, dién 4p du dit 1én chong sét van s& ting 1€n khi thdi gian dat
dinh dong dicn qua chéng sét van gidm va dién dp du clia chéng sét van dat tdi dinh trudc
khi dong dién qua né dat dinh. Sy gia ting dién 4p du s& dat x4p xi 6% khi thdi gian diu
séng clia dong dién phéng qua gidm tir 8ps xudng 1,3us [3, 4]. Thyc €, dién dp trén chong
sét van khong chi 12 ham clda dong dién ma con 12 dd déc clia né. Nhitng dic tinh nay,
giéng nhu dic tinh phu thudc tin s8, ddi hdi mdt mé hinh phic tap hon so v6i md hinh dién
tr§ phi tuyén don gidn.

Cé mét s6 mod hinh duge dé nghi d&€ mo phdng dic tinh dong nay. Trong khi nhitng
m6 hinh nay c¢é dd chinh xdc chdp nhén dudc thi van dé khé khin thudng gip phai 1a viéc
xdc dinh cdc thdng s6 clia md hinh. Trong vai trudng hdp, viéc tinh todn va hiéu chinh
thong s6 cin phai thuc hién vai thi tuc tinh todn lip dé chon lwa dudc gia tri thich hop véi
chdng sét van thuc t€, bén canh d6, mot s& md hinh cin cdc di li€éu ma nhiéu khi khéng
tim dugc trén Catalog. Dudi diy, trinh bAy mét s6 mo hinh tiéu biéu.

2. MOT SO MO HINH CHONG SET VAN

2.1. M6 hinh dién tré phi tuyén
M5 hinh dién trd phi tuy&n (Hinh 1) [1] ¢6 déc tinh phi tuy&n V-1, xdc dinh bing vai
doan lily thira khdc nhau, v6i mdi doan dugc xdc dinh nhu sau:
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M6 hinh nay dugc dung d trong thu vién Power System Blockset clia phdn mém
Matlab, dac tuy&n phi tuy&n V-I clia mé hinh dudc thanh 1dp bdi ba doan lily thira. M6 hinh
dién trd phi tuy&n nay khdng thich hgp cho cic ddp ing ddng ma cdc ddp ing nay rit quan
trong trong nghién cttu phdi hgp cich dién.

2.2. M6 hinh dién trd phi tuyén két hgp dién cdm phi tuyén

M$ hinh dién trd phi tuy&n (Hinh 2) [5] dudc diing mot cach qui udc cho mot chéng
sét van. Nhu thé, dién trd phi luyen khong thé cho cdc dic tinh phu thubc tin s, dé c6
dugc dic tinh nhu vy phii k€t n6i n6i ti€p mot dién cdm phi tuyén (Hinh 2-a). M6 hinh
dién trd phi tuyén c6 thé duge bi€u dién bing mét dudng cong dac tuyé&n V-1,

D€ tinh toan dién cdm phi tuy&n vA mo hinh dién cdm phi tuy&n, ddu tién cin phai
xay dung mot vong tré (Hinh 2-b). M6 hinh nay cin mét chuong trinh may tinh dé€ tinh todn
ddc tinh dién cdm phi tuy&€n va mot tap 16n cdc diém bi€u dién m&i quan hé dong - 4p.

2.3. Mé hinh ciia Schmidt

Hinh-3 [2] 1a mé hinh c6 thé md td dugc céc hién tugng xdy ra trong chdng sét van.
Cdc phdn tf R va L 1a thudc tinh ciia cdc hat ZnO trong khi cic phéan tf khdc mb t3 cdc
dic tinh & viing ti€p gidp.

Bién trd phi tuy&n thé hién hi€u @ng phi tuyén tai viing ti€p gidp giita cdc hat ZnO va
dién trd tuy&n tinh cda cdc hat ZnO. Phin t& A phdn dnh dic tinh phéng dién dong tai viing
ti€p gidp gilta cdc hat ZnO. Pic tinh dong nay phu thudc vao dang séng dién dp (du/dt, u)
va thoi hiing 7 dé€ dat dén trang thdi can bing giita cdc electron va cic 18 trdng tai ving
ti€p gidp. Cdc dic tinh clia phan tf A dugc xem nhu 1 ham cla dong dién va d6 doc ciia
dong di/dt d6i véi vat liéu ZnO.

