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ABSTRACT OF THESIS

Thesis "Research on over voltage protection on low voltage power lines when the
lightning strikes directly to the medium-voltage lines" going into research of valve
lightning of Metal-oxide form on the medium and low voltage of some famous on the
world. The valve lightning of Metal-oxide form is still used to protect the over voltage
caused by lightning or switching impulse on the medium-and high-voltage grid. A model
of its IEEE, Manfred and Willi Zapsky Holzer was selected with a small correction to
build the medium and low voltage MOV models. The parameters of valve lightning
model are provided in the valve manufacturer's catalogue.

Thesis also focuses on building model of standard lightning impulse source. By
using the Matlab software to simulate, test, testing the operation of this model. The
model results consistent with valve lightning fact of different manufacturers in different
voltage levels.

Thesis also going to study the effects on the low voltage network when the
lightning strikes directly to the medium-voltage lines at different distances with the
different installed MOV positions, thus putting the best installed MOV position and
method.

Thesis also hopes to provide a useful simulation tool with the common Matlab
software for researchers, engineers, students ... in studying of behaviors and responses of
the valve lightning equipment under the action of lightning impulse spreaded in
conditions test can not be real.
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TOM TAT LUAN VAN

Luan vin “ Nghién ctru bao vé qué ap trén duong ngudn ha ap khi sét dénh truc tiép
vao duong day trung ap” di sdu vao nghién ctru chong sét van dang Metal-oxide trén luéi
trung thé va ha thé ctia mot s6 hang noi tiéng trén thé gidi. Chong sét van dang Metal-oxide
duoc ding dé bao vé qué dién ap do sét hodc xung dong cit trén ludi trung thé va cao thé.
Mot mo hinh cua hang IEEE, Manfred Holzer va Willi Zapsky da dugc lya chon voi mot
hiéu chinh nhé dé x4y dung md hinh MOV trung thé va ha thé. Cac thong sb clia mo hinh

chéng sét van dugc cung cip trong Catalogue ctia nha san xut.

Luan van tap trung xdy duyng md hinh ngudn phat xung sét tiéu chuan. Sur dung
ph?m mém Matlab dé md phéng , kiém tra, thir nghiém hoat dong cia cac mo hinh nay. Mo
hinh cho k ét qua phu hop véi thiét bi chéng sét van thyc té ciia cac hing san xut khac nhau

O céc cap dién ap khéc nhau.

Luan van cling di sau nghién ctru anh hudng trén mang dién ha 4p khi sét danh truc
tiép vao duong diy trung ap & nhitng khoang cach khac nhau , véi cac vi tri lap dit MOV
khéc nhau, tir d6 dua ra phwong 4n, vi tri lip dit MOV tdt nhat.

Lun van ciing hy vong s& cung cAp mot cong cu md phong hiru ich v6i phan mém
thong dung Matlab cho cac nha nghién clru,cac ki su, sinh vién...trong viéc nghién clu cac
hanh vi va dap tmg cua thiét bi chéng sét van dudi tac dong cta xung sét lan truyén trong

diéu kién khong thé do thir thuc té.
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ABSTRACT OF THESIS

Thesis "Research on over voltage protection on low voltage power lines when the
lightning strikes directly to the medium-voltage lines" going into research of valve
lightning of Metal-oxide form on the medium and low voltage of some famous on the
world. The valve lightning of Metal-oxide form is still used to protect the over voltage
caused by lightning or switching impulse on the medium-and high-voltage grid. A
model of its IEEE, Manfred and Willi Zapsky Holzer was selected with a small
correction to build the medium and low voltage MOV models. The parameters of valve
lightning model are provided in the valve manufacturer's catalogue.

Thesis also focuses on building model of standard lightning impulse source. By
using the Matlab software to simulate, test, testing the operation of this model. The
model results consistent with valve lightning fact of different manufacturers in different
voltage levels.

Thesis also going to study the effects on the low voltage network when the
lightning strikes directly to the medium-voltage lines at different distances with the
different installed MOV positions, thus putting the best installed MOV position and
method.

Thesis also hopes to provide a useful simulation tool with the common Matlab
software for researchers, engineers, students ... in studying of behaviors and responses
of the valve lightning equipment under the action of lightning impulse spreaded in
conditions test can not be real.
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Chwong 1: MO PAU

1.1. Pit van dé

Theo udc tinh cua cac nha chuyén mon, trén kha"lp mat dia cu, ctr mdi gidy, co
khoang 100 1an sét danh xudng mat dat. Sét khong nhitng c6 thé giy thuong vong cho
con ngudi ma con cé thé pha hiy nhitng tai san cta con ngudi nhu c&c cong trinh xay
dung, cong trinh cung cép nang luong, hoat dong hang khong, cac thiét bi dung dién,

cac Pai Truyén thanh — Truyén hinh, cac hé thong thong tin lién lac. ..

Viét Nam 12 mot nude nim trong khu vuc nhiét doi am gi6 mua, khi hau Viét
Nam rat thuan loi cho viéc phat sinh, phét trién cua dong sét. SO ngay c6 dong & Viét
Nam thudc loai kha 16n. Trong mang dién, qua dién ap va qua trinh qua dé do sét danh
|& nguyén nhan chi yéu giy ra cac su cb ludi dién va 1am hu hong cac thiét bi lap dat
trén ludi. Nén viéc dé ra cac giai phap chéng sét, lua chon, phéi hop cac thiét bi bao vé
phl hop va nghién ciru ché tao thiét bi chdng sét dong vai tro rat quan trong trong viéc
han ché nhiing tac hai do sét gy ra. Hién nay chéng sét truc tiép di dugc quan tim
nhiéu voi cac giai phap tir c6 dién dén hién dai. Tuy nhién, s6 liéu théng ké chi ra hon
70% hu ong do sét giy ra lai do sét danh lan truyén hay cam ung theo dudng cép

ngudn va duong truyén tin hiéu.

Thiét hai do sét lan truyén trong cac thiét bi dung dién trong thrc té 1a rat lon.
Theo théng ké, hang nim ca nudc co6 hang nghin truong hop céc thiét bi dién tir trong
gia dinh, doanh nghiép bi sét tin cong, thiét hai 1én t&i hang trim ti dong. Chu yé u la
céc thiét bi dién tir nhu: Tivi, may tinh, dau dia, thiét bi thong tin vién théng ... nén viéc
nghién ciru, dé ra giai phap chdng sét lan truyén trén dudng ngudn ha ap, khi sét danh

vao duong day trung ap déng vai tr rat quan trong.

Nhin chung, mang ha ap khéng truyén tai cong sudt 1on nhung lai trai trén dién

rong va cung cap dién ning truc tiép cho cac hd tiéu thu nén né lai 1a nguyén nhan dan
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sét vao cong trinh, gdy nimg dich vy, hu hong thiét bi. Thong ké cho thay, hau qua

khdng mong mun ctia qué 4p do sét lan truyén trén mang phan phdi ha 4p gay ra thiét
hai rat 16n va nhiéu lic khong thé danh gia cu thé duoc. Van dé dugc dé cap mot cach
cip bach trong nhitng nim gan day 1a cac trang thiét bi dién tir di trd thanh cac thiét bi
dugc st dung ngay cang nhiéu va rat phd bién trong cac toa nha, cac cong trinh & moi
1&nh e nhu buu chinh vién thong, phat thanh, truyén hinh, cong nghiép... C&c thiét bi
nay von rat nhay cam vdi dién &p cao va cach dién dy trit cia chung rat mong manh vi
thé can phai tinh toan lga chon, phéi hop va kiém tra cac thiét bi bao vé chéng sét mot

céch hiéu qua, chinh xac dé tranh xay ra hu hong cho céc thiét bi nay.

Do céc thiét bi chdng sét 1a thiét bi phi tuyén cho nén viéc danh gia cac dép ung
ngd raung véi song sét lan truyén véi mirc chinh xac cao theo phuwong phap giai tich
truyén thong gap nhiéu khé khin. Bén canh d6, do nudc ta van con bi han ché vé trang
thiét bi thi nghiém cao 4p, s6 lugng phong thi nghiém cao ap con khiém tén nén rat kho
khin cho cong tac thét ké, nghién ciru bao vé chdng sét lan truyén tai Viét Nam. Tuy
nhién, ngay nay, VGi su phét trién cta ky thuat mé hinh héa va mo phong da giup cho
chaing ta hiéu biét thém vé sy tuong tac giita cac yéu t6 cAu thanh mot hé théng ciing

nhu toan bo hé théng, dic biét 13 rat hiru ich cho viéc mé phong sét.

Hién nay, cac nha nghién ctru vamdt s nha san xuét thiét bi chdng sét lan truyén
trén duong ngudn ha &p cing mot sé phan mém mo phong hd tro da dé ra mot s6 md
hinh thiét bi chdng sét lan truyén véi mirc do chi tiét va quan diém xay duyng mé hinh
khac nhau. Tuy nhién, do dc diém cta ph wong phap mé hinh héa, md phong va yéu
ciu vé muc do chinh xic, muc twong déng cao giita mod hinh va nguyén mAu, cic
phuong phap xay dmg md hinh va mé phong cac thiét bi chong sét lan truyén van con
nhiéu tranh cai va tiép tuc nghién ciru phat trién.

Luan vin nay di sdu vao nghién aru xay dung mé hinh céc thiét bi chdng sét trén
duong nguodn ha ap, sau d6 sir dung phan mém mo phong danh gia hidu qua bao vé cua

hé thong chdng sét lan truyén trén duong ngudn cua cic cong trinh céng nghiép. Két
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gua nghién ctru s€ cung cp thém modt cong cu mod phong hitu ich cho cac nha nghién
clru, cac giang vién, sinh vién cac truong dai hoc trong viéc nghién ctru cac dap ung cua
thiet bi chong sét, dudi tac dong cua xung sét lan truyén va danh gid hi¢u qua cia cac hé

thdng bao vé chéng sét lan truyén trong cac cong trinh.

1.2. Muc tiéu va nhiém vu cia ludn van

-Nghién aru ciu tao, nguyén 1y hoat dong va cac mé hinh cta chdng sét van
MOV.

-X &y dung mo hinh mé phong ngudn phat xung sét tiéu chuén.

-Nghién aru bao vé qua ap trén dudng ngudn ha ap khi sét danh truc tiép vao
duodng day trung ap.

-X8&y dung mo hinh mé phong MOV trén ludi dién trung thé, ha thé.

-X&y duyng md hinh mo phong va danh gia hiéu qua bao vé cta hé théng chong

Sét lan truyén trén dudng ngudn ha ap khi sét danh vao dudng day trung &p.

1.3. Pham vi nghién ciru

-Nghién oru phan mém Matlab, Gtng dung phan mém Matlab mé phong cac md
hinh can xay dung.

-Nghién ciru, 1ap mé hinh mé phong nguén phat xung sét tiéu chuan.

-Nghién ctru va 1ap mé hinh mé phong MOV trén ludi trung thé va ha thé.

-M6 phong va danh gia hiéu qua bao vé ciia hé thong chdng sét lan truyén trén

duong ngudn ha ap khi sét danh vao dudng day trung ap.

1.4. Céc buée tién hanh

-Thu thap va doc hiéu cac tai liéu lién quan tir can bo hudng dan, sich, c&c bai
bao vainternet.

-Nghién ciru phin mém Matlab.

-Nghién aru cau tao va nguyén 1y hoat dong cia MOV; Xay dung mé hinh

ngudn phat xung sét tiéu chun.
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-X &y dung mo hinh mé phong MOV trén ludi trung thé va ha thé;
-X&y dung mé hinh mé phong va danh gia hiéu qua bao vé cua hé thdng chong sét

lan truyén trén dudng ngudn ha ap khi co sét danh truc tiép téi dudong day trung ap.

1.5. Piém méi ciia ludn vin

-X&y dung md hinh md phong ngudn phat xung sét tiéu chuan pht hop véi xung
sét trong thuc té;

-X&y dung mb hinh MOV Vi cac trang thai hoat dong dat do chinh xac cao theo
céc thong sb ki thudt cua nha san xuat;

-X&y ding cong cu moé phong qua dién ap va danh gia h£u qua bao vé cta hé
thng chéng sét lan truyén trén dudng ngudn ha ap khi ¢ sét danh ture tiép t6i dudng

day trung &p valan truyén qua mdy bién ap.

1.6. Giatri thue tién ciia luin vin

-Cung Gip thém mdt céng o md phong xung sét tidu chuian va mo hinh MOV
phuc vu cong tac nghién ciru dap tmg cta thiét bi chong sét dudi tic dong cia xung sét
lan truyén va danh gia hiéu qua bao vé cia hé thong chdng sét lan truyén trén dudng
nguén ha ap;

-Ludn vén la tai liéu tham khdo cé gid tri cho nhitng ai quan tdm tGi viéc
nghién citu lwa chon, phdi hop va kiém tra hiéu qua cac thiét bi bao vé chéng sét lan
truyén trén duong ngudn ha ap mot cach chinh xéac trong diéu kién thiéu phong thi
nghiém hién nay.

-Gop phan ti wu hoa céc tinh ning bao vé cua thiét bi chdng sét va ning cao do
tin Gy trong qua trinh van hanh ddi véi viéc bao vé chdng sét lan truyén trén dudng

ngudn ha ap khi sét danh vao dudng ddy trung ap.



1.7. N¢i dung cda luan van

No6i dung cua luan van gom 6 chuong:

Chuong 1: Mé diu

Chuwong 2: Tong quan vé sét .

Chuwong 3: Xay dung mé hinh ngudn phat xung sét tiéu chuin

Chuong 4: Cau tao, nguyén ly hoat dong va mdé hinh MOV

Chuwong 5: Nghién ciru bao vé qua ap trén dwong ngudn ha ap khi sét danh truc
tiép toi dwong dy trung ap

Chuwong 6: Két luin va hwéng nghién ctru phat trién.

1.8..Tai li¢u tham Kkhao:



-6 -

CHUONG 2: TONG QUAN VE SET

2.1. Sy hinh thanh sét

Trong nhitng diéu kién khi twong nhit dinh s& co sy phan chia dién tich trong céc
dam may dong do tac ding cta ludng khi nong thoi 1én va hoi nude ngung tu trong cac
dam may (dong nhét) hodc do su gip nha u cia nhirng ludng khong khi néng am véi

ludng khong khi lanh ning (dong front), khi d6 déng bio va sam chdp sé xay ra.

Sét 1a nHt dang phong dién tia lira trong khi quyén véi khoang cach rat 16n. Qua
trinh phong dién c6 thé xay ra trong khi quyén giita cac dam may mang dén trai dau va
gilta cac dam may voi dat.

Sau khi dat d6 cao nhét dinh ving khong khi nay bi lanh di, hoi nudc ngung tu thanh
nhitng giot nuéc li ti hodc thanh nhiing tinh thé bang va tao thanh cac dam may dong.
Cac dam may mang dén 13 két qua cta su phan tich cac dién tich trai ddu va tip trung

trong cac phan khac nhau ciia dam may.

Két qua quan tric cho thdy rang phan duéi cta cac ddm may dong chu yéu 1a chia
cac dién tich am, do d6 cam tng trén mit dat nhitng dién tich dwong tuong tmg va tao
nén mot tu dién khong khi khong 16 (Hinh 2.1) su phan b dién tich giita ddm may dong

va mit dat).Cuong do dién truong trung binh noi déng nhat thuong it khi qua 1kV/em,

Hinh 2.1: Sy phat trién cua sét trong ddm may dong.
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nhung c4 b#t noi mat ¢ dién tich cao, hodc noi ¢ vat dan dién tdt nho 1én ca o
trong mat dat dién trudng cuc bo cod thé cao hon nhiéu va co thé dat dén ngudng ion
hoa khong khi (& mat dat tri sé nay 25-30kV/cm va cang lén cao cang gim, & do cao
mot vai kilomét gam con khoang 10k VV/cm) £ gay ion hoa khong khi tao thanh dong

plasma, m& dau cho qué trinh phong dién sét gitta may dong va mit dat.

Sét thrc chat 1a mot dang phong dién tia Itra trong khong khi véi khodng cach
phong dién rat 16n. Chiéu dai trung binh cua khe sét khoang 3 + 5 Km, phn 16n chiéu
dai d6 phat trén trong cac d &m may dong. Quéa trinh phongtién cua sét twong tu qué
trinh phong dién tia lira trong dién truong rat khong dong nhit véi khoang cach phong
dién 16n (Hinh 2.2)

Hinh 2.2: Sy phat trién cua song dién sét trong ddm may dong.
Qua trinh phong dién sét gdm c6 3 giai doan chu yéu:

Bat ddu bang mot tia tién dao sang mo, phat trién thanh timg dot gian doan vé phia
mat dat voi tbe do trung binh (10° — 10%m/s. Pdy 1a giai doan phong dién timg dot.
Kénh tién dio 12 mot dong plasma méat d6 dién khoang (10" -10') ion/m®. Mot phan
dién tich Am ctia may dong tran vao kénh va phan b twong ddi déu doc theo chiéu dai
ciia n6 (Hinh 2.3a). Thoi gian phat trién cua tia tién dao mdi dot kéo dai trung binh
khoang 1us (twong ing vai tia tién dao dai thém trung binh dugc khoang vai chuc mét

dén vai trim mét). Thoi gian tam ngung phat trién gita hai dot lién tiép khoang (30 —
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90)us. Dudi tac dung cua dién truong va tao nén bdi dién tich ciia may dong, dién tich
am trong kénh tién do s& tip trung dién tich cam tng tra i dau trén viung mit dit phia
dudi dam may dong, cac dién tich chu yéu tap trung & ving ¢ dién dan cao nhu cic toa
nha cao ting, cot dién, cdy cao bi udt trong mua. .. chinh cac ving dién tich tap trung sé
dinh hudng phat trién cua tia tién dao huéng xudng. Cuong do dién truong & dau kénh
tién dao trong phan 16n phat trién cta nd dugc xac dinh boi dién tich ban than cta kénh
va dién tich tich tu cua dam may. Puong di ctua kénh giai doan nay khong phu thudc
vao tinh trang cta mit dat va cac vat thé & mat dat, né hudng thang vé phia mat dat. Chi
khi kénh tién dao con cach mit dat mot do cao nao dé (d0 cao dinh hudng) thi méi théy
rd dan anh huong cua sy tap trung dién tich & mat dat va ¢ cac vat dan nho cao khoi mat
dat d6i voi hudng phat trién tiép tuc ctia kénh. Kénh s& phat trién theo hudng c6 cudng
do dién truong lon nhét. Nhu vay vi tri dd bo cua sét mang tinh chon lgc. Diéu nay coy
nghia rit quan trong trong k¥ thut chdng sét danh thang cho cac cong trinh.

Khi tia tién dio xuat phat tir may dong tiép can mit dat hodc tiép can kénh tién
dao nguoc chiéu thi bit dau giai doan phéng dién nguoc hay phong dién chu yéu (Hinh
2.3b). Trong khoang cach khi con lai giira dau kénh tién dao va mit dat ( hodc gitra hai
dau kénh tién dao nguoc) cuong d6 dién truong ting cao gay ion héa manh Kt khong
khi, din dén su hinh thanh mot dong plasma moi, c6 mat dé dién tich cao hon nhiéu so
vGi mat do dién tich ciia kénh tién dao (10'° —10") ion/m®, dién dén cua n6 ciing ting
1én hang trim ngan 4n, dién tich cam ung tir mat dat tr an vao dong ngroc trung hoa
dién tich am cua kénh tién dao trudc day va thuc té dau dong mang dién thé cua dat, lam
cho cudng d6 dién truong & khu vuc tiép giap cua hai dong plasma nguoc chiéu nhau
tang 1én gy ion hoa rénh liét khong khi & khu vuc ndy va nhu vay dau dong plasma
dién din cao tiép tuc phat trién nguoc 1én trén theo kénh ¢ sin bai kénh tién dao. Toc
d6 cua kénh phong dién nguoc vao khoang 1,5.10" — 1,5.10°m/s tirc 1a nhanh gép tram
lan tbc d6 phat trién cua dong tiéndao (Hinh 2.3c). Vi mt d 6 dién tich cao d6t nong
manh liét nén phong dién chu yéu sang chéi (46 chinh 1a tia chdp), su dan nd dot ngot
cta khong khi bao quanh kénh phéng dién chu yéu tao nén nhitng dot séng 4m manh

ligt gdy nén tiéng nd (d6 1a tiéng sim). Pac diém quan trong nhat cua phéng dién chi
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yéu la cuong d6 dong dién lon. Néu V la téc d6 cua phoéng dién chu yéu, o mat do dién
tich thi dongdién sét s& dat gid tri cao nhat khi kénh phéng dién chu yéu 1én dén dam
may déng va Bing I = oV (Hinh 1.3d). Giai doan két thic duoc danh ddu khi kénh
phong dién chu yéu 1én toi dam may thi dién tich cam tng tr mat dat trung hoa voi
dién tich am cua n6, mot phﬁn nho cua sb dién tich con lai cta dam may s& theo kénh
phong dién chay xudng dét ciing tao nén chd sét danh mot dong dién c6 tri s6 nhat dinh,
giam dan twong (mg phan dudi xung dong sét.

Két qua quan tric sét cho thay rang mot dot phong dién sét thuong xay ra nhiéu lan
ké tiép nhau, trung binh 14 3 1an, nhidu nhat c6 thé vai ba chuc lan. Cac lan phong dién
sau c6 dong tién dao phat trién lién tuc (khong phai ting dot nhu 1an dau), khong phan
nhénh va theo qui dao 1in ddu nhung véi téc do cao hon (2.10° m/s).  Su phong dién
nhiéu 1an cua sét dugc giai thich nhu sau : Dam may dong c6 th c6 nhiéu trung tam
dién tich khac nhau hinh thanh do cac dong khdng khi xody trong may. lin phéng dién

dau tién di nhién s€ xay ra. gitta dat va trung tam dién tich cé cuong do dién trudong cao

nhat.
1
1
+
++ +
+ '+ 4 ++12 +
e +++ [J+++

Hinh 2.3: Cac giai doan phong dién sét va bién thién cta dong dién sét theo thoi gian.
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(a) Giai doan phong dién tién dao.

(b) Tia tién dao dén gan mdt dét hinh thanh khu vuc ion ha manh liét.

(c) Giai doan phong dién nguoc hay phong dién chu yéu.

(d) Phong dién cha yéu két thuc.

Trong giai doan phong dién tién dao thi hiéu thé giita cic trung tam dién tich nay
V6i trung tam dién tich khac thuc té khong thay dbi va it c6 anh huong qua lai giira
chung, nhung khi kénh phong dén chu yéu da 1én dén may thi trung tdm dién tich dau
tién cia dam may thuc té mang dién thé cua dat lam cho hi¢u thé giita trung tim dién
tich 4 phéng voéi trung tam dién tich 14n c4n ting 1én va c6 thé dan dén phong dién giita
ching véi nhau. Trong khi d6 thi kénh phong dién cii van con mdt dién din nhat dinh do
su khtr ion chua hoan toan nén phong di¢n tién dao lan sau theo ding qui dao do, lién

tuc va véi toc do cao hon lan dau (Hinh 2.4) .

= ung 1hit ohdh

phéng d1n chink =uag 1hi hay

180 1hit ohdh phéng dicnchinh xung 1hit ba
140 1hif hay

'déng d %
i =
: S )
\Bién dé dong ' L
. diénsét ' fo ?H
. |
'Déng dién dﬁl_u . Déng phdt{dng v sau

0,005-0,0l=1 ! 0,01-0,05s
I

déng setchinh
50-1004 =

lb)

Hinh 2.4 : Qu4 trinh phat trién clia phéng dién sét.

2.2. C&c hiéu trng thir cap do sét giy ra
-Qua d6 dong dién dot bién trong dat.
-Qua dién 4p khi quyén
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-Xung dot bién dién tir
Qua d6 dong dién trong dat: qua trinh trung hoa ion hinh thanh sy di chuyén dién
tich cam ung doc theo hoac gﬁn trén bé mat dat dén diém sét danh vao. Bat ky vat dan
nao chén gan trong ving dién tich cam tng s& tao nén mot duong dan nita dén diém sét
danh gin nhat. Vi qua trinh phong dién xay ra rat nhanh (20us) va Hc do gia ting d&én
dinh cuc nhanh khoang 50ns nén dién ap cam tng sé rat cao (Hinh 2.5). Sét lip lai trén
dat c6 thé kéo theo cac hiéu ung:
— HO quang c6 thé hinh thanh va xuyén qua 16p so6i dén gan cac 6ng dan khi, cap
hodc hé théng ndi dat.
— Dong xung dot bién c6 thé ghép cam tng qua 16p soi dén hé théng ndi dat hién

hanh, gay nén hién tuong gia tang dién 4p khong dong thoi trén hé thdng ndi dat.

Hinh 2.5: Qua d6 dong dién trong dat

Quia dién ap khi quyén: Qua dién ap khi quyén xay ra khi sét danh thing hoic
danh gin gay cam ung trén duong day. Xung dot bién tinh dién 1a két qua tryc tiép cia
sy bién doi truong tinh dién trong cac dam may mang dién. Cac dudng day treo trén
khong ( c6 tk 1a duong diy ph an phdi, dudong diy thoai (Hinh 2.6)...) mim trong
truong tinh dién nay s& dugc tich dién va thé co thé 1én dén hanh trim kV. Khi phong

dién sét xay ra, dién tich di xudng dudng day tim duong dan xubng dat. Bat ky thiét bi
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nao ndi dén dudng day ciing sé& 1a dudng dan xudng dét, néu khong dugc bao vé thi thiét
bi s& bj hu hong do qua trinh trung hoa nay. Ht ca cic dbi twong mang tinh kim loai,

dic biét 1 hinh dang mili nhon dua 1én thang trong trirong tinh dién nay thi né hinh
thanh mot dién thé cao so vé6i dat. Néu khong duoc ndi dét co thé giy danh lira, chay va

pha v& cac phan tir nhay cam.

CONTROL ' CONTROL
CENTER ( CEMTER

Hinh 2.6 : Qua dién ap khi quyén do sét danh thang hodc danh gin duong day

Xung dot bién dién tir: Xung dot bién dién tir 1a két qua ctia qua do tir trudng hinh
thanh do dong cliy trong kénh phong dién sét. Sau khi sét danh kénh dan dién hinh
thanh gitta may va dat, né trd thanh mot duong dan giéng nhu 1a day dan. Dong trung
hoa nay chiy rat nhanh, tbc d6 ctia né phu thudc vao tré khang kénh din va dién tich
dam may. Toc do gia ting ciia dOng xung nay co thé 1én dén 500k A/us va trung binh 1a
100kA/ps. Két qua 1a dién ap ghép cam tng trén duong dan 1a rat dang ké.

Khi dién tich cac dam mAy cuc 16n, tia tién dao ting bac di xudng gan dat gip dong
dién nguoc di Ién va sét 1ap lai xay ra. Sét 1ap lai phat ra xung dién tu rat manh va nd cé
thé truyén trén mot khoang cach dai, anh huong dén mot ving rong 16n. Vi vay, duong
day truyén tai hodc duong day dir lidu trén khong s& bi thiét hai néu nhu khong duoc
bao vé do su xam nhap cuia xung dot bién dién ti.

Hiéu ing xung dot bién dién tir gay ra ciing nhu trong truong hop dong dién di vao

hé théng dat voi tc d6 bién thién di/dt rat nhanh tao dién truong cam tng dén bat ky hé
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thong day dan ndm trong dat va nang lugng cta nd co thé 1am anh huong chi it 1a lam

nhiéu loan céc dir liéu trén duong day.

2.3. Cac thong sb ciia sét lan truyén :

I
A / — Tok
0.5 I'py
T o 20us
T,=8us

Hinh 2.7: Dang s6ng dong dién sét

Viét Nam 13 mot nue nim trong khu vyc nhiét d6i am, c6 dia hinh d6i ndi va dong
béng xen k&, khi hau Viét Nam rat thuan loi cho viée phat sinh, phat trién cua dong sét.
S ngay dong c6 ¢ Viét Nam trén nhiéu khu vuc thudc loai kha lon. Dong dién sét nhu
hinh 2.7, c6 dang m¢t song xung. Trung binh trong khoang vai ba micro gidy, dong dién
tang nhanh dn tri s6 cuc dai tao nén phan diu song va sau dé giam xudng cham cham
trong khoang 20-100us, tao nén phan dudi song. Sy lan truyén song dién tao nén boi
dong dién sét gay nén qua dién dién ap trén duong ngudn, do dé can phai biét nhing
tham sb chui yéu va xac xudt xuit hién cua né (chi tiét vé thong sb va dang xung sét
duogc trinh bay ¢ chuong 1V).

