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TOM TAT

Hién nay tiép diém chan khéng duwoc I3p dat bén trong céc khdi dong tir va st dung réng réi
trong céc mé ham 16 ¢é khi bui né. Pé dam bao an toan dién giat va phong chéng né mé, cac co cau
déng cét thuong duoc dat trong céc budng dép hé quang chan khéng dé tranh phét sinh hé quang
trong qué trinh déng cat dién. B6 ngat mach chén khéng cé chirc ndng ngdt dong dién khi dong dién
I6n xuét hién do ngdn mach hodc do cac ché do lam viéc khéng binh thuong khéc trong mang dién
gay ra. Khi b6 ngét mach chéan khéng ngét dong dién, hoi kim loai dwoc phéng ra tir céc tiép diém va
tré thanh plasma, tao ra hé quang. Sw co that hd quang c6 thé lam tdng théng luong nhiét va nhiét
d6 cuc bé trén cac dién cuc va dan dén nong chdy bé mat, cé anh huwdéng khéng mong mudbn dén
tuéi tho cua thiét bi. Pé khdc phuc dnh hudng nay, tir trong doc truc dwoc ép dung nhdm khuéch

tan hé quang déu trén bé mat tiép diém, gilp gidm mat doé nhiét va han ché hién tuong han dinh.

Trong bai béo nay g dung phdn mém JMAG mé phdng luc dién tir tac dung 1én hd quang dang
cot va mét dé dong dién trong khéng gian bubng dap hé quang. H6 quang chan khéng dwoc mé hinh
hoéa béng phuwong phap ghép ndi tuén tw cia hai trvong khac nhau.

T khéa: Buéng dap hé quang, JMAG, Ttr trirong doc truc (AMF).

1. DAT VAN BE

Cum tiép diém chan khéng (Vacuum
Interrupte) 14 thanh phan trung tam trong khéi
dong tr phong nd, chiu trach nhiém thwc hién
thao tac dong — ngét mach dong lwc cla dong
co trong méi trwdng ham 16. Khi ngdt mach,
dién cyc dong tach ra tao khe h&, dién trvong
I&n sinh ra hd quang kim loai. Trong qué trinh
nay, 16 tiép xuc dét chay hd quang dién gitra hai
dién cwc phadi dwoc dap tat cang nhanh cang
t6t. Dwéi tac dung cla tir trwdng doc truc (Axial
Magnetic Field — AMF) hé quang bi kéo dai va di
chuyén trén bé mat dién cwc, gitp phan bd nhiét
déu, tranh chay cuc bd [1]. H6 quang trong mbi
trwong chan khong cé thé dwoc chia thanh
nhiéu giai doan ndi tiép nhau, phdn anh sy
twong tac phirc tap gira hién twong phat xa
dién tlr, dong hoc plasma kim loai, qua trinh
khuéch tan va phuc héi dién méi. Do dé qua
trinh dap tat hd quang phu thudc vao nhiéu yéu
t6 nhw cac théng sb hinh hoc, vat liéu, diéu kién

chan khéng va dic tinh nhiét bé mat [2], [3].
Muc tiéu chinh cliia nghién ctru nay la &rng dung
mo6 phdng s6 dé phan tich cac hién twong co
thdt hd quang chan khéng véi tlr trwdng doc
truc (AMF).

Pé& phan tich cac hién twong co that hd
quang cho cac dién cyc doc truc, tac gia da st
dung hai loai tiép diém doc truc khac nhau. Nhw
da biét, bd ngét chan khéng c6 chirc ndng ngat
dong dién I&6n khi c6 ngédn mach, ap suét tiép
xuc dwoc dat vao cac tiép diém trong bd ngat
mach chan khoéng vi né 1a can thiét dé cac tiép
diém clGa bd ngdt mach chan khéng phai tiép
xuc va mach dién phai dwoc déng khi dong dién
binh thwérng dang chay, khéng gidng nhw dong
dién I&n tr ngdn mach. Lwc day dién tr duoc
tao ra b&i dong dién chay trong cac tiép diém
clta bd ngét mach chan khong khi dong dién
chay qua bd ngét mach chan khéng. Do d6, can
danh gia lyc day dién tir va dat ap suét tiép xuc
cao hon lyc day dién tlr d& duy tri trang thai
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déng trong dong dién binh thwdng.
2. NOI DUNG NGHIEN cl’U
2.1. Mé hinh mé phéng cua bd ngat chan
khong