Tuy nhién, cdc thdng s6 cia md hinh dugc x4c dinh rit phifc tap, dic biét 1a phan tir
A, phdi x8y dyng cdc mach m6 phdng RLC d€ xdc dinh théng s8, trong khi cdc théng s8
khdc mudn ¢6 dudc cling phai thyc hién céc thi nghiém.

2.4. Mb hinh clia nhém chuyén gia IEEE

Pdy la md hinh phu thudc tin s8, dic tinh V-I phi tuy€n cia chdng sét van dudc biéu
di€n bing hai dién trd phi tuyén Ag va A; nhu Hinh-4 [4].

Hai phan tf dién trd phi tuy&n nay dugc tdch ra bdi bd loc R-L. Vdi cdc xung dau
déc thap, bo loc nay c6 trd khdng rd't nhd va nhu thé Ag va A; xem nhu mic song song
nhau. D81 véi xung diu déc cao, dién khdng bd loc 16n, n6 s& cho dong dién chay qua A,
nhi€u hon A;. Tir d6, Ag s& c6 dién dp roi trén né 16n hon A\ khi c6 dong chay qua. Két
qud 1a dién dp du trén m hinh chdng sét van s& c6 tri s6 cao hon. Nhu viy, cdc chéng sét
van MOV ¢6 dién dp du cao hon d6i véi xung diu dic cao, md hinh s& phl hgp tit cd cdc
tinh chdt cla mdt chdng sét van MOV.

M3 hinh ctia IEEE 1a mét budc khdi diu trong viéce xdy dung md hinh chéng sét van
phu thudc tin s6, thé hién dic tinh dong cla chéng sét van d6i vdi cdc xung ¢ dau song

ting nhanh. Tuy nhién, cin phdi thuc hién cdc phép tinh lap d€ hiéu chinh cdc thong s6 clia
md hinh d€ cho dédp ing chip nhin dugc.
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2.5. M6 hinh ctia Mardira

Trong nghién cifu mt mo hinh chdng sét don gidn hon ddi v6i dong xung sét 8/20us,
Mardira dd dé nghi mé hinh nhu Hinh 5 [3].
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_Hinh 4. M6 hinh phu thudc tin sd ctia IEEE Hinh 5. M6 hinh dé ngh! clia Mardira

Viéc xdc dinh cdc dic tuy€n phi tuyén (Ag,A;) dugc tinh todn theo cong thitc I=K. V.
Gid tri o dugce du dodn gitta bién d6 mong mudn cla dong dién va dién dp tudng (ng:
L log(r2/11) (2)
log(V2/VI1)
V@Gi: Vi, V, 1an lugt 1a dién dp tai Iy, I (I>]))
Gid tri chinh xdc clia K va o dugc tinh todn dya trén dic tuyén V-I. Gi t cda V,
V3, I; va I nhén dugc tif cdc thi nghiém ki€m tra xung. P4c tuyé&n ddu tién cda dién trd phi
tuy€n Ag va A, dugc 18y tir dudng cong trong mod hinh IEEE, céc gi4 tri dinh cia dién 4p du
v@i xung dinh mic 10kA, 8/20ps.
M6 hinh clia Mardira cling 14 md hinh phu thuoc tin s6 nhufng c6 vu diém hon mé
hinh ctia IEEE 1a khong cn tinh todn 1ap d€ hiéu chinh théng s8. Nhung d€ x4c dinh gi4 tri
cla cdc thdng sd trong mach, nhu Lo, 1 rat khé khin.

3. XAY DUNG MO HINH MO PHONG CHONG SET VAN MOV TRONG MATLAB

Bai bdo nay s& gidi thiéu mdt mo6 hinh don gidn héa clia chéng sét van cAp phin phdi
dang MOV khéng c6 khe hd, bén canh d6 cling dua ra cdch ti€p cin dé hiéu, don gidn
trong viéc xdc dinh cdc thdng s& clia md hinh bt ddu tir dit liéu cda nha sin xuit.