— Bién do dong sét

— Do dbc dau song dong dién sét

— Do dai song dong dién sét (thoi gian cho dén khi dong dién sét giam xudng con %
bién dJ ctia no).

Ngoai ra én phai biét cudng do hoat dong trung binh ciia sét 1a s6 ngdy c6 dong

trung binh hoic tong sd gio c6 dong sét trung binh trong mdt nim & mdi khu vyc ldnh
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thd va mat do trung binh sét trong khu vuc d6. S6 ngay dong cuc dai 1a 113,7 ngay (tai
DPodng Phu), s6 gio dong cuc dai 433,18 gid tai Moc Hoa. Tai Viét Nam, sét co cuong do
mManh ghi nhan dugc béng dao dong ky tu dong co6 bién do Imax = 90,67kA (86 liéu cua
Vién Nghién Ctru Sét Gia Sang Thai Nguyén).

Cuong d6 xung sét cam tng trén duong ngudn dién rit cao, co thé dat t6i 250kA.
Tuy nhién dong sét wrot qua 130k A rat it xay ra, thuong trung binh khoang 30k A. Hon
75% céc tia sét lap lai sau tia sét dau tién 30-20us. Trung binh c6 3 dén 20 tia sét lap lai
duoc ghi nhan bang may do sét (Bang A1 NZS/AS 1768-1991). Bén canh ning luong
va dong sét cao, ¥n dé 16n can quan tim 13 toc do ting dong di/dt cua sét c6 thé dan
dén qua ap trén duong truyén. Dang song cua sét dugce dac trung bdi bién do song, do
dbc dau séng va thoi hang dudi song. Thoi gian ting ap va dong cua sét dén bién do cuc
dai trong khoang 1-10us véi tia sét déau tién va 0,1- 1us Vo1 céc tia sét 1ap lai, thot gian
suy giam dén phan nita bién do cuc dai trong khoang 20-30us V&i cac tia sét ddu tién va
5-8us Vi cac tia sét lap lai. Téc do tang dong co thé dat toi 70kA/us dbi véi tia sét dau
tién va vuot qua 200k A/us doi vai cac tia sét tiép theo. Tdc do ting ap do duoc dat tGi
12kV/us.

2.4. Thiét hai do sét lan truyén giy ra.

Sy cam tng qua dién 4p, qua trinh qua do do sét danh, cac hau qua cua dong cit
mach dién, su ¢b luéi dién... va nhiéu hién tuong khac 1a mot trong nhiéu nguyén nhan
lam hu hong cac trang thiét bi dong luc, cac may vi tinh, cac thiét bi trong mang ludi
thdng tin vién thong. .. ma trong qua trinh van hanh rat kho phat hién. Qua thong ké cho
thiy rang trén 70% céc sy cd vé thong tin lién lac, vé may vi tinh... 1a do sét danh lan
truyén hay ghép cam tmg theo dudng cip ngudn va dudng truyén tin hiéu ...

Nhiéu van dé da duoc dé cap mot cach cap bach trong nhitng ndm gan day vi cac
trang thiét bi dién tr da trd thanh céc trang thiét bi sir dung ngay cang nhiéu va rat phd
bién, mang 1udi vi tinh da phat trién rong khap va nhiéu nganh céng nghiép di duoc dit

hé thong diéu khién va thong tin lién lac sir dung céc linh kién dién tir.
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Niam 2001, theo thong ké d6i v6i nganh Buu Chinh Vién Théng c¢6 53 su ¢b do sét,
chiém 27,13% su ¢6 vién thong va tong thoi gian mat lién lac do sét 1a 716 gio gay thiét
hai 4.119 ty dong. Véi dac thu trai rong khip ca nuéc, bao gdom hang ngan tong dai,
tram vién thong vai hang tram loat thiét bi khac nhau, nguy co sét danh vao mang vién
thong 14 rit cao va viéc phong chdng sét 13 hét stc kho khan. Hién tai toan bo cac tram
vién thong da dugc lap dat hé thong chdng sét rat da dang vé chung loai va muc dich lap
dat 1a dan dong sét xuéng dat, sao cho dién ap con lai du thép, an toan cho thiét bi. Thuc
té va 1y thuyét cho thay rang hiéu qua phong tranh sét phu thudc vao nhiéu yéu to,
khong chi chat lugng thiét bi ma con chat lwong lap dit, cham séc bao dudng. Nhiém vu
chéng sét con chua quan tim dung mitc va ¢ nhiéu noi da budng 1ong quan 1y nén lya
chon ddi tugng phong tranh chua hét, dé xuat bién phap chua dat hiéu qua cao. Hang
loat sy ¢b 1a do dién 4p cam tng din vé tram trung tAm qua dudng day cap treo trén céc
cot cao, cOt anten ...

Hau qua khong mong muén do sét lan truyén hodc do qua dién ap thudng giy tham
hoa cho cong ty va xi nghiép, thiét hai do sét lan truyén gy ra rit 16n trong cac ldnh vuc
trong diém cua dat nude nhu Buu Chinh Vién Thdng, Phat Thanh Truyn Hinh, Ngan
Hang, Hang Khong, Xang Diu... Didu khong chi dan dén két qua 1a cac trang thiét bi
c6 gia tri budc phai duoc thay thé ma con gay ton that kinh té do phai nghi, khong van
hanh trong thoi gian phét hién va khic phuc sira chita, va mat nhiéu co hdi kinh doanh.
Theo du doan cua cac nha khi trong thily vin, trede mét va trong cac nim t6i nita dién
bién thoi tiét s& rat phire tap. Vi vay viéc khao sat, thong ké, thir nghiém dé danh gia
hiéu qua va chat luong cac thiét bi chong sét trén dudng cip ngudn va dudng tin hiéu,
nham bao dam chi tiéu lap dat nhitng thiét bi c¢6 hiéu qua thuc t& 1a diéu thiét thuc va

cap bach.
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CHUONG 3: XAY DUNG MO HINH NGUON PHAT
XUNG SET TIEU CHUAN

Ngay nay, trén mang phan phdi ha ap, cac thiét bi dién dién tir st dung ngay cang
nhiéu véi c4c tinh niang ngay cang tién bo hon nhung bén canh d6 ching lai ciing dé bi
hu hong hon boi cac xung qué 4p qua do. Mot giai phap hiéu qua dé thiét ké cac
mach bao vé qua ap hiéu qua la sir dung ky thuat mé phong cua may tinh, lap mo
hinh cac ngudn phéat xung va mé hinh céc phan ta bao vé, sau d6 chay mé phong
mach dé tir cac két qua thu dugc tién hanh phan tich danh gia hé thong bao vé.

K§ thuat md phong rat thuan loi cho viéc thiét ké, vira tiét kiém cong stc, thoi
gian va tién bac. Cac chwong trinh mé phong nay khéng thé hoan toan thay thé duoc
cac thir nghiém thyc té nhung nhd vao nhitng budec mé phong dau tién ta sé co thé
du bao nhirng dap ¢ng, dién bién caa mot hé thong tir 6 dé c6 duwoc mot thir nghiém
hop ly.

C6 hai cach dé thuc hién cac qua trinh mé phong:

Céch 1: Mo tdé mach dién theo phwong phép todn hec (cang chi tiér cang tor)
sau d6 s& c6 chwong trinh viét sin thuc hién viéc tinh toan cho mach dién d6. Céch
nay doi hoi phai c6 cac chuong trinh riéng cho tung truong hop mach dién dé tranh
cac lam lan vé sé.

Céch 2: Si¢ dung céc chwong trinh phan tich hé théng chdang hgn nhu phdn
mém PSPICE, phan mém MatLab, EMTP, ATP... uu diém chinh cua cich nay Ia
tinh linh hoat ctia nd. Nguoi st dung khdng can viét bat ky doan ma chwong trinh
nao cho nén ho c6 thé tap trung giai quyét cac van dé cua mach dién. Nhitng thay doi
trong so d6 mach dién hay trong thudc tinh theo thoi gian va thugc tinh theo tan sé
cling dugc thuc hién mot cach don gian. Sau khi thiét ké, toan bo md hinh mach bao
vé dugc chen vao xem nhu la mot mach dién phu trong qué trinh phén tich ctaa ca hé
théng.

Trong pham vi ctia dé tai, nguoi thuc hién sé st dung phan mém Matlab dé tién

hanh lap md hinh cac nguén phat xung.
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3.1. Gi6i thiéu phan mém Matlab
3.1.1. binh nghia

Matlab 12 méi truong tinh toan ky thuat bang may tinh. Matlab tap hop cac phép
phan tich sb hoc, tinh todn ma tran, xa ly tin hiéu va d6 hoa trong méi trudong d& sir
dung trong d6 cac van dé va giai thuat dugc dién ta bang cac biéu thirc toan hoc ma
khong can phai 1ap trinh phtc tap nhu cac ngdn ngit khac. Thuat ngit Matlab c6 duoc
do ghép hai tir Maxtric va Laboratory.

Ngay nay, Matlab 14 phan mém c6 giao dién cuc manh, c6 nhiéu loi thé trong lap
trinh dé giai quyét cac van dé trong nghién ctu khoa hoc k¥ thuat cia nhiéu nganh
nghé khac nhau. Phan mém hién dang duoc s dung rong réi trong cac nganh: Dién
- dién ttr, hat nhan, diéu khién tu dong, robot,...

Matlab bién cac tin hiéu twong ty thanh cac tin hiéu sé roi tap hop thanh tap tin
dir liéu, thdng qua cac ham toan hoc trong Matlab.

Matlab duoc diéu khién boi cac tap lénh, tdc dong qua ban phim. N6 ciing cho
phép kha nang lap trinh véi ca phap thong dich 1énh. Cac bo 1énh trong Matlab ngay
cang duoc mé rong nhing cong cu ng dung trong mot sé linh vuc goi la cac hop
cong cu (Toolbox) hay thong qua cac ham do nguoi sir dung tu xay dung. Matlab cé
hon 25 hop cong cu dé tro gilp cho viéc khao sat cac van dé lién quan. Céac hop
cdng cu bao gom xu Iy tin hiéu, thiét ké hé théng diéu khién, tai tao hé théng dong
lyc, nhan dang hé thdng va cac linh vuc khéc.

Hop cong cu Simulink 12 phan mé rong cia phan mém duge ngudi sir dung ding
md phong céc hé théng dong hoc mot cach nhanh chong va tién loi. Matlab cho phép
xt Iy dit liéu, biéu dién d6 hoa don gian, thuan tién va chinh xac trong khong gian
2D, 3D béi céc thu vién chuan, hdm chuan c6 sin hoic do ngudi sir dung tao ra.

Matlab 4.0 tré Ién hoat dong trong moi truong Windows. Trén thi truong hién
dang sir dung phién ban 7.4.0.287. Chuong trinh ludn dugc cap nhat cac phién ban

thuong xuyén. Pic biét, chuong trinh Matlab c6 thé lién két chay cac chuong trinh

ngon ngit cAp cao khac nhu: C*F, Fortran,...
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3.1.2. Céc khéi sir dung trong mé hinh

4 Khoi Inport va Outport

~—— Khéi Inport va Outport la cac khoi dau vao, dau ra ciia mot md hinh

md phong, khéi Inport va Outport doc 1ap véi nhau, bat dau tir 1. Khi bd

o sung thém khéi Inport va Outport, khdi méi s& nhan s6 tha tu ké tiép.

Khi x6a mot khéi nao do, cac khdi con lai s& duoc tu dong danh s6 mai.
+ Khéi Subsystem

qint Cutl »

Subsystemn

+ Khoi Abs

>%|u| >

Khéi Subsystem dwoc st dung dé tao hé théng con trong
hinh SIMULINK. Sb lugng dau vao/ra cua khdi subsystem phu
thuoc sd leong khdi Inport va Outport. Pau vao/ra cia khoi
Subsystem s& dugc dat theo t&n mic dinh cua cac khdi Inport va

Outport.

Khéi nay ldy gia tri tuyét ddi cua tin hiéu ngd vao, tin hiéu ngd vao

c6 thé 1 tin hiéu thuc hay phic.

+ Khéi Transfer Fnc

1
o)
0.07e-G:+1

Transfer Fend

Mic dau chirc ning caa Simulink c6 thé giai quyét dugc cac bai toan
c6 xuat hién vong lap dai sé nhung thoi gian giai cac bai toan rat
cham. Nho khéi Transfer Fen, c¢6 thé tranh dwoc vong lip bang
cach dua tin hiéu lién tuc vé roi rac voi mot thoi gian trich mau phu
hop ma van dam bao tinh ding din cua md hinh. O vi du thoi

gian trich mau 1a T =0,01ps.

4+ Khoi Compareto Constant

H==3p

Khéi nay so sanh tin hiéu ngd vao véi mot hiang s, tin hiéu ngd ra la
gia tri logic bang “0” néu so sanh sai, bang “1” néu so sanh dung.
Gia tri hang s6 duoc nhap vao thong sé Constant value caa khéi,
théng sé Operator cho phép nguoi st dung lua chon cac phép so

sanh.

4 Khéi Unit Delay
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Khéi nay ldy mau tin hiéu ngd vao, sau do6 hodn va giir tin hiéu ngd

[y

z vao trong mét khoang thoi gian lay mau. Thoi gian lay mau nay

duoc nhap vao tir thong s6 Sample time caa khdi, don vi la s. Tin
hiéu ngd vao c6 thé 1a tin hiéu thuc, tin hiéu phac hay bat ky dang
tin hiéu nao cung cap boi Simulink ké ca dang diém. Luu y 14 can
phai xac dinh tin hiéu ngd ra trong giai doan dau tién thdng qua
Initial conditions vi néu khong nd cé thé sinh ra mot gia tri khong
mong mudn ciia ngd ra anh huong dén két qua mé phong.

+ Khoi Breaker

- ﬁz Khoi Breaker la khéi dung dé dong cat mach dién (circuit

1

O breaker), thoi gian déng, cit cd thé didu khién bai mot tin
hiéu bén ngoai (External control mode), hay duoc diéu khién boi
thoi gian bén trong (Internal control mode).

Khéi Breaker chi cit ra khi dong qua n6 di qua gia tri “0” va tin hiéu diéu
khién chuyén trang thai tir “1” xuéng “0”.

Khi khod dong no hoat dong nhu mot mach dién tro, véi mot dién tré ndi bén
trong Ron. Gia tri dién tro nay co thé cai dat boi nguoi sir dung. Ngoai ra, khod nay
con ¢ mot mach snubber R-C miac ndi tiép vaéi khoa dé tranh truong hop khoa ni
tiép voi nguon dong hay cudn cam. Pa s cac truong hop déu dung bo snubber
dién tré (Rs = 1IMQ, Cs = inf). Khi khoa duoc dat ¢ ché do External control mode
mot ngd diéu khién ngoai s& xuat hién trén icon caa khoa. Tin hiéu diéu khién ngoai
nay phai 1a gia tri logic “0” hay “1”, bang “0” khda m¢, bang “1” khéa déng. Khi
khoa duoc dit ¢ ché do Internal control mode mot hop thoai thoi gian dong cat sé
xuit hién dé xéac dinh thoi gian dong cit. Trang thai ban dau cua khoa duoc xac dinh

boi théng so Initial state, bang “1” khda déng, bang “0” khda mé.

3.1.3. Giai thiéu cong cu Curve Fitting Toolbox
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Cong cu Curve Fitting Toolbox 14 sy tap hop nhiéu giao dién d6 thi, giao tiép
truc tiép v6i ngudi st dung, va cac ham M-file, dugc xay dung trong méi trudng tinh
toan ky thuat cia Matlab. N6 thyc hién cac nhiém vu chinh sau: khao sat 1 hay nhiéu
khéi dir liéu va xir ly diéu chinh dé v& db thi, danh gia biéu dd linh hoat nhit bing
cach sir dung céc s6 du. Bé mé cong cu Curve Fitting ta nhap cau lénh: cftool

 Curve Fitting Tool E@@

File Wiew Tools ‘Window Help

G| & & ™ |[=)

[ Data... l[ Fitting... l[ Exclude... l’ Plotting... l’ Analysis... l
1
(R=33
06
oal Select "Data" to begin curve fitting
02F
D 1 L 1 1
0 0.2 0.4 0.6 0.5 1

Hinh 3.1: Giao di¢n tao Curve Fitting Toolbox
Trudce khi nhap di liéu vao Curve Fitting phai chic chan rang d& c6 1 file di liu
mau tén tai trong MATLAB Workspace, file mic dinh c6 sin trong MATLAB Ia
census.mat
Str dung cAu lénh “load census” dé mo file census.mat Trong cira s6 Workspace
s& md ra 2 bién gi4 tri 1a cdate va pop. Bé tao cac bién méi ta chon New variable,

gid s tatao 1 tdp hop ciia 2 bién x vary.

/ Workspace

- |E3]

Fle Edt View Graphics Debug Desktop MWindow Help

ﬂ ﬂ @ aﬁ % Stack; @Select data to plat v

Name | Value Min May
tdate <201 doubler 1790 1990
pop <20l daubley 1 S
v L3456 | B
v [L2aEmlzsiE] | 18

Hinh 3.2: Ctra s6 Workspace
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Chuong trinh cho phép dbi tén bién, hiéu chinh dir liéu va xem dit liéu cua
mét bién bat ki bang céch chon tén bién cin quan tdm. Céc dit liéu cua 2 bién x va y
nhap liéu xong s& dugce cap nhat vao trong Curve Fitting. Tiép theo, dé khai bao dir

liéu chon trang Data xuat hién cira s6 nhu Hinh 3.6.

Caka Seks | Smaakth
Impart workspace weckors: Preview
¥ Daka: |>< L |
Y Daka: |v i | -
Weights: |(n0ne) hd |
*
Data seks:
Tim ham so w1 = F1(x) -
+
+
-
[ Wiew ] [ Rename ] [ Delete ] +

Hinh 3.3: Cira s6 Data
Chon tén bién cho X Data va Y Data, tao tén file: vi du Tim ham s y = f(x). Sau
khi khai bao bién xong, click va nit create data set va dong cua so lai. Tiép theo

chon trang Fitting, xuat hién cta s6 nhu Hinh 3.7.

J Fitting E@El
Fit Editor
[ newfie || Copyfic |
Fit name: [Fie 1
Data sek: | Tirm ham so y=F{x) >~ Exclusion rule: {none) e |
Type of Fit: . Polyrnomial ~ | [] Center and scale X data
Polyniomial
linear polynomial - |

quadratic palynonial
cubic palynomial

“th degree polynomial
Sth degree polynomial
6th degree polynomial
7th dearee pobynomial i<}

[ 1mmediste apply
Hinh 3.4: Cira s Fitting

Chtic nang chinh cua Fit Editor di tim méi twong quan chinh xé&c nhat gitra bién
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X va y thdng qua cac ham toan hoc co ban duoc xay dung san trong MATLAB nhu
ham da thirc, ham mi, ham lograrit..., khai trién Fourier.. va ham toan do nguoi thyuc
hién tao ra. Viéc chon két qua chinh xac nhat phu thudc vao thdng sé R-square tién
gan dén gié tri 1.

Linear model Poly 7:

f(X) = p1*XAT + p2*XN6 + p3*X15 + pd*xM4 + p5*x"3 + p6*Xx"2 + p7*X + p8

Coefficients:

pl= 0.001984 p5=  27.85 Goodness of fit:

p2= -0.06667 p6= -63.18 SSE: 7.833e-023

p3=  0.9222 p7= 7223 R-square: 1

pd=  -6.75 p8 = -30 Adjusted R-square: NaN
RMSE: NaN

Két qua vi dy trén 1a :
Y = 0.001984*Xx"7 - 0.06667*x"6 + 0.9222*X"5 - 6.75*x 4 + 27.85*x"3 -63.18*x"2 +
72.23*x - 30

 Curve Fitting Tool

File Wiew Tools ‘Window Help
@ | & & O ||k

I [ Deta... H Fiting... |l Exciude... H Plctting... H Analysis.. ‘
+  Tim ham so y1 =f1(x)

15+ fit 1 H

10+ -

5_ -

1 1 1 1 1 1 1

1 2 3 4 A 5 7 &

Hinh 3.5: D6 thi y; = f1(X)
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M¢ trang Analysis dé kiém tra do sai s cua do thi trong qué trinh tinh toan caa

may tinh.
-
Fit to analvze: | fit 1 (Tim ham... # F(xi)
Analyze at ¥i=|1:0.7:3 1 1
1.7 2,19195
Evaluate fit at Xi 2.4 2.02668
Sl 3.25299
Predicti fid bounds:
rediction or confidence bounds 8 = 26790
() MNone 4.5 7.53802
() For function 5.2 9,58057
1 (") Far new observation = 11.653
6.6 13.8599
Level % 7.3 15.7816
t&] 18
[[] 15t derivative at ¥i
[ Save towaorkspace, ., ] [ apply ] [ Close | [ Help ]

Hinh 3.6: Cira so Analysis
Curve Fitting Toolbox la coéng cu rat hitu ich trong viéc tim méi lién hé gitra
cac sy kién thu thap duoc trong qua trinh do dac thuc nghiém, dé tir d6 gidp cho
nguoi thuc hién c6 thé du doan dién bién cua su kién c6 thé xay ra & mot thoi diém bat
Ki.
3.2. Xay dung md hinh ngudn phéat xung sét
3.2.1. Cac dang xung khong chu ky chuén

e St

[mpulse wave specification

Hinh 3.7: Dang song xung khong chu ky chuan
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Céac xung khong chu ky chuan gdom xung dong dién va xung dién &p la nhitng
dang xung co ban rat can thiét cho viéc thir nghiém cac thiét bi bao vé qua &p ciing
nhu thir nghiém cach dién cua céc thiét bi dién. Dang song cua cac xung nay duoc
trinh bay trong Hinh 3.10.

Phuong trinh md ta cua xung dong dién va dién &p chuéan c6 dang:
i(t) = 1(e®-e™) (3.1)
u(t) = Ue™ -e™) (3.2)
Xung dong va xung &p cO dang hoan toan giéng nhau, dudi day ta chi xét

dang xung dong dién tir d6 ¢ thé suy ra xung 4p twong ty. Dang xung dong gom 2

thanh phan 18 va 162t nhy Hinh 3.11.

Ie™

L}

v\‘ Irgst = I(e™ —e™)

'\ e
-1

Hinh 3.8: Dang s6ng xung gém tong caa hai thanh phan
Gia tri cua |, a, b tir biéu thuc trén c6 thé xac dinh d6i véi ting dang xung
dong chuan tir cac gia tri: Gia tri dinh 11 cua xung dong, thoi gian dat dinh t1, thoi
gian dat ¥ gia trj dinh t2 thdng qua cac dudng cong chuan nhu Hinh 3.12, 3.13, 3.14.

t2/Ty
S0

40 {/
R e el N f R e e B /

el
F RN

1.0 = 10 40 100 400 1000
b/a

Hinh 3.9: Puong cong xéc dinh ty s6 b/a
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at;

0.7 e
0.6 \L
0.5 \

0.4

0.3 \

i
T — £

1.0 4 10 40 100 400 1000
b/a

Hinh 3.10: Puong cong xac dinh ti s at;

LI
1.0 —
0.9 it

0.8
0.7 3

0.6
0.5 /-
04 !

1.0 4 10 40 100 400 1000
b/a

Hinh 3.11: Puong cong xéac dinh ti s6 I,/
3.2.2. Xay dung méi lién hé giira cac thdng sé trong md hinh.

Dé thuén tién cho viéc xac dinh cac thong sé cua phuong trinh 3.1 va 3.2, ta
lan luot tim mdi twong quan giita cac bién sé théng qua cac ham toan hoc dua trén
toa do cac diém nam trén cac duong cong 3.12, 3.13 va 3.14. Phuong phap thuc
hién bing cach sir dung tinh niang Curve Fitting trong Curve Fitting Toolbox cua

phan mém MATLAB ( R2010a) d4 dugc gigi thiéu & trén.

3.2.2.1. Giiratisb t, / t, vabl/a
Do ti s6 t, / t; 1a gia tri cho trude nén dé don gian hoa viéc tinh toan ta xem truc ti
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sb to/t; 14 truc Ox va truc ti s6 b/a 1a truc Oy.

Nhap dir liéu t,/t; va b/a tir dudng cong 3.12 vao cira sé6 Workspace thu duoc két
qua nhu Hinh 3.15.
tolty (X):
[2.5;2.7;2.9;3.1;3.3;3.9;4.2,5;5.8;7.1;8.2;9.7;10.9;14,16.2;20.5;26.5;32;35.5;37.3;41.7;4
8;49.5;70]
b/a (Y): [2;3;4,5;6;8;10;17.5;20;30;40;50;60;80;100;140;200;250;290;300;340;400;410;600]

| ) ViewDataSet  __________________  BHi=Ik]
Data sek: ba_k2t1 ws. E2t1 Tndex ® I v Weighks |
X E2e1 1 2.5 4
¥ ba_t2el = 2.7 =
Weteights: (rone) =l 2.9 ud
<+ 3.1 =
- = 5.3 &
= R S
7 “.2 10
- = =] 17.5
- Bl 5.8 z0
. 10 7.1 =0
. 11 8.2 “0
- 1z EN S0
- 13 10.9 =1a]
‘,é 14 1< S0
- 15 16.2 100
16 20.5 140
17 26.5 200
15 3= =50
19 355 Za0
=0 373 =00
Exclusion rules: =1 41.7 340
pp—— - =] 43 00
I < & =1 =] 49.5 410
=4 7O S00 |
Close

Hinh 3.12: Nhap dir liéu t,/t; va b/a
Lan lugt chon cac dang ham toan hoc di qua cac toa do trén. Két qua nhu sau:
Exponential: f(x) = a*exp(b*x)

Coefficients (with 95% confidence bounds):

a= 61.8 (40.17, 83.42)

b= 0.0346 (0.0283, 0.04089)

Goodness of fit:

SSE: 8.522e+004 R-square: 0.8697
Adjusted R-square: 0.8638 RMSE: 62.24

Fourier:  f(x) = a0 + al*cos(x*w) + b1*sin(x*w) + a2* cos(2* x*w) +

+b2* sin(2* x*w) + a3* cos(3* x*w) + b3*sin(3*x*w)



-27-

Coefficients:

a0 = 262.1 (194.4, 329.8) al=-291.5 (-413.3, -169.7)
bl =-29.74 (-374.5, 315) a2 = 0.1806 (-196.9, 197.3)

b2 =75.28 (60.69, 89.88) a3 =16.69 (-7.129, 40.51)

b3 =-7.313 (-71.2, 56.57) w =0.05128 (0.02545, 0.0771)

Goodness of fit: R-square: 0.9999
Goodness of fit:
SSE: 68.45 R-square: 0.9999
Adjusted R-square: 0.9998 RMSE: 2.068
Gaussian:  f(x) = al*exp(-((x-bl)/c1)"2) + a2* exp(-((x-b2)/c2)" 2)
+ a3*exp(-((x-b3)/c3)"2)
Coefficients (with 95% confidence bounds):

al = 602.7 (473, 732.3) bl= 68.08 (31.25, 104.9)
c1=25.66 (-123.1, 174.4) a2 = 170.9 (-1503, 1845)
b2 = 33.41 (-9.578, 76.39) c2=15.4 (-43.35, 74.16)
a3 = 44.87 (-194.9, 284.6) b3 =16.18 (6.91, 25.44)

€3 =8.786 (-2.846, 20.42)

Goodness of fit:

SSE: 371.9 R-square: 0.9994
Adjusted R-square: 0.9991 RMSE: 4.979
General model Power 2: f(x)=a*x"b +c

Coefficients (with 95% confidence bounds):
a=6.103 (5.198, 7.007) : b=1.09 (1.054, 1.126) ; c= -18.99 (-23.94, -14.04)
Goodness of fit:
SSE: 488.3 R-square: 0.9993
Adjusted R-square: 0.9992 RMSE: 4.822

General model Sin 5: Sum of Sin Functions
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f(x) = al*sin(b1l*x + cl) + a2*sin(b2*x + c2) + a3*sin(b3*x + c3) + ad*sin(b4*x + c4)

+ a5*sin(b5*x + c5)

Coefficients (with 95% confidence bounds):

al = 665.9 (-2.061e+007, 2.061e+007) bl =0.02615 (-812.5, 812.5)
c1=-0.1844 (-9128, 9127) a2 = 183.5 (-2.685e+007, 2.685e+007)
b2 = 0.04778 (-1125, 1125) c2 = 2.646 (-1.878e+004, 1.879e+004)
a3 =48.9 (-3.199e+007, 3.199e+007) b3 = 0.2592 (-2843, 2843)
c3=-0.2891 (-7.842e+004, 7.842e+004) a4 = 45.7 (-3.201e+007, 3.201e+007)
b4 = 0.2675 (-2733, 2733) ¢4 =2.626 (-7.539e+004, 7.539e+004)
ab= 2.89 (-114.4,120.2) b5 =0.5459 (-2.607, 3.699)
c5=1.465 (-79.52, 82.45)

