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MO DAU

Nam cham va tir treong 1a nhitng thanh phan quan trong trong nhiéu thiét
bi ki thuat. Ngay nay, nam cham dwgc sir dung trong nhiéu dong co 6 to, cac
dau doc va ghi thong tin trong linh vuc may tinh. Véi su phat trién cua cong
nghé nano, nhu cau vé cac nam cham manh va tao ra duoc tir trudng khong ddng
nhét (bién thién) I6n trong khong gian nho hon ngay cang nhiéu.

Cho dén nay viéc phan tach cac ddi tugng tir tinh va phi tir tinh ciing nhu
c4c truyén dong sir dung luc tir thong thuong sir dung tir truong duoc tao ra boi
cac cudn solenoid, cic nam cham dién va cadc nam cham siéu din. Gan day, mot
s6 nhém nghién ctu da thanh cong trong viéc st dung cac nam cham vinh ctu
dé tao ra tir truong 16n thay thé cac nam cham truyén thong. Tir truong Ion nay
duoc tao ra phi hop véi dac diém di huéng tir manh cua céc vat liéu duoc st
dung dé 1am nam cham vinh ctru, thuong 1a hop chat cua vat liéu dat hiém va
kim loai chuyén tiép. Tuy nhién, tir truong dong nhat khdng phai 1a thuan loi vi
cac phan tach sur dung tir tinh doi hoi nguon tir trudng c6 cudng do 16n va bién
thién manh. Bai vi luc tir tAc dung 1én cac ddi twong ti 1é thuan voi do cam tir
cua d6i twong, cam ang tir va do bién thién cua cam Gng tir. Cy thé, mot phan tir
(d6i twong) tir tinh khi dwoc dat trong mot moi truong tir khong ddng nhat s&
chiu tac dung cua luc tir cho boi cong thue sau:

i, =25 vp

Ho
véi V 14 thé tich caa phan tir tir, Ay 1a su chénh léch do tham tir cia phan tu tir
(xp) va moi truong (ym), B 1a do 16n cua tur truong.

Ty thudc vao gia tri caa Ay ma phan tir tir s& chju tac dung cua luc hit
hay luc day do tir truong tac dong. Néu Ay > 0 thi cac phan tur s& chiu tac dong
cua luc hat va bi hat vé nhitng vi tri ¢6 lec hdt manh nhét (thuong 1a c4c canh
ciia nam cham), trong khi cac phan tir s& bi day ra xa khoi ngudn tir truong téi
nhitng vi tri ¢6 luc day nho nhat néu Ay < 0.

Ngoai ra, khi & trong dung dich va duoc nho I1&n céc cau trdc tir, cac phan
tir con chiu tac dong cua cac lyc khac nhu: trong luc (Fg), luc day Archimedes
(Fa), luc kéo cua dong chét long. .. vi thé cac phan tir thudng c6 xu hudng di
chuyén (magnetophoresis) téi nhiing vi tri 6n dinh noi ma tong cac luc tac dong
l&n phan ti ¢6 xu hudng can bang. Viéc tinh toan céc luc tac dung 18n phan to tir
cho phép chiing ta xac dinh va tién doan duwoc cach ma phan tir tir di chuyén va
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vi tri 6n dinh cua ching khi duoc dit vao méi truong tir. Do do, dé ting duoc
hiéu qua cta phan tach tir tinh, bén canh cac yéu cau khac thi gia tri cua tich
BVBE cao ciing duoc yéu cau.

Theo dy doan véi cac ky thuat ché tao céc hé théng vi co dién tir va cac vi
nam cham ngay nay, cac cau tric tir vinh ctru ¢d thé tich hop dugc trong cac hé
théng phan tich vi luu, do d6 md rong cac kha ning Gng dung caa nam cham.
Mot thuc té rd rang 1a cac hé théng phan tach tir ndy khé phuc tap, dat tién va
can nhiéu cong doan ciing nhu thdi gian dé ché tao. Do d6, cac phuong phap
thiét ké ly thuyét duoc sir dung dé thu duoc mé hinh hé théng téi wu trudc khi
ché tao. Cong viéc dau tién va quan trong nhat cua qué trinh thiét ké Iy thuyét
nay la mo phong tr trrong. Vi vay trong luan van nay, chung t6i nghién ctru ly
thuyét va mé phong tir trudng ctia mot s6 cau trac tir kich thude micro-nano, cé
tinh tr cing va di hudéng tir 16n theo mdt truc. Tai vién cia cac nam cham, tir
truong (B) rit manh va bién thién (VB) 16n dugc tao ra, véi tich gia tri (BVB) ¢6
thé dat 10% — 10° T?/m.



CHUONG 1. TONG QUAN

1.1. T trwomg va cac dai lwong co bian

T truong 14 moi truong vat chat dic biét bao quanh dién tich chuyén
d6ng va tac dung luc 1én dién tich chuyén dong trong nd. Tir truong c6 thé sinh
ra bang hai cach: str dung cac cudn day co dong dién chay trong day dan hoic
nam cham vinh cttu. Trong cac nam cham vinh ctru khong cé cac dong dién theo
nghia thong thudng ma chi co chuyén dong quy dao va chuyén dong spin cua
dién tir. Do ciing chinh 1a ngudn gbe co ban cua hién twong tir trong vat liéu.

Cam ung tur B 1a dai Iugng vécto, dac trung cho tir truong vé phuong dién
tac dung luc.

Cuong do tir trrong hay con goi la vécto cuong do tir trurong H dic trung
cho dd manh yéu cua tir truong. Trong chan khéng hoic khong khi, cuong do tir
truong H ¢6 chiéu gidng nhu chiéu cia cam tng tir B. Chang lién két véi nhau
boi phuong trinh [1, 2]:

V6 Ho = 4nx107 NLA2 [ d6 tir tham cuaa chan khéng.

Trong cac vat lidu tir, mai vat lieu tir c6 mot tir truong ndi tai (tr do) M
nén khi duogc dat trong tu truong ngoai H, cam ing tir B s& bao gom ca thanh
phan cua tir truong ngoai H, vatrdo M bén trong vat lieu:

Do cam tir y thiét 1ap mdi quan hé giita M va H theo phuong trinh sau:
M= yH (1.3)
Tir cac phuong trinh trén, ching ta cd thé thay:
B =po(H+M)=po(1+ pH = pop,H = uH (1.4)
VGi Wy = p/ g 12 do tir tham twong ddi cua vat lidu so voi chan khong.
1.2. Cac phuong trinh co ban cuia tir treong tinh

Nhu ching ta da biét dién truong va tir truong dong thoi ton tai trong
khong gian tao thanh mot truong théng nhat goi 1a trudng dién tir. Vi vay dé md
ta vé truong dién tir, Maxwell d& néu ra mot hé thong cac phwong trinh sau [20]:
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- Dang vi phan:

V-B=p
V-B=0
VXE = L
ot
Vxﬁ—*+aﬁ
=J ot

- Dang tich phan:

trong d6:  E 1a véc to cuong do dién trudng, 6 don vi (V/m)

H 1a vécto cuong do tur truong, c6 don vi (A/m)

D la do dién cam, c6 don vi (C/m?)

p la mat do dién tich, c6 don vi (C/m?3)

B vécto cam ung tu, c6 don vi (T)

(1. 5)

(1.6)

(1.7)

(1.8)

(1.9)

(1. 10)

(1. 11)

(1. 12)

(1. 13)

(1. 14)



dS vécto vi phan dién tich ¢6 huéng vudng goc véi mat S co don vi
(m?)
dV vi phan thé tich V duoc bao boc bai dién tich S, c6 don vi (m3)
dl vécto vi phan cta duong cong tiép tuyén véi duong cong (C)
bao quanh dién tich S, c6 don vi (m)
&, 1 1a hang sé dién mai va tir tham cta moi truong
Hé cac phuong trinh Maxwell viét nhu trén chi dugc 4p dung trong nhiing
diéu kién sau:
- Céc vat thé dang yén hoic chuyén dong cham trong dién tir truong.
- Céc dai luong &, u dic trung cho tinh chat dién tir ciia moi truong khodng
phu thudc thoi gian va khéng phu thudce cac vécto dac trung cho dién tur truong.
Nhu vay, hé phuong trinh Maxwell cho phép ta xac dinh duogc trang thai
cua dién tur truong mot cach don gian. Khi 4p dung hé phuong trinh Maxwell
cho tir trudng tinh, ta phai cho cac dao ham theo thoi gian bang 0 va cho J=0
(khdng c6 mat d6 dong) do d6 cac phuong trinh Maxwell s& don gian di nhiéu.
Tu nhitng diéu Kién trén, ta c6 thé viét lai hé phuong trinh Maxwell cho truong
tinh tir gdm cac phuong trinh sau day:

V-D=p (1. 15)
VXE=0 (1. 16)
V-B=0 (1.17)
VxH=0 (1. 18)

1.3. Phén loai mdt s6 vat liéu tir

Tu trudng dugc dinh nghia bang cac dudng stc ti, khi tir trudng twong
tac voi bat ky loai vat liéu nao d6, sé duong suc tir co thé ting hodc giam.
Ngudn tir truong theo d6 c¢é thé duoc khuéch dai hay giam di trong vat liéu nhu
la két qua cua sy tuong tac. CAc chat khac nhau twong tac véi tir trudng & muc
d6 khac nhau. Dé biéu dign mirc d6 twong tac cua vat lidu véi tir trudng ngoai,
ngudi ta dua vao cong thac 1.3. Théng qua cong thirc nay nguoi ta dua ra khai
niém hé sb tir hda y 1a dai lugng dic trung cho muc do bi tir hda cua vat liéu.
Dua vao gié tri caa hé sb ndy, cac vat liéu tir thuong duoc chia 1am ba nhém,
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bao gdom vat liéu nghich tir, thuan tir va sat tir. Nhom vat liéu sat tir ¢d thé duoc
coi 12 16p con cua thuan tir nhung van dugc tach riéng boi cd nhitng tinh chat tir
quan trong [1, 2, 20].