M6 hinh tiép diém chan khéng gdém: Tiép
diém tinh va dong; Ong x&p kim loai; Than
budng; L&p phia dién cuc. Dién cwc dong va
tinh: 1am tir hop kim chiu hé quang (CuCr30%
hoac CuwW55%), cé hinh dang dang dia hoac
coén xoan dé tao twr trwdng phan bd déu, tranh
tap trung hd quang. Ong xép kim loai: cho phép
dién cuc doéng di chuyén doc truc khi déng cat
ma van dam béo dd kin chan khéng tuyét déi.
Than budng: 1a dng gdm chiju chan khéng, cé do
bén co hoc cao (>15 kV/mm), dwoc han kin véi
cac nép kim loai & hai dau. Lép pha dién cuc:
ma bac hodc hop kim chéng han dinh, gitp lam
giam dién tr& tiép xuc va tang khd nang phuc
hoi dién mai.
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Hinh 1. Mé hinh hinh hoc cta bd ngat chan
khéng don diém
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conductor

Coil
Upper electrodes

Contact

o ° ® |
Contact H

points

Assembly diagram | Lower
] electrode

: Expanded diagram

Hinh 2. Mé hinh hinh hoc ctia bd ngat chan

M6 hinh md phéng: chon ciu trac dbi xirng
truc, truc doi xwng la truc Z, mé hinh duwgc thye
hién trong mat phang XZ, voi tat ca cac déi
twong nam trong phan X > 0 clia mét phéng,
céac thdng sd hinh hoc tinh bang milimet. Cot hd
quang trong mé hinh duoc gid thiét cé dang
hinh try, v&i do dan nhiét twong tng vdi plasma
& nhiét do6 khodng 15000 K tai bé mat cathode
va van téc trung binh cla dong plasma khoang
400 m/s.

2.2. Str dung phan mém JMAG mé phéng lwc
dién tw

Chuong trinh JMAG cung cép hai loai
phwong phap mé hinh clu tric rén ti trén
xudng dwéi hodc tr dwdi [én trén. D& mé phdng
lwc dién tir tac dung lén cot hd quang, tac gia
tap trung vao phan tich sy phan bd luc Lorentz
va mat d6 dong dién trong khong gian budng
dap hd quang.

Lwc Lorentz F tac dung lén plasma clia hd
quang dugc xac dinh theo [4]:

F=jB (1.1)

Trong do:

j - la mat dé dong dién (A/m?); B - la mat do
cam ng tw (T), dwoce sinh ra béi tir trwdng doc
truc (AMF). M&i quan hé gitra cdm (ng tir B va
vecto tir thé A dworc biéu dién bai:

B=V.4 (1.2)

Hiéu ng nhiét Joule sinh ra trong plasma
duwoc xac dinh b&i:

O=j.F

Trong do:

(1.3)

Q - 1a mat dé cong suét nhiét (W/md), cong
suat nhiét phadn anh mic nang lwong tod ra
trong qua trinh dan dong hé quang.

Van tbc cta plasma v trong cot hd quang
chiu anh huwéng truc tiép cia lwc Lorentz va
duoc md ta theo phwong trinh can bang dong
lwong:

v . (1.4)
P, a +p,(0WV)y=-V+ B

Trong do:

khéng da diém
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Pp - la mat d& khéi lwong cla plasma
(kg/m3); p - la ap suét trong cot hd quang (Pa).

Qua trinh truyén nhiét T trong plasma duoc
xac dinh theo phwong trinh can bang nang
lwong:

or (1.5)
P,C, m +p,c,vVT =V.(kVT)+0Q

Trong do:

Cp - la nhiét dung riéng cda plasma (J/kg.K);
k - 14 hé sb dan nhiét (W/m.K); Q - ngudn nhiét
do hiéu &ng Joule sinh ra. Phwong trinh nay md
phdng phan bd nhiét trong toan ving hd quang,
c6 thé danh gia cu thé hién twong co that hodc
phat tan hd quang dwdi tac dung cla tir trudng
doc truc AMF.
2.3. Két qua mé phéng

Chuwong trinh JMAG cung cép hai phwong
phap mé hinh cAu trac ran tir trén xubng dudi
ho&c tr dwdi lén trén. Khi thiét 1ap mé hinh ran
tr trén xudng dwdi, ngudi ta dung xac dinh
doen vi hinh anh cip cao nhét cho mé hinh.
Chwong trinh sé ty dong xac dinh bé mat va
duwong thang twong dbi tach roi tr diém quan
trong. Nguwoi dung str dung cac don vi hinh anh
dod phan gidi cao nay dé xay dwng cac mé hinh
hinh hoc, chéng han nhw hinh tron, hinh chi
nhat 2 chiéu va cac khéi 3 chiéu nhw hinh cau,
hinh nén va hinh try. DU st dung phwong phap
xay dung tlr trén xubéng duéi hay tr dwdi lén
trén nguoi dung déu co thé tao ra tao ra tap di
liéu thong qua phép tinh Boer, tir d moé phong
mo6t moé hinh vat rdn. Phan bé mat d6 dong dién

kien nbi dat va diéu kién dong dién d&t vao
dwoc ap dung 1an lwot tai phia thanh tiép diém.
Diéu kién tir thong song song (AZ=0) dwoc ap
dung dé rang budc tat ca cac bac tw do (DOFs)
tai cac bién ngoai. Bo gidi phwong trinh vi phan
Jacobi Conjugate Gradient (JCG) da duwoc st
dung va&i tiéu chi hoi tu duoc thiét 1ap 1a 10°°.