Goodness of fit:

SSE: 83.05 R-square: 0.9999
Adjusted R-square: 0.9997 RMSE: 3.038

Linear model Poly 4: Polynomial
f(X) = pl*x"4 + p2*x"3 + p3*x"2 + pd*x + p5
Coefficients (with 95% confidence bounds):
pl = 2.859-005 (1.83e-005, 3.887e-005)  p2 =-0.004598 (-0.006, -0.003196)
p3 = 0.2502 (0.1898, 0.3106) p4 =3.914 (2.996, 4.832)
p5 =-9.286 (-12.78, -5.788)
Goodness of fit:
SSE: 84.23 R-square: 0.9999
Adjusted R-square: 0.9998 RMSE: 2.106
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Fit ko analyze: | Fik 1 (Tim ham... % A lawwer FAT) Fisi) upper FLI)
Analyze at % = |2.5:70 2.5 -0,235725 1,99252 4, 22076 A
3.5 552355 7. 28561 904764
4.5 11,4647 12,9868 14,5089
5.5 17.5835 19,0712 20,559
£.5 23,9316 75,5148 27,0979
7.5 30,5649 52,7039 34,0229
Evaluate fit at ¥i 5.5 37,5093 30,3659 41,2625
- . 9.5 44,7652 46, 76T 45,7721
Prediction or confidence bounds:
10,5 52,3193 54,4207 56,5222
(O Mane 11.5 B0.1514 £2.3214 £4,4914
(%) For Function 12.5 £5, 2365 70,4506 72,6627
O For new cbservation 13.5 76,5566 75,759 &§1.0215
14.5 55,0812 57,318 &9,5548
Level % 155 o3, 786 56,0195 55,2507
16.5 102,655 104,676 107,095
17.5 111.659 113.672 116,085
18.5 120,75 122,99 125.2
19,5 179,999 132,215 134,432
20,5 139,301 141,534 143,767
[[] 15t derivative at xi 21,5 148,671 150,932 153,192
[ 2nd derivative at Xi 72 5 158,095 160,395 162,692
23,5 167.571 169,912 172,255
74,5 177.08 179.47 181,861
75,5 186,619 189,059 1915 B
76,5 196,15 198,668 201,156
_ 27.5 205,757 208,258 210,618
[ Integrate to x 28.5 715,343 217.903 220,473
(%) Start From mingxi) 29,5 224,932 227,521 230,111
30,5 234,515 237,12 230,722
() Start from l:l 31.5 244,095 246,696 249,293
32,5 253,657 256,245 258,633
33.5 263,195 265,759 268,521
34,5 272,711 275,235 277,754
35.5 252,19 54,668 257,146
36.5 201,627 204,054 206,451
L] Plat results 7.5 301,016 503,391 505,766
[]Plat data set: Tim ham y = fix) 35,5 310,346 312,676 315,005
39,5 519,611 521,908 524,204
40,5 526,801 531,085 553,37
41,5 537905 540,209 542,51 b
[ Save toworkspace.., | [ Apply ] [ Close ] [ Help l

Hinh 3.13: Két qua phan tich & cira sd Analysis

3.2.2.2. Giira ti sb b/ava atl
Tuong tu nhu trén, nhap dir liéu b/a (X_atl) va atl tur duong cong 3.13 thu
duoc két qua nhu Hinh 3.17.
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Data sek: akl ws, =_akl Index u " WWeights
wiK_akl 1 1.27 0.5
Y oakl 2 1.75588 0,795
Wwieights: {none) 3 1.8 0.77
< 2 0,752
* = 3.75 0.5
=] 5.15 0.4
7 & 0.35
" E 7.5 0.3
9 10 0.25
T 10 15 0.z
- 11 17,4586 0,133
-
" 12 20 .15
** 13 35.2 0.1
Yow 14 S0 0.078
>+ * +| 15 &0 0.067
16 Fa 0.05
17 30 0,045
15 a0 0.042
19 100 0.037
20 200 0.03
21 290 .02
22 300 0.013
23 400 0.015
Exclusion rules: =4 s0o 0.013
25 &00 0.01
| {none) ﬂ

Hinh 3.14. Nhap dit liéu b/a (X_atl) va atl
Két qua la:
General model Exp 2: Exponential

f(x) = a*exp(b*x) + c*exp(d*x)
Goodness of fit:

Coefficients (with 95% confidence bounds): SSE: 0.007644
a= 0.8972 (0.8312, 0.9633) R-square: 0.9958
Adjusted R-square: 0.9952
b= -0.2972 (-0.3508, -0.2435) RMSE: 0.01908

c= 0.2398 (0.1869, 0.2928)
d= -0.02101 (-0.0275,-0.01452)

General model Rat 23: Rational:
Cira s6 Rational chon Quadratic, cira s6 Denominator chon Cubic polynomial
f(X) = (p1*x"2 + p2*x + p3) / (X3 + q1*x"2 + g2*x + q3)
Coefficients (with 95% confidence bounds):
pl= 4536 (3.919, 5.152) gql = 8.711 (-1.603, 19.02)
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p2 = -4.493 (-27.65, 18.67) g2 = -20.34 (-26.64, -14.03)

p3= 22.14 (-12.91, 57.19) g3 = 39.4 (10.24, 68.55)

Goodness of fit: R-square: 0.9996 RMSE: 0.006391
SSE: 0.0007762 Adjusted R-square: 0.9995

Phuong trinh dugc lua chon la:

Sy = (4,536, x2 —4,493. x + 22,14)/(1. x3 +8,711. x2 —20,34. x + 39,4)

3.2.2.3. Giirati sb 1,/ vabl/a
Két qua la:

3

= y= (0,9925. x3 —3,255.x%+1,809. x + 2,935)/(L. x° + 1,353, x2 —16,02. x +24,51)

3.2.3. Xay dung so’ d6 khéi
Viéc xay dung md hinh toan ngudn phéat xung trén MATLAB dua vao

cac phuong trinh sau:

*,

L X4

it)=1.(e — DY), (3.3)

*,

L X4

ut)=U.(et — bty (3.4)

L)

0’0

(bla) = 2,859-00506)% —0,004598. (t2/t1)3 + 0,2502.(t2/t1)2 +3,914. (t2/t1) -
9,286. (3.5)

¢ (atl)=[4,535.(b/a)? — 4,657.(bla) + 22,46))/[1.(b/a)3 + 8,655.(b/a)2 — 20,37.(b/a) +
39,67]. (3.6)
e (11/l)y = [0,9925. (b/a)® — 3,255. (b/a)2 + 1,809. (b/a) + 2,935]/[L. (b/a)°

+1,353. (b/a)? — 16,02. (b/a) + 24,51]. (3.7)

Cac bién dau vao lat;, t, va | hay U (tly theo nguén phéat xung dong hoic
xung ap).
Céc bwée thuc hién: Tir thong sé (t,/t;) va phuong trinh 3.5 s& tim duoc gia
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tri (b/a), tiép tuc thay gié tri ndy vao cac phuong trinh 3.6 va 3.7. Sau cing s& tim
duoc cac gia tri can tim 1a a, b.

Két qua thuc hién md hinh trén MATLAB nhu Hinh 3.18.

I
L] — <] >
L
| H
bien do dong
E}
u

—»{ L) H {1000/ 1) #—L:E}

bien do ap

Fen uliu Fen

t2r el

tz

Divide
11516

iath
Function

GainZ

1

Fen atd

Function1

I—’s
(@) —e> ,
- =
ul u »
Controlled Yaltage Source J—n - @+ g
i

Controlled Current Source

L

Hinh 3.15: So d6 khéi tao ngudn phat xung

Tién hanh nhoém cac khéi vao mot khéi con Subsystem, ding Edit Mask xay
dung khéi nay thanh ngudn phét xung hoan chinh cé bién dé va dang song duoc

nhap boi nguoi sir dung nhu hinh, sau d6 chép vao thu vién My Library.

uja

Mguon xung

Hinh 3.16. Biéu tuong cua md hinh ngudn phat xung
Dung Edit Mask dé tao bién yéu cau nhap vao cho mé hinh ngudn phét xung
nhu Hinh 3.20.
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Mask Editor : NGUON PHAT XUNG SET Ml=E3

Tcon & Porks | Paramekers | Tritialization | Documentation

Dialog parameters

= #  Prompt Wariable Twpe Evaluate Tunable Tab name

1 |Thai gizn dau song {us) k1 Cedt W ~
al 2 [Thaigian cuoi song (us) k2 edit w
A 5 [pien do dien ap (k) u edit w
3 4 [Bien do dong dign (ka) I edit w v

ptions for selected parameter

Twpe-specific options eneric options
In dialog:
Ma type-specific options Enable parameter Show parameter

Dialog callback:

[ ok |[ Cancel H Help ][ Apply ]

Hinh 3.17: Khai bao cac thong sb yéu cau

3.2.4. Thwe hién mo phéng
M6 phéng ngudn phéat xung dong

Current Measurement

i - []

) TIM HIEU DONG
u 1

HGUON PHAT 2UNG DOMG

Hinh 3.18: So d6 m6 phong ngudn xung dong
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Nhap céac thong sé cho ngudn phat xung dong nhu Hinh 3.22.

E! Block Parameters: NGUOMN PHAT XUNG DONG
Subsystem (mask)

[ |)_ﬂ

FParameters
Thai gian dau song {us)

Thoi gian cuoi song {us)

E |

Bien do dien ap k4

& |

Bien do dong dien (k&)

E | |

W

[ Ik H Cancel H Help ] Apnply

Hinh 3.19: Thong s6 ctia nguon phét xung sét
Thuc hién md phong véi xung dong 8/20us bién do 5kA thu duogc két qua nhu
hinh 3.23.

EBX

File Edit “iew Insert Tools Desktop  window  Help
NEEHS (K ARODEL- 2| 0E =D
HUNG DOMG 8420 - Ska
S000 T T : : T T
: : : : [ - SkA
4000 f----- - ---- R A ERER R = e a
3000 H------t------- RS oo SACERCEE I RCTCEEE ECPLEE -
L T S R
T
|:| L L 1 i 1 1
2 3 4 5 G 7 a
5 107

Hinh 3.20: Dang song nguon xung dong 8/20us — 5kA
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Thuc hién mé phong véi xung dong 8/20ps bién o 10KA thu duoc két qua
nhu hinh 3.24.

File Edit “iew Insert Tools Deskiop  Window  Help
NEdS | k| ARXODEL- 3| 0E =D
KUMG DOMNG 8020 - 10k,
10000 T T T : T T T
: : : : : — | - 10kA
] L T T e N
BO00 fH------ R e e e TRRREELE domeoee- domeoee- booe .
T T S
e e S e
0 H ] ] H i i 1
] 1 2 3 4 5 5] 7 a
5 107

Hinh 3.21: Dang s6ng ngudn xung dong 8/20ps — 10kA
Thuc hién mé phong voi xung dong 8/20us bién d6 1,5kA thu duogc két qua
nhu hinh 3.25.

) Figure 1

File Edit Wiew Insert Tools Deskkop  Window  Help N
UDdde | RRODEN- 2| 0EH =D
¥UNG DONG 8720 - 1 Sk
1500 T T T T T | I
i — - 15kA
gt - - - - --- e 4o R R booeee oo o
BB
] ] ] ] i ] | ]
1 2 3 4 5 G 7 a
5 10"

Hinh 3.22: Dang song ngudn xung dong 8/20us — 1,5kA
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Thuc hién mé phong voi xung dong 8/20us bién do 2kA thu duoc két qua
nhu hinh 3.26.

) Figure 1 E| @| E|

File Edit “iew Insert Tools Deskbop  Window  Help
Dddse | RKXNODENL- & 0E =D
KUNMG DONG 820 - 2kA
2000 T T T r r |
: : : : : — |- kA
L s S S e
e St I SRR SRS S
e e e S St
] ] ] ] ] ] | |
1] 1 2 3 4 ] G 7 a
x 10

Hinh 3.23: Dang song nguén xung dong 8/20ps — 2kA
Thuc hién mé phong voi xung dong 8/20us bién d6 3kA thu duoc két qua
nhu hinh 3.27.

J Figure 1 E| El E|

File Edit View Insert Tools Deskiop  Window  Help
hﬂlﬁﬂﬂtﬂ [:3 .{\-I%\-@@@ﬁe'@) Dl@lng
HUNG DOMG 8420 - 3k
2000 . T .
i E i E i — |- 3kA
2800 Fp--mmmmrommeee- N e :
000 v v ]
%8 NURRE NS N S S S SR S
T . S
38 USRS SRR R NN WO NSO S
0 i i i
1 2 2 4 5 B 7 ]
% 10

Hinh 3.24: Dang song ngudn xung dong 8/20us — 3kA
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Thuc hién mé phong véi xung dong 8/20ps bién do 20KA thu duoc két qua
nhu hinh 3.28.

J Figure 1 E”E”E'

File Edit Wiew Insert Tools Desktop  Window Help
NEEL | hARVODEL- |G 0E aD
HUNG DONG 820 - 20kA
T I I '! '! 1 T
: : [ - 20k4,
1 2 3 4 5 B i a
x 10°

Hinh 3.25: Dang song ngudn xung dong 8/20us — 20kA

Thuc hién mé phong voi xung dong 1/5us bién do 10kA thu dugc két qua
nhu hinh 3.29.

) Figure 1 E”E”E'

File Edit Wiew Insert Tools Deskkop  Window  Help
I:Ilﬂlﬂuilﬂ [:? .{\-.%\-@@@ﬁf'@; D|@|DE
HUNG DONG 145 - 10k,
15000 , , , , | ; .
: : : : : — |- 10kA
L R St S S S
S SRS N S AN N ——
I:I 1 i 1 1 1
0 1 2 3 4 5 B 7 g
¥ 10

Hinh 3.26: Dang song ngudn xung dong 1/5us — 10kA
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Thuc hién mé phong voi xung dong 10/350us bién do 10KA thu duoc két
qua nhu Hinh 3.30.

) Figure 1 g@@

File Edit M“iew Insert Tools Desktop  Window  Help o
NEde hAKUDEL-E 0E O

HUNG DONG 104350 - 10kA
15000 ! ! T ) T | |

10000

s000

w10

Hinh 3.27: Dang song ngudn xung dong 10/350us — 10KA

3.3. Nhén xét

M6 hinh ngudn phat xung sét tiéu chuan vira xay dung cho két qua mé phong
V6i céc théng sé cua dang song dong dién khéng chu ky chuan déu cho sai sé nho
hon 5%.

M® hinh c6 cac vu diém la:

Tinh toan nhanh dugc cac thong s6 mé phong, mic du céc thdng sé duoc tinh
theo phuong phap gan dung nhung c6 thé chap nhan duogc vi cac sai sé6 nim trong
pham vi cho phép; Thong sé ciia md hinh cd thé nhap tryc tiép théng qua hop thoai.

Két qua md phong cia md hinh cho dang séng phu hop véi cac xung sét

chuan d& duoc qui dinh trong cac tiéu chuan trong va ngoai nudc.
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CHUONG 4: CAU TAO NGUYEN LY HOAT PONG
VA MO HINH MOV

4.1. Chu tao va nguyén ly hoat dong ciia bién tré Oside kim loai (MOYV)
4.1.1. Céu tao co ban ciia (MOV)

MOV (Metal Oxide Varistor) 1a thét bi phi tuyén, phu thudc vao dién 4p ma hanh
vi Vé dién giéng nhu hai diode diu nguoc lai (Back —to —back). Véi dic tinh dbi xing,
dic tinh vung danh thing (vé dién) rat doc cho phép MOV c6 tinh ning khtr xung qué
d6 dot bién hoan hao (Hinh 4.1). Trong diéu kién binh thudng bién tré 1a thanh phan c6
tré khang cao gan nhu hy mach. Khi xuat hién xung dot bién qua ap cao, MOV sé&
nhanh chéng tr& thanh duong dan tré khang thip dé triét xung dot bién. Phan 16n ning
luong xung qua do duoc hap thu boi MOV cho nén cac thanh phan trong mach duoc

bao vé tranh hu hai.

Thanh phan co ban cta bién trd 14 ZnO véi thém mot lugng nhod bismuth, cobalt,
manganses va cac oxit kim lai khac. Cau trac cta bién tré bao gdm mot ma tran hat
dan ZnO ndi qua bién hat cho dic tinh tiép giap P-N ciia chat ban dan. Céc bién nay la
nguyén nhan lam cho bién trd khong dan ¢ dién ap thap va la ngudn dan phi tuyén khi

dién 4p cao.

¥
el et ] s | 1
T I I IS5 r
=i ) : G, 'i_ o g 35V p—
_ﬁkd‘}iﬁﬁ ) = ] D,__,_ : : I
—— : ] _ o ~ - WA
: ; T Miicrovaristor
; LT e FiNG Oxide
@F — Intergranular boundary
Tl T 10 to 50 pm

WALDOOE-N

Hinh 4.1: Céu tric cua bién tré v ddc tinh V-I
MOV dugc ché tao tir ZnO. Mdi médt hat ZnO cua ceramic hoat dong nhu tiép giap
ban dan tai ving bién cua cac hat. Cac bién hat ZnO c6 thé quan sat dugc qua hinh anh
Vi CAu tric ciia ceramic nhu Hinh 4.2. Hanh vi phi tugn vé dién xay ra tai bién tiép

gidp cua cac hat ban din ZnO, bién trd c6 thé xem nhu | mot thiét bi nhiéu tiép giap tao
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ra tir nhiéu lién két ndi ndi tiép va song song cua bién hat. Hanh vi cta thiét bi c6 thé
phan tich chi tét tir vi cu triic cua ceramic, kich thudc hat va phan bd kich thudc hat

dong vai trd chinh trong hanh vi vé dién.

Hinh 4.2: Vi ciu tric cua ceramic

Hon hop ran O6xyt Km véi 6xyt kim loai khac dudi diéu kién dic biét tao nén
ceramic da tinh thé, dién tré ctia chit nay phu thudc vao dién ap. Hién tuong nay goi la
hiéu tng bién tro. Ban than hat 6xyt kém din dién rat t6t (duong kinh hat khoang 15 —
100pm), trong khi 6xyt kim loai khac bao bén ngodi ¢6 dién trd rat cao. Chi tai cac diém
Oxyt kém gip nhau tao nén “vi bién trd™, twa nhu hai diode zener ddi xtng, voi muc bao
vé khoang 3,5V. Chung c6 thé ndi ndi tiép hodc song song (Hinh 4.1). Viéc ndi ndi tiép
hodc song song c&c vi bén tré 1am cho MOV ¢6 kha ning tai duge dong dién cao hon
S0 VGi céac chét ban dan, hép thu nhiét tot va co kha nang chiu dugc dong xung ddt bién
ca0.MOV duogc ché tao tir viéc hinh thanh va tao hat ZnO dang bot vao trong cac thanh

phan ceramic. C4c hat ZnO c6 kich thude trung binh 13 d, bé day bién tro 1a D,

CURRENT
ELECTRODES

B N N N T T T e

i ol o ol A

Hinh 4.3: Vi cu truc caa MOV
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& hai bé mit khdi MOV duoc ap chat bang hai phién kim loai phang. Hai phién
kim loai nay lai duoc han chic chin véi hai chan ndi ra ngoai (Hinh 4.3).

Pién 4p cia MOV duoc xac dinh bai bé day ctia MOV va kich thuéc ciia hat ZnO.
Mot dic tinh co ban cta bién tré ZnO 1a dién ap roi qua bién tiép gidp giita cac hat ZnO
gan nhu 13 hing sd, va khoang tir (2-3,5)V. Méi lién hé nay duoc xéc dinh nhu sau:

Pién ap bién tro : Vn =(3,5)n (4.1)

Vabé day caa bién trg: D =(n+1)d~ (Vy d)/3,5 (4.2)

Trong d6: n 13 s tiép gidp trung binh giira cac hat ZnO; d 1a kich thuéc trung binh
cta hat; Vi 1a dién ap roi trén MOV khi MOV chuyén hoan toan tir ving dong ro tuyén
tinh sang viing khodng tugn tinh cao, ti diém trén dudng dic tinh V-1 v6i dong dién
1mA (Hinh 4.9).

Bién tiép giap hat ZnO cuia vi cau tric 13 rat phirc tap. Ching gdm 3 ving ciu triic
(Hinh 4.3):

_ Vung I: Bién c6 d day khoang (100-1000 nm) va day la 16p giau bot Bi, O3,

_Vung Il: Bién c6 d6 mong khoang (1-100 nm) va day la 16p giau bot Bi, O3

— Vaung I11: Bién nay c6 dic tinh 1a tiép xtc truc tiép véi cac hat ZnO. Ngoai ra

Bi, Co va not lugng cac ion 6xy ciing tim thdy xen giita bién nay véi do day

ﬁ Twoae I
BB

w e I

vai nanomet.

}

T Z iy

Tw oo I

BizOa—rich
intergranwiar layar

Hinh 4.4: So d6 cau trac cua 16p bién tiép giap bién tré ZnO
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4.1.2. Nguyén ly hoat dong cia MOV

Bién trd ZnO 1a rat phuc tap, nhiéu thanh phan, hanh vi vé dién cac 6xyt ceramic
da tinh thé tuy vao vi cdu triic cua thiét bi nay va chi tiét qua trinh xay ra tai cac bién
tiép giap hat ZnO. Thanh phan chinh ciia bién trd 1a ZnO chiém 90% hozc hon nita, con
lai 1a cac oxit kim loai khac. Mot hdn hop tiéu biéu nhu sau: 97mol-%Zn0O, 1mol-%
Sh,03, 0,5mol-% mbi Bi,03,Co0, MnO, va Cr,03.

Qua trinh ché tao bién tré ZnO theo tiéu chudn k§ thut ceramic. Cac thanh phan
duoc tron thanh hon hop va xay thanh bot. Hon hop bot dugec lam kho va nén thanh
hinh dang mong mudn. Sau d6, cac vién dugc von cuc ¢ nhiét do cao, cu thé 1a tir 1000-
1400°C. Hai phién kim loai thuong 1a bang bac tiép xuc voi cac hat duge von cuc bén
ngoai 1am dién cuc va duoc han chic chan véi hai chan noi ra ngoai, thiét bi dugc dong

g6i bang vat liéu téng hop.

San pham hoan thanh sau cing dwgc kiém tra dép (mg cac tinh ning yéu cau k¥
thuat. Qua trinh duoc dién ta theo lvu dd Hinh 4.5. Vai gié ti tiéu biéu vé kich thude

ctia bién tré 6xyt kim loai duge cho nhu sau:

Dién 4p bién tre d ((pm) n (hat) Dién truong Bé day cia MOV
(VRrwms) V/mm tai ImA (mm)
150 20 75 150 1,5
25 80 12 39 1,0
Duong kinh dia danh dinh:

buong kinh dia danh dinh (mm) 3 5 7 |10 | 14| 20 | 32 | 34| 40 | 62
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Hinh 4.6: Hinh anh MOV

Vi céu truc bién tré oxyt kim loai da tinh thé tu nhién nén hoat dong vat ly cua bién
trg 1a phirc tap hon chat ban dan thong thudng. Giai thich nguyén Iy hoat dong cua bién
tré ZnO dya trén su hiéu biét vé hién tuong dién xay ra & ving bién tiép giap cua cac
hat 6xyt k&m. Mot vai 1y thuyét ban dau da giai thich dua trén co so cia hién tuong
xuyén him. Tuy nhién, t6t hon 1a c6 thé dién ta bang su sip xép cac diode ban dan ndi
ndi tiép — song song (Hinh 4.1). Cu tric co ban cua khdi bién trd ZnO 1a két qua tao
hat ZnO. Trong subt qua trinh x1r ly, su bién ddi cac thanh phén hoa hoc 1am cho vi ciu
tric ving gan bién tiép giap hat ZnO co dién trd sut rat cao (p = 10*°-10" Qcm) va bén
trong hat tinh dan dién réat cao (p = 0,1-10Qcm). Pién tré suit giam manh tir bién dén
hat voi khoang cach khoang 50 dén 100nm, ving nay dugc biét nhu 13 ving hep. Vi
vay, tai mot bién hat c6 su tdn tai vung hep ca hai phia dén cac hat ké can. Hoat dong
ctia bién trd chinh 1a do sy c6 mit ciia ving hep nay. Béi vi ving nay thiéu hut cac dién
tu tu do, cho nén hinh thanh vung hep (ving ngheo) dién tich khong gian trong hat oxit
k&m tai mién gan cac bién tiép giap cla cac hat. Piéu nay gidng nhu o tiép gidp p-h cua
diode ban din va dién dung cua 16p tiép giap nay phu thudc vao dién ap dat vao tiép
giap theo biéu thirc:

1 2V, +V)

4.3
C? gssN (43)
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O day: V, 1a dién thé rao; V 1a dién 4p dit vao; q la dién tich dién tur; es 1a hiang sb
dién mdi cua chit ban dan; N 12 mat do hat dan.

Tu mbi lién hé ndy, mat d6 hat din N ctia ZnO dugc xac dinh khoang 2x10*/cm?®.

O cac vung hep cac hat dan troi tir do va day 13 nguyén nhan gy ra dong dién ro.
Dong ro dugc gay ra do cac hat din troi tw do qua dién trudng rao thap va duoc kich
hoat béi nhiét d6 it nhét 14 trén 25°C.

Hinh 4.7 chi ra so dd ning luong ctia ZnO, bién tiép giap ZnO. Dién ap phan cuc
thuan V| phia bén trdi @ia hat, dién ap phan cuc ngugc V r phia bén phai cua hat. B
rong ving ngheo 1a X, va Xg, voi d 16n dién thé rao tuong tng 1a ®_ va ®g. Dién thé
phan cyc tai gbc 1a @,. Khi dién 4p phan cuc gia ting, @, giam va ®g ting, din dén

dién thé rao thap hon va su dan dién gia ting.

Do 16n dién thé rao @, cua bién trd 1a mot ham theo dién ap (Hinh 4.8). Sy giam
nhanh cua dién thé rao & dién ap cao twong tng véi lic bt dau ving dan phi tuyén.

Co ché van chuyén cua ving phi tuyén 1a rat phiic tap va van con tiép tuc nghién
ciru. O vung dan cao, gia tri dién trd gidi han tiy thudc vao tinh dan dién cta cac hat
ban din ZnO, & ving dan nay mat do hat dan khoang tir 10*7-10"/cm®. Pién tré suét cua

ZnO cb gia tri dudi 0,3Qcm.
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Hinh 4.8: Quan hé dién thé rao Hinh 4.7: 8 & nang luong tiép

véi dién ap dit vao giap ZnO —bién -ZnO
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4.1.2.1. Pac tinh V-|
Dic tinh V-1 cia MOV nhu Hinh 4.9, dic tinh V-I duoc biéu dién bing phuwong

trinh dang ham mu (4.4):

= KV* a>1 4.4
O day: I 1a dong qua bién tro; V 1a dién 4p dit 1én bién tro; K 1a hé sé phu thude vao
loai bién trd; o 12 hé sé phi tuyén.

Nguyén ly bao vé ctia bién tro thé hién qua dién ap phu thudc gid tri dién tro:

R=V/I=V/KV® = %vl'“ (4.5)

Tur (4.4 ) va (4.5) suy ra:
Logl = logK +a logV (4.6)
4.7)

LogR = Iog(%) + (1-a)logV

Theo & nghi cua Manfred Holzer va Willi Zapsky, x4p xi hoa dic tinh V/I cia

bién tré duoc quan hé giita dién 4p va dong dién theo phuong trinh:

logV =By +B;,log(1) +Bs e ™M +B,e') v 1>0 (4.8)
B, +B, log(1)+Bse °eh g eloeh
Hyy V =10 (4.9)
2000 VARDZ41 -0
v
¥ {000 ,{.'
I 800 i =
800 T —— =
400 i = =4 38 f
200 ——4 L~ —f
100 g':/ =]
A0
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Hinh 4.9: Dac tinh V-l cia MOV

4.1.2.2. Thoi gian dap wng

N Hoat d(f)ng~ cta bién tré tﬁy thudc vao co ché d5n~dién giéng nhu cac thiét bi ban
dan khac. Sy dan dién xay ra rat nhanh véi thoi gian tré tinh bang nano giay (ns). Hinh
4.10 duong cong (1) phia trén 1a truong hop khong cé bién trd, duong cong (2) phia
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dudi 1 truong hop ¢ bién tro va khong dong bd v6i duong (1) va cho thay anh hudng
dién ap kep x4y ra rat nhanh.

