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TOM TAT

Trong céc thiét bj str dung trong nganh cdng nghiép mé, méy hut sét duoc st dung nhiéu trén béng
ti van chuyén than v&i nhiém vu tach vat bang sat ra khdi tan, truéc khi chuyén than t6i céc buée cong
nghé tiép theo. Bbng thoi ciing trénh cac céc vat nay gay rach bang. Hiéu qud may hat sét phu thuéc
nhiéu vao chét luong ché tao hép nam chdm dién. Néi dung bai béo trinh bay két quéa nghién ctru tinh
toén mé phdng nam chédm dién ctia may hut sét bang phuong phép phan ti hitu han véi sw tro gitp cla
phén mém ANSYS Maxwell. Két qua nghién ctru cé thé 4p dung trong thiét ké nam chdm may hat sat

dung cho béng tai va céc thiét bi khac.

T khéa: tinh toan mé phéng, nam chadm dién, may hut sat, phan td hitu han.

1. DAT VAN BE

Trong quy trinh thiét ké may hut sét, bwéc tinh
toan, thiét ké va ché tao dwoc mot nam cham dam
bdo dd manh cla ti trwdng trén mat phéng lam
viéc 1a rat quan trong. Néu vi mét ly do nao dé,
cwong dob tw trwdng trong vung lam viéc nhé hon
gia tri thiét ké co thé dan dén viec may hat sat
khéng hut dwoc cac dbéi twong kim loai can hut.
Diéu nay lam anh huéng rat I6n dén kha nang lam
viéc va hiéu suat cta thiét bi. Do do, cdng doan tinh
toan, thiét ké va ché tao nam cham trong may hat
sat ludn can dam bao dé chinh xac cao nhat co thé.
Phwong phap tinh toan, thiét ké ap dung cho may
hut sat cha yéu hién nay la: phwong phap mach tir
twong dwong (phwong phap gidi tich) va phwong
phap phan t& hiru han (hay con goi la phwong
phap sb) [2]. Trong nganh coéng nghiép mé, may
hat sat dwoc 1ap trén bang tai dé loai bé cac vat
bang sat khoi than trwdc khi dwa than vao cac
budc x ly tiép theo. Bai bao trinh bay viéc ap dung
phan mém ANSYS Maxwell trong tinh toan. Trong
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bai bao nay, ching t6i dé cap ndi dung nghién ciru
noi trén.

2. DU’ LIEU VA PHUONG PHAP NGHIEN CUrU
2.1. Cac bwérc tinh toan nam cham dién may huat
sat bang phan mém ANSYS Maxwell

Bai toan mé phong nam cham dién dwoc thyc
hién qua trinh tw co ban sau: 1. Xac dinh théng sé
dau vao cla bai toan; 2. Xay dwng mé hinh phan
tich; 3. Thiét lap chia ludi; 4. Thiét 1ap diéu kién
bién; 5. Thiét lap diéu kién hoi tu I&i gidi; 6. Thiét
lap tham sb tinh toan; 7. Chay phan tich; 8. Xuét
b&o cdo va xt ly két qua phan tich. Cu thé:

1. Xac dinh thong sé dau vao cla bai toan phan
tich, bao gdbm: xac dinh céc kich thwéc hinh hoc
theo ban vé thiét ké; xac dinh dac tinh vat lieu ché
tao trén mo hinh phan tich; Xac dinh diéu kién lién
quan dén ngudn kich tir (strc tr dong);

Vat liéu ché tao may hat st gébm: vat liéu dan
tw; vat lieu dan dién; sé vong day; vat liéu cach
dién; vat liéu lam tAm chan, nap day; vat liéu ché
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tao v&, canh lam mat. TAt ca cac vat liéu nay dwoc
khai b&o d&c tinh dan dién va dan ti trong phan
mém ANSYS Maxwell d& dap (rng théng sbé tinh
toan.

Ngudn kich tlr cho may huat sat:ngudn dién mot
chiéu (nguén DC). Dong dién va sé vong day can
dwoc tham sb hoa dé co thé thay ddi trong qua
trinh tién hanh phan tich.

