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TOM TAT

Nam chém dién la bo phan quan trong trong thiét bj dién c6 nhiém vu tao ra luc hat dién tir dé thiét
bi dién lam viéc. Hién nay viéc tinh toan thiét ké nam cham dién thuong dung phuong phap gidi tich.
Phuong phép phén tir hitu han (FEM) dé giai cac phuong trinh vi phan béc cao réat hiéu qué va duoc
trng dung trong nhiéu linh vurc ki thuat. Trong bai bdo nay, tac gia trinh bay phuong phép st dung phén
t&r hitu han dé phén tich dién ttr triong do nam chédm dién tao ra. Két qua phan tich va mé phéng sé
gitp cho nguoi thiét ké trong viéc hiéu chinh thong sé dé tbi wu héa thiét ké nam cham dién dung trong
thiét bj dién mé.

T khéa: co cdu dién tir, nam chdm dién, phwong phap phén t& hitu han (FEM)

1. DAT VAN DE 2. NOI DUNG NGHIEN cl?U

Céac thiét bj dién m6 nhw aptomat, khdi dong 2.1. Phwong phép gidi tich
tr.v.v.. st dung nam cham dién la mét bé phan
chinh dé tao ra lwc hat dién tt trong qua trinh lam
viéc. Dé cac thiét bj dién mo co kich thuwéc toi wu,
nhé gon ma van dam bdo lam viéc tin cay thi viéc : f
tinh toan thiét k& nam cham dién la mot khau quan
trong trong viéc tinh toan thiét ké thiét bi dién maé.

Hién nay viéc tinh toan thiét ké nam cham dién
thuwdng duwoc tinh theo phwong phap giai tich hay
con goi la phwong phap mach tr twong dwong.
Phwong phap nay st dung rat nhiéu hé sb kinh
nghiém va hé sé két ciu ctia mach tw [1]. Nhwoc _ e
diém ctia phwong phap nay 1a khi két cAu ctia nam e e ittt}
cham dién phurc tap hodc khi mach tir bi bdo hoa "
thi viéc tinh toan dién tw trwdng sé kho khan, dé
chinh xac khéng cao ngoai ra s&r dung phuwong
phap giai tich khéng xac dinh dwoc phan bd cla t
trwdng trong mach tr va khéng gian.v.v.. gay kho : i

Két cAu nam cham dién thwérng gép trong cac
thiét bi dién mé cé hinh dang nhw Hinh H.1 [1].

Wassive pan
{ttp = o™ Pl

khan trong viéc t6i wu hoa thiét ké nam cham dién. il 0 9%—"""""'“-
Phwong phap phan t& hiru han (Finite Element -2 - —%———i/’ Bk

Method - FEM) dung dé gidi cac phuwong trinh vi
phan bac cao rat hiéu qua va dwoc (rng dung trong

Nl = s

nhiéu linh vwe k§ thuat nhw phan tich co hoc, phan & ;

tich nhiét, va phan tich dién t trwong. Viec ap | Q‘a,.@j.e.a.g’a,.ei ) eop e
dung phuong phap FEM két hop véi mé phéng s . @ i J;l; i

trong thiét ké nam cham dién khac phuc nhivrng han L T

ché cta phwong phap giai tich sé& gitp ich nhiéu b)

cho nguoi thiét ké trong viéc hiéu chinh va téi wu

héa cong tac thiet ke thiet bi dién mo [2]. H.1. Két cau nam cham dién (a) va mach ti thay thé (b)
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Theo [1] Iwc hat dién tr tai mét khe hé khong
khi ctia nam cham dién dwoc xac dinh theo céac
cbng thire:

1 1
F =—B2S ——B sin?(wt). S
240 240 om
F = Fd)gmsinz (wt)
_19%,d6
=52 d6sm (wt)

trong do: F - Iwc dién tw; B; - la twr cam tai khe
hé khong khi;

®, - 1a tir thong qua tiét dién S cia bé
mat cwc tw;

G - tir dan twong dwong ctia mach t;

W, — ttr thdm khong khi.