1.3.1. Vit li¢u nghich tir

Nhu ta d3 biét, hiéu tng nghich tir c6 & moi nguyén tir dit trong tir truong
ngoai. Do d6 tinh chét nghich tir c6 & moi chat. Tuy nhién, tinh chat nghich tir s&
thé hién rd chu yéu & nhitng chat ma khi chwa dit trong tir truong ngoai, téng
mé-men tir nguyén ti (hay phan ti) cia ching bang 0, nghia 1a moi md-men tir
quy dao va mo-men tir spin hoan toan triét tiéu 1an nhau. D6 1a nhitng chat khi
hiém (He, Ne, Ar, Kr, Ze, Rn) hoic cac ion (Na*, CI") c¢6 cac op dién tir gidng
nhu khi hiém. Tinh chat nghich tir ciing thé hién ¢ ca mot sé chat c6 mo-men tir
nguyén tir chiém wu thé so voi hiéu tng thuan tir nhu Cu, Ag, Sb, Bi. Ngoai ra,
cac chat nhu Pb, Zn, Si, Ge, S, CO,, H-0, thay tinh va da s6 cac hop chat hitu co
cling 1a cac chat nghich tir. Khi duoc dit trong tir truong ngoai, tir do cua cac vat
licu nay 1a rat yéu va nguoc huéng véi tir truong ngoai. PO cam tir ¢6 gia tri am
nam trong khoang tir -107 téi -10* va khong thay doi theo nhiét do.

1.3.2. Vat li¢u thuin tir

Khac véi chat nghich tir, chat thuan tir khi bi tir héa s& sinh ra mét tur
truong phu huéng cing chiéu véi tir trudng ngoai.

Tinh chat nay thé hién & nhitng chat ma khi chwa c6 tir truong ngoai, mo-
men tir nguyén tir (hay phan tir) cia chung khac 0. D6 1a nhiing chat nhu cac
kim loai kiém (Na, K,...), Al, NO, Pt, Oz, N, c4c nguyén té dat hiém,...

Khi chua dat khéi vat liéu thuan tir vao trong tir truong ngoai, theo ly
thuyét Langevin, do chuyén dong nhiét, cac md-men tir nguyén tir sip xép hoan
toan hdn loan nén tong mo-men tir cta ca khdi thuan tir bang 0. Khi dat khoi vat
liéu thuan tur vao trong tir truong ngoai, cac mo-men tir nguyén tir c6 xu hudng
sap xép theo hudng cua tir trudng ngoai. Tuy nhién chuyén dong nhiét lai c6 xu
huéng 1am cho ching sap xép hdn loan. Duéi tac dung dong thoi caa ca hai
nguyén nhan trén, cdc mo-men tir nguyén tir s& sap xép co thu ty hon theo
huéng cua tir truong ngoai, tao ra mot md-men tir tong trong khéi vat lidu thuan
tir, md-men tir tong nay sé bién mat khi tir truong ngoai duoc loai bo. B cam tir
cua vat liéu thuan tir c6 gia tri trong khoang tir 10 t6i 102 va phu thuoc vao
nhiét do, do cam tir I16n hon & nhiét do thap va giam dan khi nhiét do tang do
dao dong nhiét cua cAc mé-men tir.



1.3.3. Vat liu sit tir

Nghich tir va thuan tir 12 nhitng vat liéu tir yéu. Sat tir 1a mot loai vat ligu
tr manh. D6 cam tir cta vat lidu sat tir c6 thé 16n hon d6 cam tir cla vat liéu
nghich tir thuan tir hang trdm triéu 1an. P cam tir cta vat liéu sat tir ¢ gia tri
trong khoang tir 10 t6i 10° [3, 4, 6, 9-11, 14-16, 20-26].

Cac nguyén té hda hoc cd tinh chat sat tir 12 Fe, Ni, Co, Gd, mot sb
nguyén té dat hiém ¢ nhiét do rat thip,... Ngoai ra con mot s6 luong l6n chat sat
tir 12 hop kim caa cac nguyén td sat tir véi nhau, hop kim cua cac nguyén té sat
tir VGi cac nguyén té khdng sat tir (nhu Fe-Ni, Fe-Ni-Al...) va mot s6 hop kim
ctia cac nguyén t khéng sit tir voi nhau (nhu Cu-Mn-Al),. ..

Gidng vat lidu thuan tir & chd c6 mé-men tir tinh, nhung cic mo-men tir
nay lién két chat ch& véi nhau. Cac md-men tir nguyén tir lién két va sip xép
song song va cuing chiéu vai nhau qua mot ving khong gian goi la mién Weiss
(domain). Nhiét do ting trong cac chat sat tir cling 1am giam mé-men tir tong
cta vat lidu bai dao ddng nhiét cua cac mé-men tir riéng ré. Cac chat sat tir mac
di ¢6 tir 6 tu phat nhung mo-men tir tdng cong van co thé bang 0 vi md-men tir
tong cua cac mién Weiss lién két ngau nhién voi nhau va khong c6 dinh hudng
vu tién. Khi vat liéu dugc dit trong tir trudng ngodi véi cuong do ting dan, cac
mo-men tir nguyén tir s& dugc sap xép cung hudng voi tir truong ngoai cho tai
khi dat trang thai bdo hoa tir (Ms). Khi vat liéu dat duoc trang thai bao hoa tur,
néu tir trudng ngoai duoc loai bo thi vat liéu sat tir van tén tai mot mo-men tir
tong tuong wng véi dinh hudng wu tién cua cac mo-men thanh phan sau khi
duoc tir hoa, goi 1a tir 46 du (Mg). LUc ndy, néu tir truong ngoai duoc dua vao
theo hudng nguoc lai va ting dan cudng do dé cac mo-men tir cua vat lidu dat
trang thai bdo hoa mét lan nira thi tir ¢ cua vat liéu 1a mot ham cua tir truong
ngoai va co duong vé khac dudng di. D6 thi sy phu thudc cua tir do vat lidu st
tr vao tir trudng ngoai goi 1a dudng cong tir tré. Pudng cong tir tré 1a mot tinh
chat quan trong cua vat lidu sat tir va 1am cho vat liéu sét tir ¢6 nhiéu tiém ning
trng dung ma mét trong nhiing @ng dung co ban va dién hinh nhat caa ching 1a
dung dé ché tao nam cham.

1.4. Dudng cong tir tré

T tré (magnetic hysteresis) 1a hién twong bat thuan nghich giira qua trinh
tir hoa va dao tir & cac vat lidu sat tir do kha nang giit lai tir tinh cua cac vat lidu
sat tir. Hién tuong tir tré duoc biéu hién thong qua dudng cong tir tré (tir d6 - tir
treong M(H), hay cam ng tur - tr truong B(H)), dugc mo ta nhu sau: sau khi tir
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hoa mot vat sat tir dén mot tir truong bat ky, néu ta giam dan tir trudng va quay
lai theo chiéu nguoc, thi nd khdng quay tré vé duong cong tir hoa ban dau nira,
ma di theo duong khéc, va néu ta dao tir theo mot chu trinh kin (thay doi tir
treong ngoai theo hudng nguoc lai), thi ta s€ c6 mot duwong cong kin goi la
duong cong tir tré hay chu trinh tir tré [1, 15] (hinh 1.1). Tinh chat tir tré 12 mot
tinh chat noi tai dac trung ctia cac vat lidu sat tir, va hién tuong tré biéu hien kha
nang tir tinh ctia cua cac chat sat tir [20].

Hinh 1. 1. Puong cong tie tré M(H) cua vt liéu sdt tir véi luc khang tir He, d6 tir due
Mg, tir do bao hoa Ms.

Trén dudng cong tur tré, ta s& xac dinh duoc cac dai luong dic trung cua
chat sit tir nhu:

- Tur @6 bdo hoa (Ms): la tr @6 dat duoc trong trang thai bdo hoa tir, co
nghia 1a tat ca cac mOémen tir cua chat sat tir song song véi nhau.

- Tur du (Mg): 1a gia tri tir &6 khi tir truong ngoai dugc khir vé 0.

- Luc khang tir (He): 12 tir truong ngoai can thiét dé khtr hoan toan mé
men tir cua vat liéu, hay 1a gi tri dé tir do doi chiéu. Déi khi lyc khang tir con
duoc goi la truong dao tur.

Nguyén nhin co ban cta hién tugng tir tré 1a sy twong tac giita cac md
men tir ¢6 tac dung ngin can ching quay theo tir truong ngoai. Co nhidu co ché
khac nhau tao nén hién tugng tir tré cling nhu cac dang dudng cong tir tré kKhac
nhau: co ché quay cac mé men tir, co ché hdm dich chuyén vach d6 men, co ché
hdm su phaét trién cia mam dao tir.
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Viéc phan tich dudng cong tir tré caa c4c vat liéu sit tir dan téi khai niém
vat liéu tir cang va vat liéu tr mém (hinh 1.2).

Dueng cong JJ Tu meém
R

Kivirtr

Tu cung
Dueng cong tir hoaban diu
He [Luc khang tir J ;c}:]

W y

Bs

Hinh 1. 2. Puong cong tir tré cua vt lidu tir mém va vat lidu tir ciing.

Vat ligu tir mém la vat lieu dé tir hoa va dé khir tir bai tir truong ngoai co
cuong do twong d6i thap. Khi tir truong ngodi duoc loai bo thi vat liéu tir mém
gan nhu tr Vé trang thai can bang va khong co tir du sau khi da duoc tir hoa téi
trang thai bdo hoa. Luc khang tir He thuong nhé hon 1000e (10e = 1G = 0.0796
kA/m), chu trinh tré hep, tir d6 bao hoa, do tir tham (u > 103) va hé s tr hoa rét
cao. Vat lidu tir mém thuong dwoc dung lam vat liéu hoat dong trong truong
ngoai, vi du nhu 18i bién thé, 16i nam cham dién, céac 16i dan tir, may phat dién,
role, senso tlr, CUGN cam, cudn chan hay man chan tt, ..

Vit liu tir cing 1a vat lidu sat tir khd khir tir va kho tir hoa. Vat lidu tur
cting ¢6 nhiéu dic trung tir hoc, tinh chat tir phu thuéc nhiéu vao nhiét do, do
bén, d6 chdng dn mon,... Cac dai lwong vat 1y dic trung cta vat liéu tir cing a:

- Luc khang tir He 16n nam trong khoang 10? + 10 kA/m. Nguon goc cua
luc khang tir 16n trong cac vat liéu tir ciing chu yéu lién quan dén dén di hudng
tir tinh thé 16n trong vat liéu. Cac vat liéu tir cimg thuong ¢6 cau tric tinh thé co
tinh d6i xing kém hon so voi cac vat liéu tir mém va ching c6 di huéng tir tinh
thé rat Ion [1-4, 6, 9-11, 14-16, 21-26].

- Cam tng tr du hay d6 tu du, thuong ky hiéu la Bg hay Mg, la cam ung
tir con du sau khi ngat tir truong. Vat liéu tir ciing ¢6 cam tng tir du Mg dang ké.