Tuy nhién thoi gian dap tng ciia MOV bj thay d6i do mét sé 1y do:
— Dién ap cam tng dau day ndi gop phan gia tang dang ké dién ap ngang qua
dau cuc cua bién tr¢ ¢ xung dong cao va do doc suon trude 16n.
— Dién dung ky sinh cta chinh ban thin MOV.
— Tré khang ngoai ctia mach.

bap tmg va dién ap kep cua bién tré bi anh huong boi dang song dong dién va do
vot 16 dién 4p cuc dai xuat hién tai dau cuc cua bién tré trong sudt qua trinh ting dong
dién nhu Hinh 4.11 .
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Hinh 4.10: Pap tng cta bién trd ZnO xung toc do cao
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Hinh 4.11: Pép g cuia bién tré tinh dén dién cam dau day ndi véi xung dong
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4.1.2.3. Niing lrgng cho phép va cong suit tiéu tin trung Binh

*Nang luwgng cho phép

Su gia hoa cua bién tré lién quan dén nang lugng qua dg, dugc xéac dinh boi gia tri
dién ap du cuc dai Vp v6i dong dién dinh Ip ciing nhu dang xung. D4i v6i dang xung

sét chuan, niang luong cho phép va dugc tinh toan theo cong thic (4.10).

W = Vplp(1,4T, -0,88T,)10° (4.10)

Nang luwng cho phép ciia MOV phu thudc vao duong kinh aia MOV va nang
luong vuot gié tri cho phép khi:

— Dong dién 0 cao.
— Dién &p tai ImA bi suy gidm (di¢n 4p ngudng).
— Hé s6 phi tuyén o b suy giam.

Tubi tho cia MOV con thé hién qua sé 1an xung t6i da ma MOV ¢6 thé chiu dung
dugc véi xung vudng (Hinh 4.12).

YhEZEm-U

'"_A . mm
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T 103 T
= T [
T —— ™ — B
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16" 5 102 386 187 5 s 104
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Hinh 4.12: S6 1an xung c6 thé chiu duoc cia chéng sét van MOV
*CoOng suat tiéu tan trung binh
Gia tri cong suat tiéu tan trung binh dic biét quan tam trong truong hop dién ap
thay doi, hé s phi tuyén cao. Tir cong thirc (4.4), cdng SUat tiéu tan trung binh duogc xac
dinh:

P = Kv*! (4.11)
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Véi su thay doi nho ctia dién 4p van hanh c6 thé 1am ting cong suat tiéu tan trung

binh vi su ting cao cta hé s phi tuyén o (Hinh 4.13).

Néu nhu MOV lam viée & trang thai qua do tan s6 cao thi nhiét do trung binh AT sé&

gia tang va dugc cho bdi cong thuc:
AT =P/d (4.12)

O day: P 1a cong suat tiéu tan trung binh, tuy thudc vao ning luong xung va tan sd

xung lap lai; & 12 hé sb tiéu tan.

Nhiét d6 nay phai luén nho hon nhiét do cho phép cta nha san xuat, néu khong

MOV s¢ bi pha hong do nhiét.

10

10"

10"

10

10

Hinh 4.13: Quan hé cong suat tiéu tan va dién ap (o = 10, 30, 50)

4.2. Panh gia mé hinh MOV ciia Matlab

Trong pham vi dé tai nay, s& dé nghi hai mé hinh chéng sét van bao vé qué &p
cho dudng day trung &p va ha &p. Sau d6 tién hanh xay dung mé hinh trong phan mém
Matlab. Khi c6 md hinh hoan chinh s& tién hanh mé phong dap tng caa chdng sét van
nay dudi tac dung cua céc xung sét chuan va céc xung dau séng ting nhanh. D6 chinh

x&c ctia md hinh s& duoc so sanh véi dic tinh thuc duoc cung cip tir nha san xuat.



- 50 -
Muc dich cudi cing 1a cung cap mot md hinh chdng sét van hoan chinh véi cac thong
sb dugc xac dinh d& dang dang trong nghién ctu phéi hop cach dién.

Trudce hét phan tich va tim hiéu mé hinh MOV cua Matlab dé mé phong dic
tinh 1am viéc cua ching dudi cac dang khac nhau cua qua dién &p & cap dién ap trung
thé va ha thé. Sau d6 xay dung hai md hinh MOV trung thé va ha thé, so sanh do
chinh xac cua hai mé hinh vira xay dung va dé ra mé hinh hop Iy nhat dbi voi mang

trung ap va ha ap.

4.2.1. Gigi thiéu mo hinh

M6 hinh MOV cia MatLab la mot dién tra phi tuyén. Pac tuyén phi tuyén
V-1 cia mé hinh dugc thanh 1ap boi ba doan khac nhau cua phuong trinh ham md:

1/ o

v ok ['_] (4.13)

Vref I ref

Céac gia ti K; va o; duoc khai bao trén hop thoai. Véi modi doan khac nhau cia
phuong trinh ham md, gia tri K va o s¢€ khac nhau va nhu vay quan hé dong, ap cua mo

hinh s& nhu Hinh 4.14

VA
log(V/ e

Yrot —/ ] y

ol | : : log(1/1ref)

- _—ol

Hinh 4.14: Quan hé dong dién — dién 4ap ciia mo6 hinh MOV.
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Hop thoai va cac thong sd can khai bao nhu sau:

Block Parameters: Surge Arrester (3]
Surge Arrester [mask] [link)

Implements a metal-oxide surge arrester.

Parameters
Pratection wvoltage “ref[V]:

Mumbeer of columns:
|2

Reference current per columt [refa):
|500

Segment 1 characteristics [ k1 alphal ]:
|[.955 50]

Segment 2 characteriztics [ k2 alphaZ |:
|[1.0285]

Segment 3 characteristics [ k3 alpha3 |:
|[-9:5 16.5]

Measurements |N0ne ﬂ

Ok | Cancel ‘ Help ‘ ‘

Hinh 4.15: Hop thoai ctia m6 hinh MOV trong Matlab.

Céc thong so can khai bao: q

- Dién ap dinh muc: Vref (ladién ap quy chuan cia mét dia MOV)

- S0 dia trong mot chéng sét van: n

- Dong dién quy chuan trén mét dia MOV: Iyef

- Dictuyén V - | cua doan thir nhat: gia tri k1 vaoy

- Dictuyén V - | ctia doan thir hai: gia tri k2 vaay

- Dic tuyén V - | ctia doan thir ba: gid tri k3 vaog

4.2.2. Nguyén ly lam viéc ctia mo hinh
M6 hinh 1a mot dién tré phi tuyén nén vé nguyén Iy cé chic nang gidng nhu

mot ngudn dong dugc diéu khién boi dién ap dat vao hai cuc.

1
I : — u
0.07e-Gs+1 il

v
Ereak Abs
Alg. Loop L J 4\ :
_— Sign segrments _| -
- Switchz
sagment] Sitzhl -
L » ( )
Product I

Hinh 4.16: So dd nguyén Iy cia mé hinh
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Nguyén ly lam viéc caa mé hinh nhu sau: Bién &p dugc dua téi ngd vao cua
md hinh, gia tri dién ap dugc lay gia tri tuyét ddi va dua vao ba khéi Math Function
duoc dat tén lan luot 1a segmentl, segment2, segment3 c6 cong thic:

Pi . (VIV e)® (4.14)

Cac tin hiéu tir dau ra cua cac khdi Math Function sau d6 duoc dua vao hai khdi
Switchl va Switch2. Cac khdi nay sé so sanh cac gia tri tr segmentl, segment2,
segment3 véi gia tri dong dién dit trudc nham lya chon mot trong ba doan (ng Vi
gia tri k, o twong ung), sau dé tin hiéu duoc dua t&i khdi nhan dé chon dau va cudi
cung dwa gia tri cua tin hiéu dong téi ngd ra cua mo hinh,

4.2.3. Panh gia mé hinh

M6 hinh nay cé chic nang giéng nhu md hinh dién tré phi tuyén da duoc dé
cap. Pay chi 1a mot mé hinh don gian, gan dang vi véi cac loai MOV khac nhau nguoi
sir dung phai nhap lai cac gia tri k, o twong ttng vai dac tinh V-1 cua nd. Viéc xac dinh
2 théng s6 nay noi chung la kha phtic tap va dé phat sinh sai s6 anh huong dén két
qua mod phong caa md hinh trong khi md hinh MOV ha thé doi hoi d6 chinh xac kha
cao. Md hinh nay chi c6 thé ding dé mé phong véi cac xung dong cat vi ban than né
khong co dic tinh dap tng dong dung dé mo phong véi cac xung sét hay cac xung co
dau séng ting nhanh rat quan trong trong nghién ctiru phéi hop cach dién. Viéc nay dan
dén can thiét phai tim ra mot mé hinh khac thich hop hon.

4.3. Xay dwng md hinh MOV ha thé
4.3.1. Céu tric co ban cia md hinh MOV ha thé

M6 hinh MOV ha thé dugc xay dung dua trén y tuéng md hinh MOV cua
Manfred Holzer va Willi Zapsky vai mot vai hiéu chinh.

O day, bién tr6 MOV duoc thay thé boi mot phan tir dién tro phi tuyén co dac
tinh V-1, mét tu dién Cp mic song song véi nd cung véi mot dién tro song song Rp.
Tat ca cac phan tir ndy duoc ndi tiép véi mot dién cam Ls va dién tré Rs nhu Hinh
4.17

Pién tro Rs cua md hinh c6 gié tri cuc nho khoang 100n Q duogc thém vao dé
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ngan ngira viéc ndi tiép mot mé hinh ngudn dong ly twong véi mot dién cam hay
mét ngudn dong khac trong MatLab. Trong mé hinh dién cam caa MOV khéng thé
bo qua dic biét khi ¢ng dung véi xung c¢d dau déc cao. Bién cam ndi tiép Ls gom
dién cam nodi cua ZnO va dién cam day ndi caa MOV. Gia tri dién cam day ndi cua
MOV vao khoang 1nH/mm, con dién cam noi cia ZnO cd gia tri rat nho nén co thé
dugc bo qua. Gia tri dién cam Ls nay duoc cho ddi véi cac loai MOV chuan. Tu dién
Cp chinh la dién dung cua MOV, gia tri nay duoc cho trong catalogue cta nha san
Xuat. Pién tro Rp 1a dién tré mién tiép giap giita cac hat ZnO c6 gia tri rat Ion (dién
tré caa MOV trong vung dong dién ro), gia tri dién trg Rp trong mo hinh la 100M
Q.

Rs Ls

A

Cp —— V= Rp =

Hinh 4.17: M6 hinh MOV ha thé

Phan tir dién tro phi tuyén cd dic tinh V-1 duoc md phong boi mot ngudn &p
diéu khién V 12 mot ham caa dong dién | (V = (1))

LogV = bl + b2.log(l) + b3.e™"%" + p4. gos® (1>0) (4.15)

Suy ra: V = 107[b1 + b2.log(l) + b3.e"%" + p4.¢'9"] (1>0) (4.16)

Ung voi mdi loai MOV ha thé chuan ta cé céc théng s6 bl, b2, b3, b4 twong
tng duoc cho boi Manfred Holzer va Willi Zapsky. Cac théng sé bl, b2, b3, b4 nay
duoc xac dinh dya trén dic tinh V-1 cia MOV tng véi do sai s6 TOL cua dién ap
MOV 1a 0%. Tuy vao ting loai MOV, do sai s6 TOL chuan c6 thé thay doi tir
+10% dén £20% mot vi du duge cho trong Hinh 4.18.

Dé md phong truong hop xau nhat khi MOV chiu xung dong phong dién,

truong hop dién &p du caa MOV cé gia tri cuc dai (day ctang chinh 1a gié tri V cua
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MOV trong dic tinh V-l dwoc cho trong catalogue), do sai sé duong s& duoc St

dung cho mo hinh thdng qua cong thuc 4.6.

V = (1 + TOL/100). 107[b1 + b2.log(l) + b3.e"%") + h4.¢'9] (1>0) (4.17)
. SI0V-SI0IC TS
| TOLs18
008 L B
I " i 1 L 11 I 1 ¢ | TOL= 0
1 .-Ip--""'-u_-_ T j ]
l-"'-_ |
o S + 1
il

wd ot W 1Il'°I w1 o 1l:

—

Hinh 4.18: Dic tinh V — | cia MOV c¢6 sai s6 TOL + 10%
4.3.2. Xay dung md hinh dién tré phi tuyén trén Matlab
Phan tir phi tuyén duoc xay dung dua trén mot bang tra, tng véi mdi gia tri
cua dién 4p V sé& sinh ra dong dién | twong ung, hai dai lwong nay c6 mdi tuong

quan bai céng thic 4.6. So d6 md hinh dién trg phi tuyén nhu Hinh 4.19

ks J

vy

0.07e-Bs+1
1
M Transfer Fcn Abs

Controlled Current Source
M —— sl » ()
In1 —- x . SignaIT gl

Tahble

Look-Up Product “

F 3

Sign
Hinh 4.19: So &6 mé hinh dién tro phi tuyén V = f(1) caa MOV
M6 hinh dién tro phi tuyén, dugc xem nhu mét khdi Controlled Current Source
véi dong dién i 1a mot ham phi tuyén duoc didu khién theo dién &p u.
Phan tir dién tre phi tuyén ding khéi Voltage measurement dé do dién &p ¢ hai cuc

cua phan tir phi tuyén, sau d6 cho qua khdi Transfer Fcn dé chuyén tin hiéu dién &p
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lién tuc sang roi rac véi chu ky lay mau 12 0,01ps.

Nham lam cho thuat toan trén may tinh dwugc giai nhanh hon dé tranh vong
lip dai s6 trong mach trong khi két qua van bao dam tinh chinh xéc. Tin hiéu ra dwoc
cho qua khéi lay gia tri tuyét ddi Abs sau d6 qua khdi Look-Up Table. Khéi Look-
Up Table c6 chuc ning tra bang, ang véi moi gia tri dién ap dua vao sé cho ra gia tri
dong dién tuong trng badi quan hé trong céng thac 4.6. Tin hiéu ra duoc nhan vaéi ngd ra
cua khoi Signal (khéi lay dau cua dién ap trén 2 cuc cua dién trg phi tuyén) va tao
thanh tin hiéu dong c6 dau. Tuy nhién tin hiéu ra nay chi méi 1a tin hiéu Simulink, tin
hiéu nay can duoc cho qua khéi Controlled Current Source dé chuyén thanh tin hiéu
dong dién.

Piém méi caa md hinh 1a st dung sir dung khdi Abs va khéi Signal dé lay
diu tin hiéu dién &p trén 2 cuc cua dién tré phi tuyén tir d6 tao ra tin hiéu dong dién
c6 ddu twong ung véi dién ap dit vao 2 cuc. M6 hinh phan tir dién tré phi tuyén duoc
xay dung 14 phan tir hai cuc véi dic tinh hai chiéu (dong thuan va dong ngugc doi
xang). Bé thé hién mdi quan hé V-1 nhu cong thic 4.6, khai bao trong khdi Look-
Up Table nhu sau:

- Vector of Input Values (V): V_array_input
(Mot mang cac gia tri dién ap dau vao duoc tinh toan tng véi mot mang cac gia tri
dong dién ngd ra)
- Vector of Output Values (1): | _array_output
(Mot mang céc gié tri dong dién ngo ra)

Hai mang cac gia tri dién 4p va dong dién nay duoc khai bdo va tinh toan
truéc theo cong thac 4.6 bsi mot chuong trinh trong Initialization Commands
(tao gi4 tri ban diu cho mé hinh) trong chirc nang Mask Editor caa mé hinh MOV
ha thé hoan chinh.

Nhom cac khéi trén lai va ta dd xay dung xong mé hinh phan tir dién tro phi

tuyén c6 dic tinh V-1 theo cong thuc 4.7.



- 56 -
4.3.3. Xay dung md hinh MOV ha thé hoan chinh trén Matlab
Str dung Simulink trong Matlab xay dung mé hinh MOV ha thé hoan chinh nhu
Hinh 4.20.

Rz Ls

CO-»MWA—TIT

In1

Cp V= Rp

Outl +
(O«

—+

t——{Out1 In jg—p

+

Hinh 4.20: So d6 mach twong duong ctia mé hinh MOV dé nghi

Voi R1 =100nQ, R2 = 100MQ, L va C c6 gia tri khac nhau ung véi tung
loai MOV khac nhau.

Nhom céc phan tir cia moé hinh lai thanh mot khéi, sir dung Edit Mask dat tén
MOV, khai b&o cac bién cho md hinh, viét mot doan chuong trinh dé truy xuat cac gia
tri L, C, thong sb bl, b2, b3, b4 va tinh gia tri cua mang dién ap V_array_input theo
mang dong dién |_array_output tng véi cac loai MOV khéac nhau dugc yéu cau mo
phong, xay dung biéu tuong cho MOV va cubi cing ta dugc md hinh MOV ha thé
hoan chinh nhu Hinh 4.21.

T

Ly_MOw

Hinh 4.21: Biéu tugng md hinh MOV ha thé

Cac théng sb bién ciia md hinh dugc khai bao trong muc Parameters cua hop

thoai Mask Editor nhu Hinh 4.22.
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Mask Editor : Subsystem1

Icon | Parameters | Initialization | Docurentation
Dialog parameters
Prompt Wariable Type Ewaluate Tunable

|Dien ap lam viec max (v v edit [+] [~]

P IDang =ung max (ka) Imax edit P [+] [+~]

+ |Sai so (%) TOL edit [+] [+~]

¥ opkions For selected parameter
Popups (one per line): In dialog:
| | Dialog - S
1L ~ | calback: | ==||

e | T | W

Hinh 4.22: Hop thoai khai bao bién Parameters ciia mé hinh MOV ha thé

Dién &p 1am viéc xoay chiéu cuc dai (Vc) cia MOV (gia tri RMS): gia tri dién
a4p nay duoc chuan héa bai cac nha san xuat va la gia tri co ban dé chon loai MOV
ung voi cdc mang dién cd dién 4p khac nhau, c6 céc gia tri: 230V, 275V, 440V va
750V,...

Gia tri bién do cua xung dong 8/20us ma MOV c6 thé chiu dung (Imax): Gia
tri bién d6 nay dugc chuan hoda boi cac nha san xuat va ciing 1a gié tri co ban dé chon
loai MOV 1ung véi cdc mac d6 chiu dung xung dong khac nhau, c6 cac gia tri:
2.5KA, 4.5KA, 6.5kA, 8KA, 25kA, 40KkA, 70kA, va 100KA.

Hai thong s6 V¢ va Imax trén dé phan loai MOV, tng véi cac MOV khac nhau
tasé cocac giatri L, C, vabl, b2, b3, b4 khac nhau.

Sai s6 % cua dién 4p MOV (TOL): thuong c6 gié tri chuan 1a +10%, +15%,
+20%. Trong muc Initialization (nhap gi4 tri théng sé dau vao cta md hinh), viét
mot doan chuong trinh dé truy xuat céc gia tri L, C, thdng s6 bl, b2, b3, b4 va tinh
gia tri cua mang dién ap V_array_input theo mang dong dién |_array output théng
qua cong thirc 4.6 Gtng véi cac loai MOV khac nhau dugc yéu cau mé phong. Dir ligu
cac thong sé nay duogc cung cép tir thu vién dit liecu MOV ha thé caa Manfred
Holzer va Willi Zapsky. Hop thoai gia tri théng s6 dau vao Initialization dugc trinh

bay nhu Hinh 4.23
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23 Mask Editor : Subsystemn1 Q@E

Icon | Parameters | Initisization | Documentation

Dialog vanables Initialization commands

Wc if (Ve==230) A |
i if (Imax==2.5)

roc bi=2.6637304;:b2=0.0323975:b3=-0.0005318:b4=1

L=lZe=9:C=230e=12:

elseif (Imax==4%.5)
bl=2.565676688;;b2=0.0298961;:b3=-0.0005325; ba=I
L=12e-9;C=380e-12;

elaeif (Imax==6.3)
bl=2.6493830;b2=0.0Z66252:b3==0.0005975; ba=
L=12e-9;C=740e-12;

elzeif (ImAx==8)
bl1=2.6469709;b2=0.025650;b3=-0,0006073:b4=0

L=13e-9:C=760e-12; |
>

|~

Unmask [ ] [concat | [ ) [omv |

Hinh 4.23: Hop thoai Initialization ctia m6 hinh MOV ha thé

Hai mang V_array_input va |_array_output khai bao cho khéi Look-up Table cua
md hinh phan tir dién tré phi tuyén, thé hién méi quan hé V-I theo cong thirc 4.5
cua MOV, duoc tinh toan trudce trong chuong trinh boi cau Iénh:

| _array_output=[0.0000001 0.000001 0.00001 0.0001 0.001 0.01 0.1 1 10 100

300 1000 2000 5000 10000 20000 40000 100000 1000000 ;

V_array_input=(1+TOL/100)* 10.A(b1+b2*loglO(I_array_output/N)+b3*e

xp(- 10g10(1_array_output/N))+b4* exp(loglO(l_array_output/N)));

Hoan tit cac budc xay dung mé hinh trong Mask Editor, cudi cung ta thu duoc
m6 hinh hoan chinh cia MOV ha thé. Hop thoai thong s6 ciia md hinh nhu Hinh 4.24,
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i=] Block Parameters: Subsystem?

Lowe Wolbage MO (mashk)

& rnodel of lowe waltage PO,

This model can simulate the performances of a MOV in lowe wolt age diskribution poveer
sysbenm.
This model "s parameters inchade:

-Macdinmum & operating voltage (RMS) of varisbor, which is
standardized: 230, 275, 320W.

-Macsdinnum irpulse ourrent (81200s), its walues are also normalkzed:
2.5, 4.5, 6.5, 8§, 25, 40, 70, 100kA,.

=Tolerance of varisbor wvoltage {95), its values are often 109, 15% or
209

Llser*;: can update and extend model when eed.

Parameters

D= ap lam wiec rmacs (W)
(275
Cromg soung mac (kA
25
Sai =0 (%)
(10

( oK |[ cancet ][ Hep | ApDhy

Hinh 4.24: Hop thoai thong s6 m6 hinh MOV ha thé

4.3.4.Kiém tra dap tng MOV ha thé véi xung dong chuén
Dung mé hinh xung dong 8/20pus kiém tra dap @ng ciia méd hinh MOV ha thé
vira xay dung nhu so @6 Hinh 4.25.

jl— g+

—r—

DO DOME DIEM

0O DIEN AP

MGEUOM XUNG DONG

Lo |+

==
]

)
KA - Wl b0

— —
Hinh 4.25: So ¢ mo phong dap tmg cia MOV ha thé

Dung mé hinh md phong cho MOV ha thé cia hing AVX loai VE13M02750K
va c¢6 thdng sb cho trong Bang 4.1. VE17M02750K
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Bang 4.1: Théng sé ki thuat MOV ha thé caa hang AVX

Dién &p Dong Sai 6 Dién 4p phéng dién max

lam viéc | dién xung cua V&1 xuna 8/20us

ACmax | 8/20us | dién o1 XUng S1<Ou

Loai V) max ap (V crest)
(KA crest) MOO v
(%) 2kA 3KA

VE13M02750K 275 2.5 10 1150 -
VE17M02750K 275 45 10 1050 1100

Tién hanh tht nghiém dap ang caa MOV ha thé loai VE17M02750K v&i
cac xung dong 8/20us c6 bién do 1an luot 2kA, 3kA dap tng cia md hinh MOV
dugc trinh bay trong Hinh 4.26, 4.27. Thong s6 can nhap vao mé hinh Ia:

Max. AC operating Voltage (V): 275V
Max. impulse Current (kA) : 4.5kA
Tolerance of varistor voltage (%) : 10%

J) Figure 5
File Edit Wiew Insert Tools Desktop ‘window Help |
NoES | hAAODEL- 2| 0E| 0
2':":":' T T T T T
1500 =
® B.7EBe-006
Y. 0964
1000 (- .
S00 .
ot 4
-500 1 1 1 1 1
] o2 0.4 0.k 0.a 1 1.2

w10

Hinh 4.26: Dién ap du va dong dién qua mo6 hinh MOV khi m6 phdng
MOV VE17M02750K voéi xung 8/20us — 2kA
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) Figure & |Z”E|E|
File Edit “iew Insert Tools Desktop ‘Window Help ~

D de | | AU DEL-2 | 0B =D
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1500 |- ¥ 7.338e-006 -
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1000 = .
500 -
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_EDD 1 1 1 1 1
1] 0.2 0.4 0.5 0.8 1 1.2

% 10

Hinh 4.27: Dién ap du va dong dién qua m6 hinh MOV khi m6 phong MOV
VE17M 02750K voi xung 8/20us — 3KA

) Figure 7 : E E|
File Edit Yiew Insert Tools Deskiop ‘Window Help "
NEde| | RKODEL- 2|08 a0

2000 T T T T T

1500 F W 7.353e-006 =
Y1129
||

1000 :
500 -
|:| L -

_EDD | | | | |

0 02 04 0g 08 1 12

w107

Hinh 4.28: Dién ap du va dong dién qua mo6 hinh MOV khi m6 phong MOV
VE17M 02750K voi xung 8/20us — 2kA



-62 -
Khi thir nghiém dap ang cia MOV ha thé loai VE13M02750K véi cac xung
dong 8/20us c6 bién d6 2kA dap ttng cua md hinh MOV dugc trinh bay trong Hinh

4.28. Thong sb can nhap vao mé hinh la:

Max. AC operating Voltage (V): 275V
Max. impulse Current (kA) 2.5kA
Tolerance of varistor voltage (%) : 10%

So sanh két qua mo phong vai gia tri dugc cho trong catalogue, sai s6 mo hinh
duogc tong hop trong Bang 4.2.
Bang 4.2: Két qua so sanh khi md phong MOV ha thé cua hing AVX

bién 4p du trén MOV VE13MO02750K VE17MO02750K
(crest) 2KA 3kA 2kA 3kA
Theo catalogue (V)_Vrcat 1150 1050 1100
Theo mé hinh (V)_Vrmod 1129 - 996,8 1053
Sai s6 (%)_AV 18 ] 50 4.2

Dung md hinh mé phong tiép cho MOV ha thé cua hdng Littlefuse loai
V275LA40A (dudng kinh dia MOV 20mm) c6 thdng sé cho trong Béang 4.3.
Bang 4.3: Thong s6 ky thuat MOV ha thé cua hing Littelfuse

Dong Dbién ap phong dién
I}‘)'én gp dién xung Sai s6 cua Max Vor(l\;u;élsg) 8/20ns
Loai :’g VisE 8/20ps dién &p
(\?;ax max MOV (%) 3KA | 5KA
(KA crest)
V275LA40A 275 6.5 10 1040 1150

Tién hanh thir nghiém dap tng caa MOV ha thé loai V275LA40A véi cac
xung dong 8/20us c6 bién do lan lugt 3KA, 5kA. Pép tng caa md hinh MOV dugc
trinh bay trong Hinh 4.29, 4.30. Théng s6 can nhap vao mé hinh Ia:

Max. AC operating Voltage (V): 275V Max.
impulse Current (kA) 6.5kA
Tolerance of varistor voltage (%) : 10%
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) [Figure B - BX
File Edit View Insert Tools Desktop  ‘Window  Help N
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Hinh 4.29: Pién ap du va dong dién qua m6 hinh MOV khi mé phong MOV
V275LA 40A véi xung 8/20us — 3KA

) Figure 9 |Z||E|f'5__<|
File Edit “iew Insert Tools Desktop  Window  Help o

Ndde | b AR0NDRL- 2| 0EH D
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1103
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o 0.2 0.4 0.6 0.8 1 1.2
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Hinh 4.30: Dién ap du va dong dién qua m6 hinh MOV khi mé phong MOV
V275LA 40A véi xung 8/20us — 5kA
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Tong hop gia tri dién ap du cuc dai cia mé hinh MOV ha thé ung véi cac

truong hop xung dong 8/20us c6 bién do 3kA, 5kA va so sanh vai gié tri dugc cho

trong Catalogue, sai s6 md hinh dugc tong hop trong Bang 4.4.