Trong cong thiee trén, Iwc hut dién tr dwore tinh
toan khi da xac dinh dwoc bién do tir cam tai khe
hé khoéng khi B, va bién do t&r thong ®, . Hai gia
tri nay cé thé dwoc tinh toan giai tich bang phwong
phap mach t&r twong dwong.

Khi ap dung phuong phap giai tich dé giai cac
théng sb B,, va @, can cé céac gia thiét sau: Coi
khe h& khong khi Ia dd nhdé dé bd qua tir trwong
tan; Bé qua tlr trwdrng rod; Coi vat liéu dan tlr ¢ dac
tinh B-H tuyén tinh; B qua tén that tiv tré va tdn
that dong dién xody.v.v.. Nhitng gia thiét nay lam
cho céac két qua tinh toan theo phuwong phap giai
tich c6 dd chinh xac khéng cao hoac sé cho cac
két qua sai khi nam cham dién lam viéc & vung bao
hoa mach tw.

2.2. Phuwong phap phan tie hivu han
Phan bé tir triérng trong mach tir va khéng gian
xung quanh co' ciu dién ti la nghiém cta phwong
trinh Poisson viét cho trwdng dién t& ctia mé hinh
nam cham dién. M6 hinh nay dwoc xay dwng dwa
trén dinh luat Maxwell — Ampe. Theo phuwong trinh
Maxwell - Faraday viét cho trwéng hop clia nam
cham dién & trang thai xac lap nhw sau [3],[4]:
VxH=] (1)
trong do: f- mat dd dong dién mot chiéu chay
trong cudn day nam cham dién, A/m?;
H - cwong do tw tredng, H/m.
Cudng dd ti trvdng H co lién hé véi mat do tw
thdng B nhw biéu thirc.
B = pouyH )
trong d6: Ho - d6 tir thAm cla chan khéng;
Ky - d6 tr thAdm twong dbi clia moi
trwdng dan tur.

Trong trwdng dién tv, B dwoc tinh toan qua dai
lwong vecto tir thé A nhu sau:

B=VxA4 (3)
Thay (2) va (3) vao (1), ta thu dwoc phuong
trinh. 1 AN
V(o 7 A) =] (4)

Phwong trinh (4) cé dang téng quét ctia phwong
trinh Poisson, c6 thé dwoc dién giai trong mé hinh
phan tich (rng v&i hé toa d6 Oxyz nhw sau:

1 (9%A  0%A  9%4A
o (oa ¥ o+ 55) + = 0 )

Giai (5), tim dwoc 4, sau do dwa vao (2) va (3)
dé tinh dwoc mat do tr théng B va cuwdng do tw
trwong H nhw sau:

B= Bz+B;+Bk_(”iy—a‘;izy)L+

(Ge-5)7+ (G2 -5)F (6)

Dién ap dat vao hai cyc cudn day va dién tr&
mot chiéu ctia cudn day, co thé xac dinh dwoc mat
d6 dong dién tlr cac phwong trinh:

. d U
U:Rdcz+Ld—z;Idc=R—M (7)

trong do: U - dién ap dat vao 2 cwc cudn day;
R,.- dién tr& cia cudn day ;
L- dién cam cula cudn day;
lye -dc‘)n,g dién trong cubn day;
qu - tiét dién cudn day; .

Phuwong phap FEM la mét ky thuat gidi phwong
trinh (5) dé xac dinh vecto tr thé A4, tir d6 tinh toan
dwoc tir cam B va cwdng do tir trwong H theo cac
cong thire (3) va (2), qua d6 xac dinh phan bd ti
trwdng trong khéng gian véi dd chinh xac cao. Tiép
theo, Iwc tir cia nam cham dién sé dwoc tinh theo
cong thirc ng suat Maxwell [3] hodc dwa theo
phuwong phap nang lwgng nhuw sau:

21
1 aw (i, s
Fpp = EJ mstd((Ut) J % d(wt)

0 0

trong do F_ - Iwc tlr trung binh;
F. o - lwc tlr tlre thoi;
W(i, s) - nang lvgng cua tw treong;
0 - la d6 dai khe h& khéng khi.