2. Xay dwng mé hinh phan tich, bao gdm cac
ndi dung:

- Vé va tao hinh 3D cho mé hinh phan tich dwya
trén ban vé thiét ké.

- Cai dat vat liéu twong vrng cho mé hinh phan
tich

- Thiét 1ap tham sd hinh hoc, sw dich chuyén
cta dbéi twong trén md hinh phan tich.

3. Thiét lap chia lwédi cho md hinh phan tich

Ciing nhw cac phan mém khac, viéc chia ludi
va xac dinh viing phan tich hét sirc quan trong anh
huwdng dén dd chinh xac tinh toan.

4. Thiét 1ap diéu kién bién

Trén bién cGa vung phan tich, diéu kién bién
can duoc xac dinh. Diéu kién bién cho mé hinh
phan tich dwoc thiét lap trén bién dang clia mét
vung Region du I&n dé trén bién dang dé vecto tir
thé co gia tri A = 0 (Hinh 1).

A=0

Hinh 1. Diéu kién cho mién phan tich
Diéu kién bién dwoc coi nhw diéu kién dau cia
cac phwong trinh vi tich phan dé tr dé ¢ co sé
tim nghiém cda cac phwong trinh vi tich phan. Do

&

do, didu kién bién can dwoc thiét lap dung dan,
chinh xac. Néu chon kich thwéc ving region qua
nhd, hodc qua sat déi twong can phan tich thi cé
thé gay ra sai sb tinh toan. Nhwng néu chon qua
xa thi kich c& mé hinh sé tang, thdi gian tinh toan
sé qua lau so v&i yéu cau can cé. Theo kinh
nghiém, chon kich thwéc viing bién Ién hon 2-5 1an
kich thwéc co ban mé hinh phan tich tay vao tirng
trweng hop cu thé.

5. Thiét lap diéu kién hoi tu cho 1oi gidi

Viéc tinh toan trén cac phdn mém mé phdng
dwoc thwe hién théng qua phwong phap giai lap
nén can xac dinh diéu kién dirng cta l&i gidi. Diéu
kién dirng xac dinh d6 chinh xac cho phép cua bai
toan phan tich va c6 thé dwoc thiét 1ap trén phan
mém. Do hoi tu cla I&i gidi thé hién théng qua sw
suy giam sai s6 cla méi buwdc 1&p. Mot 1o gidi
khéng héi tu la 16i gidi khéng dwoc chip nhan.
Thoéng thwong, théng sb Percent Error duwoc dat
nhé hon 1% trong tinh toan.

6. Thiét 1ap cac tham sb tinh toan

Qua trinh thiét 1ap nay nham khai bao vé cac
tham sb can tinh toan khi tién hanh phan tich.

7. Xuét bao céo va xt ly két qua phan tich
2.2. Ap dung phan mém ANSYS Maxwell tinh
nam cham dién may hat sat dung cho bang tai

Céc thong sb tinh toan:

- Vat liéu dan tir 14 thép CTO; Vat liéu dan dién
la day nhém; Vat liéu cach dién la mica; Vat liéu
lam tdm chan, nap day la thép khong ri 406; Vat
liéu ché tao v, canh lam mat la inox 304.

- Ngudn kich tir dwoc thé hién trong bang sau:
Dién ap cap 220 V; Dong dién lam viéc 20 A; Dién
tré mot chiéu & 20°C 1a 11,6 [; S6 vong day la
4000 vong.

- Stre tir déng: IW =4000x20 = 80000 (A.vong).

- M hinh va mién phan tich, chia luéi thé hién
trén Hinh 2.

/Vl‘mg phéan tich

a) b)
Hinh 2. M hinh (a), mién phan tich (b), chia Iwéi (c)
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3. KET QUA VA THAO LUAN
1. Két qua phan bb tir trudng

Két qua mé phdng v&i mé hinh thiét k& so bd clia nam cham may hut sét, hoat dong véi strc t

dong IW = 4000x20 = 80000 (A.vong ) nhw sau:

Hinh 3. Phan bé tir cam
trén moét mat cat ngang

Gia tri tir cam trong cwc tlr chinh va hai cuc tir
bén dwoc thé hién trén Hinh 15.