Viéc xdc dinh cdc théng s6 cia md hinh phai dat nhitng yéu ciu sau:

e Tatcd cdc s liéu cho bdi nha ché tao (trén Catalogue).

e Khong can tinh todn lip d€ xdc dinh cic thdng sé.

e Ddp tng clia md hinh phdi ding véi thi€t bi chéng sét van MOV thuc t& véi cdc
cdp dién dp khéc nhau va clia cdc nha sin xuit khdc nhau.

Sy ding ddn cida md hinh s& dugc thdm dinh biing cich so sanh s6 liéu tir cc k&t qua
ki€m tra phong dién ti€u chudn véi k&t qud cda cdc md hinh khdc dudc tinh todn, mo
phdng bdi chuong trinh Matlab.
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3.1. M6 hinh dé nghi

M5 hinh (Hinh 6) 18y ¥ tudng tr mo6 hinh IEEE véi vai hiéu chinh nhd, d6 1a tu dién C
dudc loai bd khi dnh hudng clia né dé€n mé hinh khéng ding k€ va thém vao mot dién trd
R (IMQ) & ddu vao d€ trdnh tran s6 khi md phdng.

Int p
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A

Hinh 6. M6 hinh phu thudc tin s§ cia MOV

3.2. Phudng phap xdc dinh cdc thong sd

D€ xdc dinh cdc dién cdm, c6 thé ding cdc cong thic sau:
Ll___lVrurz ~Visin Vv (3)
4 V =

r8/20

LO = _I__K'I/TZ "VrBIZO 'Vn

12 VrB/ZO

4)
V@i:V, 1a dién dp dinh muc clia chdng sét van; V12 12 dién dp du d6i v6i xung dong

10kA c6 tdn s6 nhanh (1/Taps); Visno la dién dp du tai xung dong 10kA cla dang
séng 8/20ps.

Cic thong s6 RO va R1 dugc thém vao dé€ gidi quy&t van dé han ch& cda viéc k&t ndi
mot phan tf phi tuy€n véi mdt cudn cdm hay véi mdt ngudn dong khic trong Matlab. Gid
tri ctia RO va R1 khodng IMQ..

Viéc xdc dinh cdc dién trd phi tuyén (Ag, A;) va cidc dic tinh cda né dua trén cdc
dudng cong dugc dé nghi bdi IEEE va chi luu y gid tri dinh cla dién ap du do dudc trong
thi nghi€ém phéng xung dong sét 10kA va dudc cho trong bang 1:

Bang 1. Hé s6 A0 va Al

13
1(kA)| AO(p.u) | Al (p.w) 12
10 0.833 0.652 11
0.1 0.974 | 0.788 g4
1 1.052 | 0.866 80 ! %
3 1.108 0.922 S0 IUI | |
10 1.195 | 1.009 07- i
20 1277 | 1.091 o6 LI i | —
{E-05 0.0001 Oig?llrreei(tnlkA(i‘l 1

Hinh 7. Dic tuy&n V-I cda phin td phi tuy&€n A0 va A1

Céc tiéu chudn dugc dé nghi d€ x4c dinh cdc thong s6 khong dé cip dén dic tinh vit
1y cla chdng sét van ma chi can s6 liéu vé dién. Pay 1a su khdc biét so v6i cdc md hinh
khédc 1a cin bi€t thém nhiéu thong tin khéc nita d€ thanh ldp dudc md hinh.
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3.3. Thyc thi mé hinh

Sau diy, s& ti€n hanh mé phdng mét chéng sét van clia ABB MWA 16 kV véi cdc
thdng s6 k§ thuat dugc cho trong Bang 2:

Bang 2. Théng s6 MOV

Rated Voltage | MCOV | 1/5ps — 10kA Max | 1/5ups — 20kA Max
(kVrms) kVrms IR_kV crest IR_kV crest
20 16 50,7 57,4
8/20us Maximum Discharge Voltage — kV crest
S5kA 10 kA 20 kA
44,2 46,2 51,0

Cidc thdng s& can nhip viao cho md hinh chéng sét van MOV 1a:
- Arrester rated Voltage (Vn): 20kV.
- Residual voltage for lightning current 10kA (V_lightning): 46,2kV.
- Residual voltage for fastfront current 10kA (V_fastfront): 50,7kV.