- Tich nang lwong tu cuc dai ((BH)max) 1a dai lugng dac trung cho do manh
yéu cua vat liéu tir, duoc dic trung boi ning luong tir cuc dai ¢ thé ton trix
trong mot don vi thé tich vat liéu tir. Pai luong nay c6 don vi 1a don vi cua mat
do nang luwong, J/m3. Tich ndng lugng tir cuc dai dugce xac dinh trén duong cong
tir tré thuoc vé goc phan tu the hai trén duong cong tir tré, 14 mot diém sao cho
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gia tri cua tich cam ung tir B va tir truong H dat cuc dai. Dé c6 tich ning luong
tir cao, vat liéu can co luc khang tir 16n va cam @ng tir du cao.

Bang 1.1 trinh bay mét sé tinh chat dién hinh caa cac vat liéu tir cling pho bién
nhat hién nay [21, 25, 26]. Trong sb cac vat liéu tir cang thi vat liéu NdFeB c6
cau trac tinh thé kiéu ta giac véi luc khang tir on (hon 10kOe) va tir do béo hoa
cao (t6i 1.62T) nén 1a lao nam cham vinh ciru manh nhat hién nay véi kha ning
cho tich nang lugng tir 16n, né duoc sir dung rong rai trong cac nghanh céng
nghiép may moc, thiét bi truyén théng, hoa hoc, y hoc, cac linh vuc cdng nghé
cao nhu hang khong vii try, hang khong, quan su...hon nita, ching con dugc st
dung trong cac nghanh cong ngiép mai ndi nhu nghanh cong nghiép nang lugng
méi cua nang lugng gi6. Bén canh do, mot sé nghién ctu cho thay viéc giam
kich thuéc nam cham NdFeB khong lam thay doi tinh chét tir ciia chdng cho
thay nam cham nay c6 nhiéu kha ning tich hop vai céc thiét bi va vi hé thong.
Bdng 1. 1. Nhiét dg Curie T, tir trirong di huong Ha, tir d6 bao hda Ms, mdt dé khéi p
va khd ndng chong dn mon ciia cac hop chdt kim logi chuyén tiép-dat hiém dién hinh,
FePt (L1o), CoPt (L1o) S0 Vi Cc vt ligu ¢6 dién BaFey0, a-Fe [22].

Vit liéu Ms | Ha | (BH)maxth | Tc p) Kha niing
(M | (M) | (kImMd) | (K) | (g/lcm3®) | chong in mon
Nd,Fe;4B 161 | 7.6 514 585 7.6 Kém
SmCos 1.05 | 40.0 220 1000 | 8.6 Kém
Sm,Coy7 1.30 | 6.4 333 1173 | 8.7 Kém
SmyFe;sNs | 1.54 | 21.0 472 749 7.7 Kém
FePt-L1, 1.43 | 11.6 407 750 15.1 Tét
CoPt-L1, 1.00 | 4.9 200 840 15.2 Tét
o-Fe 216 | - - 1043 | 7.9 Kém
BaFe;,019 048 | 1.8 - 742 5.3 Tét

1.5. Muc tiéu ciia lugn van

Chuing ta thay rang tir tinh 12 mot thudc tinh co ban va quan trong cua vat
liéu. V& co ban, d0 nhiéu hay it thi moi vat liéu déu biéu hién tinh chat tir. Cac
vat liéu tir ngay nay duoc tng dung nhiéu trong khoa hoc k§ thuat va cudc song.
Trong tat ca cac tng dung, cac vat lidu tir dugc st dung déu c6 mot hinh dang,
kich thudc va tinh chét tir nhat dinh phl hop véi muc tiéu tng dung. Tat ca cac
thong s lién quan déu hudng téi viéc tao ra mot khong gian tir truong nhu
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mong muén. Vi vy trudc khi ché tao, nguoi ta thuong tién hanh md phong dé
c6 thé thu duoc vat liéu tir véi hinh dang va tinh chét hop ly.

Mot trong nhitng g dung dugc quan tam nghién ciu hién nay la kha
nang bat giir cac phan tu kich thudc nho dua vao tinh chat tir cia chling cua cac
vt liéu, cau tric tir nho sy phan bd khong dong nhat cua tir truong trén bé mat
cac vat liéu tir va cau tric tir. Bang viéc sir dung cac vat liéu tir co kich thuéc,
hinh dang, trat tu va tinh chat tir phi hop, ching ta cd thé tao ra dugc khong
gian c6 cuong do tir trudng 16n va su bién thién tir truong manh qua d6 tac dung
duoc luc 16n 18n cac phan tir kich thudc nho.

Muc tiéu chinh cua luan van la:

- Luan van nay dugc thuc hién véi muc dich tinh toan, khao sét Iy thuyét
sy phan bd cua tir truong trén mot sé nam cham tir citng hinh tru NdFeB ¢é cau
trdc micro bang cac mo hinh ly thuyét va phan mém mé phong.

- Céc gia tri thu duoc bang tinh toan va md phong duoc so sanh vai nhau,
qua d6 cho thay mic do chinh x4c va dang tin cay cua cac mo hinh Iy thuyét
cling nhu phan mém mé phong tir truong.

- Céc két qua tinh toan va mo phong thu duoc s& lam co s& cho cac
nghién, ché tao cac vi cau tric tir thuc té cé tir trudong va su bién thién tir truong
phl hop cho mot s6 tng dung lién quan téi viéc bat gitr hat tir va phan tir sinh
hoc.
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CHUONG 2. MO HINH LY THUYET VA PHAN MEM MO PHONG

Cac mo hinh tinh toan Iy thuyét vé tir trudng cia cac nam cham duogc dua
trén nén tang cac phuong trinh Maxwell va cac dinh luat vé tir trudng. Hai mo
hinh dugc sir dung phd bién hién nay dé nghién ctu vé trir trudng va sy bién
thién tur truong trong khdng gian xung quanh cac nam cham la mé hinh dong
tuong duong va md hinh tir tich. Tuy thudc vao dic diém vat liéu caa nam cham
va c4c thong sé dau vao ciing nhu muc dich nghién ctiru ngudi ta s& lra chon md
hinh phu hop dé thuc hién tinh todn nhiam thu dugc cac két qua mong muédn va
dé ho trg cho cac nghién ciu thuc nghiém.

2.1. M6 hinh ly thuyét
2.1.1. M6 hinh dong twong dwong

Mo hinh dong tuong duong hay con goi la mé hinh dong Ampere [7, 8,
12, 13, 18]. Trong mé hinh nay, dé tinh toan tir trudng duoc sinh ra boi cac nam
cham ¢ tir 46 M ngudi ta coi nam cham 1a mot cuon day hoic mot s6 cuon day
c6 hinh dang phu hop véi nam cham sao cho md-men tir tong do cac cudn day
sinh ra tuong duong v&i mé-men tir du cua cAc nam cham.

L ol O]

Ids

Hinh 2. 1. Tir trueong do dong dién tron bén kinh R sinh ra tai diém P bat k.

Vi du, xét mot nam cham hinh tru ¢é ban kinh R, chiéu cao L va vecto tur
d6 du poMg huéng theo truc ciia nam cham. Bé xac dinh tir truong trong khong
gian xung quanh nam cham, ngudi ta sé coi tir trrong cho nam cham sinh ra
tuong duong véi tir truong do mot cudn day cd ban kinh R gdm N vong day,
chiéu cao L c6 dong dién | chay qua sinh ra (xem hinh 2.1). Bé tinh tir truong do
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cudn day nay sinh ra, trudgc hét ching ta xét tir truong do vong day ban kinh R,
tam O (0; 0; 0) c6 dong dién | chay qua sinh ra tai diém P c6 toa d6 (z; Y; 2).

Pé tinh duoc tir trudng do vong day sinh ra tai diém P, ta chia vong day
thanh vo s phan tir dong 1ds va xét phan tir dong tai vi tri ¢6 toa do la vecto
r'(Rcos®'; Rsin®’; 0), phan tir dong nay c6 thé viét lai nhu sau:

2 dF / . > - T (21)
ds =1 a0’ d@' = IRA®'(—sin@'tT + cos®'] + 0k)

Vi tri tuong dbi gitta diém P va phan tir dong dién 1d5 1

P=7,— T = (x — Rcos®’; y — Rsin@'; z) (2.2)

Vecto don vi cua vecto 7 la:

1
—_ _ R ,;
R? + x2 4+ y?2 + z2 — 2R(xcos®’' + ysin@’) (x = Reos@; y

— Rsin®’; z)

N
=

=

(2.3)

Ta co:
ds X 7,
Rd®' (2.4)
= R ’; Rzsi I; RZ
R? + x% + y? + z2 — 2R(xcos@' + ysin®’) (Rzcos@'; Rzsin®
— Rxcos@' — Rysin@")

T treong do phan tie dong 1ds sinh ra tai diém P tinh theo dinh luat Biot-

Savart la;

- 1ds X1,

dB = L% -
4T 12

_ HoIR Rzcos®'i + Rzsin®'] + (R? — Rxcos®' — Rysin®)k a0 (25

Amr  (R*+x2+y%+ 22— 2R(xcos@' + ysin®'))3/?

Suy ra tir trudng tong cong tai diém P do ca vong day sinh ra la:
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B
_ HolR jZ” Rzcos®'T + Rzsin®'J + (R? — Rxcos®' — Rysin®")k
4w ), (R?2+x%+y2+ 22— 2R(xcos®’ + ysin®'))3/2

(2.6)

!