Tw két qua phan bd dang mau (Hinh 3, 4) va
phan bé gia tri (Hinh 5) cho thdy tir cdm B trong
cuc tlr chinh 1a I&n nhéat, c6 giatri 1,6 Tesla (T), hai
cwe tir bén co tlr cdm 1a 1,03 T. Diéu nay cho thay,
khi may hut sét lam viéc voi dong dién 20 A thi

Hinh 4. Phan bé tir cdm cta may hat sat
theo thang tuyén tinh

mach tlr ctia n6é chwa bi bao hoa. Tham khao dac
tinh tlr ca 16i thép CTO cho thay tlr cdm bzo hoa
cta 16i thép CT la tw 2,0 dén 2,5 T. Vi vay, may hut
sat sé& lam viéc trong diéu kién thuan loi, tdn hao
sat nhé, phat néng nhe hon. Hon nira, cho phép
tang dong dién dé ting cwdng thém dd manh cla
tir trwdng theo yéu cau van hanh cu thé.

Gia tri tu cam tren ca cuc tu Maxwel3DDesicr
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Hinh 5. Gia tri ttr cam trong cac cuc ttr chinh (giira) va cwc tir bén (vé may)

Gia thiét mat phang lam viéc danh dinh cla
may hat st cach bé mat cwe tir chinh 300mm (con
goi 1a chiéu cao treo bang danh dinh). Khao sat tir
cam tai bé mat nay, ta cé két qua phan bd gia tri tiy
cadm nhw Hinh 6. K&t qua khao sat trén Hinh 6 chi
ra gia tri tr cdm I&n nhét trén mat phang lam viéc
xuat hién & tdm cwc t& chinh, dat gia tri 71,18 mT.

748 SO 1-2025

So sanh gia tri nay véi yéu cau thiét ké, tir cdm can
dat dwoc 1a 70 mT c6 nghia la rang thiét ké so bo
da dat yéu cau vé dé manh tr trwdng tao ra. Tuy
nhién, dé& vang 1am viéc phia dwéi may hat sat dat
dwoc ttr cdm Ion hon 70 mT véi dién tich pht I1én
hon thi can tidng thém gia tri dong dién cip cho
cudn day.
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Tu cam tren mat phang lam viec danh dinh

o
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Hinh 6. Phan b6 ttr cam B trén mat phang Iém_viéc danh dinh, cach bé mit cwc tir 300 mm

Gia tri va phan bé cla tlr cdm B trén b& mat cwe tir dwoc thé hién trén Hinh 7.

Tu cam tren ba mat cue tu

ok ho

] 030
Kiwang cach khan sat rater]

Hinh 7. Gia tri ttr cam B trén bé mat cwc tr

So sanh két qua nay v&i két qua khdo ctru vé phan bd tir cdm trén bé mét cwe tlr cia may hit
séat (Hinh 18), theo tai lidu [3] cho thdy co sy twong ddng vé dang phan bd. Gia tri tr cdm I&n nhét trén
bé méat cwe tir 14 468,2 mT.

Khao sat do suy giam cuong do tu fruong cuc tu

75,00

oL

!
R B
> - A e e R R o wln ®
Hinh 8. Dang phan b6 tir cam Hinh 9. Két qua khao sat sw suy giam tir trwdong
dwéi cwe tir chinh S khi khoang phia dwéi cwc tir
cach khao sat thay doi
Khao sat d6 suy giam cuwong do tw treong tinh Két qua khao sat nay chi ra, cwong do tw