Dong dién di vao day dan d& cua dién cuc
duéi sé& phan nhanh trong cudn day va truyén
dén tiép diém thong qua cac diém tiép xuc nhw
thé hién trong hinh (a). Sau d6, dong dién da di
vao tiép diém sé bj tap trung tai cac diém tiép
xtc nhw trong hinh (b). Khi dong dién di vao tiép
diém cla dién cuc trén tr cac diém tiép xuc
hep, né ¢c6 xu hwéng lan réng ra nhw thé hién
trong hinh 5.
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3.000E+09
2.500E+09
2.000E+09
. 1.500E+09
1.000E+09
5.000E+08

0.000E+00
(Unit: A/m*2)

Hinh 3. Phan bé mat dé dong dién cua bo
tiép diém dwoi

duwoc thé hién trong hinh 3, 4, 5. Dong dién di
vao day dan d& cla dién cwc dwdi sé phan chia
trong cudn day va truyén dén diém théng qua
cac diém tiép xic nhw minh hoa trong hinh (a).
Sau d6, dong dién da di vao tiép diém sé bj tap
trung tai cac diém tiép xic nhw thé hién trong
hinh (b). Khi dong dién di vao tiép diém clia dién
cwe trén tr cac tiép xdc hep, né cé xu hwéng
lan rdng ra xung quanh nhw minh hoa trong hinh
3.

l 3.500E+09
3.000E+09

2.500E+09

' 2.000E+09
1.500E+09
1.000E+09

I 5.000E+08
0.000E+00
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Hinh 4. Phan bé mat dé dong dién cua bo tiép

Hinh 3 thé hién cac vung mat dé dong dién _x ~
diém trén

phuc vu cho phan tich dién tir , bao gém: phan
day dan, dién cuc, ban tiép diém va cot hd
quang. Mé hinh s dung diéu kién bién, diéu
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Hinh 5. Phan bé mat dé dong dién theo
hwéng Z

Hinh 6 thé hién sw phan bd mat do luyc
Lorentz. Lwc ddy theo phuwong thadng ding
duwoc sinh ra trong céac tiép diém do dong dién
chay qua nhw thé hién trong hinh 6. Lwc day
dién ti tao ra tai cac tiép diém co6 gia tri xap xi
700 N.
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Hinh 6. Phan bé mat d6 lwc Lorentz

Viing cot hd quang chi dwoc st dung cho
phan tich nhiét déng lwc hoc sau khi da thuc
hién phan tich dién tr. Trong mé hinh nay, cét
hd quang dwoc gid thiét cd dang hinh try véi
duwong kinh badng dwong kinh cla dién cwc va
c6 hé sbé dan nhiét khong déi. Lwc Lorentz va
nhiét lwgng Joule thu dwoc tir bai toan phén tich
dién tir trudc do6 dwoc st dung lam cac tham sbé
dau vao cho phan tich dong nhiét. Trong ving
co6t hé quang s dung 142 phan t&r chéat ldng,
v&i téng sb phan t& xap xi 21000 phan tr. Diéu
kién tinh toan dwoc thiét 1ap nhw sau: van téc
plasma la 400 m/s va nhiét do tai bé mat cwc am
la 15000 K, bé mé&t nut dwoc coi la bién thoat
thu déng, do do6 ap suét p=0 dwoc ap dung cho
diéu kién bién dau ra. Bién tw do dwoc dinh
nghia la bién tiép xGc v&i méi trwong chan

khoéng bén ngoai va dwgc xem la cach nhiét.
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Hinh 7. Cac trwéng phan bé nhiét cta bién
thé

Dé& nghién ciu sw co thdt hé quang trén
plasma hd quang, cac két qua vé dac tinh luyc
Lorentz va phan bd nhiét d6 dwgc mé ta. Ngoai
ra, nhom tac gid da tién hanh mé phéng dé xac
dinh méi quan hé dé dw doan gitra lyc Lorentz
va sw gia nhiét Joule trén plasma hé quang.
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Hinh 8. Sy thay d6i lwc