Bang 4.4: Két qua so sanh khi md phong MOV ha thé cua héng Littelfuse

Dién ap du trén MOV V275LA40A
(crest) 3kA 5kA
Theo catalogue (V)_Vrcat 1040 1150
Theo md hinh (V)_Vrmod 993,6 1105
Sai s6 (%)_AV 4,5 39

Tiép tuc ding md hinh md phong cho MOV ha thé cua hang Siemen loai
B32K275, B40K275, B60K275, B80K275 co6 thdng sb cho trong Bang 4.5
Bang 4.5: Thong sb ky thuat MOV ha thé ctua hang SIEMENS

Dien 4p 13 Dong didn xun bién ap phdng dién max véi xung
. J1eh ap fam gdie 9 saisécua 8/20 115 (V crest)
Loai viéc AC max 8/20 1 s max AP
V) (KA crest) dién ap MOV
(%) 5kA 10kA 20kA
B32K275 275 25 10 1000 1150 1390
B40K275 275 40 10 960 1100 1310
B60K275 275 70 10 880 980 1130
B80OK275 275 100 10 830 930 1070

Trude tién, tién hanh thi nghiém dap tng cia MOV ha thé loai B60K275 véi

cac xung dong 8/20 u s ¢ bién do lan luot S5kA, 10kA, 20kA, dap tng caa md hinh

MOV dugc trinh bay trong Hinh 4.31, 4.32, 4.33. Thong sb can nhap vao md hinh Ia:

1 Max. AC operating Voltage (V):

[1 Max. impulse Current (kA):

1 Tolerance of varistor voltage (%): 10%

275V

70 kA
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J Figure 10 |Z||E|f'5__<|
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Hinh 4.31: Bi¢n 4p du va dong di¢n qua moé hinh MOV khi m6 phéng MOV
B60K275 véi xung 8/20us — SkA

) Figure 12 |Z||E|f'5__<|
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Hinh 4.32: Bi¢n 4p du va dong di¢n qua md hinh MOV khi m6 phéng MOV
B60K275 véi xung 8/20us — 10kA
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Thuc hién md phong tuong tu voi cac loai MOV ha thé con lai, gia tri dién ap
du cuc dai cia md hinh MOV ha thé (ng véi cac truong hop xung dong 8/20 n s ¢o
bién d6 khac nhau duoc tdng hop va so séanh véi gia tri duoc cho trong catalogue, sai
sé6 mod hinh (tinh theo cong thac 4.8) dugc tong hop trong Bang 4.6. Sai sé cia md
hinh dugc tinh theo cong thuc:
€mod (%) = (Vrmod - Vrcat) * 100/Vrcat (4.18)

Bang 4.6: Két qua md phong MOV ha thé cua hiang SIEMENS

Loai MOV ha thé cua hing Siemen
B32K275 B40K275
5kA 10kA 20kA 5kA 10kA 20kA

bién ap du trén MOV
(crest)

Theo catalogue
(V)_Vrcat 1000 1150 1390 960 1100 1310

Theo mo hinh
(V)_Vrmod

Saisd (%) ¢

999,3 1152 1390 957,4 1097 1313

mod -0,07 0,17 0,00 -0,27 -0,27 0,23

L Loai MOV ha thé cua hing Siemen
bién ap du trén MOV

(crest) B60K275 B8OK275
5kA | 10KA | 20kA 5kA | 10KA | 20KA

Theo catalogue
(V)_Vrcat 880 980 1130 830 930 1070

Theo mo hinh
(V)_Vrmod

Saisb (%) ¢

881,5 985,5 1146 831,6 932,3 1090

mod 0.17 0,56 1,42 0,19 0,25 1,87
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J Figure 12
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Hinh 4.33: Di¢n dp du va dong di¢n qua mo hinh MOV khi mé phéng MOV
B60K275 véi xung 8/20us — 20kA

*Nhan xét:

Qua cac két qua tong hop duoc tir viec md phong dap tng cua md hinh
MOV ha thé d6i véi cac loai MOV cua cac nha san xuat khac nhau, ta thiy mé
hinh MOV ha thé dé nghi d& dat mac chinh xéac kha tét (sai sé dién 4p du trén mo
hinh MOV so véi dir liéu duoc cho boi nha san xuat co gia tri toi da 1a 4.5% ,
gia tri thap nhat 1a 0,17%). Bén canh d6, théng sé can nhap vao cua md hinh lai
kha don gian, hoan toan duoc cung cip boéi nha san xuat. Hon nita, nguoi sir

dung con c6 kha nang cap nhat thém cho mé hinh khi can thiét.

4.4, Xay dyng md hinh MOV trung thé
4.4.1. Dat van dé

M6 hinh MOV duoc ding dé bao vé qué ap do sét hoic xung déng cat trén
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luéi trung va cao thé. Céc cong cu md phong la rat can thiét nham thyc hién
nghién ctu phéi hop cach dién trén hé théng. Hién nay, vai mé hinh chong sét
van da duogc dé nghi dé mé ta hanh vi cua chéng sét van dudi cac xung dién
ap/dong dién khac nhau. Nhiém vu khé khin nhat 12 viéc xac dinh md hinh dong
d6i véi cac xung sét hay cac xung dau séng ting nhanh. Béi voi dang song ma
thoi gian dat dinh khoang 8 u s, hiéu ¢ng dong s& déng vai trd chinh yéu.

That vay, dién ap du sé€ tang 1én khi thoi gian dat dinh cua xung dong dién giam
xudng va dién &p du s& dat dinh truéc khi dong dién dat dinh. Thong thuong su gia
tang dién ap du s& dat xap xi 6% khi khi thoi gian dau séng caa dong dién phong
qua giam tir 8 s xubéng 1,3 12 s. dién ap qua chéng sét van khong chi 14 ham cua
dong phong dién ma con phu thudc vao do déc cua n6. Do do, doi hoi phai cd mot
m6 hinh phic tap hon so véi md hinh dién tré phi tuyén don gian.

Van dé kho khan gap phai khi tién hanh xay dung md hinh mé phong la xac
dinh cac thdng sé caa mé hinh tir cac dir liéu sdn c6 cua nha san xuat. Md hinh
MOV cua IEEE dé nghi md ta nhu 1a hai dién tro phi tuyén duoc tach ra bai bo loc
R-L. Céc phan tir cia bd loc dugc xac dinh bang phuong phap lap. Céc gié tri ban
dau cé thé duoc tinh tir gia tri dién ap du va dir liéu vat ly cua chéng sét van. Piéu
tré ngai cua md hinh nay 14 thu tuc dé xap xi cac thong sb, phuong phép lap duoc
thuce hién véi cac phan tir khac nhau cho dén khi thoa man yéu cau.

Bit day tir md hinh caa IEEE, hang loat cac md hinh khac cua nhiéu tac gia
duoc xay dung dya trén mé hinh chuan nay. Cac mé hinh sautu oc cai tién tir md
hinh cua IEEE va dé nghi cac phuong phap xac dinh thong s6 khac nhau.

Phan I6n cac tac gia déu dua ra cac thuat toan xac dinh théng sé cua md hinh
véi d6 chinh xéac chap nhan dugc. Trong vai truong hop viéc tinh toan va hiéu chinh
thdng sé can thuc hién tha tuc lap, thi nghiém hay doi hoi nhitng thong sé kho
dugc cung cap tir nha san xuit.

Trong luan vin nay s& d& nghi mot md hinh MOV trung thé khdng co khe

ha. M6 hinh ciing dugc xay dung dua trén mé hinh MOV cua IEEE véi mot vai
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hiéu chinh nho voi thuat toan don gian va hiéu qua trong viéc xac dinh théng sb
caa mo hinh.

4.4.2. Md hinh MOV trung thé dé nghi

Mo hinh dugc xa@y dung dua trén mé hinh IEEE véi mot hiéu chinh nho, do la
tu dién C duogc loai bo do anh huong cia nd dén md hinh khong dang ké. M6 hinh
gom hai dién tro phi tuyén Ag va A1. Giita cac phan ta phi tuyén Ag va A1 lacéc bo
loc R-L, dién tro Rp la dién tro cia MOV trong vung dong dién ro.

M6 hinh hoat dong vé thyc chat ciing giéng nhu md hinh do IEEE dé nghi.

Véi cac xung dau doc thap, bo loc R-L ¢6 tré khang rat nho va nhu thé Ag va A

xem nhu méc song song nhau. Péi véi xung dau dbc cao, dién khang bo loc 16n, n6

s& cho dong dién chay qua Ag nhiéu hon A1. Tir d6 Ag s& c6 dién ap roi trén né 16n

hon A1 khi c6 dong dién chay qua. Két qua la dién &p du trén mé hinh chéng sét van

s& 0 tri s6 cao hon. Nhu vay, cac chong sét van MOV c6 dién ap du cao hon ddi véi

xung dau doc cao, mo hinh s& phu hop véi tat ca cac tinh chat caa mot chng sét van

MOV.

o = T

Hinh 4.34: So d6 twong duong ctia md hinh MOV trung thé

4.4.3.Phwong phap xac dinh thong sb
Viéc xac dinh cac dién tro phi tuyén (Ag, A1) va cac dac tinh cua no dua trén

cac duong cong duoc dé nghi bai IEEE cho & Hinh 4.18. Bién ap duoc tinh theo don
vi trong d6i (p.u).

Ham cua cac gié tri dién cam Lo va L1 dung dé thé hién tinh chat caa mé hinh
v6i cac xung sét. Vi vay, diéu ndy co tinh logic khi phuong trinh xac dinh hai dién
cam phu thudc vao céc gia tri thé hién dic tinh cua chéng sét van MOV khi co

dong xung phéng qua la: dién &p dinh mac cua chdng sét van, dién &p du di voi
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xung dong c6 tan sb ting nhanh va dién &p du tai xung dong 10kA cua dang song sét
tiéu chuan 8/20us.

Giatri hai dién cam Lo, L1 c6thé tinh theo cdng thire kinh nghiém sau:

L1= Z.Vfl”\jﬂw (4.19)
rg/20
L, = %.w.\m (4.20)
r8/20
Trong do:

Vn: La dién ap dinh mac cia chng sét van (KV);

Vr1/T2: La dién ap du ddi véi xung dong cé tan sé ting nhanh (kV);

Vr8/20: La dién ap du tai xung dong 10kA cua dang séng sét ti€u chuan 8/20 i s
(kV). Cac thdng s6 Rp vaR1 dugc thém vao nham giai quyét van dé han ché cua
viéc két ndi mot phan ti phi tuyén véi mot cudn cam hay mét ngudn dong khéc trong
Matlab. Céc gié tri Rg, R1 vaRp khoang 1MQ .

4.4.4. Xay dwng mé hinh MOV trung thé trong Matlab
-Céckhéi dung trong md hinh
Céc khdi dung dé mo phong mé hinh da dugc dé cap o chuong 2, & day chi
gidi thiéu thém vé khédi Transfer Fnc va Look-up Table ding dé xay dung mé hinh
dién tro phi tuyén | = f(V).

-Khéi Transfer Fnc q ,
Mac dau chirc nang cua Simulink co thé giai quyét dugc cac bai toan

1
[

0.09e-Gz+1

Transfer Fond

c6 xuat hién vong lap dai s6 nhung thoi gian giai cac bai toan rat

cham. Nho khéi Transfer Fen, ¢ thé tranh duoc vong
lip bang cach dua tin hiéu lién tuc vé roi rac voi mot thoi gian trich mau phi hop
ma van dam bao tinh dung dan ciia md hinh. O vi du cho khdi trén, thoi gian trich

mau 1a T = 0,01ps.
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-Khéi Look —up Table
Khoi Look-up table tao tin hiéu ra tur tin hiéu vao trén co s& théng

tin mot bang tra (Vector of input values x Vector of output values).

— Néu gia trj hién tai caa tin hiéu vao tring véi mét gia tri thuoc Vector

Look-Up of input values, gié tri twong duong trong bang

thuoc Vector of output values s& dugc dua toi dau ra. Néu gia tri cua tin hiéu vao
nam gitta hai gia tri thuoc Vector of input values SIMULINK thuc hién ndi suy
hai gia tri twong Gng cua Vector of output values. Néu gia tri cua tin hiéu vao bé
hon (hay 16n hon) gia tri dau tién/gia tri cudi cung cta Vector of input values,
SIMULINK s& thuc hién ngoai suy hai gia tri dau tién/cudi cung cua Vector of

output values. Vector of input values cé thé 1a mot vector hang hay mot vector cot.

-Xay dung mo hinh dién tré phi tuyén Ag, A1
Xay dung mo hinh hai dién tro phi tuyén Ag va A1 dua vao dudng cong dic

tuyén V-l duoc dé nghi boi IEEE. Tinh toan lua chon vai diém trén dic tuyén. Bang
5.1 trinh bay gia tri dinh cua dién &p du do duogc trong thi nghiém phong xung dong
dién sét 10kA 8/20 i s nhu sau:

Bang 4.7: Quan hé I = f(V) dic tuyén V-1 caa Ag VaA1

I (kA) AQ (p.u) A1 (p.u)
107 0.833 0.652
0.1 0.974 0.788

1.052 0.866
3 1.108 0.922
10 1.195 1.009
20 1.277 1.091

M6 hinh dién tré phi tuyén duoc xem nhu mot khéi “Controlled Current
Source” ¢6 dic tinh phi tuyén véi dong dién i 1a mot ham phi tuyén theo dién ap u.
So d6 nguyén Iy caa phan tir phi tuyén Ag, A1 tuong tu nhau, sau day s& trinh bay so

dd nguyén 1y cua phan tr Ag nhu Hinh 4.35,
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ol 1
¥ P I P =
In1 0.01e-B5+1 @+ .
I———1A

Waoltage Measurement  Transfer Fon
Look-LIp Controlled Current Source

Table

Outt Hinh 4.35: So db nguyén 1y ciia phan tir Ag

Pé tinh dong dién i = f(u), theo Bang 4.7, khai bao trong khdi Look-Up Table
VGi phan tir phi tuyén AQ:
* Vector of Input Values (u):
[00.8330.974 1.052 1.108 1.195 1.277] x VI x 1000
Vector of Output Values (i):
[00.000010.1 1 310 20] x 1000
Tuong ty, dong dién i = f(u) duoc khai béo trong khéi Look-Up Table véi
phan tur phi tuyén Ax:
Vector of Input Values (u):
[0 0.6520.788 0.866 0.922 1.009 1.091] x VI x 1000
Vector of Output Values (i):
[00.000010.1 1 310 20] x 1000

*X &y dwng md hinh MOV trung thé hoan chinh
Str dung Simulink trong MatLab xay dung mé hinh MOV theo IEEE hoan
chinh nhu Hinh 4.36.

o e e

In1

Rp Al A1

Cutd

G- ‘e
Hinh 4.36: So d6 nguyén Iy mé hinh MOV trung thé

-l
-

St dung Iénh  Create subsystem nhém céc phan tir trén thanh mot khoi, dat tén la
MV_MOV, khai bao cac bién cho mo hinh, xay dung biéu tugng cho MOV. Su dung
hop thoai Edit Mask khai bao cac bien cho mé hinh.
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Mask Editor : Subsystem2

Icon & Parks | Parameters | Initialization || Documentation
Dialog parameters
#  Prampk Vari... Tvpe Ew... Tun...
o 1 |arrester rated voltage (KY) v S ”~
Residual woltage For lightning current impulse (£ Wl e W
* Residual woltage For Fast Fronk current surge (KA)  [Ws ™ w
¥ Options For selected parameter
Tvpe-specific options Generic opkions
In dialog:
Mo type-specific options
Dialog callback:
[ [ ) [ ) Cooov

Hinh 4.37: Khai bao cac thdng sb trong thanh Parameters

Chon thanh Initialization trong muc Initialization commands, viét dong Iénh dé
xac dinhgiatriL, L1:

L1=Vn* (Vs -VI)/(4 * VI * 10"6);

LO =Vn*(Vs-VI)/(12 * VI * 10"6);

Chon thanh Icon, trong phan “Drawing commands”, dung ham plot dé vé& cac
hinh dzc tuyén cho mé hinh:
plot(-100,-45,100,45,[-100 -35],[0 0],[100 35],[0 01,[-30 -30],[40 -40],[-20 -
20],[40 -40],[-10 -10],[40 -40],[0 0],[40 -40],[10 10],[-40 40],[20 20],[-40

401,[30 30],[-40 40])
Cudi cuing ta dugc md hinh MOV trung thé hoan chinh nhu Hinh 4.38.
I

W MO

LV
w

Hinh 4.38: Mé hinh MOV trung thé
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Hop théng sé caa md hinh MOV theo IEEE nhu Hinh 4.39.

21 Block Parameters: Subsystem3 El
High “oltage MOY (mask) A

A model of High voltage MOV,
This model can simulate the performances of a MOY in High voltage distribution poveer
system.
This model 's parameters include:
-Maximum AC operating voltage (RMS) of varistor, which is standardized:
-Arrester rated voltage (21, 27, 30 KY
-Residual voltage for lighning current impulse:S3.8, 79, 73.1 KY
-Residual voltage for fast front current surge:64, 92, 80,4 KV
-Maximum impulse current (8/200s,

-Tolerance of varistor voltage (%), its values are often 10%, 15% or 20%.
Users can update and extend model when need.

Farameters
Arrester rated voltage W)
30

Residual voltage for lightning current impulse kYD
1

Residual voltage for fast front current surge (k0
20.4

[ Ok H Cancel H Help App by

Hinh 4.39: Hop thoai cia MV_MOV

4.4.5. Kiém tra dap ing chia MOV trungthé véi xung dong chuan
Dung mdt xung dong chuan 8/20 s kiém tra dap tng caa md hinh MOV

trung thé vira xay dung nhu so d6 Hinh 4.40.

|
Impulse_Current_Source | 1_hacn?
e S
Ot 1 + .‘_:'_ y I:l
W
out? | | Wb O
»—lll
I
hot b 0F

Hinh 4.40: So ¢6 md phong dap ung cia MOV trung thé dé nghi
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Sau day tién hanh md phong mot chdng sét van loai AZG3 cua hing
COOPER véi cac thong sb k§y thuat dugc cho trong catalogue nhu sau:
Bang 4.8: Thong sb ky thuat MV_MOV loai AZG3 cia hing COOPER

Arrester Steep Current Lightning Impulse Residual VVoltage
Rating Arrester Residual Voltage (kV Crest) 8/20 u s Current wave
Uy MCOV Uy (kV) Crest
(kV, rms)
(kV, rms)
10kA 5kA 10kA 20kA
21 17 64 50.2 53.8 59.4

Véi cac thong sé ki thuat nhu trén thi can nhap vao mé hinh chéng sét van
MV_MOV nhu sau:
-Arrester rated voltage (kV)(Vn): 21
-Residual voltage for lightning current impulse (kV)(V_lightning): 53.8
-Residual voltage for fast front current surge (kV)(V_steep): 64
Mo hinh duogc cho phong dién véi cac dong dién c6 dang song 8/20 s 0 tri

s6 5kA, 10kA, 20kA. Két qua md phong dugc cho nhu Hinh 4.41, 4.42, 4.43 Gia tri

dién ap du dat dinh caa md hinh duoc cho trong Bang 4.8

) Figure 2

File Edit Wiew Insert Tools Desktop Window Help ~ ff File Edit  View Insert Tools Desktop Window Help il |
NEEe(AODEL-Q| »|RCde b RRXOVDEL-E] 7
— 4
000 V4858 6 1% 4790008
WAt 1 T 1 ¥ 5.114e+004 !
: . H — |-MOY . ; : -l %
4000 ++-- -|r'||"| -------- | : . H H H
3000 -
CEPIIRARS SN S F -
% ) A SRS SO SR U SO
] : : : : :
] 0.2 0.4 0B 0.8 1 1.2
10

Hinh 4.41: Dién 4p du va dong dién qua md hinh MV-MOV khi md phéng MOV hang
COOPER véi xung SkA — 8/20us.
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J Figure 1
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Hinh 4.42: DBién 4p du va dong dién qua mo hinh MV-MOV khi mé phong MOV hiang

COOPER véi xung 10kA — 8/20ys.

J Figure 1

File Edit Wiew Insert Tools Desktop ‘Window Help
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0.4

J Figure 1

Fle Edit View Insert Tools

! 3. 936e+004

Deskbop  Window  Help

DO -3

X
||

......................

........................

Hinh 4.43: bién 4p du va dong dién qua md hinh MV-MOV khi mé phong MOV hang

COOPER véi xung 20kA — 8/20ps.
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Bang 4.9: Két qua md phong MOV trung thé cua hdng COOPER

Dang song dong phong dién 8/20us

Bién do dong dién (kA) 5 10 20
Dién ap du cua nha san xuét (Urman)(kV) 50,2 53,8 59,4
bién ap du md phong (Ursim)(kV) 51,14 54,42 59,36
Saisb % (er) 1,87 1,28 0,06

Tir két qua md phong trén cho thiy md hinh d& nghi rat chinh xac so véi
s6 liéu cua van chdng sét thuc té dugce cung cip trong catalogue ciia nha san xuét.
Pé kiém tra do chinh xac cua md hinh, duéi day s& lan luot md phong

chéng sét van cua cac hdng san xuat khac nhau va voi cac cip dién ap khac

nhau.
M phéng mét chéng sét van cap phan phéi ciaa hdng EL PRO
Bang 4.10: Thong s6 ki thuat MV_MOV cua hing ELPRO
Arrester Arrester Steep Current Lightning Impulse Residual
Rating Uy MCOV Uy Residual Voltage Voltage (kV Crest) 8/20 u s
(kV, rms) (kV, rms) (kV) Crest Currentwave
10kA 5KA | 10kA |  20KA
27 22 92 75 79 87

*Thdng sé nhap vao mo hinh:
-Arrester rated voltage (kV)(Vn): 27
-Residual voltage for lightning current impulse (kV)(V_lightning): 79
-Residual voltage for fast front current surge (kV)(V_steep): 92
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Bang 4.11: Két qua mé phong MOV trung thé cua hing ELPRO

Dang séng dong phong dién 8/20us
Bién do dong dién (KA) 5 10 20
Dién 4p du cua nha san xuit Urman)(kV) 75,0 79.0 87,0
bién ap du mo phong (Ursim)(KV) 72,2 77,63 84,76
Saisé % (gy) 3,73 1,73 2,57
X 7 366e-006
. w 11 ¥: 6.5158-005
3000 — v: 2732 : . I| — N 2= : : :
2500t - _____E________E________E ________________________ il n : : ! — WM
A ]S LSO SNt SR SRR AU
1 . ' Lo
[0 A A N N R o gl eeeedoeeeen]
008 R S R S S S -
! ! - - ! Ho o o) beomens HE—
0D Hf----1- boeeeee AARREEEE e R i i
0 I H H
1.2 0 02 04 0B 08 1 1.2
10 10

Hinh 4.44: Bién ap du va dong dién qua mén hinh MV-MOV khi m6 phong MOV hang
ELPRO véi xung 5kA — 8/20us.

Y TES3 Al
1 8000 . _ , : : 10 X 10 |
| I I I —_— Ho 5407 e-006
r e 7 TR3e+004 — Y-MOY
RO00 ' W FTTTTTTTTTT
} 4000 g
2000
e | L e S S I
L :
1 15
w10

Hinh 4.45: Bién ap du va dong dién qua mon hinh MV-MOV khi md phong MOV
hang ELPRO véi xung 10kA — 8/20us.
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Hinh 4.46: Dién ap du va dong dién qua mon hinh MV-MOV khi md phong MOV

hdng ELPRO véi xung 20kA — 8/20us.
M6 phéng mét chdng sét van cia hang GE:
Bang 4.12: Thong s6 ki thuat MV_MOV cua hing GE

Arrester Arrester Steep Current
Rating Uy MCOV Residual Lightning Impulse Residual Voltage (kV
(KV, rms) Ur (kV, Voltage (kV) Crest) 8/20 u s Current wave
rms) Crest
10kA 3kA 5kA 10kA 20kA
30 24.4 80.4 64,9 67,9 73,1 80,9
Théng s nhap vao mé hinh:
-Arrester rated voltage (kV)(Vn): 30
-Residual voltage for lightning current impulse (kV)(V_lightning): 73.1
-Residual voltage for fast front current surge (kV)(V_steep): 80.4
Bang 4.13: Két qua mé phong MOV trung thé caa hing GE.
Dang sdng dong phéng dién 8/20 1 s
Bién do dong dién (kA) 3 5 10 20
Dién &p du ciia nha san xuét (Urman)(kV) 649 | 67,9 731 | 809
bién ap du m6 phong (Ursim)(KV) 66,01 | 67,62 | 72,08 | 7817
Saisd % (gr) 1,71 041| 139| 337
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Hinh 4.47: Bién ap du va dong dién qua mén hinh MV-MOV khi m6 phong MOV hang
GE voi xung 3kA — 8/20ps.
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Hinh 4.48: Bién ap du va dong dién qua mén hinh MV-MOV khi m6 phong MOV hang
GE véi xung 5kA — 8/20us.
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Hinh 4.49: DBién ap du va dong dién qua moén hinh MV-MOV khi md phong MOV
hana GE véi xung 10kA — 8/20us.
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Hinh 4.50: Bién ap du va dong dién qua mén hinh MV-MOV khi m6 phong MOV hang
GE véi xung 20kA — 8/20us.

*M6 phong chong sét van cia hang Cooper

Bang 4.14: Théng s6 ki thuat MV MOV cta hing COOPER

Dic tinh ky thuat ctia chéng sét van MOV cua COOPER

Rated [MCOV | 0,5us-| Switching 8/20pus Maximum Discharge Voltage
Voltage 10kA | surge kV crest

kV kV kv (kV) 1,5kA | 3kA SkA [10kA | 20kA | 40kA

30 244 | 90,1 63,7 65,9 694 | 72,0 | 77,1 | 85,0 94,9

V6i bdng thong so trén, cdc thong s6 cAn nhap vao cho md hinh chong sét van
MOV la:

-Arrester rated Voltage (Vn): 30kV.

-Residual voltage for lightning current 10kA (V lightning): 77,1 kV.

-Residual voltage for fastfront current 10kA (V fastfront): 90,1 kV.

M5 hinh dugc cho phéng dién v6i dong dién c6 dang séng 8/20us c6 tri s6 3KA,
5kA, 10kA va 20kA, két qua dugc cho & hinh 4.21, 4.22, 4.23, 4.24, 4.25.

Béang 4.15: So sanh k€t qua mo6 phdng véi sd liéu k§ thuat
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Dang dong phéng dién 8/20us | 8/20ps | 8/20us | 8/20us 1/5 ps
va bién dd 3kA 5kA 10kA 20kA 10kA
U, cia nha sdn xuat(kV) 69,4 72,0 77,1 85,0 90,1
U,ef cia mo hinh(kV) 69,05 70,8 76,06 83,3 90,0
Sai s6 phan trim 0,5 1,67 1,35 2,0 0,01
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Hinh 4.52: Dién 4p du clia chong sét van tai dong 8/20us-5kA
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Hinh 4.53: Dién 4p du clia chdng sét van tai dong 8/20us-10kA
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Hinh 4.55: Dién 4p du ctia chdng sét van tai dong 1/5us-10kA
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4.5. Nhan xét

M6 hinh MV_MOV don gian da dé& nghi duoc diung d¢& md phong chdng sét van
MOV bao vé cho ludi trung thé. Md hinh dwa trén mé hinh caa IEEE véi mot hiéu
chinh nhé 1a loai bo tu dién C, phuong phép tinh toan thong sé cia mé hinh dua vao
cac théng sb co san tir catalogue cia nha san xuat, tham chi véi dir lieu khong day
di nhu khong c6 gia tri dién ap du déi véi xung dong dién tang nhanh thir nghiém thi
mo hinh van thyc thi.

bién 4p du trén chdng sét van, v6i cling mot tri s§ dong dién cho phéng qua, sé&
ting 1én khi thoi gian dat dinh clia dong phéng dién gidm. Pién 4p sé ting xap xi 14
% khi thdi gian dat dinh gidm tir 8us xudng con lus.

V6i nhitng dong dién phong qua chdng sét van cé thdi gian dat dinh trong khodng
8us hay nho hon thi dién 4p phong dat dinh truGe khi dong dién dat dinh.

Mo hinh chong sét van don gidn c6 thé dugc xay dung bao gdom mot dic tuyén
phi tuy&n V-1 va mot bd loc R-L ndi ti€p véi nhau thi c6 thé dua ra hai hiéu tng &
trén (dién 4p du ting khi xung dong phéng dién c6 thdi gian dat dinh gidm xudng va
dién dp du dat dinh truSc khi dong dat dinh) v§i thdi gian dat dinh hep.