tlr mat cwe tir chinh t&i vung khong gian phi dwéi  trweong H phia dwéi cye tie chinh suy gidm theo
cwe tir chinh theo phwong vudng goc tai hai vi tri dang ham mi Hx = Ho.e-Cx, trong d6 x la khoang
cla tlr cdm dinh Ho1 = 273,5 kA/m va H02 = 338,7  cach tir diém khao sat t&i bé mat cuc tlr, phi hop
kA/m ta thu dwoc dang dac tinh nhw Hinh 9. vé&i ly thuyét. Tuy nhién, mirc do suy gidm & méi

toa d6 phia dwéi cye tir chinh la khac nhau, do do
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trong tinh toan so bo néu ta sir dung mét hé s6 C  Phan bd ctia cwéng do tir trwdng H va va tir cdm

duy nh4t d& danh gia mirc d6 suy gidm nay thi s& B c6 dang twong tw nhau. Dang dwdng di clia cac

dé méc phai sai sb tinh toan. dudng stre tly trén md hinh phan tich dwoc thé hién
Phan bé cla cuwdong do tir trudng Htrénmod  nhuw trén Hinh 11.

hinh phéan tich dugc thé hién nhw trén Hinh 10.

o

Hinh 10. Phan bé cwéng do tir trwdng H Hinh 11. Dang dwéng sirc tiv ca tir tréng

trén may huat sat trén mé hinh phan tich
2. Két qua lyc nang vat (ring v&i dong dién | = Gia dinh may hat sat s& hut mot tAm thép co
20 A kich thwéc 6x55x280 mm vai khdi lwongla720 g
nhw Hinh 12.

7

Hinh 12. Mé hinh gia dinh huat tAm thép c6 kich thwéc 6x55x280 mm

Thiét 1ap mé hinh phan tich dé tinh toan lwc hit  tr mai la 7,321 N d& du 1én dé hat dwoc tAm thép
lén tam thép nay, ta thu dwoc két qué tinh toan: thir nghiém.

Gia tri lyc tir md phdng dwoc 1a 5,9743 N. So Khéo séat gia tri lwc tl tac dong 1&n tAm thép khi
v6i trong lwc ctia thanh thép =0,72x9,81 =7.06 N,  thay ddi tri s& dong dién cp cho cudn day trong
ttrc 1a lyc tir chwa dd dé hat thanh thép nay. Tang  dai lam viéc tir 20 — 30 A, ta c6 déc tinh (Hinh 13)
gia tri dong dién | Ién thanh 23 A, ta thu dwoc lyc

Dac tinh luc tu khi dong dien thay dei

100

2000 2200 2400 2000 2ab0 2000
Dong dien cap 1 4]
el

]

Hinh 13. Dic tinh lwc tir thay doi khi thay déi dong dién diéu kién cap cho cudn day
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3. Két qua khi thay ddi dong dién cip cho
cubn day

Khi tdng dong dién cip cho cudn day cta nam
cham dién, ddng thdi gitr cd dinh sb vong day quén
W = 4000 vong thi strc tir ddng cip vao cudn day
sé tang l1én. Nh& d6 ma do Ion tir triedng trong may
sé gia tang dé dap rng luc tir trong cac diéu kién
lam viéc ndng né cla tai. Véi tiét dién day quan da
chon la 18mm?, méat do dong dién cho phép 2 - 4
A/mm? thi dong dién mdt chiéu cho phép cap vao
cudn day co thé gia dinh thay ddi tir 20 — 40 A. Sau
day, nhom tac gia tién hanh khao sat sy gia ting
tlr trwong lam viéc clia may hat khi dong dién
tang lén.

Két qua khao sat tir trwdng trén mat phang lam
viéc danh dinh dwoc thé hién trén Hinh 14. T két
qua khao sat nay cho thdy, tir cdm dinh nhd nhat
la 70,8 mT khi | = 20 A va t&r cdm dinh I&n nhét la

khao sat su thay doi tu cam khi | thay doi

120.00

111,29 mT khi | = 40 A. Khi dong dién ting gép
doi thi ttr cdm tang mét lwgng nhd hon, chi dat
1,57 lan.