Viéc tinh toan bang phwong phap FEM khong
can phai dwa ra cac gia thiét gibng nhw phwong
phap giai tich. Ngoai ra con cé thé khéo sat phan
b dién tir trwérng trong mach tr va khoéng khi xung
quanh cGia mach tir qua dé gitp tdi wu viéc thiét ké
nam cham dién trong cac thiét bj dién ma.

4. KET QUA VA THAO LUAN

Khi ché tao nam cham dién da s dung thép
CTO dé Iam mach tir, dic tinh dan t (theo catalog)
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H.2. Dactinh B-H cta thép CTO lam mach ti

cla thép CTO néu trén Hinh H.2 v&i tir treong bao
hoa cua thép CTO la B, =2,5T.

S& dung phwong phap FEM dé phan tich phan
bd tlr trwdng trong khéng gian ctia nam cham dién
v&i thong sb thiét ké co ban: Sé vong day W=2000
(vong); dong dién danh dinh | = 40 (A); két ciu nhw
hinh H.3, phwong phap FEM gém 4 buéc co ban
sau day [5],[6]:

- R&i rac hda mién phan tich thanh cac mién con
(element). Cac phan ti lién két v&i nhau tao thanh
lwdi (mesh);

- Chon ham lién thudc va xap xi 1&i giai trén méi
phan to;

- Ghép tat ca cac phan t&r trong mién phan tich
dé thu dwoc ma tran hé théng;

- Gidi ma tran hé théng bang phwong phap l1ap.

Dé tinh toan theo phwong phap phan t& hiru
han can phai cé sy hd tro clia cac may tinh sb va
cac chwong trinh phan mém dwoc viét dwa trén
nén tang toan hoc ctia FEM.

Két quéd md phéng vé phan bé tir trudng trong
cAu tric nam cham dién clia khéi dong tir dwoc thé
hién trén Hinh H.4

i

Forcat Forcs mag (rawtsn)
= H =
H

H.3. Chia ludi nam cham dién

T két qua phan bd mau va phan b gia tri &
céc hinh trén cho théy ti cdm B trong cwc tir chinh
la I&n nhét, co gia tri B__ =1.7 (T), hai cwc ter bén
co tv cdm la B__,=1,05T, so véi gia tri bdo hoa
clia mach tir B, =2,6T. Diéu nay cho thay, khi nam
cham dién lam viéc v&i dong dién 40A thi mach tw
clia n6 chua bi bdo hoa. Nhw vay thay rang, thiét bi
dang s dung vat liéu tr qua mirc, chwa tan dung
hét kha nang dan tir ctia vat liéu CTO. Vi vay, nam
cham dién sé& lam viéc trong diéu kién thuan loi, tn
hao sat nhd, phat néng nhe hon.

Khdo sat lwc hut dién tir cila nam cham dién
theo @6 dai khe hé khong khi thu dwgc quan hé
nhw trén Hinh H.4. Lwc hat dién tir cila nam cham
dién gidam phi tuyén khi d6 dai khe h& khong khi
tang dan. Lwc hat dién tir cwe dai khi khe hé khong
khi nhé nhat (5_ = 0.05mm) 1a 102.62N va lyc
hat cuc tiéu khi khe hd khong khi I6n nhét (5
= 10mm) la 0.57N. Do phan déng cGia nam cham
dién dwoc dat dé dich chuyén theo phwong nam
ngang nén cé thé bd qua &nh hwéng cla tai trong
phan ng, lwc hut cwe tidu da tinh toan da I6n dé
dam bao dong chac chan nam cham dién khi chiu

Lac inh e b teo khe ho Khong ki

b)

H.4. Phan bé tir trwdng trén cuc tir (a) va luc tir tai khe hé khang khi (b)
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H.5. Thay d6i tir trudng trén cuc tir (a) va luc dién tir tai khe hé khong khi (b)

lwe can dan hdi cdia co’ ciu 16 xo.