D6i v6i mo hinh chdng sét van trong Matlab, khi thyc hién md phdng vdi xung
dau séng ting nhanh, cdc dic tinh ddp ng dong khong dugc thé hién. Do dé, khi
ding m6 hinh md phdng (vi du md phdng chdng sét van ctia hang Elpro vdi cdc thong
s6 k§ thuat & trén, cho & phu luc 2) qud dién 4p qué do, sai s clia md hinh s& rat 16n.

M® hinh duoc cho thir nghiém vai xung dong sét tiéu chuan c6 bién do tir 10kA dén
20kA. Chéng sét van loai trung thé c6 cip dién ap dinh mac tir 3kV dén 30kV. Két
qua md phong duoc so sanh vai két qua thi nghiém cua nha san xuat da chang to md
hinh khé& chinh xéac véi sai s6 16n nhat khoang 3,73%. Vi vay, mé hinh hoan toan c6

thé dung dé nghién ctu bao vé qua ap trén ludi trung thé.
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e CHUONGS: ‘ ,
NGHI EN’CUU' BAO VE QUA;AP ’l:REN DUON(E NGUON HA AP
KHI SET PANH TRUC TIEP TOI PUONG DAY TRUNG AP

Theo thdng k&, 80% hu hong do sét gdy ra la boi sét danh lan truyén theo
duong cap ngudn va duodng tin hiéu. Do viéc chdng sét lan truyén chua dugc quan
tam mot cach day du, dan dén thiét hai do sét lan truyén gay ra rat lon. Vi thé viéc dé
ra cac giai phap va cung cap cac thiét bi chéng sét lan truyén theo cong nghé mai 1a
cap bach va can thiét.

Cac duong day trén khong, du cd duoc bao vé chong sét hay khong thi cac
thiét bi ndi voi ching déu bi tac dong cua song sét truyén tir duong day dén. Bién
d6 qua dién ap khi quyén co thé 16n hon dién ap thi nghiém xung kich va cach dién
cua thiét bi, dan dén choc thung cach dién, pha huy thiét bi va gay ra su cd, mach dién
bi cat ra. Do vay phai ding céc thiét bi chong sét. Cac thiét bi chdng sét nay s& ha
thap bién do séng qué dién &p dén tri s6 an toan cho cach dién can duoc bao vé.

Thiét bi chong sét 1a thiét bi dugc ghép song song véi thiét bi dién dé bao vé
qué dién &p khi quyén. Khi xuat hién qua dién ap, n6 s& phong dién trudc lam giam
tri s qué dién ap dat 1én cach dién cua thiét bi va khi hét qua dién ap sé tu dong dap

tit hd quang cua dong dién xoay chiéu, phuc hoi trang thai 1am viéc binh thuong.

Qué dién ap phia trung &p caa may bién ap phan phdi trung/ha ap do sét danh
truc tiép téi duong day trung ap trén khong co thé gy nguy hiém cho cac thiét bj
cao 4p, truyén qua phia ha ap va cac thiét bji dién ha 4p gay hu hong cac thiét bi

nay. Do d6 can c6 céc thiét bi bao vé qué &p trén duong day trung va ha ép.
Ap dung hai md hinh van chéng sét (MOV) trung va ha &p da xay dung, tién

hanh khao sat danh gi4 hiéu qua bao vé cia mot hé thong bao vé qua ap trén dudng
ngudn ha ap cung cip dién cho cac tda nha cdng nghiép khi sét danh truc tiép toi
duong day trung ap trén khdng dan vao phia so cip cta tram bién ap.

5.1. Gidi thiéu ,
Sét danh truc tiep toi duong day trung ap la khéng thuong xuyén trong hé

thdng phan phdi dién nhung nhitng anh huéng cia ching la rat xau. Han ché nhiing
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nguy hiém d6 can cé nhiing van chdng sét bao vé xung sét va qua dién ap trén dudng
day trung va ha ap.

Khi phan tich quéa dién 4ap sét xuat hién trong nhitng thiét bi dién ha &p lap dat
trong tda nha yéu cau phai xay dung mé hinh hé thdng dién mot cach day du, dic biét
la may bién ap va van chdng sét. Muc dich cua nghién ciru nay 1a dung dé danh gia:

- Kha nang &p dung ctia mé hinh da xay dung.

- Hiéu qua bao vé qué ap caa cac van chdng sét.

- Qua dién ép trén hé thdng ha ap khi c6 sét lan truyén tir duong day trung

ap.

- Anh huéng caa cac yéu té: Dién tro ndi dat, khoang cach tir vi tri sét danh

tGi tram bién ap d6i vai hién tuong qua ap trén mang cung cap ha ap.
5.2. Md phéng hé thong bao vé qué &p do sét lan truyén trén dwong day trung ap

Thuc hién md phong mot hé thdng bao vé qua &p trén duong ngudn ha &p cung
cap cho céng trinh cdng nghiép khi sét danh truc tiép vao duong day trung &p va lan
truyén qua may bién ap sang hé théng ha &p dan vao toa nha.

Hé thdng md phong gom co: Puong day trung 4p (MV) trén khdng tir may
bién 4p trung gian 110/15kV téi may bién &p phan phdi c6 cap dién ap 15kV, may
bién &p phan phdi trung/ha ap (MV/LV) véi cap dién ap 15/0,4kV va duong day ha ap
(cap ngam) cd dién ap 400/230V ndi giira tram bién ap phan phdi va nhitng thiét bi
dién lap dat trong toa nha.

Dé c6 thé danh gia hiéu qua bao vé quéa ap cua cac van chdng sét trung ap va
ha ap. Viéc 1ap m6 hinh mo phong duoc thuc hién trén hai mo hinh cta hé théng: Co6
va khong c6 gin van chéng sét ha &p.

5.2.1. M6 phéng hé théng bao vé quéa ap khi khéng cé van chong sét ha &p

Tham khao tai liéu “Hudng dan thiét ké lap dat dién theo tiéu chuan quéc té
IEC” cta nha xuit ban khoa hoc va ky thuat nam 2001, dé bao vé qua dién 4p do sét
déanh tryc tiép vao duong day trén khdng dan vao tram bién ap, bién phéap thuong ding

nhat 1a Iip dat chéng sét van ¢ phia so cap cua tram bién ap. Cac van chdng sét duoc
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ndi song song tir cac day pha xubng dat (hé théng néi dat caa tram) va dit cang gan
diém vao tram cang tét.

M6 hinh mé phong dugc thuc hién voi hé théng bao vé qua ap & trén véi van
chbng sét duoc lap dat trén duong day trung ap dan vao tram bién &p phan phdi va ¢
vi tri cach tram 1a 4m. So d6 bd tri céac thiét bi bao vé qua ap duoc trinh bay trong
Hinh 5.1
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Hinh 5.1: So d6 hé thong bao vé qué ap ctia cong trinh
*Nhitng théng sé trong md hinh md phéng sau day duoc dé xuat:
-Chiéu dai duong day trung &p trén khong dan tir may bién ap trung gian téi tram bién
4p phan phdi trung/ha ap 1a 10km.
- bién tré hé théng nbi dat cua tram bién ap phan phdi 1a 2Q.
- Trong tda nha, day PEN duoc ndi véi hé théng ndi dat cua toa nha.
- bién tro hé thong nbi dat cua toa nha 1a 10 Q.
-M6 hinh tan s cao ciia may bién ap duoc sir dung véi tu dién ndi giita cudn day so
cap va tha cap caa may bién ap.
-Van chéng sét trung 4p (MV_MOV) duoc lap dat tai phia so cip cua may bién ap
phan phdi c6 dién ap 1am viéc dinh mac 1a 12kV, dién ap 1am viéc lién tuc 16n nhat 1a
10,2kV.
-Tai ha ap duoc lap dat 1a cac dién tré 5Q duoc ndi hinh sao.
-May bién &p phan phdi MV/LV c6 cap dién ap 15/0,4kV, dung luong 1IMVA trong
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truong hop 1am viéc cha yéu véi diém trung tinh cach ly phia trung ap, nhung phia
ha p trung tinh dugc ndi dat truc tiép vaéi hé thdng ndi dat cua tram. Dong sét danh
tryc tiép vao duong day trung ap trén khong duoc md phong boi ngudn phat xung
dong ly tuong 10/350 u s véi gia tri dinh 10KA.

-Buong day ndi vai tod nha 1a hé thong TN — C - S.

-So 6 mach tuong duong cta hé théng bao vé qua &p cua cong trinh dugc biéu

dién trén Hinh 5.2. Céc théng sé cua mach dién mé phong dugc cho trong Bang 5.1.
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Hinh 5.2: So d6 mach twong dwong hé thdng bao vé qué ap

Xay dung mach mé phong nhu Hinh 5.2 trén Simulink caa Matlab, sir dung
cac phan tir va cac khéi cé san trong thu vién Simulink, nhém cac phan tir thanh
thanh céc khéi riéng. Mach mé phong cé dang nhu Hinh 5.3.
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Hinh 5.3: So d6 mach md phong hé thong bao vé qua ap
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Bang 5.1: Thong s6 mach twong duwong hé thong bao vé quéa 4p md phong.

Cac phan tir

Tri s6

Dién 4p pha caa thir cAp may bién ap trung
gian

V1=18.66kV, 50 Hz, ¢ = 0°

V2=18.66 kV, 50 Hz, ¢ = 120°
V3= 8.66 kV, 50 Hz, ¢ = 240°

Bi,én t.rf)’ C}ia duong .dﬁy tmn% ap t,inh :[l‘I R11 R12, R13 0.12mQ/m 1.128Q
may bién ap trung gian tGi diem sét danh 1 =9400m
Pién cam cia dudng day trung dp tinh tir 11 L1p L1 | LeHm 9.4e-3
may bién &p trung gian téi diém sét danh S 11=9400m H
bién tro cua duong day trung ap tinh tur R21 R22 R23 0.12mQ/m 0.072Q
diém sét danh téi vi tri lap dat MV _MOV iy l2 =600m
Dién cam cua duong day trung p tinh tir 121 122 123 1pH/m be-4H
diém sét danh ti vi tri 1ip dat MV_MOV - I2 =600m
Di¢n tré ciia duong day trung ap tinh tir vi tri 0.12 mQ/m 0.48e-3
lap dat MV_MOV téi may bien ap phan phdi | R31. R32. R33 | ' Q
k) H 3 :4m
bién cam cua duong day trung 4p tinh tir vi 1uH/m 4e-6
tri lap dat MV_MOV téi MBA phéan phoi L31,L32, L33 I3=4m H
bién dung gitra so cap, thir cdp may bién ap C1,C2,C3 1nF
Dién dung gitra so cip may bién ap va dat C4,C5, C6 1nF
. . .. 9 , R41,R42 0.03mQ/m 1.8e-3
bi¢n tré cua duong day ha ap
R43, R44 14 =60m O
L41, L42 4.8e-6
Pién cam ciia duong day ha 4p Lis Lan 0|'08 ”6';/ m
: 4 =60m
Dién tro tai 3 pha ndi hinh sao R51, R52, R53 5Q
bién tré noi dat tha cap MBA phan phoi R1 20
Dién tro caa hé thong ndi dat toa nha R2 10Q




-90 -

*Panh gia hiéu qua bio vé ciaa van chéng sét trung &p
Khi md phong véi van chong sét trung thé co dién ap l1am viéc dinh mirc 12kV,
dién ap phong dién 21,1kV, dugc gan tai so cip ciia may bién ap phan phdi. Dong xung
sét 10/350ps co bién do 10 kA danh truc tiép vao pha A trén dudng day trung ap dan vao
tram bién 4p, khoang cach tir vi tri sét danh t6i tram bién ap 13 600m. Dang song dong
dién qua chdng sét van va dién 4p tai ddu cuc phia so cip may bién ap sau khi chay mo

phong dugc trinh bay nhu Hinh 5.4, 5.5 va 5.6.
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Hinh 5.5: Dong qua van chéng sét trung 4p gin vao pha B
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Hinh 5.9: Dién ap trén pha C phia so cip may bién ap

Khi c6 sét danh truc tiép vao duong day trung ap, dong dién sét lan truyén
doc theo duong day va dan vao cudn so cip cia may bién 4p MV/LV, ldc nay van
chbng sét trung &p hoat dong dan dong sét theo hé théng ndi dat phia ha &p xudng
dat. Van chdng sét trung ap (MV-MOV) d4 kep dién &p qua do do xung sét danh truc
tiép xudng dudi 130kV nhé hon mac céch dién co ban cua thiét bi (may bién ap)
duoc bao vé (178kV). Nhu vay khi gin van chdng sét phia so cap dan vao tram bién
4p c6 thé bao vé dam bao an toan cho may bién ap khi co sét danh truc tiép toi duong
day trung ap dan vao tram.

Hiéu qua bao vé cua van chdng sét duoc thay rd qua trueong hop khéng lap dat
van chdng sét. Két qua mod phong cho thay dién ap tai cac pha phia so cip cia may
bién ap 16n hon mac cach dién co ban va c6 thé pha hong cach dién cua may bién ap
(Hinh 5.10).

Hinh 5.10: Pién ap trén cac pha khi khong c6 chong sét van MV_MOV
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*Quadién ap do sét lan truyén qua mang ha ap

Tién hanh mé phong khi lan luot thay d6i véi cac vi tri khac nhau ma tai
d6 sét danh tryc tiép toi duong day trung &p dan vao tram bién ap phan phdi.
Dién 4p tai tu phan phdi ha ap thu duoc khi méd phong duoc trinh bay trong Hinh
5.11 dén Hinh 5.22.
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Hinh 5.11: Dién ap tai ta phan phéi khi khong lap dat LV._ MOV
(Khoang céch tir diém sét danh t¢i may bién ap 1a 9000m)
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Hinh 5.12: Dién ap tai tu phan phdi khi khéng lap dat LV. MOV
(Khoang cach tir diém sét danh t&i may bién ap 1a 8000m)
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Hinh 5.13: Dién 4p tai tu phan phoi khi khong lap dat LV_MOV
(Khoang cach tir diém sét danh t61 may bién ap la 7000m)
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Hinh 5.14: Dién 4p tai tu phan phoi khi khong lap dit LV_MOV
(Khoang cach tir diém sét danh té1 may bién ap 1a 6000m)
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Hinh 5.15: Dién ap tai tu phan phéi khi khéng lap dat LV. MOV
(Khoang cach tir diém sét danh tGi may bién ap 1a 5000m)
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Hinh 5.16: Di¢n 4p tai ti phan phdi khi khong lap dat LV. MOV
(Khoang cach tir diém sét danh t&i may bién ap 1a 4000m)
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Hinh 5.17: Dién 4p tai tu phan phoi khi khong lap dat LV_MOV
(Khoang cach tir diém sét danh t61 may bién ap la 3000m)
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Hinh 5.18: Di¢n 4p tai tu phan phdi khi khong lip dat LV_MOV
(Khoang cach tir diém sét danh t61 may bién ap la 2000m)
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Hinh 5.19: Dién ap tai tii phan phdi khi khong lap dat LV._MOV
(Khoang cach tir diém sét danh t61 may bién ap la 1000m)
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Hinh 5.20: Di¢n 4p tai ti phan phdi khi khéng lap dat LV._MOV
(Khoang cach tir diém sét danh téi may bién ap 1a 500m)

AP TREN CAC PHA KC 50m

X B.364e-005
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Hinh 5.21: Dién ap tai tu phan phdi khi khéng lap dat LV. MOV
(Khoang cach tir diém sét danh téi may bién ap 1a 50m)
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Hinh 5.22: Di¢n 4p tai ti phan phdi khi khéng lap dat LV._MOV
(Khoang cach tir diém sét danh toi may bién ap 1a 10m)

Tir két qua md phong trén cho thay ring mac du da lip dit van chéng sét tai

phia so cap dan vao tram bién 4p nhung van xay ra qua dién ap ¢ phia ha ap. Khi sét

danh téi duong day trung ap trén khéng tai cac vi tri khac nhau déu c6 thé gay ra qué

dién ap bén phia ha ap, cac xung dién &p véi bién do 16n va toc do tang nhanh co thé

gay ra danh thung cach dién cua cac thiét bi dién, nhat 1a céc thiét bi dién tir nhay cam.

Bién do dién ap cuc dai cua cac pha phia ha ap twong tng voi khoang cach tir vi tri

sét danh tgi tram duoc trinh bay trong Bang 5.2.

Bang 5.2: Qua dién &p trén tai khi khoang cach tir vi tri sét danh toi tram bién

ap thay doi
thoéng cach tu Dién 4p cuc dai cta cic pha tai ti phan phdi ha ap
fgﬁ ;f;fzgh(rtr‘:)‘ Pha A (V) Pha B (V) Pha C (V)
9000 2305 969 1397
8000 2225 1000 1377
7000 2190 949 1351
6000 2114 942,8 1336
5000 2126 922 1342
4000 2077 922,3 1296
3000 2027 906 1307
2000 2095 888,7 1321
1000 2188 887,8 1303
500 2205 882 1292




- 908 -

50 2000 793 1192

10 2000 787 1193

Viéc lap dat cac van chéng sét trung ap phia so cdp may bién ap c6 thé bao vé
an toan cho tram bién ap khong bi hu hong khi c6 sét danh truc tiép toi duong day dan
vao tram. Tuy nhién, dé bao vé qué ap cho céc thiét bi ha &p can phai cd cac thiét bi
bao vé qué &p trén mang ha ap. Dudi day trinh bay mot mo hinh md phong hé thng

bao vé quéa ap khi c6 lap dat van chng sét ha ap.

5.2.2. Md hinh hé théng bao vé qué &p khi co van chéng sét ha ap

Thuc hién md phong mot hé théng bao vé qua &p nhu da trinh bay trong muc
6.2.1 & trén, nhung & dy c6 lap dat cac van chéng sét ha ap (LV-MOV) tai tu phan
phdi ha &p.

So d6 bd tri cac thiét bi bao vé qua &p dugc trinh bay trong Hinh 5.23. So d6
mach tuong duong cua hé thong bao vé qua ap cua cong trinh nhu trén Hinh 5.24. Cac
thdng s6 cua mach dién md phéng duge cho nhu trong Bang 5.1. Van chong sét ha ap
(LV_MOV) ¢6 dién ap lam vi¢c cuc dai 1a 275V, dong di¢én chiu dung cuc dai ddi véi
xung dong 8/20us 1a 40 kA, mirc bao vé€ qua ap < 1500V.
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Hinh 5.23: So dd hé thong bao vé qua ap cta cong trinh khi ¢6 lip LV. MOV
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Hinh 5.24: So dd mach tuong duong hé thong khi ¢6 lip LV. MOV
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Hinh 5.25: So dd mach mé phong hé thong khi ¢6 liap LV. MOV

“*Panh gia hiéu qua bao vé chdng qué p ciaa LV-MOV
Chay mé phong mé hinh véi cac thong sb nhu trén, v6i khoang cach tir vi tri sét
danh t6i tram bién 4p 1a 600m. Dongdién di qua van chdng sét ha ap (LV_MOV) va
dién ap trén tai dugc trinh bay nhu Hinh 5.26 va 5.27

} Figure 62 E @El
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Hinh 5.26: Dong dién qua cc van chéng sét ha ap LV._ MOV
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Hinh 5.27: Dién ap du trén cac van chong sét ha ap LV_MOV

Khi c6 dong xung sét lan truyén sang phia ha 4p caa may bién &p gay ra qué dién
ap trong hé thong ha &p, van chdng sét ha &p (LV_MOV) hoat dong dan xung dong
dién trong cac pha vao hé théng ndi dat ha &p. Trén hinh 5.27, van chéng sét ha ap da
kep dién &p do xung sét lan truyén xuéng dudi 1200V nho hon muc dién ap cach dién
co ban cua thiét bj cung cip phia sau hé théng bao vé dam bao an toan cho céc thiét bi
dién — dién tir trong hé thong ha ap.

*Piéu chinh vi tri lap dit LV-MOV

Viéc lap dat van chéng sét ha ap co thé bao vé qua &p cho céc thiét bi
dién.Tuy nhién van xuét hién cac dao dong dién do cac thanh phan cam khéang va dung
khang trén hé thdng dién, nhitng dao dong nay van c6 thé gay nguy hiém cho cac
thiét bi dién tir nhay cam. Dé giai quyét van dé ndy mot giai phap duoc dua ra la
giam qua dién ap ngay tai cuon day tha cap (ha &p) caa may bién ap bing cach lap
dat van chong sét ha ap ngay tai dau ha ap cua may bién ap. Két qua md phong hé
théng bao vé quéa &p & trén véi van chdng sét ha ap duoc lip dit tai dau ha ap cua
may bién &p phan phdi duoc trinh bay trong Hinh 5.28.

Tur két qua mé phong cho thay, lap dat van chdng sét ha &p ngay tai dau ha ap

ciia may bién ap c6 thé giam duoc céc dao dong do dong sét lan truyén qua may bién
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4p nham dam bao an toan cho cac thiét bj dién — dién tu.
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Hinh 5.28: Dién ap du trén cac van chong sét ha 4p LV._MOV

5.3. Nhan xét ’
M& hinh van chong sét trung 4p (MV_MOV) va ha ap (LV_MOV) da xay

dung duoc 4p dung vao md phong bao vé qué dién ap trén duong ngudn ha ap cung
cap cho céac cong trinh cdng nghiép khi cd sét danh truc tiép vao duong day trung ap
trén khdng va lan truyén qua may bién &p sang phia ha 4p. Nghién cttu mé phong qua
d6 dién ap ngang qua hé thong dién duoc thuc hién véi:

[ Truong hop sét danh tryc tiép téi mot pha cua duong day trung &p;

] M@ hinh hé théng bao vé qua ap khdng c6 van chéng sét ha ap;

] M& hinh hé théng bao vé qué ap c6 van chong sét ha ap.

*Tir nhirng két qua md phéng cho thay

1. Khi c6 qua dién ap sét truyén theo dudng day vao tram bién ap, van chéng sét

trung 4p € 1am viéc thao dong dién sét xudng dat va chi duy tri mot dién &p du trén
dién trg khdng duong thang caa nd. Nhu vay, chong sét van d4 han ché tri s6 cua qua
dién ap sét xudéng dudi mot tri s6 cho phép bao dam an toan cho céc thiét bi trong

tram.
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2. Mic du da cd gin van chong sét trung ap phia so cip may bién &p, qua do
dién 4p van xay ra bén phia ha &p do sy lan truyén dong dién sét qua may bién &p
va anh huong cua cac thanh phan cam khang va dung khang cua hé thong da gay ra
nhitng dao dong dién &p trén hé théng ha ap, cac dao dong dién &p nay s& gay hu
hong cho cac thiét bi dién — dién tir trong hé thong.

3. Pé bao vé quéa ap trén duong ngudn ha ap do sét lan truyén, viéc lip dat
van chdng sét ha ap 1 can thiét.

4. Vi tri quan trong nhat cho lap dat van chdng sét la tram bién é&p, phia so
cap va thir cip. Mot vai vi tri khac trén duong day ha &p 1a quan trong nhung khong

bang tram bién ap.
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' ~ CHUONGG: ’ a
KET LUAN VA HUONG NGHIEN CUU PHAT TRIEN

Véi sy phat trién cua ky thuat mé hinh hoa va mé phong hién nay, luan van da di
sau nghién ctu ap dung phan mém MatLab dé xay dyng mé hinh ngudn phét xung
sét chuan. Nghién ctru cdu tao va nguyén |y hoat dong cua chdng sét van va tir do
xay dung hai mé hinh chéng sét van dang bién tro oxide kim loai (MOV) trén luéi
trung thé va ha thé 1am tién d& cho viéc khao sat, nghién cau hiéu qua bao vé cua
cac hé théng bao vé qua ap do sét lan truyén trén duong ngudn ha &p. Tur noi dung
d4 nghién ctru va két qua dat duoc c6 thé rat ra cac két luan sau:

6.1. M6 hinh toan ngudn phét xung sé khéng chu ky chuan

Céc xung khdng chu ky chuan gém xung dondi én va xung dién &p la
nhitng dang xung co ban rat can thiét cho viéc tha nghiém cac thiét bi bao
Vé qué 4p tng nhu th « nghiém cach dién cua céac thiét bi dién. Trong phan
mém Matlab khéng c6 ngudn phéat xung sét chuan. Pé lam tién dé cho viéc
nghién ctu luan vian &t ap trung xay duyng mé hinh ngudn phat xung sét
khdng chu ky chuan (xung dong 8/20us, 1/5 ps va 10/350 ps)

Tu cac phuongiteh ham m (3.1), (3.2) va cac du ong cong Hinh 3.12,
3.13, 3.14, su dung tinh ning Curve Fiting Toolbox ciia phan mém Matlab
dé tim ra cac thong sé caa md hinh toan ngudn phat xung sét chuan véi do
chinh xac tot nhat.Sau d6 st dung Matlab & md phong ngudn phat xung sét
khdng chu ky chuan.

Két qua mod phong véi cac dang xung dong 8/20us, 1/5 ps va 10/350 ps
VGi cac gia tri bién do 1,5kA, 2kA, 3kA, 5kA, 10kA, 20kA d6i chiéu véi
xung tiéu chuan déu cho sai s6 nhé hon 5%. Moihh c6 caqu di ~ ém la:

-Tinh toan nhanh dwoc céc théng sé md phong, mic du cac thong sé
duoc tinh theo phuong phap gan dung nhung c6 thé chiap nhan duoc vi cac
théng sé nam trong pham vi cho phép.

-Giao dién than thién dé st dung, théng sé cua md hinh cd thé nhap
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truc tiép qua hop thoai.
-Két qua mé phong cua md hinh cho dang séng phi hop véi cac xung

sét chuan d du ¢c quy dinh trong cac tiéu chuan trong va ngoai nudc.

6.2. Nghién citu sét lan truyén va ciu tao, nguyén |y hoat déng ciaa MOV

Lun vin ciing di sdu nghién ctru dic diém, cac thdng s cua sét lan truyén, cdu
tao, nguyén ly hoat dong cua bién tro oxide kim loai (MOV) dé lam tién dé cho viéc
xay dung mo hinh MOV trung thé, ha thé ciing nhu nghién cttu anh huéng cua sét lan
truyén trén duong nguon ha ap khi sét danh vao duong day trung ap.

Qua nghién ciu thay rang d6i véi dang song ma thoi gian dat dinh khoang 8ps,
hiéu ing dong s& dong vai trd chinh yéu. Pién ap du s& tang 1én khi thoi gian dat dinh
ctiia xung dong dién giam xudng va dién ap du s& dat dinh trude khi dong dién dat dinh.
Pién ap qua chdng sét van khong chi 1a ham cuaa dong phongdi én ma con phu thudc
vao d6 dbc cia no. Do d6 mo hinh don gi an trong Matlab khong dap tng dugc, doi hoi

phai c6 mot md hinh phic tap hon.

6.3. Xay dwng md hinh MOV trung thé va ha thé

M6 hinh MOV trong Matlab chi 1& mét md hinh don gian, gan dang vi véi cac
loai MOV khéc nhau ngudi sir dung phai nhap lai cac gia tri k, o twong tng véi dac tinh
V-l cia nd. Viéc xac dinh 2 théng sé nay néi chung 1a kha phic tap va dé phét sinh
sai s6 anh huong dén két qua mo phong ciia md hinh trong khi mé hinh MOV ha thé
doi hoi do chinh xac kha cao. Mo hinh nay chi c6 thé ding dé mé phong vai cac xung
dong cat vi ban than né khéng c6 dac tinh dap tng dong dung dé md phong véi céc
xung sét hay cac xung cd dau séng ting nhanh rat quan trong trong nghién ciu phdi
hop cach dién. Viéc nay dan dén can thiét phai tim ra mét md hinh khac thich hop hon.

Hién nay trén thé gioi, nhiéu hang san xuat, nhiéu tac gia dua ra hang loat céc
md hinh MOV khéc nhau vad & nghi nhiéu phuong phap xac dinh théng sé khéac nhau.

Phan 16n cac tac gia déu dua ra cac thudt toan xac dinh théng s caa mé hinh véi do
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chinh xac chap nhan duoc. Trong vai truong hop viéc tinh toan va hiéu chinh théng sé
can thyc hién tha tuc lip, thi nghiém hay doi hoi nhirng thong sé khé duoc cung cap tir
nha san xuat. Trong luan van nay &d & nghi hai mé hinh chéng sét van ha thé
LV_MOV va chdng sét van trung thé MV_MOV. Mb hinh dugc xay dung dua trén md
hinh cua IEEE, Manfred Holzer va Willi Zapsky véi mét vai hiéu chinh nho, vai thuat
toan don gian va hiéu qua trong viéc xac dinh théng sé caa md hinh.