Nhu vay, cac thanh phan tir truong tai diém P 1an luot 1a:

- Thanh phan tir trudng theo truc OX:

A’

(R2 + x2 + y2 + z2 — 2R(xcos®' + ysin®d'))? (2.7)

B - uOIRZJ‘Z” cos@’
X 4t J,

- Thanh phan tir trudng theo truc Oy:

_ HolRz jZ” sin®’
0

Y 4m 5 40

(RZ + x2 + y2 + z2 — 2R(xcos®’ + ysin®d'))? (2.8)

- Thanh phan tir trudng theo truc Oz:

A9’

_ 1olR jZ” R — xcos®' — ysin®'
0 (RZ+x%2+y%+ 22— 2R(xcos®' + ysin®d'))? (2.9)

Z7 An

+ Truong hop diém P nam trén truc cia vong day, tac diém P co toa do
(0; 0; 2):

,uOIRZJZ” cos@’
B, = dp’' =0
X 47'[ 0 (RZ + ZZ)% (210)
UolRz (*™  sing’ , (2.11)
Y= Tag J 3d0° =0
0 (R? + z2)2
nuOIR fzn R d@l _ HOIRZ
T ez AREZPE 212
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Tiép theo, chling ta xem xét tir truong do cudn day ¢ ban kinh R gdm N
vong day, chiéu dai | c6 dong dién | chay qua sinh ra tai diém P c6 toa do (X; y;
z) (hinh 2.2). Dé tinh tir truong do cudn day sinh ra, ta chia cuon day thanh vo
s6 vong day cd chiéu day dz’, mdi vong day s& mang dong dién:

N 2.13
dl = ITdZ’ ( )
o [ IV
R o ——
Z— oMl ____@
__% 1 ,(é)g dz'
O N
f e R
(O N )
DN - __®
DS X
O—_ |, &
A O S —-

Hinh 2. 2. Ter rrong do cugn day sinh ra tai diém P bat ki.
Xét vong day tai vi trf z’, tir truong do vong day nay sinh ra tai diém P bat
ky la:
B
vy jzn Rzcos®'T + Rzsin®'j + (R? — Rxcos®' — Rysin®")k ,(2.14)
- Am (R% 4+ x2 4+ y2 + z2 — 2R(xcos®' + ysin@"))3/2

B
_ HoRNI ,fz’f Rzcos®'T + Rzsin@'j + (R* — Rxcos®' — Rysin@’)zd (2.15)
~ 4ml o (RZ+x2+y2+2z2—2R(xcos® + ysin@'))3/2

Suy ra tir truong do ca cudn day sinh ra tai diém P 1a:

B

_ UoRNI fzn Rzcos®'T + Rzsin®'] + (R?* — Rxcos@' — RysinQ)’)Ed@' 1/2 n

© 4ml ), (R? + x? + y%2 + z%2 — 2R(xcos®’ + ysin@'))3/? _1/2 z
(2.16)
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+ Truong hop diém P nam trén tryc cua cudn day, tac diém P co toa do
(0; 0; 2):

B ,uORZNIj‘l/Z dz’
202l ) ,l(z—2)2 + R

ZHONI (é) —Z n (é) +z

T ferie

] (2.17)

Tiép theo, xét nam cham hinh try c6 chiéu cao L, ban kinh R, dién tich
day A va tir do du M huéng theo truc cua nam cham nhu hinh 2.3. Goi n 1a s6
mo6-men tir ludng cuc (i ¢6 trong nam cham. Tu do M cua nam cham la:

o A (2.18)
M= VZ“ ~AL
A
<. e v
(5 v Vi 3
Cead) P O%%% . s
v g \ A
Acre ‘Cuooo
PR »f
Rl \ O/ >
Y
(b)
()

Hinh 2. 3. Nam cham hinh tru ¢6 dé tir dir M véi n mo-men tir luong cuc ji (3) VA cac
dong dién twong duong (b).

Theo md hinh dong, mdi md-men tir ludng cuc tuong ng Vi mot dong
dién tron, do d6 ca nam cham s& gdbm n dong dién tron giong nhau. O phia bén
trong nam cham, dong dién cua mot vong xac dinh bi triét tiéu boi cac dong
nguoc chiéu cua cac vong 1an can. Vi vay, chi ¢ vién caa nam cham su triét tiéu
dong khong xay ra. Do d6 trong khi dong trung binh bén trong nam cham bi triét
tiéu thi & vién cia nam cham xuat hién dong dién leq chay xung quanh nam
cham tuong duong vé do 16n véi tir do M cua nam cham.
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IogA = nu (2.19)

_

; (2.20)
eq - A

LM

Nhu vay dé ¢ thé tinh duoc tir trudng do nam cham sinh ra, theo mé hinh
dong chling ta hoan toan c6 thé coi nam cham c6 tir 6 M nhu mot cudn day cé
dong dién leq tuong duong vai tur M theo cong thac (2.20) chay xung quanh
cudn day. Ap dung cong thirc tinh tir trudng do cudn day sinh sinh ra trong cong
thic (2.16), chung ta rat ra dugc cong thic tinh tur truong do nam cham sinh ra
nhu sau:

B

_ MoRNM jZ” Rzcos®'T + Rzsin®'] + (R?> — Rxcos@' — Rysin(/)’)ﬁ (Z)'JL/Zd ’

I A (R%? + x2 + y2 4+ z2 — 2R(xcos®' + ysin@'))3/2 _L)2 ?
(2.21)

Trong truong hop diém P ¢6 toa do 1a (0; 0; z) thi cong thuc (2.21) tro
thanh:

:#ONM[ (g)—z n (§)+Z
T2 2= 4R |@z+Hr+R?
( 2) 2

] (2.22)

2.1.2. M0 hinh tir tich

Theo mé hinh nay, dé tinh tir truong do mot nam cham sinh ra tai mot
diém bat ki xung quanh nam cham ngudi ta coi tir truong 12 tap hop caa cac mo-
men tir ludng cuc 7, mdi mO-men tir ludng cuc ndy sé sinh ra tai diém can xét
mét tir thé [5, 7, 12, 13, 17, 18, 19, 20]:

—

(2.23)

Si

1
dA(X) ZE |)_C)|2

VGi 11 1a vecto don vi theo hudng cua .
Tur thé do ca nam cham sinh ra tai diém dang xét la:
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AQR) = f dAD)
nam cham

Tir trudng do nam cham sinh ra tai diém dang xét 1a:

B = —ugVA®)

(2.24)

(2.25)

Vi du dé tinh tir truong do nam cham hinh try ban kinh R, chiéu cao L, c6

mo-men tir do M = Mk ndm theo truc cua hinh tru (nhu hinh 2.4) sinh ra tai
diém P nam trén truc z, theo mé hinh tir tich chling ta chia nam cham thanh vo

s6 phan ta tir, mdi phan tir chaa mot lugng mo-men t dim = M. dV (dV 1a thé

tich ciia phan tir ti).

Xét md-men tir dm tai vi tri v, mé-men tir ndy sinh ra tai diém P mot ti

thé ¢ gia tri:

QA - 1 4 cosf’ 1 MdV z—2z
C4n m . =2 4m L 73
— r —
M z—2z
'dp'dz'd6’

-2+ p P

Tur thé do ca nam cham sinh ra tai P 1a:;

4= z-z 'dp'dz'd6’
P j— - VA
4m nam cham [(Z - Z’)Z +p 2]3/2.0 P
suy ra:
M L R pldpl
A=— —z"dZz'
ZL(Z Z) Zj;) [(Z—Z')Z +,0'2]3/2
suy ra:
M [t . ,_
_ o rf__ L  |p=R
A‘zfo(z 27 (= T | )
suy ra:
M z=L p'=R
A=— — 7N2 2
Sz =22 +p =0l =0
suy ra:
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A =%(\/(2—L)2+R2 —\z2 + R?)

Vay tir truong do nam cham sinh ra tai diém P 1a:

(2.27)

UoM z+1L z (2.28)
BZ = _‘U()VA = ( - )
2 J(z—L)>+R? Vz2+R?
74
Pl
z
el b S p’
C R 4\ D) 3
=il (5 I lr-rl = [p 24z 214N
1 i [p*+(zZ')°] gl s
l‘ ,\ Y :
—~ r_”dm=Mdv
g (a) S R

Hinh 2. 4. Nam cham hinh try véi v sé phan tit tir dini (a) va so dé tinh toén tir thé do

mét phdn tiz tir dm sinh ra tai diém P (0; 0; 2) (b).

D& dang thay rang hai phuong trinh (2.22) va (2.29) twong duong nhau,
chi sai khac nhau hé s6 N (s6 vong day). Thuc vay, xét diém P nam tai tam cua

mat trén ctia nam cham, thi phuong trinh (2.22) tr¢ thanh:

pototttl @6  ©+E) |_mwm
2 \/(E_E)2+R2 \/(£+5)2+R2 2 VIRt

2 2 2 2

va phuong trinh (2.28) tro thanh:

=,uOM< o 0—L >:“°M L
2 \W02+R? ,/(0—L)%+R? 2 J(L)? + R?

B,
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2.2. Phan mém mé phéng

Chung ta thay rang mo hinh dong twong dwong va mé hinh tir tich c6 thé
la twong dwong nhau xét vé mat dé xac dinh tir truong do cac nam cham sinh ra
nhu d4 phan tich & trén. Dya vao cac mé hinh nay ching ta c6 thé tinh duoc gia
tri tir treong tai nhimg diém xac dinh do mdi nam cham don 1é tao ra. Trong
truong hop mot tap hop cac nam cham, chung ta ciing c6 thé tinh duoc tir trudng
thanh phan do mdi nam cham sinh ra rdi 4p dung nguyén ly chong chat ti
truong dé xac dinh tir truong tong do cac nam cham cham sinh ra. Bang céch
tinh toan tir trudng cua mot tap hop cac nam cham tai cac diém khac nhau trong
khéng gian xung quanh cac nam cham, ching ta c6 thé khao sat duoc su phan
bé cua tir truong ciing nhu tinh duoc sy bién thién cua tir truong trén bé mit cua
cac nam cham.

Tuy nhién viéc tinh toan sé cho tap hop nhiéu nam cham Ia rat phuc tap
va mat nhiéu thoi gian. Chinh vi vay phan mém tinh toan, md phong tir trudng
da duoc xay dyng va phat trién nhanh chéng. Nhin chung, cac phan mém nay
déu duoc xay dung trén co sé sir dung mot trong hai mé hinh ly thuyét tinh toan
tir truong nhu da trinh bay ¢ phan 2.1, hoic sir dung dong thoi ca hai mé hinh dé
tang thém lua chon tinh toan cho nguoi dung. Trong cac phan mém nay, viéc
giai cac phuong trinh tich phéan cua tir trudng, duoc thuc hién va cé thé &p dung
cho céc vat liéu tir c6 tinh chat khac nhau dé thu dugc nhitng gié tri sé cu thé
tuong tng. Mot sé phan mém tinh toan, md phong co thé ké dén nhur:

- Infolytica MagNet (www.infolytica.com)

- Flex PDE 3.0 (www.pdesolutions.com)

- Ansys Maxwell (www.ansys.com/products/electronics/ANSY S-Maxwell)

- Lisa (www.lisa-fet.com)

- FEMLAB (www.femlab.com)

- FEMM (www.femm.foster-miller.net/wiki/HomePage)

-MacMMems (www.forge-mage.g2elab.grenoble-inp.fr/project/macmmems)

Cac phan mém md phong nay déu cé nhimng uwu diém riéng va hudéng toi
nhitng ddi twong nguoi dung khac nhau. Hai phan mém duoc sir dung trong luan
van nay dé tinh toan tir truong cta mot hé cac vi nam cham hinh tru 1a phan
mém MacMMems va phan mém Ansys Maxwell.
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2.2.1. Phan mém MacMMems