Trong mang dién mod dién ap dat trén cudn hut
nam cham dién clia cong tac to' cho phép gidm t&i
65%. Khao sat khi dién ap dat trén trén cudn day
cla nam cham dién t¢i 65% dién ap dinh muc thi
phan bd tir trwdng trén cye tir va lwe dién tir sinh
ra trén khe hé khong khi cia nam cham dién thu
duwoc nhuw trén Hinh H.5.

Viéc thay dbi dién ap dat vao cudn day dan toi
ttr cdm trén cwc tr gidm cling nhw lwc dién tr sinh
ra trén khe h& khoéng khi bi gidm. Khi dién ap trén
cudn day gidm xuéng con 65% dién ap dinh mirc
thi tir cadm sinh ra trén cwc ti chinh va cuwc tlr bén
coégiatritwng ng B =1.3 (T), hai cyc tw bén co
ttr cam 1a B,.,=0,85T diéu nay dan t&i luc tir sinh
ra trén khe hé khoéng khi bi suy giam lwc dién tv I&n
nhét sinh ra trén khe hé khéng khi dat 39N.

S& dung phwong phap FEM, cé thé khéo sat
duoc sw phan bd ti trwdng trén cuc tir. Két qua
phan bd tw trudng trén cuc tvr dwoc chi ra trén
Hinh H.6.

H.6. Phan bé tit trudng trén mach tir

Két qua phan tich t triérng trong mach tir nhan
thay réng:

> Diém tap trung I&n nhét 1a trén mach t chinh
& gilra, mach tlr bén canh c6 mic dé tap trung tor
trwong thp hon nhw vay cé thé thiét ké mach tiy
bén canh nhé hon mach tir & gitra dé tdi wu hoa vat
liéu lam mach tr nam cham dién;

> Mot sb diém trén mach tir co to trwong tap
trung 1&n. D6 la cac diém & goc mach tir dwa dén
mach t&» & nhirng diém nay c6 thé bi bao hoa sém.
Do vay, dé dé tranh bj bao hoa mach co thé thiét ké
mach tlr nam cham dién c6 dang vat goc dé giam
bét hién twong bao hda mach tiv.

5. KET LUAN

S dung phwong phap phan ti& hitu han FEM
dé phan tich tir trid'ng cia nam cham dién str dung
trong thiét bi dién mé da dwa ra dwoc nhivng két
qua dinh tinh va dinh lwong vé phan bé tir trwong
trén cwc tir clla nam cham dién, lwc dién tir trén
khe h& khong khi. Két qua phan tich nay sé giup
cho nguoi thiét ké trong viéc hiéu chinh théng sb
clia nam cham dién tlr d6 téi wu hoa thiét ké nam
cham dién st dung trong cac thiét bi dién ma.

M hinh phan tich va phwong phap nghién ctru
trinh bay trong bai bdo nay cé thé ap dung mé
réng dbi véi cac nam cham dién c6 két cidu mach
tr phwe tap, hoat ddng & nhiéu ché d6 khac nhau
ké ca ché dd bao hoa mach tir. Ap dung phwong
phap FEM trong tinh toan thiét k& nam cham dién
s€ mang lai hiéu qua cao, nang cao do tin cay va
t6i wu hoa vat liéu dwoc sir dung
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APLICATION OF THE FINITE ELEMENT METHOD TO DESIGN OF ELECTRO-MAGNET
USED IN MINING ELECTRICAL EQUIPMENT

ABSTRACT

The electromagnet is an important part in explosion-proof electrical equipment that is responsible
for creating electromagnetic attraction for these devices. At present, analytical methods are often used
to design electromagnet’s design. The finite element method (FEM) for solving high-order differential
equations is very effective and is applied in many fields of engineering. In this paper, the author presents
how to use the FEM method to analyze the electromagnetic field generated by an electromagnet. The
results of analysis and simulation will help the designer in adjusting parameters to optimize the design of
the electromagnet used in mining electrical equipment.

Keywords: electromagnetic structure, electromagnet, Finite Element Method (FEM)
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