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MO DAU

Vit liéu tir cimg nodi chung va nam cham noi riéng dugc dung phd bién
trong nhiéu thiét bi ky thuat. Nam cham duoc sir dung trong cac bo phan cua 6
t6, cac dau doc va ghi thong tin trong linh vuc may tinh, ... Véi sy phat trién cua
cdng nghé nano, nhu ciu vé cac nam cham kich thudc nho, du manh va co tir
truong khong dong nhat 16n trong khdng gian nho hon ngay cang nhiéu.

Cho dén nay viéc phan tach cac ddi tugng tir tinh va phi tir tinh ciing nhu
cac truyén dong sir dung luc tir thong thuong sir dung tir truong duoc tao ra boi
cac cudn solenoid, cac nam cham dién va cac nam cham siéu dan.Gan day, mot
s6 nhoém nghién ctru 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 tuong ti 1& thuan véi ¢ cam tir caa
d6i tuong, cam Gng tir va do bién thién cua cam ung tir. Do d6, dé ting duoc
hiéu qua cua phan tach tir tinh, gia tri cua tich BVB cao duoc yéu cau. Theo du
doan v&i cac ky thuat ché tao cac hé théng vi co dién tr va cac vi nam cham
ngay nay, C4c Cau truc tir vinh ctu 6 thé tich hop dugc trong cac hé théng phan
tich vi luu, do d6 mo rong cac kha nang ing dung cta nam cham.

Mot thuc té rd rang la cac hé théng phan tach tir nay kha phuc tap, dat tién
va can nhiéu cong doan ciing nhu thoi gian dé ché tao. Do d6, cac phuong phap
thiét ké ly thuyét dugc sir dung dé thu duoc mé hinh hé théng téi wu trudc khi
ché tao. Cong viéc dau tién va quan trong nhat cua quéa trinh thiét ké Iy thuyét
nay la mo phong tur truong. 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 tir cimg va di hudng tir 16n theo mét tryc. Tai vién ctia cic nam cham, tir
truong (B) rit manh va bién thién (VB) 16n dugc tao ra, véi tich gia tri (BVB) ¢6
thé dat trén 103 - 10* T?/m.



CHUONG 1. TONG QUAN

1.1. Twr trwomg va cac dai lwgng co ban
Tir truong 1a moi truong VAt chat dac biét bao quanh dién tich chuyen
dong va tac dung luc 1€n dién tich chuyén dong trong nd. Tu truong co the sinh
ra bang hai cach: st dung c&c cudn day co dong dién chay trong day dan hoac
nam cham vinh ctru. Trong cac nam cham vinh ctru khong co cac dong dién theo
nghia thong thuong ma chi cd chuyén dong quy dao va chuyén dong spin cua
dién tir. D6 cling chinh la nguon goc co ban cua hién tugng tur trong vat liu.
Cam wng tir B
Cwong do tir truong H
D¢ cam tury
Ur= 1/ Mo 12 d tir tham twong doi
1.2. Cac phuong trinh co ban cuia tir treong tinh
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)
VXxH=0 (1. 18)

1.3. Phan loai mdt s6 vat liéu tir
1.3.1. Vat liéu nghich tir

Nhu ta d biét, hiéu tng nghlch tir €6 & moi nguyén tu dat trong tir truong
ngoai. Do do tinh chat nghich tir c6 & moi chat. Tuy nhién, tinh chat nghich tir s&
thé hién rd chi yéu o nhitng chat ma khi chwa dit trong tir truong ngoai, tong
mé-men tir nguyén tir (hay phan tir) cia ching bang 0, nghia 1a moi md-men tir
quy dao va mo-men tir spin hoan toan triét tiéu 1an nhau.
1.3.2. Vit liéu thuén 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.
1.3.3. Vat liu sit tir

Nghich tir va thuan tir 1 nhitng vat lidu tir yéu.Sat tir 14 mot loai vat ligu
tir manh. Do cam tir cta vat liéu sat tir co thé 1én hon do cam tur cla vat ligu
nghich tir thuan tir hang tram triéu lan. D6 cam tir cua vat liéu sat tir ¢ gia tri
trong khoang tir 102 tGi 10° [3, 4, 6, 9-11, 14-16, 20-26].
1.4. Dudng cong tir tré

Tur tré (magnetic hysteresis) 1a hién twong bat thuan nghich giira qua trinh
tr hoa va dao tir & cac vat lidusat tir do kha ning giir lai tir tinh caa cac vat liu
sat tur.
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Hinh 1.1.Duong cong tir tré M(H) ciia vt liéu sdt tir véi luc khang tir He, dé tir due
MR, twr dé bdo hoa Ms.