] Mackiems 1.5beta - Ine.xml EE‘

File Wew Create Tooks Help

DS8e d
Inputs | Geometry | Physic | Cutputs | Equations
MagBox_0 [ ]

[ <add transformation...> v
Transletion_t ~

[ 4 )

' Parameters

o Depth: |
widkh:

' Height:

select HagBox_0

select MagBox_3

select MagBox_0

“““ 0000, y :0.000, 2 1-63.240

el =

fistat [ lenventin 5t [ M se. 80 mactimtems 1.5beta ... ‘HQ S ¥ 1AM

(@)

C Component Calculator2.3: 781 ms

- X
File Export Tools Help
Input Value Unt Value Unit
o vo .
d 0.0 m
h 50 pm
i J100.0 pm
0.1 m
100.0 pm
X 100.0 pm x - i
X0 0.0 pm 5.623901344620208E-11 Alm
e FieldSensor_0_FieldZ_0 [26227.592796391776 Ajm
Plot  Jacobian Sensiivky Visusization
Scope
Bz®
015
010
005
-0.00
-0.05
-0.10
015
55 -50 -45 40 35  -30  -25 20 15 -0 05 0.0 05 10 15 20 25 30 35 40 45 50 55
0 o’
Contral
Gradient | Input |y0 [ Logarithmic X Plot [ Logarithmic Y Scale Scope Controls
Plot | start |-500] End (500 Step |1 frocms | s S

(b)

Hinh 2. 5. Giao dién md-dun thiét ké (a) va giao dien mé-dun tinh todn (b) ciia phdan
mém MacMMems.

MacMMems 12 mot phan mém mé duoc xay dung dua trén mé hinh dong
tuong duong vai giao dién khd don gian cho phép nguoi diung xac dinh duoc
cuong do tir truong, cam tng tir do mot s6 nam cham cd hinh dang don gian
(hinh try, hinh hop chit nhat, hinh méng ngua,...) sinh ra. Ngoai ra phan mém
cling cho phép xac dinh luc twong tac tur gitra cac nam cham vaéi nhau hoac gitra
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nam cham vai cac phan tir co tir tinh. Phan mém c6 cac md-dun riéng biét gidp
cho viéc thiét ké va tinh toan, toi uvu hoa thoi gian tinh toan ngan.

- Md-dun thiét ké (hinh 2.5a) cho phép thiét ké cac nam cham véi cac
thong sé vé hinh dang, kich thudc, vi tri, thudc tinh vat 1y ban dau (phu thudc
vao vat liéu nghién ciru) cd thé thay d6i nhur mong mudn. Ngoai ra mo-dun nay
cling cho phép nguoi ding thiét 1ap cac thdng sé dau ra mong muén tir dit liu
c6 san trong mo-dun hoic dinh nghia cac théng sd dau ra mai bang cach nhap
cac phuong trinh tinh toan don gian.

- M6-dun tinh toan (hinh 2.5b) cho phép thu duoc cac két qua tinh dudi
dang do thi va bang sé liéu, vi du gia tri tir truong theo cic phuong toa do
X,y,Z... CO thé quan séat su thay do6i cia két qua tinh toan thu duoc mot cach dé
dang bang cach thay doi cac thong sb dau vao da dugc dinh nghia san trong mo-
dun thiét ké.

2.2.2. Phan mém Ansys Maxwell

&) Ansoft Maxwell
i File Edt View Project Draw Modeler Macwell3D Tools Window Help
iDzd 88 I wojgeen g% [C3c0la% e
igelesooce njo|ex e | i
HER
Project Manager = x| [&L. Coordinate Systems
B Maowel2D_PM_Ganz (Transert, XY) + | |54 Planes
@8 Maxwel3DDesign1 (Transient) @@ Lists
S @ Model
#-© MotionSetup1
519 Boundaries
£ Master
! & Save
N 43 Exctations
o Paameters
-8 Mesh Operations
B8 CyindrcalGapl
88 Length Col
&5 Length_Mag
B9 Length_Man

J

68 SufApprox_Col
&SP Anayss
| (@) Optimetics
=[] Resuts
@5 Torque
%) % Windng Curents
TG Field Overdays
@ §¥ Maxwell3DDesign2 (Magnetostatic)
=R pmeg-24a (Adjust-Speed Synchronous Machine)

@ & Machine

|| Proea |

|| | Properties
Neme | Valve [t [Evaluated

Poston |~ =

[ — —_

_——— e —
Motion Vasiables | 0 05 1(mm) |

[ ) User Defined Prmitive: SpanExt is moddied from 0.1t 23,3649 (8:34:14 Jan 13, 2012) frez. l [

Read NUM
=Y - - —— — -

Hinh 2. 6. Giao dién ciia phan mém md phong Ansys Maxwell.

Ansys Maxwell 1a mét trong nhitng phan mém thuong mai phic tap va tét
nhat hién nay cho phép tinh toan, mé phong tir truong va cac dai lugng lién quan
ti tir trudng cua ca tir truong tinh va tir trudng bién thién theo thoi gian. Phan
mém duoc xay dung trén co s hé théng cac phuong trinh Maxwell, tac 12 sir
dung md hinh tir tich dé xac dinh tir trudng do cac nam cham sinh ra.
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Phan mém nay cho phép mé phong tir trudng dudi dang 2D hoic 3D cua
nhiéu loai nam cham véi hinh dang phuac tap va vat liéu khac nhau. Giao dién
thiét ké va tinh toan dugc tich hop 1am mét cho phép hién thi hinh anh mé
phong khéng gian tir truong truc tiép xung quanh cac nam cham. Tuy nhién
phan mém cd cau tric kha phuc tap, kho sir dung va can nhiéu thoi gian dé thuc
hién qué trinh tinh toan, mé phong.

Hinh khdi tru tron 1a mot dang hinh hoc ¢6 sy ddi xing cao. Xét vé mit
tng dung, hinh khéi tru tron dugc ung dung nhiéu trong cac chi tiét may, cac
thiét bi k¥ thuat... v6i nam cham hinh khéi try, ching ta cd thé thiét ké dé ché
tao cac nam cham cd tir truong déu trong long khéi tru tron cho cac tng dung
nhu trong dong co dién... Trong luan van nay, chung t6i chon vi nam cham co
dang hinh khéi tru tron dé khao sat vi day 1a hinh dang chua dugc nghién cau
trong nudc. Bén canh d6 viéc sir dung cac md hinh tinh toan va phan mém mo
phong d3 néu, ching toi s& khao séat vé tir truong va su bién thién tir truong trén
bé mit cia mot dbi twong vi nam cham kich thudc micro cy thé, & day 1a vat liu
tur cirng NdFeB.
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CHUONG 3. KET QUA VA THAO LUAN

Trong luan van nay, chiing t6i dd mo6 phong va tinh toan tir trueong trong
khdng gian xung quanh mét sé vi nam chadm NdFeB hinh tru véi ban kinh R =
25 pm, chiéu cao h = 5 pm va ¢ cam tng tir du B, = 1.2 T doc theo truc cua
nam cham. Gi4 tri tir du nay chi c6 thé dat duoc trong cdc nam chdm vinh ciru
cau trdc nano [1, 2, 6, 26]. Céc két qua thu duogc cho biét tir truong va su bién
thién tir truong trén bé mat cac nam cham ciing nhu su thay doi cua cac dai
lwong nay khi thay doi s6 luong vi nam cham.

3.1. Két qua khao sat tir truong bang phan mém MacMMems

Trong phan nay chidng t6i sir dung phan mém mo phong MacMMems dé
khao sét tir truong thanh phan B, va su bién thién cua thanh phan tir trudng nay
trén bé mat cac vi nam cham tru NdFeB. Pau tién 1a ciu hinh 1x1 nam cham dé
khao sat sy phan bé tir truong xung quanh nam cham. Sau d6 1a cac cau hinh
2x2, 3x3, 4x4 va 5x5 nam cham, day la cau hinh gom cac nam cham giéng hét
nhau sap xép trat ty va tuan hoan. Viéc nghién ctu, khao sét tir truong trong
khdng gian xung quanh cac cdu hinh ndy cho phép ching ta hiéu dugc su phu
thudc cua tir truong va sy bién thién tir truong vao sé lugng nam cham.,

Trong tt ca cac cAu hinh, cam tng t du B cua nam cham déu duogc gia
str nam theo truc ctia nam cham (hudng theo truc Oz), chinh vi vay céc tinh toan
va md phong dudi day déu tap trung vao thanh phan tir truong B, 1a thanh phan
song song véi truc Oz va vudng goc véi bé mat nam cham.

3.1.1. Cau hinh 1x1 nam cham

Truéc hét, ching toi khao séat su phan bé tir truong trén bé mat cua mot
nam cham hinh tru. Bé thuc hién khao sat nay, ching tdi thuc hién tinh toan cac
gia tri B, tai cac vi tri:

- Doc theo dudng thang di qua tim mdt trén va song song voi mit trén caa
nam cham (duong X; trong hinh 3.1).

- Doc theo dudng thing di qua mép mit trén caa nam cham va song song
véi duong x; (duong X, trong hinh 3.1).

- Doc theo duong thiang song song voi duong X1 va cach x; mét khoang
2R tai mot s6 d6 cao d cach bé mat trén nam cham nhitng khoang 0, 10, 20, 40
va 100 pum. Cac két qua thu dugc gém thanh phan tir truong By, su bién cua
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thanh phan nay doc theo cac duong Xi, Xz va xs (dB./dy) va su bién thién cua
thanh phan nay doc theo theo truc z (dB,/dz) duoc biéu dién dudi dang d6 thi.

¥

X2

X3

Hinh 3. 1. C4u hinh 1x1 nam cham try va vi tri tinh todn tir sreong, sw bién thién tr
trurong.