M5 hinh dugc cho phéng dién vdi dong dién c6 dang séng 1/5us va 8/20ps ¢6 tri s6
5kA, 10kA va 20kA. Gid tri dién dp dat dinh va thdi gian dat dinh clia md hinh:

Bang 3. Pién 4p va thoi gian dat dinh

Dong phéng dién 1/5 ps 8/20 us
Bién dd dong 10kA | 20kA | 10kA | 20kA
U,r tif Catalogue 50,7kV | 57,4kV | 462kV | 51kV
Uper ctia md binh 52kV | 58kV | 46,5kV | 50,2kV
Sai s6 phdn trim 2,56% | 1,05% | 0,65% | -1,59%
Thoi gian dién dp dat dinh | 0,5 ps 0,5 s 6,4us | 5,75us

% SO TS R U RS s

§

1]

-

o L= N Didn do Aot chding sét van toi Shrex 1/5as - kA

Bién dp teén ching sét vani V)

Dign dp i el chéing sét van toi 3ong &/ 20us - 1Tk A Didn dn et chéing s&t van toi dong S 20us - 2s A

Hinh 8: Dang séng dién dp du cia md hinh \ing vdi cdc dong phéng dién khdc nhau

4. KET LUAN

M6 hinh dé nghi dua trén mdt mé hinh ndi ti€ng clia IEEE véi vai diéu chinh nhd,
nhung & day trinh bay mot phuong phdp don gidn d€ xdc dinh cic thdng s6. Théng s6 mé
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hinh ¢6 thé dudc x4dc dinh hoan toan bit diu tir bdng thdng s& k¥ thuit ctia thiét bj chéng
sét tir nha ch€ tao c6 cdc gid tri dién dp du d6i vdi cdc xung dong khdc nhau.

Mb hinh chéng sét van ddn gidn c6 thé duge-xdy dung bao gdm mét dic tuyén phi
tuyén V-I vd mét b6 loc R-L ndi ti€p v4i nhau thi cé thé tao ra hai hiéu ng G trén (dién 4p
du ting khi xung dong phéng dién c6 thdi gian dat dinh gidm xu6ng va dién 4p du dat dinh
trude khi dong dat dinh) véi thai gian'dong dat dinh hep.

K&t qué md phéng dudc so sanh vdi két qui thi nghiém cda nha sin xudt di chitng t6
tinh ding din cla mé hinh, dic biét d6i véi dong phéng c6 pham vi dat dinh tir
0,5us dén 45ps.

M5 hinh chéng sét van d6i véi xung diu séng ting nhanh dudc xdy dung trong moi
trudng Matlab, vi€c nay tao thuin Idi cho viéc nghién citu tai cdc trudng dai hoc va céc
vién nghién ctfu tai Viét Nam.

STUDYING MODEL OF METAL OXIDE SURGE ARRESTERS

Quyen Huy Anh™, Le Vu Minh Quang®?
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ABSTRACT: Data on characteristics of metal-oxide surge arresters indicates that for fast
Jront surges, those with rise times less than 8us, the peak of the voltage wave occurs before
the peak of the current wave and the residual voltage across the arrester increases as the time
to crest of the arrester discharge current decreases. That is this device have dynamic
characteristics or also call this is frequency-dependent behavior. However, the difficulties

are the identification of the model parameters with the simplified way but give the accuracy
in simulations.

This paper presents a model of metal oxide arresters with a simplified procedure to
identify the parameters of the model from the standard manufacturer’s data-sheet. This model
gives good results with the discharge tests of the manufacturer when the discharge current
has a time to crest in the range of 1 us to 45 ys.

This comparisons of modeling results and test results demonstrate the accuracy
of the model.
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