Déc tinh lwc Lorentz (thanh phan r) dwoc
tinh toan & 30 kA cho dién cwc AMF dang cbc
nhw thé hién trong hinh 8. Ving lwc nén tén tai
theo hwdng xuyén tam trén bé mat cwc dwong
va cyc am do tir trwong phwong vi va mat do
dong dién doc truc. Ngoai ra, vung lwc gian n&
ton tai theo huéng xuyén tam trén ca hai bé mat
do mat dd dong dién theo phuwong tiép tuyén va
tw trwéng doc truc. Trén hinh 8, chang ta thay
réang co6 vung lwc nén & khu v trung tam (mau
xam) trén ca hai bé& mat trong truéng hop dang
cbc. Luc nén trén bé mat trung tam cda plasma
hd quang gitta cac dién cwc tang doc theo
huwéng xuyén tdm. Ciing trén hinh 8, dac tinh
lwc Lorentz (thanh phan s) trén ca hai bé méat &
dong dién 30 kA dbi véi loai hinh céc. Luc
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Lorentz (thanh phan s) tac dung theo chiéu kim
ddng hd lén bé méat cwc am. Sw quay nguoc
chiéu cta lyc Lorentz (thanh phan s) trén mébi bé
mat gay ra hién twong xodn trén plasma hé
quang gilra cac dién cwec, va né tao ra lwc nén &
bé mat trung tdm trén plasma hé quang gitra
cac dién cwe. T két qua nay ching ta c6 thé dw
doan rang, trong trwdng hop loai hinh cbc, sw
phan bd nhiét d6 trén bé mat anode (cuwc
duwong) bi thu hep & khu vyc trung tdm do lwc
Lorentz.
3. KET LUAN VA KIEN NGHI

Trong bai bao nay, hé quang chan khong
dwgc md phdng bang phwong phap ghép ndi
tuan tw hai trwdo'ng khac nhau, dé la trén lwc dién
tlr. Viéc str dung dién cwc AMF gilp tao ra tw
trwong doc dé diéu khién hdé quang giup né
phan bd déu hon trén bé mat tiép giap tr d6
giam thiéu sy mai mon va tang kha nang ngat
dong cla thiét bi. Sy co that hdé quang khi ¢
dong dién dat vao dwgc dy doan dya trén két
qua dac tinh lwc Lorentz va phan bb nhiét do

bang cach st dung phan mém JMAG. Két qua
mo phdng cho thdy: Vung lwc nén ton tai bdi tiy
trwd'ng phwong vi va mat dé dong dién doc truc.
Ngoai ra, vung lywc gian né tdn tai do mat do
dong dién phuwong vi va tir tredng doc truc trén
bé mat cuwc dwong va cuc am; Trong trwéong
hop loai hinh céc, lwc tlr tdn tai trén bé mat
trung tdm cla plasma hd quang gira cac dién
cwe va lyc nay 1a do mé men xodn gay ra bdi
lwc Lorentz. Chung ta nhan thay réng hiéu suét
ngat dong dién cao co thé bi han ché do sw co
that hd quang va sy tdng nhiét d6 tuy thudc vao
mo hinh. C6 thé két luan rang lwc Lorentz 1a yéu
td chinh anh huéng dén hién twong plasma hé
quang chay. Viéc phan tich hé quang gitp ich
rat I&n cho viéc cai tién va lwa chon phi hop vat
liéu lam tiép diém, t6i wu hoda thiét ké tiép diém
dam bao dong dién phan bd déu tranh hién
twong tht nat ¢d chai gay néng chay tiép diém.
Trong hwéng nghién ctvu tiép theo, nhém tac gia
s& nghién cru &nh hwéng cla vat liéu dén nhiét
dd va sy 6n dinh cla hd quang.
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ABSTRACT:

Currently, vacuum contacts are installed inside contactors and widely used in underground mines
with explosive dust and gases. To ensure safety against electric shock and prevent mine explosions,
switching mechanisms are often placed in vacuum arc extinguishing chambers to avoid arcing during
power switching. Vacuum circuit breakers are designed to interrupt the flow of electricity when a large
current occurs due to a short circuit or other abnormal operating conditions in the electrical network.
When a vacuum circuit breaker interrupts the current, metal vapor is released from the contacts and
turns into plasma, creating an arc. Arc contraction can increase heat flux and local temperature
across the electrodes, leading to surface melting and undesirable effects on equipment lifespan. To
overcome this, an axial magnetic field is applied to evenly diffuse the arc across the contact surface,
reducing heat density and limiting weld sticking.

This paper applies JMAG software to simulate the electromagnetic force acting on a column arc

and the current density in the arc extinguishing chamber. The vacuum arc is modeled using a
sequential coupling method of two different fields.

Keywords: Arc extinguishing chamber, JIMAG, Axial magnetic field (AMF).
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