Két qua khao sét tir truong doc theo dudng ca ba dudng quét cho thay tir
truong giam dan khi ta ting khoang cach d tir bé mit nam cham. Theo hinh 3.2b
tai ngay bé mat ciia nam cham (d = 0 um), tinh tir truc cia mam cham di ra mép
ctia nam cham thi tir truong ting dan va dat gia tri cuc dai ngay sat mép trong
nam cham (y = = 24 pm) B, max ~ 0.32 T va ciing dat gid tri cyc tiéu ngay tai
viing gan mép ngoai nam cham (y = + 26 pum) B, min ~ - 0.18 T. Piéu nay duoc
giai thich boi duong suc tir do nam cham sinh ra la nhitng duwong cong khép kin
di ra tr mat trén nam cham va di vao mat dudi nam cham, do d6 tai mép cua
nam cham cd mat d6 duong stc tir 16n. O phi trong nam cham, cac duong suc co
hudng di 1én (di ra khoi mat trén nam chadm) nén B, dat cuc dai, trong khi ¢ phia
ngoai nam cham, cac duong stc c6 hudng di xudng dé tré vé mat dudi nam
cham tao thanh nhimg duong suc khép kin nén B, dat cuc tiéu. Tai nhiing
khoang cach d cao hon, chung ta thy rang tir truong & khu vuc phia trong nam
cham I16n va 6n dinh trong khi & ngoai mép nam cham thi tir trudng giam gan
nhu ngay vé 0 T. Piéu nay dugc giai thich rang khi di ra xa mat trén nam cham
thi cac duong strc thua dan va gan song song voi nhau cho nén & nhitng vi tri
gan duong kéo dai cua truc nam cham thi duong stc tir van con ton tai, con
nhitng vi tri xa truc cua nam cham thi hau nhu khong ton tai dudng suc tir vi ¢
gan mép nam cham cac duong suc tir da khép kin nén khong di ra xa khoi bé
mat nam cham duoc.
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Hinh 3. 2. Tz trieong thanh phan B, diroc mé phong doc theo cdc dwong quét Xy (),
Xz (0) va X5 (C) tai cdc do cao d khac nhau.
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Cac két qua khao sat doc theo duong quét x, (hinh 3.2b) cho thay tir
truong 16n nhat tai diém tiép xac (y = 0 pm) véi nam cham va giam dan khi di
xa diém nay ca vé hai phia. Diéu nay phl hop véi thuc té cac duong stc tir chi
tap trung ¢ st mép (vién) nam cham, con & nhing vi tri xa mép nam cham theo
cac hudng trong mit phang Oxy thi duong suc tir khdng ton tai. Tai nhiing vi tri
ngay sat bé mat nam cham (d = 0 pm), tir trudng cuc dai B, max ~ 68.4 mT tai vi
tri c6 thanh phan toa d6 y = 0 va tir truong cuc tiéu B, min ~ -178 mT tai vi tri c6
thanh phan toa do y = 6. Trén hinh, chlng ta thdy khoang cach giira diém cuc
dai va diém cuc tiéu ngay cang ting, trong khi bién do gitta hai gia tri cuc dai va
cuc tiéu ngay cang giam khi ting khoang cach d.

Hinh 3.2c cho thay mét két qua thi vi, d6 1a c6 sy thay d6i diém cuc tiéu
thanh diém cuc dai tai nhimg diém c6 thanh phan toa do y = 0 doc theo dudng
quét X3 tai cac do cao d khéac nhau. Tai nhitng vi tri c6 d thap thi tir truong gay ra
tai diém c6 thanh phan toa do y = 0 chu yéu do su dong gbp cua cac dudng suc
tr cong manh va huéng xudng dudi gan mép nam cham sinh ra do dé nhiing
diém nay c6 tir trudng cuc tiéu, con nhitng & vi tri ¢6 d cao thi truong gay ra lai
do sy dong gop cua cac dudng suc tir thang ¢ gan truc nam cham sinh ra do d6
nhitng diém c6 thanh phan toa d6 y = 0 tro thanh nhitng vi tri 6 tir truong cuc
dai. N6i chung, cac két qua khao sat tir trudng xung quanh nam cham hinh try
thu dugc trong trudng hop ndy phi hop véi su phan bé thuc té cua cac dudng
suc tir xung quanh nam cham try va pht hop vai ly thuyét vé tir truong.

Pé kiém tra d6 chinh xac cua cac két qua thu dugc tir phan mém ciing nhu
su phi hop gitra phan mém mo6 phong MacMMems va mé hinh ly thuyét dong
tuong duwong, ching t6i da sir dung cdng thuc (2.22) dé tinh gia tri ly thuyét cua
thanh phan tir truong B, tai mot s6 diém nam trén tryc caa nam cham.

L @ ()
E-Y e Jere

Trong cdng thuc trén, géc toa o duoc dit tai truc cua hinh try va ¢ chinh
gitta hinh tru. Vi vay khi p dung cong thtic nay véi cau hinh nam cham cua
ching ta can luu ¥ chuyén doi tham sé do cao d trong cau hinh mé phong véi
tham s z trong cong thirc (2.22) cho phl hop. Cu thé véi d = 0 um thi z = L/2
um, d = 10 pum thi z = (L/2 + 10) pum,... Ngoai ra trong cong thuc trén thi L
chinh 1 chiéu day caa nam cham, tac 13 L = h =5 pm va oM chinh 1a cam tng
tir du ctia nam cham hudng theo tryc z, tic 1a oM = Bg = 1.2 T. Hé s6 N trong
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cong thuc trén 1a s6 vong day cua cudn diy c6 dong dién twong duong voi cam
rng tir du ctia nam chdm nhung vi chiéu day cua nam cham nho hon duong kinh
ctia nam cham 10 lan nén ta c6 thé lay N = 1.

Két qua tinh toan Iy thuyét gia tri B, tai cac diém nam trén truc caa nam
cham va cach mit trén caa nam cham mot khoang d duoc tinh cu thé nhu sau:

+d=0pum:

=~ (0.11766 T

B,(25) = 1.2 (g) — 2.5 N (g) + 2.5

’ [\/(2.5 - 3)2 + 252 \/(2.5 + 2)2 +252|

+d =10 pm:

() - 125

1.2
B,(12.5) = +

: l\/(12-5 - 2)2 + 252 \/(12.5 + g)z + 252

5
(5) Hiz ~ 0.085434 T

+d =20 um:

() - 225

5
B,(22.5) = L2 + (5) 2z

: \/(22.5 - g)z + 252 \/(22.5 + 3)2 + 252

Bdng 3. 1. So sanh két qua tinh toan Iy thuyét thanh phan tr sreong B, bang mo hinh
dong véi két qua mé phang.

~ 0.04915T

Két qua B, (mT)
d (um) Phan mém MacMMems Mb hinh dong
0 117.52 117.66
10 85.45 85.43
20 49.15 49.15

Cac két qua tinh toan ly thuyét nay duoc so sanh véi cac gia trj thu dugc
tr phan mém mé phong va duoc tong két trong bang 3.1. Tur bang so sénh ta
thay két qua tinh todn tir mo hinh dong twong duong va két qua md phong tir
phan mém MacMMems la gidng nhau, qua d6 cho thay sy chinh xac cua phan
mém md phong so véi md hinh ly thuyét.
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Hinh 3. 4. Si bién thién cia thanh phan tir truong B, theo z (dB./dz) diroc md phong
doc theo cdc duong quét X, (@), X2 (b) va Xs (C) tai cdc do cao d khac nhau.
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Cac két qua khao sat su bién thién thanh phan tir truong B, theo y (dB./dy)
va theo z (dB,/dz) thu duoc tir phan mém md phong duoc biéu dién trong hinh
3.3 va 3.4. Phu hop véi su phan bb cia mat do duong suc tir 1a nhiéu tai mép
cua nam cham va phu hop vai cac gia tri tu treong B, khao sat dugc ¢ trén, su
bién thién cua thanh phan tir truong B, theo y va theo z 16n nhit & mép nam
cham trong trudng hop khao sat theo duong quét x; va dudng quét x,. Cu thé véi
duong quét x; thi dB,/dy va dB,/dz déu dat gia tri 16n nhat va nho nhat tai mép
nam cham va lan can mép nam cham trong khi ¢ chinh gitra mat nam cham thi
cac gia tri ndy bang 0 hozc xap xi 0. Tai d = 10 pm, dB/dy max ~ 6.7%10% T/m va
dB/dz max ~ 2%10* T/m. Véi duong quét x2 thi ca dB,/dy va dB,/dz déu bang 0
tai vi tri mép nam cham, sau d6 tai nhiing diém 1an can mép nam cham vé ca hai
phia thi gia tri dB,/dy va dB,/dz dat cuc dai hoic cuc tiéu nhung sau d6 lai nhanh
chong giam vé 0 khi tiép tuc di xa mép nam cham vé 2 phia. Tai d = 10 pm,
dB,/dy max ~ 2.4x10° T/m va dB,/dz max ~ 2x10* T/m. Con trong trudng hop khao
sat theo duong quét Xs, tai cac diém co thanh phan toa d6 y = 0 thi dB,/dy = 0 va
dB,/dz 1a 16n nhat. Tir cac két qua khao sat, ching ta c6 thé thay tir truong B, va
su bién thién cua B, cua nam cham tap trung cha yéu tai mép va lan can mép
nam cham trong khdng gian ngay sat nam cham, con ¢ khéng gian xa nam cham
thi tir tuong B, chi yéu tap trung & truc ciia nam cham va hau nhu khong c6 su
bién thién cua B,.

3.1.2. C4u hinh 2x2 nam cham

Z M

Hinh 3. 5. Cdu hinh 2x2 nam cham va v; tri tinh todn tir #rrong, s bién thién tir
truong.
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Tiép theo ching t6i md phong va khao sét tir trudng cung véi su bién
thién tir truong xung quanh cac cau hinh nhiéu nam chadm hon. Nguyén tic cua
cac cau hinh nay 1a chi tang sd lvgng nam cham theo ca hai chiéu, khoang cach
giira c4c nam cham bang chiéu rong cua cac nam cham va khong thay doi bat ki
cac thong sé nao lién quan toi kich thude, thudce tinh tir caa ting nam cham.
Viéc khao sat nay nham nghién cau sy anh hudng cta s6 luong nam cham [én tir
treong va su bién thién tir tredng trong khong gian xung quanh cac nam cham.

Trudc hét, ching toi khao sat tir trudng xung quanh cau hinh gdm 2x2
nam cham hinh tru sap xép tuan hoan (hinh 3.5). Cac tinh todn, md phong gia tri
tir truong Bz va su bién thién caa no theo y (dB./dy) va theo z (dB,/dz) bang
phan mém dugc thuc hién doc theo cac duong quét X, Xz, X3 nhu trong hinh 3.5
tai cac d6 cao d (khoang céch tinh tir b mat nam cham) khéc nhau.