M6 hinh MOV ha thé dugc xay dung dua trén yu 6ng md hinh MOV cua
Manfred Holzer va Willi Zapsky véi mot vai hiéu chinh: Bién tré MOV dugc thay thé
boi mot phan tir dién tro phi tuyén c6 dic tinh V — I, mét tu dién Cp mic song song Vai
n6 cung voi mot dién tra song song Re. Tat ca cac phan tir nay duoc ndi tiép vai mot
dién cam Ls va dién tré Rs nhu Hinh 4.20.

M6 hinh MOV trung thé duoc xay dung dua trén md hinh IEEE véi mot
hiéu chinh nho, d6 1a tu dién C dugc loai bo do anh huéng cua né dén mé hinh
khong dang ké. Md hinh gdm hai dién tro phi tuyén Ag va A1. Giita cac phan ti phi
tuyén Ag va A1 la cac bo loc R-L, dién tro Rp 1a dién tré cia MOV trong ving dong
dién ro.

M6 hinh hoat dong vé thuc chat ciing giéng nhu md hinh do IEEE dé nghi.
Véi cac xung dau dbc thap, bo loc R-L c6 tré khang rat nho va nhu thé Ag va A
xem nhu méic song song nhau. Béi véi xung dau dbc cao, dién khang bo loc 16n, n6
s& cho dong dién chay qua AQ nhiéu hon A1. Tir d6 Ag s& c6 dién &p roi trén nd 16n
hon A1 khi ¢ dong dién chay qua. Két qua l1a dién &p du trén mé hinh chéng sét van
s& 6 tri s6 cao hon. Nhu vay, cac chdng sét van MOV c6 dién ap du cao hon ddi véi
xung dau doc cao, md hinh s& phu hop véi tat ca cac tinh chat caa mot chéng sét van
MOV (Hinh 4.34).

Str dung mé hinh ngudn phat xung sét chuan, mé hinh MOV trung thé va ha thé
dé thuc hién mé phong véi cac xung dong 8/20 ps, 1/5 ps, 10/350 ps véi cac bién do
dong sét tir 1,5kA dén 40kA. Két qua mo phong duoc so sanh, ddi chiéu voi két qua thi

nghiém cua nhiéu nha san xuat khiac nhau & chtng to mod hinh khé chinh xac, véi sai
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s6 16n nhat khoang 4,5%.
6.4. Nghién ciru bao vé qua ap trén dwong nguon ha ap khi sét danh truc tiép vao
dwong day trung ap

Str dung cac md hinh ngudn phat xung sét chuan, MOV trung thé va ha thé
d4 xay dung khao sat mot hé théng bao vé qué ap trén duong nguon ha &p cung cap
cho cac cong trinh cong nghiép khi xung sét danh truc tiép vao duong day trung ap
trén khdng va lan truyén qua may bién ap. Tt két qua mo phong rat ra mot sb
két luan:

-Céc duong day trén khong, du c6 duoc bao vé chdng sét hay khdng thi cac
thiét bi ndi voi ching déu bi tac dong cua song sét truyén tir duong day dén. Bién
d6 qua dién ap khi quyén c6 thé 16n hon dién ap thi nghiém xung kich va cach dién
cua thiét bi, ddn dén choc thung cach dién, pha hay thiét bi va gay ra su cb, mach dién
bi cit ra. Cac thiét bi chdng sét s& ha thip bién do séng qua dién ap dén tri s6 an
toan cho cach dién can duoc bao Vvé.

-Qué dién ap phia trung &p cia may bién &p phan phéi trung/ha ap, do sét danh
truc tiép téi duong day trung ap trén khong cd thé gay nguy hiém cho cac thiét bj
cao ap, truyén qua phia ha &p va cac thiét bi dién ha ap gay hu hong céc thiét bi
nay. Do d6 can c6 céc thiét bi bao vé qué &p trén duong day trung va ha ép.

-Khi ¢6 quéa din ap sét truyén theo dudng ddy vao tram bién ap, van chong sét
trung 4p € 1am viéc thao dong dién sét xudng dat va chi duy tri mot dién &p du trén
dién tro khdng duong thang caa nd. Nhu vay, chong sét van d4 han ché tri s6 cua qua
dién ap sét xuéng dudi mot tri s6 cho phép bao dam an toan cho céc thiét bi trong
tram.

-Mic du d& c6 gan van chéng sét trung ap phia so cap may bién ap, qua do dién
4p van xay ra bén phia ha 4p do su lan truyén dong dién sét qua may bién &p va
anh huong cua cac thanh phan cam khang va dung khang cua hé thdng da gay ra
nhitng dao dong dién ap trén hé thong ha ap, cac dao dong dién ap nay sé gay hu
hong cho cac thiét bi dién — dién tu trong hé théng.

-Dé bao vé qua &p trén duong ngudn ha &p do sét lan truyén, viéc lap dat van
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chdng sét ha &p 1a can thiét.
-Vj tri quan trong nhit cho lap dat van chdng sét 1a tram bién é&p, phia so cap
va thir cip. Mot vai vi tri khac trén duong day ha ap 1a quan trong nhung khong bang

tram bién ap.

Trong khoang thoi gian thuc hién dé tai, tic gia da hoan thanh mot khdi luong
cong viéc kha 16n: Vira nghién ctu phan mém mé phong MatlLab, vira nghién ciu
cau tao, nguyén ly hoat dong cua cac thiét bi bao vé qua ap (von rat it tai liéu cua
nudc ta trinh bay trudéc day), cong vai viéc nghién ciru cac mo hinh da coé tur trudc.
Thyc hién xay dung md hinh van chéng sét, kiém tra dap tng, sau do6 ap dung céc
md hinh khao st mot hé théng bao vé qua ap trén duong nguodn ha ap... trong diéu
kién tai liéu tham khao chua that day du nén khong tranh khoi nhirng han ché, thiéu sot.

Két qua nghién ctru s& cung cip thém mot cong cu md phong hitu ich cho céc
nha nghién ciru, cac giang vién, sinh vién cac truong dai hoc trong viéc nghién ciru cac
dap Gmg cta thiét bj chdng sét, dudi tac dong ctia xung sét lan truyén va danh gia hiéu

qua cta cac hé théng bao vé chong sét lan truyén trong cic cong trinh.

6.5. Hwéng nghién ciru phat trién

Trong thoi gian t6i, huéng phat trién cua dé tai ¢ thé duoc tiép tuc phét trién
theo c&c hudng sau:

1)Nghién ctru 1ap mé hinh chdng sét van cap tram va cip trung gian véi cac dac
tinh k¥ thuat phuc tap hon.

2)Thuc hién ca&c md hinh md phong céc dap ung cua chong sét van trén lugi
phan phdi khi c6 qué dién 4p xay ra & cac vi tri khac nhau trén hé théng dién.

3)Thuc hién nghién ctu sy phdi hop ddng b cua céc thiét bi bao vé qua ap
trong hé thng bao vé qua ap trén duong ngudn ha &p khi xung sét lan truyén tir phia

cao (trung thé) sang phia ha (ha thé) cua may bién ap phan phéi.
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DPE CUONG LUAN VAN THAC SI
DE TAI ‘
NGHIEN CUU BAO VE QUA AP TREN PUONG NGUON HA AP KHI SET
PANH TRUC TIEP VAO PUONG DAY TRUNG AP

I.Dit van dé

Theo udc tinh cia cadc nha chuyén mon, trén khép miat dia cdu, ctt mdi giay, co
khoang 100 1an sét ddnh xudng mat dat. Sét khdng nhiing c6 thé gy thuong vong cho
con ngudi ma con c6 thé pha hiy nhitng tai san ctia con ngudi nhu cic cong trinh xay
dung, cong trinh cung cép nang luong, hoat dong hang khong, cac thiét bi dung di¢n,
cac Pai Truyén thanh — Truyén hinh, cac hé théng thong tin lién lac. ..

Viét Nam 12 mot nude nim trong khu vyc nhiét doi am gi6 mua, khi hau Viét
Nam rat thun loi cho viéc phat sinh, phat trién ctua déng sét. S6 ngay dong c6 & Viét
Nam thudc loai khé 16n. Trong mang dién, qua dién ap va qua trinh qué do do sét danh
la nguyén nhan chi yeu gay ra cac su ¢ ludi dién va lam hu hong cac thiét bi lap dat
trén ludi. Nén viéc dé ra cac giai phap chong sét, lya chon, ph01 hop cac thiét bi bao vé
phu hop va nghién ctru ché tao thiét bi chong sét dong vai tro rat quan trong trong Vviéc
han ché nhimng tac ‘hai do sét gay ra. Hién nay chong sét truc t1ep da duogc quan tam voi
Céc giai phéap tir c¢6 dién dén hién dai. Tuy nhién, s6 licu théng ké chi ra hon 70% hu
hong do sét gay ra lai do sét danh lan truyén hay cam ung theo dudng cap ngudn va
duong truyén tin hiéu.

Thiét hai do sét lan truyén trong cac thiét bi dung dién trong thuc té 1a rat 1on.
Theo théng ké, hang nim ca nudc c¢6 hang nghin trudng hop cac thiét bi dién tir trong
gia dinh, doanh nghiép bi sét tin céng, th iét hai 1én téi hang trim ti ddng. Cha yéu la
céc thiét bi dién tir nhur: tivi, may tinh, dau dia, thlet bi thong tin vién thong ... nén viéc
de ra giai phap chong sét lan truyén trén dudong ngudn, dudng cap tin hiéu dong vai tro
rt quan trong.

Nhin Chung, mang ha ap khong truyén tai cong suat 16n nhung lai trai trén dién
rong va cung cap dién ning truc tiép cho cac ho tiéu thu nén né lai la nguyén nhan dan
sét vao cong trinh, gay ning dich vu, hu hong thiét bi. Thong ké cho thiy, hau qua
khdng mong mubn cua qué &p do sét lan trugn trén mang phan ph01 ha ap gly ra thiét
hai rat 16n va nhiéu lac khong thé danh gia cu thé duoc. Van dé dugc dé cap mot cach
cip bach trong nhitng nim gan day la cac trang thiét bi dién tr d3 trd thanh cac thiét bi
duogc st dung ngay cang nhleu va rat pho bién trong cac toa nha, cac cong trinh & moi
|&nh vige nhu buu chinh vién thong, phat thanh, truyen hinh, cong nghi¢p.... Céac thiét bi
ndy von rat nhay cam véi dién ap va cach dién du trit cua ching rdt mong manh vi thé
can phai tinh todn lwa chon, phéi hop va kiém tra cac thiét bi bao vé chdng sét mot cach
hiéu qua, chinh xac dé tranh xay ra hu hong cho céc thiét bi nay.

Do céc thiét bi chdng sét la thiét bi phi tuyén cho nén viéc danh gia cac dap ung
ngo ratimg v6i song sét lan truyén V6i mirc chinh xdc cao theo phuong phap glal tich
truyen théng giap nhiéu kho khan. Bén canh do, do nudc ta van con bi han ché vé ‘trang
thiét bi thi nghiém cao ap, s6 luong phong thi nghiém cao ap con khiém tén nén rat kho
khan cho cong tac thét ké, nghién Ctru bao v¢ chdng sét lan truyén tai Viét Nam. Tuy
nhién, ngay nay, \6i su phat trién cua ky thuat mo hinh héa va mé phong da giup cho
chling ta hiéu biét thém vé sy tuong tac gilta cac yéu to cdu thanh mot hé théng ciing
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nhu toan b hé théng, dic biét 1a rat hitu ich cho viéc md phong sét.

Hién nay, cac nha nghién ctru va mot so nha san xuat thiét bi chong sét lan truyen
trén duong ngudn ha ap cung mot sO phan mém md phong hd tro da dé ra mo hinh thiét
bi chng sét lan truyen v6i mire d6 chi tiét va quan diém xay dung mo hinh khac nhau.
Tuy nhién, do dic diém ciia phuong phap moé hinh hoa mé phong va yéu cau vé muc do
chinh x&c, mirc twong dong cao gitta m6 hinh va nguyén mau, cac phuong phap xay
dyng m6 hinh va mé phong cac thiét bi chdng sét lan truyén van con nhiéu tranh cai va
tiép tuc nghién ciru phat trién.

Luén véan nay di su vao nghién ctru xay dung mo hinh cac thiét bi chong sét trén
duong nguon ha ap, sau d6 su dung phan mém mo phong danh gia hiu qua bao vé cua
hé thong chong sét lan truyen trén dudng ngudn cua cac cong trinh cong nghiép. Két
gua nghién ctru s€ cung cap thém mot cong cu mo phong hiru ich cho cac nha nghién
Clru, cac giang vién, sinh vién céc truong dai hoc trong viéc nghién ctru cac dap trng cua
thiét bi chng sét dudi tac dong cua xung sét lan truyén va danh gia hiéu qua cua cac hé
thng bao vé chdng sét lan truyén trong cac cong trinh.

I1.Nhi¢m vu cia luén vin

-Nghién ciru ciu tao, nguyén ly hoat dong va cac m6 hinh cua chbng sét van MOV,

-X&y dung mo hinh mé phong ngudn phat xung set ticu chuan;

-Nghién ciru bao vé qua ap trén dudng ngudn ha ap khi sét danh truc tiép vao duong day
trung 4p.

-X&y dung mo hinh mé phong MOV trén ludi dién trung thé, ha thé;

-X&y dung mod hinh mé phong va danh gia hidu qua bao vé cua hé théng chong sét lan
truyén trén duong ngudn ha ap khi sét danh vao duong day trung ap..

[11.Pham vi nghién ctru

-Nghién oru phan mém Matlab, Gtng dung phan mém Matlab mé phong cic md
hinh can xay dung;

-Nghién ciru, 14p mé hinh mé phong ngudn phat xung sét tiéu chuan;

-Nghién ciru va lap mé hinh mé phong MOV trén luéi trung thé va ha thé.

-M6 phong va danh gid hiéu qua bao vé ciia hé thdng chdng sét lan truyén trén
duong ngudn ha ap khi sét danh vao dudng day trung ap.

IV.Céc bude tién hanh

-Thu thap va doc hiéu céc tai lidu lién quan tir can bd hudng din, sach, cic bai béo va
internet;

-Nghién ctru phan mém Matlab;

-Nghién ciru cdu tao va nguyén 1y hoat dong cia MOV; X4y dung mé hinh ngudn phat
xung sét tiéu chuan

-X&y dung mo hinh mé phong MOV trén luéi trung thé va ha thé;

-X8&y dyng md hinh mo6 phong va danh gia hiéu qua bao vé ciia hé thong chdng sét lan
truyén trén dudng ngudn ha ap khi co sét danh truc tiép t6i duong day trung ap.

V.Diém méi ciia ludn vin

X&y dung m6 hinh mé phong ngudn phat xung sét tiéu chuan phu hop véi xung
sét trong thuc té;

Pé ra mod hinh MOV véi cac trang thai hoat dong dat d chinh xac cao theo cac
thong sb ky thudt ctia nha san xuat;

X&y dung cong cu md phong qua dién ap trén duong ngudn ha ap khi co sét danh
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truc tiép toi duong day trung ap va lan truyén qua may bién ap, danh gia hiéu qua bao
Vé ctia h¢ thong chong sét lan truyen trén dudng ngudn ha ap khi c6 sét danh tryc tiép
t6i duong day trung ap va lan truyén qua may bién ap.

VI.Giatrj thye tién ciia luin vin

Cung cip thém mdt cong a1 md phé ong xung sét tiéu chuan va mo hinh MOV
phuc vu cong tac nghién ciru dap tmg cua thiét bi chong sét dudi tac dong cua xung set
lan truyén va danh gia hiéu qua bao vé cua hé thong chdng sét lan truyén trén dudng
nguén ha ap;

Ludn van la tai liéu tham khdo c¢6 gid tri cho nhitng ai quan tdm t&i viéc
nghién citu lra chon, phdi hop va kiém tra hiéu qua cac thiét bi bao vé chéng sét lan
truyén trén duong ngudn ha ap mot cach chinh xéac trong diéu kién thiéu phong thi
nghiém hién nay.

V6i mic do phat trién vé cong ngh¢ thong tin nhu hién nay, hoan toan cho phép
thuc hién nhitng mo6 phong chi tiét hon, gan voi thyuc té hon. Lam tién dé cho cong tac
nghién aru chdng qua ap do sét lan truyen trén dudng nguoén ha ap phu hop véi diéu
kién méi trudng, phan bd sét va sy phat trién cua mang dién Viét Nam.

VI1.N¢i dung cia luin van
No6i dung cua ludn van gom 6 chuong:

Chwong 1: Mé diu

1.1.Dat van dé.

1.2.Muc tiéu va nhiém vu cua luan van.
1.3.Pham vi nghién ctru.

1.4.Cac budc tién hanh.

1.5.Diém méi cua luan van.

1.6.Giatri thyc tién cua dé tai.

1.7.N6i dung cua luan van

Chuwong 2: Téng quan Veé sét .
2.1.Sy hinh thanh sét.

2.2.Céc hiéu ing thir cap do sét gay ra.
2.3.C&c thdng sb cuia sét lan truyen
2.4.Thiét hai do sét lan truyén gy ra.

Chuwong 3: Xay dung mé hinh ngudn phat xung sét tiéu chuin
3.1. Gi6i thiéu phan mém Matlab.
3.1.1. Dinh nghia.
3.1.2. Cai1 dat Matlab.
3.1.2.1. Yé&u Ciu ctia phan mém .
3.1.2.2. Cac budc cai dat .
3.1.2.3. Khoi dong chuong trinh Matlab.
3.1.3. Céc khéi str dung trong md hinh.
3.1.4. Gioi thiéu cong cu Curve Fitting Toolbox .

3.2. X&y dung mo hinh ngudn phat xung ha thé.
3.2.1. Céc dang xung khong chu ky chuan.
3.2.2. X8y dung mbi lién hé giita cac thong so .
3.2.2.1. Giira ti sb t2/t1 va b/a.

_3.



3.2.2.2. Giira ti s6 b/a va atl
3.2.2.3. Thyc hién m6 phong

3.3. Nhan xét..

Chuwong 4: Céu tao, nguyén Iy hoat déng va mé hinh MOV
4.1.Ciu tao va nguyén 1y hoat dong cuia bién tré oxide kim loai (mov)
4.1.1.CAu tao co ban cua mov.
4.1.2.Nguyén Ly hoat dong ctia mov.

4.2.Danh gia moé hinh mov ciua Matlab.
4.2.1.Giéi thi€u mo hinh.
4.2.2.Nguyén ly lam viéc cua mé hinh.
4.2.3.Danh gia mo hinh.
4.3.X&y dung mo hinh mov ha thé.
4.3.1.CAu triic co ban ctia mo6 hinh mov ha thé.
4.3.2.Xay dyng mo hinh dién tré phi tuyén trén Matlab.
4.3.3.X&y dung mo hinh mov ha thé hoan chinh trén Matlab
4.3.4.Kiém tra dap ing mov ha thé voi xung dong chuan.
4.4.Xay dyng mo hinh mov trung thé.
4.4.1.Djt van dé.
4.4.2. M hinh mov trung thé dé nghi.
4.4.3 Phuong phap xac dinh thong sé.
4.4.4.Xay dyng mo hinh mov trung thé trong Matlab.
4.4.5. Kiém tra dap Gmg mov trung thé véi xung dong chuén.

4.5.Nhan xét.

Chuong 5: Nghién ciru bao vé qua ap trén dwong ngudn ha ap
khi sét danh true tiép t6i dwong day trung ap.
5.1.Gi6i thiéu.
5.2.M6 phong hé théng bao vé qua &p do sét lan truyén trén dudng day trung ap.
5.2.1. MO phong hé thong bao vé qua ap khi khong c6 van chdng sét ha ap.
5.2.2. M6 phéng hé thdng bao vé qua ap khi c6 van chéng sét ha ap.

Chuong 6: Két luan va hwéng nghién ciru phat trién.
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PHU LUC . CAC THONG SO Ks”g THUAT CfJA,CHijG SET VAN CHO
TREN CATALOGUE CUA MOT SO NHA SAN XUAT.

1. Hang GE

" GE Surge Arresters
Heavy Duty Distribution Arresters

ProTecTivE CHARACTERISTICS

Rated - | 0.5 psec 10 | Switching Surge - : : - 17
Voltage Hl_:i:ﬁ. KA f'll.llnx E. '.".Iai?:in%g- 5720 Maxitmum Dizcharge Voltage (KV Crest)
Ko | S eren KV
18kA| 2kA | Ska | 0kA | 20 kA | 40 kA
3 A 125 8.0 9.5 100 105 110 13.0 153
] 5.1 25.0 16.0 12.0 200 210 220 260 305
] 77 340 225 245 260 275 30.0 350 41.0
10 g4 36.5 235 260 280 X5 320 37A 435
12 10.2 415 a8 30.7 319 348 ER 438 51.5
15 127 542 350 384 41.0 434 4E0 546 642
18 153 55.0 421 450 491 520 1.5 634 6.9
| 17.0 695 4459 445 525 557 615 65 0 822
24 19.5 E7.0 56.4 alé 558 59.6 T7.0 876 1020
27 220 °77 632 652 730 782 BES 04 115.7
30 244 1084 L0 T6.8 510 B6E Q5.0 a2 | 1284
k1 290 13000 842 92.0 982 1040 | L1150 | 1308 | 1538

Normal Duty Distribution Arresters

ProtecTive CHARACTERISTICS

- S00A Swiatchi
Rated | egy | 05 Reec 10 Surze M5 /20 Masismm Discha ree Voltaze (KV Cresf)
Vaoltage W kA Max IR- Maxi IR-
KV e N e
EVerest Loka| 3kA | Ska | 10kA | 20kA | 40 kA
3 25 12.5 8.3 g8 | w3 | 1o | 123 ] 143 | 183
6 51 350 17.0 195 | 205 | 220 | 245 | 285 | 370
g 7.7 133 230 260 | 280 | s00 | 230 | 380 | 05
10 E4 360 24.0 170 | 295 | 315 | 260 | 415 | 520
12 10.2 0.0 340 0 | 410 | 440 | 490 | 570 | 740
15 12.7 533 0.0 455 | 4835 | 520 | 575 | 675 | 873
18 15.3 67.0 450 s20 | s&0 | soo | se0 | 7RO | 1010
21 17.0 730 290 sso | 600 | s40 | T30 | 840 | 1070
2 19.5 920 630 715 | 765 | s20 | @05 | 1065 | 1380
27 220 1005 &9.0 780 | 840 | =00 | @90 | 1170 | 1513
30 244 1023 20 BlO | 885 | w45 | 1080 | 1245 | 1590
35 290 1340 920 1040 | 1120 | 1200 | 1320 1560 | 2020




Table 2{a) & (b): TRANQUELL Polymer and Porcelain Arrester Characteristics

Table Ia Polymer Station Arrezter Characteriztics
3720 ps Maxammy Dicharge Voltage - k'Verest

Eated 0.5 psec 10 | Swichmg Surze

Woltage | MCOWV | kA Max Maxarmmy

EVms | KVioe | IB-kVerest | [E-kVerest! | 1L5EA [ 3 kA SkA I0kA | 20kA | 40KA
3 1.55 3.4 &0 6.4 6.7 7.1 1.6 B4 9.6
f 310 16,7 11.9 128 135 14.1 15.2 16.8 191
g 1.65 250 17.8 19.2 20.2 211 227 251 283
10 3.40 273 19.8 214 225 2135 153 8.0 1.8
12 10.2 313 237 256 26.9 281 30.3 333 381
15 12.7 41.7 28.7 320 337 352 e 420 476
18 153 0.1 15.6 384 404 423 455 500 57.2
21 17.0 56.3 40.1 432 455 476 51.2 6.7 64.4
24 19.5 639 453 451 51.6 540 581 643 T30
27 22.0 729 51.8 6.0 58.9 51.6 66.3 734 B33
o 244 304 572 61.7 649 519 731 309 9149
36 290 959 68.3 736 774 E1.0 §7.2 9465 109.6
3g 31.5 104.2 74.2 30.0 341 8.0 947 1043 11540
45 3165 1209 856.1 028 97.6 1021 195 [ 1217 1381
4B 9.0 128.7 91.6 0g8 103 0 108.7 1170 | 1295 14711
54 420 1444 1028 110.9 116.4 2240 1313 1453 1650
&0 43.0 163.5 116.4 1255 1320 133.0 1435 | 1845 185.8
&6 530 1799 1280 138.1 1452 151.8 1635 1810 | 2035
72 57.0 191.8 136.6 1473 1549 162.0 1744 | 1531 2152
9 70.0 241.8 1721 1856 1952 | 2042 2198 | 2433 2763
96 76.0 2574 1832 1976 | 2078 | 2174 | 2340 [ 2590 2941
108 340 2889 2056 2218 | 2332 | 2440 | 2626 | 2907 3301
120 98.0 3269 2413 2510 | 2839 | 2751 2972 | 32540 ENER
1312 1060 3627 2677 2785 | 2928 | 3063 3207 | 3650 | 4144
144 115.0 386.1 2850 2965 3117 326.1 3510 | 3BR6 | 4412

Mode 1: Based on $00A surge of 45us time 1o crest throngh B4 KWV MCOV, and 1kA surge of 45us time to crest for MOOV 2 88KV
Wote 2: For more detailed information on Polymer Station Amesters, refer fo page 17.

Polymer Intermediate Arrester

ProTeECTIVE CHARACTERISTICS

Rated 0.5 pzec 10 | S00A Switching B . a

Voltage | MOOV [lA Maz IR-| Swee Mazimum 320 Maximum Discharge Voltage (V Crect)

KVims | IVims | KVerest TR-EVorest  [15kA| 3kA | 5ka | 10ka | 20kA | 40 kA
3 2, 27 6.0 6.5 7.0 74 21 90 | 1048
& 51 174 12.0 130 | 140 | 147 | 162 | 181 | 211
] 7.9 25.7 13.0 193 | 210 | 218 | 240 | 270 | 316
10 24 283 19.0 212 | 30 | 240 | 265 | 298 | 348
12 10.2 343 3.0 259 | 280 | 294 | 323 | 382 | 422
15 12.7 431 9.0 323 | 350 | 366 | 402 | 451 | 527
18 153 514 350 336 | 419 | &35 | 430 | 40 | 632
pi| 17.0 57.6 0.0 423 | 464 | &5 | 536 | 602 | T0S
4 105 5.3 47.0 S16 | 550 | 585 | 642 | 7l | B43
7 1.0 771 51.0 579 | &8 | 657 | T2 BlLO | 943
o 4.4 853 8.0 635 | &0 | 720 | 795 | mo4 | 1044
6 2.0 1028 0.0 772 | B3E | 876 | 960 | 1080 | 1266
g1 VI 1140 76.0 348 | #20 | 260 | 1060 | 1192 | 1322
45 36.5 1285 00,0 965 | 1050 | 1095 | 1200 | 1350 | 1580
48 8.0 1425 0.0 1060 | 1150 | 1200 | 1325 | 1400 | 1740
54 20 154.2 105.0 1158 | 1260 | 1314 | 1440 | 1620 | 1826
60 430 171.0 1152 1272 | 1380 | 1240 | 1500 | 1738 | 2088
72 57.0 1885 134.4 1484 | 1610 | 1680 | 1855 | 2086 | 2436
20 0.0 2530 175.0 1920 | 2000 | 2170 | 24000 | 2680 | 3120
1] 76.0 270.0 187.0 050 | 223.0 | 2320 | 2560 | 2860 | 3330
108 BE.0 3140 2170 2380 | 250.0 | 2700 | 3020 | 3320 | 3860
120 BE.0 3410 2360 25E0 | 2820 | 2030 | 3220 | 360.0 | 4200
132 106.0 3810 263.0 I8E0 | 3120 | 327.0 | 3600 | 4020 | 4680
144 115.0 405.0 2802 3060 | 3330 | 3480 | 3340 | 4200 | 4080




2. Hang SIEMENS
SIEMENS

3EK7 Surge Arrester 4,
up to 52kV Ee 3
= - .-
——
— =
r——
- .-‘-_
Technical Data &
JEKT
Applications Distribution systems
and switchgear
Max. continuous operating woltage L, 36 KV
Max. rated voltage L 45 kY
Mominal discharge current In 10 kA
Max. high current impulse 410 ps 100 kA
Long duration current impulse 2 ms 300 A
Max. energy absorption capacity 4.5 KIEN,
Line discharge class 1
Short-circuit current strength 0.2 s 20 kA
Enclosure material HTV silicone
Electrical data
Supply system | Supply sys- | Supply sys- | Surge Enclosure| Rated Contin- | Maximum residual voltage with wawe
with isolated tern with sol-| tem with im- | arestar size® woltage | wous
or resonant idhy earthed | pedance sar- | type oparating
earthed neutral| neutral thed neutral voltage
20050 ns B/20us
U U ([ 1, . BO0 A G0ka  |100ka  [200ka
K kv K kv kv K K K K
72 3EEF 0B-4C |5 G 48 137 16,6 18.0 20.6
72 7.2 ZEET 000-4C |5 ] 72 230 278 302 24.5
12 2EET 106-4AC |5 105 2.4 152 20.5 231 378
12 12 3EEF 120-4C |5 12 oG 9.8 361 302 44.7
12 17.5 12 2JEEF 1580-4AC |5 15 12 2.5 4.7 453 51.7
12 2EET 1604V |5 15 12 20.4 36.8 30.0 455
17.5 I7.5 3EEF 180:4C | M 1 14.4 413 50.0 543 &2.0
24 I7.5 ZEET 210-4C | M 7 168 AG.0 56,6 B0.4 B89
30 24 ZEET 240:4C |L 24 19.2 528 &3.0 &0.4 70.2
36 24 3EEF 270-4C |L 27 216 B4.3 778 34.5 Q6.4
24 36 ZEEF 200-4C |L 20 24 £2.0 234 0.6 103.3
24 2EET 2004V |L 20 24 &0.7 73.5 708 21.0
36 3EET 28040 | X 5 28.8 20.4 a7.3 1057 1205
36 ZEET 200:4C | X 0 2.2 272 106.6 14,7 1308
62 2EET 42040 | X a4z el a1.0 111.2 120.8 1z78
26 52 ZEET 450-4C | X 45 25 9.7 Nas 129.8 148.0
26 ZEET 450V | X a5 25 27e 10B.2 116.4 1316

*Oither sires of enckezurs avalable bo order.