Tiép tuc, khao sat sw thay dbi tlr cdm trong 16i
thép khi dong dién tir hoa thay déi ta nhan duwoc
két qua nhw Hinh 15.

Nhw vay, khi dong dién | chay qua cuén day
tang Ién thi tir cdm trong mach tr sé tang theo.
T cadm trong cwec tr chinh bé nhét 1a 1,6T khi | =
20 A va tlr cdm cuc tir chinh I1&n nhat 14 2.2T khi |
=40 A. Qua do, thay dwoc rang khi dong dién tang
lén, kha nadng mach tir clia may hut sét sé bj bao
hda manh, tdn hao sat tir tding nhanh, kha nang
phat nhiét I&n, cé thé phat sinh nhivng nguy co gay
hw hai cho thiét bi. K&t qua khao séat nay ciing chi
ra khi | = 30 A thi tlr cam trong I8i dat gia trj 2T, bat
dau buwéc vao ving bao hda mach tir nén dai diéu
chinh dong dién hop ly la tu 20 + 30 A.

o o020 040

ako
Kang cach nso <ot fmeter]

0.50 1.bo 120 140

Hinh 14. Sy thay déi tlr cam phia dwéi cwe tir chinh khi dong dién thay dm tw 20 40 A

Tu cam trong mach tu khl dong dien | thay doi

0.50 o

=

obo
Knng ach Kiao l[mell

Hinh 15. Két qua khao sat tir cam bén trong mach tir khi tang dong dién

Trén co s& tinh toan bang phan mém ANSYS
Maxwell da thiét ké va ché tao nam cham dién hut
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sat. Két qua thir nghiém cho thay nam cham co dac
tinh nhw trong Bang 1 [1].
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Bang 1. BPac tinh ky thuat nam cham dién dung

cho bang tai
Khoi Khoang
TT Vat hat lwong, | cach hat,
g mm
1 Pinh 12 cm 10 400
2 Bu I6ng 10x70 40 325
3 Bu I6ng 16x100 60 300
4 Bu I6ng 20x100 280 275
5 Pai 6¢c M20 20 150
6 | Thép tron 20x200 480 350
7 Thép 25x30x65 350 200
Thép tdm
8 6x55x280 720 400
Thép goc
9 40x40x350 930 400

TAI LIEU THAM KHAO

4. KET LUAN

> Noi dung bai bao da trinh bay mét s van dé
chinh trong tinh toan mé phéng hép nam cham
dién clia may hut sat, cu thé nhuw sau: giéi thiéu
phwong phap tinh toan mé phéng; luan giadi va dwa
ra nhirng két qua dinh tinh va dinh lwong cé gia tri
va y nghia thuc tién cao trong cong tac thiét ké may
hat sét; 4p dung tinh toan thiét k&, ché tao nam
cham dién dung cho b&ng tia. Nhitng két qua thu
duoc sé dwoc rng dung vao trong cong tac thiét
ké may hut sat dé& hoan thién hon quy trinh tinh
toan, thiét ké may hut sat nham ap dung vao thuc
tién nghién ctru, san xuét va ché tao & Viét Nam

> Két qua thu dwoc la co sé dir liéu trong cong
tac thiét ké, ché tao may hut sat dé hoan thién hon
quy trinh tinh toan, thiét k& may hat sat nham ap
dung vao thuc tién nghién ctru, sén xuat va ché tao
& Viet Nam O
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ABSTRACT

In the equipment used in the mining industry, electromagnet iron lifter are widely used on coal
conveyor belts with the task of separating iron objects from the coal, before transferring the coal to the
next technological steps. At the same time, it also prevents these objects from tearing the belt. The
efficiency of electromagnet iron lifter depends largely on the quality of the electromagnet. The content of
the article presents the results of the study of calculating and simulating the electromagnet iron lifter using
the finite element method with the help of ANSYS Maxwell software. The research results can be applied
in the design of electromagnet iron lifter for belt conveyors and other equipment.

Keywords: simulation, electromagnetic coil, magnetic iron lifter, finite element method
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