Cac két qua thu duoc dugc biéu dién bang cac d6 thi trong hinh 3.6, 3.7
va 3.8. Cac két qua cho thay gia tri cua tir truong B, va gia tri caa sy bién thién
cua B, doc theo duong quét x; va X, tai cac vi tri tuong ung véi cau hinh 1x1
nam cham ciing nhu hinh dang d6 thi khong co gi thay d6i so véi cac do thi
trong hinh 3.2, 3.3 va 3.4. Cac do thi nay trong cau hinh 2x2 nam cham déu xuat
hién thém cac dinh cuc dai, cuc tiéu phd hop véi su sap xép tuan hoan cua cac
nam cham. Riéng cac két qua thu duoc doc theo dudng quét xs trong cau hinh
2x2 nam cham cd su thay doi rd rét so voi cac két qua thu duoc trong cau hinh
1x1 nam cham. Cu thé voi gia tri B, dB,/dy va dB,/dz tai céc vi tri doc duong
quét X3 thu dugc trong cau hinh 2x2 nam cham I6n gap doi gia tri B, twong tng
trong cau hinh 1x1 nam cham. Piéu nay dugc cho la do cd su tong hop rd rét
hon cua tir tredng thanh phan caa bdn nam cham trong cau hinh doc theo dudng
quét xs. Cac do thi dB,/dy trong hinh 3.7¢c ¢c6 mot do dbc nhat dinh, diéu nay
duoc cho 1a do ¢ sy dong gop bat dbi xiing cua cac thanh phan tir treong coa
c4c nam cham vao tir truong tong ¢ hai dau do thi.

Nhin chung, trong cau hinh 2x2 nam cham, tir tredng va sy bién thién tir
treong trong khong gian xung quanh cac nam cham va mép cac nam cham
khéng c6 sy thay d6i so véi cau hinh 1x1 nam cham. Tai nhitng vi tri trong
khoang trong gitra bén nam cham, tir trudng va su bién thién tir truong tang gap
d6i so véi cac vi tri twong @ng trong cau hinh 1x1 nam cham. Khdng gian tir
truong xung quanh cau hinh 2x2 nam cham ciing xuat hién nhiéu ving bién
thién tir truong hon so véi cau hinh 1x1 nam cham.
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Hinh 3. 6. Tzr trieong thanh phan B, diroc md phong doc theo cdc dwong quét Xy (),
X2 (b) va X3 (C) tai cdc do cao d khac nhau.
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Hinh 3. 7. Sy bién thién cua thanh phan tir trieong B, theo y (dB,/dy) dirot md phong
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dB,/dy (T/um)
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Hinh 3. 8. S bién thién cia thanh phan tir treong B, theo z (dB./dz) dirot md phong
doc theo cac dwong quét x; (a), X2 (b) va X (C) tai cac do cao d khac nhau.
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3.1.3. C4u hinh 3x3 nam cham

Tiép theo ching tdi khao sat tir truong va sy bién thién tir trudng trong
khéng gian xung quanh cau hinh 3x3 nam cham nhu hinh 3.9. Cac khao sét
duoc tién hanh doc theo cac dudng quét X1, Xz Va X3 tai mot s6 d6 cao d tuong tu
nhu trong cau hinh 1x1 nam cham va cu hinh 2x2 nam cham.

Hinh 3. 9. Cdu hinh 3%3 nam cham va v; tri tinh toan tiz treong, su bién thién
ter truong

Cac két qua khao sat thu dugce dugc thé hién bang cac do thi trong hinh
3.10, 3.11 va 3.12. V& co ban cac d6 thi thu dugc khong thay d6i gi ca vé hinh
dang Ian gia tri so véi cac do thi twong Gmg thu dugc trong cau hinh 2x2 nam
cham. Thuc vay, tir cac dd thi ching ta c6 thé thay tir truong By, su bién thién ti
truong dB,/dy va dB,/dz doc theo dudng quét x; déu dat gia tri cuc dai va cuc
tiéu tai nhitng vi tri 1an can cac mép nam cham. Tai khoang cach d = 10 pm so
véi bé mat nam cham doc theo duong quét X1, B; max ~ 80 MT, dB/dYmax ~
6.7x10% T/m, dB,/dz max ~ 2x10* T/m. Doc theo dudng quét X; tai cac do cao d
khac nhau, tir trudng B, sy bién thién tir truong dB,/dy va dB,/dz ciing dat gia tri
cuc dai va cuc tiéu tai cac vi tri ngay sat mép nam cham, vi tri diém cuc dai va
diém cuc tiéu 1a rat gan nhau. Tai khoang cach d = 10 pm so véi bé mat nam
cham doc theo duong quét X1, B, max ~ 30 mT, dB,/dymax ~ 5%10% T/m, dB,/dz max
~ 1x10* T/m. Tuong tu, tai khoang cach d = 10 pm so véi bé mat nam cham doc
theo duong quét Xs, B; max ~ -11.25 mT, dB/dymax ~ 1.2x10% T/m, dB,/dzZ max ~
7.5x10? T/m. Nhu vay, khong gian tir truong xung quanh cau hinh 3x3 nam
cham khong thay d6i vé cuong do va mirc do bién thién ma chi xuat hién thém
cac vung bién thién.
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Hinh 3. 10. Tzr truong thanh phan B, duoc md phang doc theo cac duong quét x; (a),
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Hinh 3. 11. Si bién thién cuia thanh phdn tr srieong B, theo y (dB4/dy) diroc md phang
doc theo cdc duong quét X, (@), X2 (b) va Xs (C) tai cdc do cao d khac nhau.
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Hinh 3. 12. Si bién thién cia thanh phan tir rreong B, theo z (dB,/dz) diroc md phang
doc theo cdc duong quét x; (@), X2 (b) va Xs (C) tai cdc do cao d khac nhau.
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3.1.4. Ciu hinh 4x4 va 5x5 nam cham

Tiép theo ching tdi khao sat tir truong va sy bién thién tir trudng trong
khdng gian xung quanh cau hinh 4x4 va 5x5 nam cham nhu hinh 3.13. Céc khao
sat duoc tién hanh doc theo cac dudng quét Xi, X» Va X3 tai mot sb do cao d
tuong tu nhu trong cau hinh 1x1, 2x2 va 3x3 nam cham.

Cac két qua khao sat thu duoc d6i vai cau hinh 4x4 nam cham dugc trinh
bay trong céac hinh 3.14, 3.15 va 3.16, cac két qua khao sat thu dugc d6i véi cau
hinh 5x5 nam cham dugc trinh bay trong cac hinh 3.17, 3.18 va 3.19 hoan toan
tuong tu Vi CAc cau hinh nam cham da mo phong ¢ trén.

(b)

Hinh 3. 13. Cdu hinh 4x4 (a) va 55 (b) nam cham va v; tri tinh toan tr rieong, sw
bién thién tir frueong.

a) CAu hinh 4x4 nam cham

Cac két qua md phong cho thay, vi tri, cuong do cling nhu khoang céch
gitra cac diém co gid tri tir truong cuc dai (B, ma), gia tri tir truong cuc tiéu (B,
min) trong cau hinh 4x4 nam cham 1a khong thay d6i so véi cac cau hinh da cau
phong & trén. Tai khoang cach d = 10 um doc theo duong quét X1, B; max ~ 80
mT tai nhitng vi tri & trong mép nam cham, cach mép nam cham khoang 15 pum,
Bz min ~ 20 mT tai nhiing vi tri & ngoai mép nam cham, cach mép nam cham 5
um. Gia tri cuc dai cua su bién thién tir trudng theo y, dB./dy max, gia tri cuc tiéu
dB,/dy min cling nhu gid tri cuc dai cua sy bién thién tir truong theo z, dB,/dz max,
gia tri cuc tiéu dB,/dz min ciing khong hé thay doi so véi cac két qua tuong tng
thu duogc trong cac mo hinh khac da mé phong ¢ trén. Vi du, tai khoang cach d =
10 um doc theo dwong quét x;, dB,/dy max ~ 6.7x10° T/m, dB,/dy min ~ -6.8x10°
T/m tai nhitng vi tri ngay sat mép nam cham, dB,/dz max ~ 2x10* T/m tai nhiing
vi tri & ngoai mép nam cham, cach mép nam cham 1 um, dB,/dz min ~ -2.7x10*
T/m tai nhitng vi tri & trong mép nam cham, cach mép nam cham 1 um.
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Hinh 3. 14. Ter trong thanh phdn B, dioc md phong doc theo cdc dwong quét x; (),
X2 (b) va X (C) tai cdc do cao d khac nhau.
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Hinh 3. 15. Si bién thién cua thanh phan tiz treong B, theo y (dB./dy) dioc md phong
doc theo cac dwong quét x; (a), X2 (b) va X (C) tai cac do cao d khac nhau.
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Hinh 3. 16. Sy bién thién cua thanh phan tir sreong B, theo z (dB./dz) diroc md phong
doc theo cac duwong quét x; (a), X2 (b) va Xs (C) tai cdac do cao d khac nhau.
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b) Cau hinh 5x5 nam cham
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Hinh 3. 17. Ter trong thanh phdn B, dioc md phong doc theo cdc dwong quét x; (),

Xz (0) va X5 (C) tai cdc do cao d khac nhau.
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Hinh 3. 18. Si bién thién cua thanh phan tiz treong B, theo y (dB./dy) dioc md phong
doc theo cac dwong quét x; (a), X2 (b) va X (C) tai cac do cao d khac nhau.
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Hinh 3. 19. Si bién thién cia thanh phan tir rreong B, theo z (dB,/dz) diroc m6 phang
doc theo cdc duong quét x; (@), X2 (b) va Xs (C) tai cdc do cao d khac nhau.
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Cac két qua md phong thu dugc cho thay, viéc ting sb lugng nam cham
ma khong thay doi bat ki thdng sé nao vé hinh dang, kich thudc cling nhu thudc
tinh tir cia nam cham chi gép phan gitp cho khéng gian tir tredng xung quanh
c4c nam cham cé thém nhiéu ving tir trudng bién thién qua d6 lam ting thém
cac Vi tri c6 thé 1am vi tri 6n dinh cho cac dbi tuong tir tinh néu & trong khong
gian xung quanh cac nam cham nay.

3.2. So sanh tir trudng va sw bién thién tir trwong bé méit caa mot sé cau
hinh nam cham mé phéng dwoc biang cac phan mém md phéng va tinh toan
ly thuyét

3.2.1. C4u hinh 1x1 nam cham

y4

x=0pum
X =25pum

X’

Hinh 3. 20. C4u hinh 1x1 nam cham va cac v tri khao sét tir triong bang phan mém
Ansys Maxwell.