3EL2 Surge Arrester

JEL2 030-2xF3 1 o
JELZ 036-2xF31 200k
JELZ 039-25F3 7 i
3EL2 042-2xF317 w00
JELZ (M5-2xF31 -x00x
JELZ 0482537 o
3EL2 051-2xF3 7 -0k
FELZ 054-2xF31 a0
JELZ 055-25F3 1 o0
3EL2 DBED-2xF3 17 -0k
FELZ DEE-2303 1 200300
JELZ 072-2x031 2%
IEL2 O78-2331 -aodxx

JELZ (84-20037 20000
IEL2 090-23031 o000

JEL2 096-2x37 20000
3ELZ 102-2x037 20000
3EL2 108- 2 W31 -s00
3ELZ 111~ 2cME1 -x0000
JELZ 11423 a0t
JEL2 120 2 W31 s00c
3ELZ 126~ DcME 1 -x0000

111
114

120
126

118

141
153
165
177
188
200
212
218

235

61.0
73.2
793
B5.5

91.3

979
104
110
112
122

134
146

159
17
183
1495
208
220
216
232

244

691
B9
B9
96.8
103
111
118
124
127
138
152
165
180
194

2
235
245
256
262

i) -]

7135

g8.2

95.6
103
110
118
125
132
135
147
162
176

191

mnm
235

265

272
2re

823

98.8
107
115
123
132
140
148
151
165
181
197

214

248
263

297

05
3z

335

=== = R T G e s T e e o

el e ek el e ek el el ek el ek ek el el ek e ek ek el ek R



3. Hing ELPRO

Distribution Class

Surge Arrester

Electrical data

o Watt loss 0.10 W/kVY rating

Mominal discharge current: 10kAP
Reference current - 1.5 mAP.
High current impulse withstand (4710 w sec): 100 kAR,
Long duration current impulse withstand - as per IEC 99-4.
Energy dissipation capability :1.0 kJkV of rated voltage.

Dizcharge Voliage Temporary Overvoltage
Characteristics (KVP) Characteristics (kVrms)
Max. Rated | MCOW Ref.
system | Voltage| Voltage ) :
voltage Lightning Impulse 8/20 | Steep
L BeC Wave Current
12u zec | 0.1 2ec| 1.0 zec| 10.0 zec
at NDC
(KVMmms)  ((kVims) | (KVmms) | (kVimns) L 10 kA 20 kA
416 3 2.55 3 10.5 11 12 12.5 a7 3.5 34
6.9 g 5.1 [ 21 22 24 245 T4 71 6.8
1247 g T.ES g 29 30 335 35 11 108 10.1
12 10.2 12 ar 40 43 47 14.7 14.1 13.5
13.2, 138
15 12.7 15 45 48 53 58 184 177 16.9
18 12.3 18 53 o6 G2 T05 221 21.2 203
23,24 94 21 17 21 G0 63 59 T3 258 247 237
24 195 24 a7 71 T2 25 20.4 282 27
245 27 22 27 Ta e a7 92 33.2 3.8 30.4
’ 30 244 30 84.5 a0 99.5 a7 6.8 353 338
36 36 29 a6 og 104 115 128 435 41.8 40
NOTE: 1. The above specifications conform to IEC 99-4 standard.

2. Special

voltage

ratings available on

request.




4. Haing COOPER

-
COOPER Power Systems

PROTECTIVE

CHARACTERISTICS

The

rotective characteristics of the

VarisTAR Type AZL arresters are

shown in Table 2.

TABLE 2

Protective Characteristics

VariSTAR®

Distribution

pe AZL Heavy Duty

lass MOV Arrester

Front-of-wawve Maximum Discharge Woltage (kV crest)
Arrester Protective 8120 ps Current Wave
Rating MCOV Level*
(kW rms) {kV rmis) {kV crest) 1.5 kA I kA kA 10 kA 20 kA 40 kA
3 255 10.7 2.2 a7 9.2 10.0 11.2 136
G 5.10 21.4 16.4 17 .4 18.4 20.0 e 271
9 785 3z 24.5 261 278 0.0 38 40.7
10 .40 5.3 2o 287 0.3 3.0 ar.e 44.7
12 10.20 42.8 2T M7 4.7 40.0 45.0 54.2
15 12,70 53.5 40.9 43.4 45.9 0.0 6.3 G7.8
18 15.20 .2 49,1 2.1 55.1 @0.0 &7.a 41.4
21 17.00 74.9 57.3 1.8 .3 0.0 Jae 94.9
24 19.50 24.3 [ G4, 723 8.8 aT 106.8
27 2200 95.2 T2.8 73 81.7 20.0 100.2 120.7
a0 24.40 1059 a1.0 25.0 0.9 =00 111.5 134.2
G 20,00 124.8 25.4 101.2 107.0 1168 131.2 1581
*Based an 10 k& current impuse that resulls ina dischargs woltags cresting in 0.5ps.
PROTECTIVE VariSTAR® Type AZS Normal Duty
CHARACTERISTICS Distribution Class MOV Arrester
The protective characteristics of the
VariSTAR Type AZS arresters are
shown in Table 2.
TABLE 2
Protective Characteristics
Front-of-wave Maximum Discharge Voltage (kV crest)
Arrester Protective 8720 ps Current Wave
Rating MC OV Level*
(kW rms) {kV rms} [k crest) 1.5 k& kA kA 10 k& 20 kA 40 k&
3 255 10.2 26 Q.2 Q.8 10.8 128 154
[ 510 204 ir.z 18.4 196 2T 255 3o
a T.ES 0.6 258 e 294 325 B3 4748
10 2.40 237 284 20.5 324 59 422 527
12 10.20 40.8 344 358 39.2 43.4 5.0 534
15 12.70 51.0 430 45.1 490 542 E3.8 a7
18 15.20 g51.2 516 553 588 B5.1 JE.E =i
2 17.00 71.3 c0.2 4.5 =3 75.9 28,3 1116
24 19.50 204 67.8 727 774 256 100.7 1258
= 22.00 1.8 775 231 284 ara 1151 1438
a0 24.40 101.1 852 o914 a7.2 107.6 1266 1581
25 20.00 119.5 100.8 1021 1150 127.2 149.7 1870

‘Bassd on 5§ kA current impuss that resyl

L= in a discharge vollags cresting in 0.5ps.




TABLE 4
Residual Voltages — Maximum Guarantead Protectlve Characteristics for Type AZG2 Surge Arrestars

Stee € SF:uitggingI] I:rr'nlpnuln\z-e
eep Current esidual Veltage
AF;:;t;r Tﬂﬁﬁr Resid EB| Voltage Lightning Impulse Residual Voltags (kV Crest) N
U, Ue (kW Crest) (kW Crest) 820 pe Current Wave 30/60 Current Wave
kW, rma) | (kV, rms) 10 ki 1.5 ki 3 kA 5 kA 10 ki 20 ki 40 kA 125 A 500 &
3 2.55 125 7.1 7.3 7a 85 2.8 1158 6.2 [=1<]
-] 510 220 14.2 150 15.7 17.0 191 223 124 13.2
a T.85 314 21.2 =24 23.5 25.5 z8.4 328 186 19.8
10 54 342 23.3 24.6 5.8 27.8 214 352 204 21.8
1z 0.2 40.8 28.3 2.8 31.2 338 ar.T 434 24.8 26.5
15 12.7 501 352 372 20.0 4241 46.8 537 309 3249
15 15.3 == 42.5 4.7 46.9 S0.7 56.3 4.4 ara 39.7
23l 17.0 850 47.2 497 s21 56.3 525 714 41.3 441
24 19.5 T5.3 541 5r.0 8.2 G64.6 716 81.7 47.4 S0.5
v 220 4.5 &1.0 843 &7.4 728 20.7 20 535 57.0
0 24.4 a4 67.7 7.3 T4.8 an.7 28.5 102 523 63.2
33 275 108 TB.3 and 4.2 a1.0 101 115 [-=%=} T1.3
k] 29.0 111 an.d &84.8 =R} as5.e 106 121 0.5 75.2
3= 315 120 ar.d 21 6.5 104 115 131 TE5 1.6
4z 34.0 122 a4.3 = =13 104 112 125 142 827 as
45 36.5 138 101 107 1z 121 134 152 855 ad.6
45 = 145 108 114 114 124 143 162 ads 101
54 4z 152 117 122 128 1389 154 175 10z 102
=K} 45 181 133 140 147 159 176 192 117 124
== 53 192 147 155 =2 175 194 220 122 137
72 57 214 158 167 175 138 o9 23 132 145
78 62 233 17z 151 120 205 227 257 151 161
g4 B 255 182 129 208 225 249 282 165 17&8
a0 7O 262 194 205 214 231 =256 280 170 181
a5 TG 285 21 222 233 =1 Z7d 315 185 187
108 &4 314 233 245 257 =ar 207 345 204 218
120 a5 365 272 285 300 224 358 405 238 254
132 106 392 284 310 325 250 238 440 258 275
138 111 417 305 324 340 T 406 461 270 2865
144 115 432 312 335 352 230 421 477 280 288
162 130 485 360 350 34 428 475 532 318 337
168 131 491 363 352 41 433 479 543 312 k=)
172 140 525 385 402 428 462 sz 580 3 363
130 144 532 392 421 441 476 526 5497 350 373
192 152 S62 421 444 45 s02 556 630 37 394
198 160 592 444 457 420 528 535 BE3 382 415
204 165 617 457 452 505 545 =03 683 401 4258
216 174 G50 482 508 533 575 E36 T20 423 451
228 1a2 GE0 505 532 557 201 =65 753 443 472
240 1890 T 527 555 51 827 [=-F} = 462 492




TABLE 4
Residual Voltages — Maximum Guarantead Protectlve Characteristics for Type AZG2 Surge Arrestars

Switching Impulse

Arrester | Arrester Steep Current Residual Voltage
Rating MoV Residual Voltage Lightning Impulse Residual Voltage (kW Creat)

Ur Uz (kW) Creat (kY Crest) 8420 ps Current Wave 3080 Current Wave

(kV, rm=) [ (kV, rms) 10 k& 1.5kA ELT) 5 ki 10 ki 20 ki 40 k& 500 A 1000 A
] 255 131 7.0 7.4 7.7 3.3 sS4 107 &5 a7
=] 510 22.0 13.8 14.6 152 153 18.2 205 129 13.4
=] T.65 3.0 20.7 21.8 227 24.3 27.0 303 12.3 200
10 .40 337 22.7 24.0 24.9 25.7 29.6 332 21.2 22.0
12 10.2 40.0 276 221 302 izd 358 402 25.7 26.7
15 12.7 48.8 34.3 =4 37.5 40.2 4.5 42.7 32.0 332
18 15.3 578 41.3 435 452 454 53.5 588 355 Jaa
3l i7.0 64.0 45.0 454 502 538 594 &5.d 428 4.4
24 12.5 TaE 527 55.5 5.6 G617 68.1 =N 421 51.0
27 220 1.5 == 625 &4.9 625 TH.T BE& 554 574
30 2d4.4 a0 G65.9 624 720 A g5.0 a4.9 G61.5 63.7
33 Zr.5 101 T4.3 8.2 8.2 859 a95.8 107 523 718
36 2.0 105 T84 824 855 1.8 101 1z 73.0 757
39 31.5 115 851 g2.5 3.0 @S5 110 1= o4 823
42 34.0 120 g2.2 938 a7.4 104 115 128 831 86.2
45 355 128 852 100 104 IRl 123 137 &85.7 a1.8
45 =] 137 102 107 11 112 131 145 a5 98.6
S5d 4z 147 110 115 120 12 141 152 102 106
&0 43 167 125 132 137 145 161 180 17 121
&6 53 164 138 145 151 1581 177 158 122 133
72 57 195 145 157 153 174 18z 214 135 144
T &2 218 162 170 177 182 ons 232 151 157
84 [==] 235 177 187 124 207 228 254 165 171
an 70 24z 183 182 122 212 235 252 170 176
a6 75 2683 188 208 218 23 254 284 185 191
18 &4 281 212 23 240 255 ey 314 205 212
120 =] 338 255 262 e 2568 28 355 238 247
122 105 368 276 280 | 32z 255 b= ] 257 267
128 111 fila ] 280 305 b=} 33 arz2 415 270 =30
144 115 401 301 3T 32 351 2487 431 280 201
152 130 450 332 355 aro 325 435 4585 J1e 227
=] 131 455 342 360 373 k== 440 450 312 231
172 140 485 365 364 I 425 462 523 340 253
120 144 488 375 3495 410 438 482 53 350 263
12 152 525 397 417 433 453 510 558 37 284
128 160 553 417 432 455 457 535 528 382 403
204 165 570 430 452 470 502 553 =h =3 401 416
216 174 G601 454 478 EL= =) 530 533 G50 424 438
fevrc] 182 6258 475 4e 512 554 &10 BE0 443 459
240 180 655 445 521 S5d1 578 535 o= 462 478
258 20 725 S45 574 =] B33 7oz TEZ S0 528
264 212 T35 554 582 G604 Gad7 711 TE 518 535
276 220 761 573 603 625 G670 7ar 821 535 554
fecats} 230 TES G601 G632 G55 o2 T2 &30 560 531
o= 235 313 514 645 B70 T 788 =} 572 gas
300 232 aar 624 655 851 722 anz 2=k S8z 203
32 245 347 B3 672 == TAT 221 15 505 =18




5. Hang OHIO-BRASS

A

DynaVar’

Distribution Class (PDV) and

Riser Pole (PVR) Surge Arresters

Heavy Duty
PDV-100 Electrlcal Characteristics
Rated Unit 0.5 usec 500 A I : )
Voltage | MCOV | Catalog | 10kA Maximum | Switching Surge 5/20 Maximum Discharge Yoltage - kV
kW kW MNumber IR-kV Maximum IR-EV | 1.5kA | 3 kA S5kA | 10KA | 20 KA | 40kA
3 255 | 217602 12.5 8.0 9.5 10.0 10.5 1.0 13.0 15.3
& LR | 21 7e05 250 16.0 14.0 20.0 2.0 2.0 26.0 05
9 TES | 217608 M0 2.5 24.5 26.0 275 30.0 5.0 41.0
10 8.4 2 Te00 355 235 28.0 25.0 20.5 32.0 375 435
12 10.2 213510 435 28.2 8.0 324 34.8 385 43.8 5.5
15 12.7 212613 E42 350 354 41.0 434 48.0 B46 £4.2
18 15.3 213615 ER.0 421 45.0 441 520 LT B5.4 75.4
21 17.0 213617 6.5 44.49 44.2 2.5 557 £1.5 .9 B2.2
24 10.5 213520 gr.o 5.4 61,6 65.8 B0.6 770 g7 6 103.0
&7 220 213622 T 63.2 69.2 734 782 B5.5 958.4 157
a0 244 210624 108.4 0.0 TE.8 8210 BE.48 8.0 [ 1002 128.4
35 20.0 213620 130.0 B4.2 az.0 952 | 1040 [ 150 | 1305 153.5
Mormal Duty
PDV-65 Electrical Characteristics
Rated Unit 0.5 usec 500 A ; : )
Voltage | MCOV | Catalog | S5kA Maximum |Switching Surge 8/20 Maximum Discharge Voltage - kV
kV kv Humber IR-kV Maximum IR-kV | 1.5 kA | 3 kA EkA | T0KA | 20kA | 40KA
3 255 | 217253 125 ah B 10.42 11.0 12.3 143 185
£ 51 217255 250 17.0 18.5 205 220 245 28.5 370
9 TEE | 217258 e 230 260 25.0 0.0 33.0 30,0 505
10 84 217254 360 24.0 270 295 N5 360 41.5 53.0
12 10.2 217560 42.4 Nn.a 335 6.9 35.5 425 49,0 58.7
15 127 213263 540 30.4 43.1 454 44,0 544 624 TED
g 15.3 213265 G248 45.4 0.1 haB 57.0 53,3 7286 5.4
g 17.0 213267 583 505 545 555 E2.0 B9 0.0 961
24 19.5 217570 849 2.7 B7.7 727 7. 855 98.1 1194
a7 220 213272 Q5.4 n.e T6.9 426 a7k 972 | 1115 1355
a0 24.4 213274 105.2 . 3.9 a0.2 5.5 [ 1061 | 121.7 | 1480
36 20.0 213274 125.6 g2.8 1002 | 1076 | 1140 [ 1267 | 1452 | 1767
Riser-Pole
PVR Electrical Characteristics
Doty
Cycle 8/20 Maximum Discharge Voltage - kY
Voltage 0.5 usec 500 A
Rating | MCOV | Catalog [ 10kA Maximum | Switching Surge
kv kv MNumber IR-kV Maximum IR-kV | 1.5 kA | JkA SkA | T0kA [ 20kA | 40 kA
3 255 | 218603 a7 5B 6.5 7.0 7.4 51 0.0 108
& LA | 218605 17.4 1.7 13.0 14.0 14.7 16.2 18.1 211
9 T.ES | 218608 257 17.5 10.3 2.0 2.9 24.0 27.0 R
10 54 218600 285 16.2 21.2 23.0 24.0 26.5 20,8 34.8
12 10.2 21BE10 348 233 25.9 28.0 20.4 323 6.2 422
15 127 218613 431 261 323 6.0 FE.6 40.2 451 527
18 15.3 2BE1S 514 3449 386 419 43.8 48.0 54.0 53,2
21 17 218617 a7 g 3|y 428 46.4 48,6 536 &0.2 0.5
24 10.5 218620 G848 466 L 569 585 B4.2 721 843
&7 22 218622 77A 52.4 57.9 G2.9 G5.7 2.0 1.0 94.8
a0 244 218624 855 576 B85 &0.0 720 9.5 30.4 104.4
35 20 218629 102.8 G0.8 772 33.8 576 96.0 1085.0 126.6




TABLE IV

Protective Characteristics
DynaVar Metal-Oxide Surge Arresters

. ! Maximum Switchanmg I . .
[LEET P Maximum Disc = Woltage

Sunaws owy b S Prolecie Lo Cang e

FrEEler | Cycle |  Arrester | Discharge Levels k¥ {2) L‘-u’mﬂ Wave-ky

Catzlog | Haling MO Vollage - —— d - : — == S —_— -
Type  Wumber | kVrms WV ems KV {1} 5004 100048 15kA kA Sk A0kA | 1skA | 20kA a0k
VLA 217003 3 255 91 . 63 69 | 7.2 75 | 8 86 | 9 10.3
VLA 217005 6 51 179 124 136 | 142 148 158 | 189 | 177 203
VLA 217008 g 765 266 184 202 211 22 235 | 251 264 . 30.2
VLA 217009 10 84 | 233 | 203 222 | 233 | 242 | 259 | 277 | 281 | 333
VLA 218510 12 102 | 355 | 245 269 282 294 314 335 | 352 | 404
VLA 217013 | 15 127 | 442 | 308 335 351 366 - 391 | 418 | 439 | 503
VLA 217015 | 18 153 \ 533 | 368 404 | 423 | 441 | 471 | 503 | 528 | 606
VLA 218517 21 17 59.1 ' 400 448 469 489 523 | 558 ' 587 672
VLA, 218519* | 24 195 ‘ 678 | 469 514 538 G160 | B4l 73 T7A
VA 217022 | 27 22 | 785 | 528 | 56 608 ' 633 677 | 723 . 759 | 87
VL 216003 | 3 285 91 | &3 69 72 75 . B | 8B 9 | 103
WL 216005 61 51 | 179 | 124 136 142 | 148 ¢ 158 | 169 177 | 203
VL  219508* g 785 266 18.4 202 211 22 235 251 264 302
WL 219509* | 10| 84 | 293 | 203 222 233 | 242 | 2659 277 . 291 | 333
VL 219510 12 102 | 355 245 269 282 ' 204 314 335 3852 404
YL 219513 15 127 442 308 335 381 . 366 391 418 439 503
WL | 216015 | 18 153 | 533 368 404 423 | 441 471 503 528 | 606
YL 219517 21 17 | 5941 ' 409 448 452 = 483 523 558  BBY | V2
WL 219519 24 195 678 . 489 514 538 . BB . BO g4.1 7.3 | 7T
VL 216022 | 27 22 | 785 | 529 | 58 608 ' @33 @ 677 723 758 | 87
VL 216024 , 30 244 849 587 843 §7.4 D3 751 802 B42 965
VL 219529° 36 23 | 101 | 897 | 764 B8O B34 892 952 100 - 115
vL 216031 | 33 315 | 110 | 758 ‘83 869 906 969 | 104 ¢ 109 125
WL ' 219536 45 355 128 B83 968 102 106 1ma 121 127 148
VL 219539* | 48, 39 | 136 | 938 L1032 108 113 120 | 128 | 135 | 155
VN 219542 54 42 135 98 105 112 115 122 130 136 151
VN 219548 & &0 . 48 ' 154 110 120 127 1m 136 | 149 | 155 173
VN 218557 1 T2 &7 183 131 142 15 156 165 | 177 184 205
YN 218570 S0 70 223 161 174 184 180 202 . 216 226 251
VN . 219574 . 90 74 | 236 169 f 185 195 | 202 214 | 229 2w 2es
VN 219576 @ 96 TG 242 175 190 201 208 220 235 245 274
VN 219584 | 108 84 | 267 193 [ 208 231 229 243 | 260 271 301
YN 219588 108 gs | 279 | 202 219 232 Pag 254 | 272 284 16
VN 247588* 0 120 @8 | 311 231 244 257 266 283 | 303 315 351
VN 219506 | 132 106 340 249 | PB4 280 280 306 | 327 342 3@
YN ' 219615 | 144 115 ass | 271 | 287 303 314 332 | 355 369 413
VN 219631 | 168 131 418 aog 326 345 357 are | 406 421 470
VN 217740% | 172 1 140 446 | 330 | 348 | 368 - 381 404 | 432 448 502
VN 217744* | 180 144 | 458 338 359 380 39? 417 | 446 463 517
VN 217752+ | 192 152 483 360 379 401 414 440 | 471 488 546
VN  217780" | 228 ' 180 571 | 424 447 | 474 489 520 | 556 578 645
VN 217909* | 258 209 865 1 516 ' 522 552 571 604 | 646  B70 752
VN 217912* | 264 | 212 675 | 1523 | 527 558 . 576 613 | €55 580 760

VN 217920 | 276 | 220 700 | T 545 | 547 578 547 B35 679 ' 705 788
VN 217945* 312 245 | 778 T 605 602 £44 666 708 758 788 878

* Denctes change from prévigus ca1al¢g [T



6. Hang ABB

AL ED D POLIM-D
FRp Gapless Metal Oxide Surge Arresters

Indoor/Outdoor
For maximum system voltages up to 36 kV

Guaranteed Data for POLIM-D

KV | MCOW Residual voltage (Uwks) in KV pk at a specified impulse current

Rating Wave 1/us Wave 8/20us Wave 30/E0us
KVms [ Skapk |10 ka pk|1 kapk [28kA pk | & kapk | 10 kA pk| 20 kA pk | 125 A pk [ 280 A pk | 500 A pk
3 2.5k 14.5 16.0 1.7 12.4 131 14 15.9 10.4 10.8 11.1
B EAD 21.7 24.0 17.5 185 19.6 21 238 15.6 1641 16.6
9 T.65 289 3z2.0 23.3 247 2641 28 1.8 20.8 215 22.2
10 840 a1.3 34.6 25.2 26.7 282 20 344 225 232 24.0
12 [ 1020 [ 354 39.9 291 30.8 32.5 a5 39.8 259 26.8 277
15 [ 1270 | BOE 559 407 432 45 5 48 BR.Y 6.3 375 38.8
18 [ 1530 | E7.7 63.9 485 49.3 E2A E& 83,6 415 429 44.3
21 17.00 | 4.9 71.9 E2.3 EEER EB.5 B3 71.6 46.7 48.2 40.8
27 | 2200 | 794 ar.e 64.0 67.8 7.7 77 874 &7.0 59.0 60.9
30 | 2440 | B35 a5.8 69.8 74.0 782 B 954 62.2 &4.3 B66.0

Tempaorary Overvaoltage (TOV) - Power Frequency Versus Time Characteristic

M1 second (a: 1.390 x Uc or b: 1.316 x MCOV)

W 10 seconds (a: 1.337 x Uc or b: 1.262 x MCOV)

W 1 second (b: 1.350 x MCOW)

W 10 seconds (b: 1.310 ¥ MCOW)

H a: Value tested with a sample that has not been prestressed by any energy input.

B b: Value tested with a sample that has been prestressed with a prior energy input according to
the operating duty test.

B The values have been predetermined with a test sample preheated at 60°C according to |[EC 60099-4
and refar to an ambient temperature up to 45°C.

Suggested Metal Oxide Arrester MCOV Ratings for Various System Voltages

SYSTEM VOLTAGE kV (L-L) MINIMUM ARRESTER MCOV (V)
NOMIMAL MAXIMUM GROUNMDED TEMPORARILY UNGROUNDED, IMPEDANCE
MEUTRAL GROUND OR UNGROUNDED CIRCUITS
CIRCUITS 1) (2) (3]
2.40 2.52 230 2.30 2.30 255
416 437 255 3.80 3.80 510
4.80 .04 3.80 3.80 3.80 510
5.90 7.25 4.30 510 510 7.70
8.32 874 E10D 5.40 5.40 10.20
12.00 12.60 7.65 8.40 10.20 1270
12.47 1310 7.65 10.20 10.20 15.30
13.20 13.80 8.40 10.20 10.20 15.30
13.80 14.50 8.40 10.20 10.20 15.30
20.78 21.80 12.70 15.30 15.30 22.00
22.88 24.00 15.30 17.00 17.00 24.20
23.00 24.20 15.20 17.00 17.00 24.20
24.94 268.10 15.30 19.50 24.20 208.00
34.50 36.20 22.00 24.40 — 36.50
48.00 48.30 29.00 31.50 — 57.00
£9.00 72.00 42.00 48.00 o —

(1) Line-to line overvaltegs for 4 secords (maximum reclozer duty): Baximum systemn voltege (L-L) divided by 1.42
[assUming o ECent pricr ensfgy sunge).

(2] For msistance grounded systems; line-todine voltage divided by 1.41 pemit amester to withstand line-to-ine woltage for 10 ssconds
[again assuming no recent pror sunge).

{2 Maximum systam line-to-line voltage continuously,



Zinc oxide surge arrester PEXLIM R
Design/test standards as |IEC 60099-4; ANSI/IEEE C62.11

Max. residual voltage with current wanwe

More detailed information on the TOW capability and the protective characteristics are given in Publ. SESWGIA 2238en.

1) The continuous IEC and MCOW AMNEI) differ due to dewvi tect procedu
}U has to be mrﬁodereﬁgm Lt!ﬁe{m system voliage tl'[ial?ng:r } hl"”lrf us ations in typs pro res.

AIFI? amester with g higher than or equal 1o the aciual system voltage divided tlj"\IE £an be selecied,

2y \With prior duty equal to the maximum single impulse energy stress.
3} Applicable only for neutral-ground arrestars.