Truéc hét, ching tdi thyc hién md phong lai tir truong xung quanh cau
hinh 1x1 nam cham hinh try nhu trong phan 3.1.1 bang phan mém mé phong
Ansys Maxwell sir dung mé hinh tir tich. Trong phan nay chdng toi khao séat
thanh phan tir truong B, tai mot s6 diém dic trung nam trén truc nam cham (x =
0 um), nam trén duong thang song song véi truc nam cham tai mép nam cham
(x = 25 um) va nam trén dudng thang song song véi truc nam cham, cach nam
cham mot khoang 2R (x = 50 um) theo cac khoang cach d khac nhau (hinh
3.20). Két qua thu dugc duoc biéu didn bang cac d6 thi trong hinh 3.21. D6 thi
trong hinh 3.21a cho thay gia tri cua tir truong B, tai cac diém nam trén tryc cua
nam cham giam khi khoang cach véi bé mat nam cham ting. Gia tri cua tir
truong B, tai cac diém trén duong tiép tuyén voi nam cham va song song Voi
truc nam cham c6 mot diém cuc dai (Bz max ~ 75 MT) & d6 cao ~ 2.5 pm so voi
bé mat nam cham (hinh 3.21b). Gia tri cua tir truong B, tai cac diém trén dudng
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Hinh 3. 21. Thanh phan tir sreong B, dieoc md phong tai cdc diém nam trén truc nam
cham céch mdt trén nam cham mét khoang d (a), tai cdc diém nam trén dwong thang
gua mép nam cham va song song vai truc nam cham cach mgat trén nam cham mgt
khodng d (b), tai cdc diém nam trén dirong thang song song Véi truc nam cham va
cach truc nam cham mgt khodng 2R (c).
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X = 50 um tang dan trong dai khoang cach d dang xét. Cé thé thay rang, cac két
qua mo phong thu dugc trong phan nay 13 hoan toan tuong déng véi cac két qua
mé phong & nhiing vi tri twong dwong trong cau hinh 1x1 nam chdm & phan
3.1.1.

Bdng 3. 2. So sanh gia tri cia tir trurong B, tinh todn diwoc bang md hinh dong va mo
hinh tr tich véi gid tri B, md phong dirot bang cac phan mém tai mét sé diém nam trén
truc cia nam cham hinh try day 5 pm, dwong kinh 50 wm va do tir die 1.2 T doc theo
truc nam cham.

d B; tinh toan ly thuyét (mT) B, md phéng bing phan mém
(Hm) (mT)
M©6 hinh tir M©é hinh MacMMems | Ansys Maxwell
tich dong
0 117.66 117.66 117.53 111.85
10 85.43 85.43 85.45 81.00
20 49.15 49.15 49.15 46.42

Pé so sanh két qua md phong thu duoc véi két qua tinh toan ly thuyét
bang mo hinh tir tich ching t6i da st dung cong thirc 2.31 dé tinh gia tri tur
truong thanh phan B, tai mot s6 diém nam trén truc nam cham va cach mat trén
nam cham mot khoang d.

_ UM z+L z
2 "J(z+L)2+R? Vz2+R?

)

Z

Ap dung cong thuc trén vao cdu hinh nam cham cua chang toi, vai poM 1a
cam ng tir du Bg theo tryc z caa nam cham, L 1 chiéu cao caa nam cham va (z
+ 5) chinh la khoang cach d tinh tir mat trén nam cham (vi trong mé hinh 3.20
goc toa do O nam & tdm mat dudi cia nam cham). Nhu vay, tir truong thanh
phan B, tinh duoc tai mot s6 diém nam trén truc nam cham Ia:

+d=0pum, tkcz =5 pm:
_1.2( 0+5 0
= 2\ J0+5)2+25 02+ 252

) ~ 0.11766 T

+d =10 pm, tic z = 15 pm:

o1



_1.2( 10 + 5 10

B,_is = _ ~ 0.085434 T
=B 2\ J0+5)2+252 VioZ+ 252>

+d =20 pum, tirc z = 25 pum:

_1.2( 20+5 20

B,_ps = _ ~ 0.04915 T
=2 2 \J20+5)2 +252 V207 + 252)

Bdng 3. 3. So sanh cac gia tri B, tai mét s6 diém trén bé mat nam cham thu diroc bang
phdn mém méd phang.

Toa dd x P cao d T truong B; (MT)
(um) (um) Ansys Maxwell | MacMMems Sai 56 (%)

0 111.85 117.53 4.8

10 81.00 85.45 5.2

0 20 46.42 49.15 5.5
40 14.60 15.61 6.5

100 1.13 1.59 29

0 -99.69 68.43 245

10 30.71 32.60 5.8

25 20 19.76 20.49 35
40 8.03 9.00 10.7

100 0.94 1.36 30.8

0 -10.24 -10.06 1.7

10 -6.75 -6.31 6.9

50 20 -2.50 -1.99 25.6
40 0.87 1.47 40.8

100 0.43 0.87 50.5
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Nhu vay, cd thé thiy cac két qua tinh toan nay hoan toan phi hop véi céc
két qua tinh todn bang md hinh dong twong duong va két qua md phong bang
phan mém MacMMems & trén (bang 3.2).

Tir bang 3.2 chlng ta thay rang cac két qua md phong duoc bang phan
mém Ansys Maxwell sai sb trung binh khoang 5.9% trir mét sé vi tri dac biét so
véi cac két qua md phong dugc bang phan mém MacMMems va céc két qua tinh
dugc tir md hinh Iy thuyét. Su sai khac nay khong c6 thé do viéc quy dinh cac
thuoc tinh vat ly cho nam cham trong phan mém 1a chua thuc sy chinh xéc, ciing
nhu cac khoang chia ludi trong phan mém 1a chua phu hop tét.

Bang 3.3 ciing cho thay hau hét céc gia tri B, thu duoc bing céc phan
mém mo phong sai khac nhau trung binh 5.9%. Biéu nay cho thay giira cac phan
mém c6 mot su sai khac nhat dinh phi hop véi thuc té ring cac phan mém mo
phong dugc xay dung trén cac md hinh ly thuyét khac nhau. Tuy nhién sy sai
khac nay hoan toan co thé thu hep lai bang cach diéu chinh cac théng sé tinh
toan phu hop cho qua trinh mé phong. Nhu vay nho ¢ cac phan mém mé phong
cling nhu cac gia tri tinh toan ly thuyét ching ta hoan thé c6 thé xac dinh duoc
tir truong, sy bién thién tir truong do nam cham sinh ra tai nhimg diém xac dinh
vai do chinh xac cao.

3.2.2. Cau hinh 2x2 nam cham

Tiép theo chung t6i sir dung phan mém mo phong Ansys Maxwell dé mo
phong tir truong trong khong gian xung quanh ciu hinh 2x2 nam chdm nhu phan
3.1.2. Céc két qua thu duoc duoc thé hién dudi dang cac hinh anh 3D trong hinh
3.22. Hinh 3.22a md phong khdng gian tir truong ngay sat bé mat nam cham
(khoang cach d = 0 um). Hinh 3.22b mé phong mot mat cat cua khong gian tir
truong theo mat phang Oyz. Tur hinh anh thu duoc, ching ta thay rang tir truong
cha yéu tap trung & mép cua cac nam cham va nhanh chong suy giam khi di xa
nam cham theo moi huéng. Trong khéng gian xung quanh cac nam cham (d =0
um) ton tai mot vang tir truong on dinh (B, ~ 0 T) d6 1a khu vuc giita bon nam
cham, pht hop vai thuc té cac duong stc tir 1a cac duong cong khép kin ngay
sat bé mat nam cham nén cac duong sac nay khong thé di ra xa mép nam cham.
Tur cac két qua md phong thu duoc, chung t6i di rat ra gia tri cua tir truong B,
tai mot so diém trong cau hinh nay dé so sanh véi cac két qua twong ng trong
phan 3.1.2. Két qua so sanh duoc trinh bay trong bang 3.3 va cho thiy su phi
hop cua céac két qua md phong dugc bang hai phan mém.
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Hinh 3. 22. Khong gian tir #reong ngay st bé mat cac nam cham (a), mét mat cait cua
khéng gian tir #reong doc theo khodng cach d tr bé mét nam cham (b).
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Bdng 3. 4. So sanh cac gia tri B, tai mét sé diém trén bé mgt nam cham trong cdu hinh
2%2 nam chdm thu dwot bang phan mém mé phong.

Tir trwong B; (mT)

T 0 Do i 56
oa df X g caod Arsvs Sai s6 (%)
(um) (Hm) y MacMMems
Maxwell
0 108.27 115.18 6
10 78.97 83.27 5.2
0 20 45.04 47.30 4.8
40 13.75 14.63 6.1
100 1.38 1.97 30
0 -109.07 64.51 170
10 29.08 29.11 0.1
’s 20 17.22 17.84 3.5
40 731 8.08 9.5
100 1.41 2,02 301
0 21.34 21.54 0.93
10 -13.92 -13.96 03
0 20 527 5.14 2.5
40 1.57 2.27 30.9
100 1.29 1.97 46
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KET LUAN

Trong luan van d3 thu dugc mot s6 két qua nghién ctru chinh nhu sau:

- Nghién ctu cac md hinh Iy thuyét dong tuong dwong va mé hinh tir tich
dé tinh toan tur truedng trén bé mit vat liéu tir va nghién cau cac phan mém mo
phong tir trrong tuong ng.

- M phong su phan bé tir truong trén bé mat cac nam cham tur cing dang
tru NdFeB c6 ciu tric micro-nano, khao sat anh huong caa sé luogng vi nam
cham, so sanh giira cac két qua md phong st dung cac mé hinh ciing nhu kiém
tra bang viéc tinh toan ly thuyét.

- Khi tang s6 luong nam cham thi s& ¢ thém cac ving tir truong bién
thién voi gia tri cuc tiéu giam trong khi gié tri cuc dai it thay doi, gitp cho su
bién thién cua tir truong, cu thé sé hang BVE (trong cong thirc tinh lyc tir) tang
16n. Két qua nghién ctru cho thiy BVE ¢6 thé dat gia tri ~ 6x105 T%m tai nhimg
vi tri ngay sat mép cac vi nam cham. Thanh phan B, cia tir truong va sy bién
thién cta thanh phan nay theo phuong song song voi bé mit nam cham (dB,/dy)
giam manh & nhiing d6 cao cach bé mit nam cham (d) 16n, con bién thién cua B,
theo phuong vudng goc véi bé mit nam cham (dB,/dz) thay ddi it & nhiing do
cao d khac nhau. Nhu vy bang viéc ting s luong nam cham s& cho phép thanh
phan lyc tir tao ra theo phuong vudng goc véi bé mit cac nam cham dugc duy tri
¢ nhitng do cao cach bé mit nam cham 16m, 1a diéu kién can dé hut hoic déy cac
d6i tuong tir tinh ngay ca khi déi twong & xa bé mat cac nam cham.
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