- Ttr d6 bédo hoa (Ms)

- Ttr du (MR)

- Luc khang tu (Hc)

Tu mém

J
Dutngcong
Khirtr R

(

Dudng cong tir hoa ban diu

He {Lu¢ khing tir B H

)

B,

Hinh 1.2.Puong cong tir tré cua vat liéu tir mém va vat ligu tir ciing.

Vit ligu tir mém

Vat ligu ter cirng

- Luc khang tuH].

- Cam tng tir duBg

- Tich nang luong tr cuc dai ((BH)max)
1.5. Muc tiéu ciia lugn van

Luan van nay duoc thuc hiér] véi muc dich tinh toan, khao sat Iy thuyét Su

phan bo cua tur truong trén mot so nam cham tu cing hinh try NdFeB c6 cau
truc micro bang cac mo hinh ly thuy€t va phan mém mé phong. Cac gia tri thu
duoc bang tinh toan va md phong duoc so sanh véi nhau, qua do cho thay mirc
do chinh xac va dang tin cay cia cac mo hinh ly thuyét cling nhu phan mém mé
phong tur truong.



CHUONG 2. MO HINH LY THUYET VA PHAN MEM MO PHONG

2.1. M6 hinh 1y thuyét
2.1.1. M6 hinh dong twong duwong

M6 hinh dong twong duong hay con goi la mé hinh dong Ampere [7, 8,
12, 13, 18]. Trong mé hinh nay, dé tinh toan tir truong duoc sinh ra boi cac nam
cham c6 tir d6 M nguoi ta coi nam cham la mot cudn day hoac mot sb cuon day
c6 hinh dang phu hop véi nam cham sao cho mé-men tir tong do cac cudn day
sinh ra tuong duong v&i mé-men tir du cua cA¢ nam cham.

o Id%

Hinh 2.1.Tzr trueomg do dong dién tron béan kinh R sinh ra tia diém P bat ki.

Vi dy, xét mot nam cham hinh tru c6 bér) kinh R, chiéu cao L va vecto tir
dd du poMg huong theo truc ciaa nam cham. B¢ xac dinh tu truong trong khong
gian xung quanh nam cham, ngudi ta s€ coi tu truong cho nam cham sinh ra
teong duong v6i tr truong do mot cuon day co ban kinh R gom N vong day,
chicu cao L c6 dong dién | chay qua sinh ra (xem hinh 2.1). Bé tinh tir truong do
cuon day nay sinh ra, trugc het 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 cé toa do (z; y; 2).

T trudng tong cong tai diém P do ca vong day sinh ra la:
B
_ HolR jzn Rzcos®'t + Rzsin®'] + (R* — Rxcos®' — Rysin@")k | (2.6)

0

 4m (RZ + x2 + y2 + z2 — 2R(xcos@' + ysin@'))3/2
Nhu vay, cac thanh phan tir truong tai diém P 1an luot 1a:
- Thanh phan tir truong theo truc OX:
UolRz (™ cos@’
X 4qm fo

400 @7)
(R + x2 + y2 4 z2 — 2R(xcos®' + ysin®'))?

- Thanh phan tir truong theo truc Oy:

IRz (%" sin@’ 2.8
By = '“(lm f 340 7
0 (R2+x2+y2?+ 22— 2R(xcos®' + ysin®"))?
- Thanh phan tir truong theo truc Oz:
uolR (2™ R — xcos®' — ysin®’
z = dg’
) ; (2.9)

(R + x%2 + y2 + z2 — 2R(xcos®' + ysin®'))?

+ Truong hop diém P nam trén truc cua vong day, tac diém P co toa do
(0; 0; 2):
4



IRz (*™ cos®'
AT Jo  (R2 4 22): (2.10)
IRz (™ sin®’ 2.11
B, = Ho j _dg’ =0 (2.11)
A Jo  (R2 4 22)2
_ HolR j‘Z” R 45 = Uol R?
2= ar ), (R + ZZ)% 2(R? + 72)3/2 (2.12)

Tiép theo, chling taxem xét tir truong do cudn day cé ban kinh R géom N
vong day, chiéu dai | c6 dong dién | chay qua sinh ra tai diém P cd toa d6 (X; y;
z) (hinh 2.2). Pé tinh tur truong do cugn day sinh ra, ta chia cuon day thanh vo
sb vong day c6 chiéu day dz’, mol vong day sé mang dong dién:

dI=ITdZ

(2.13)
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Hinh 2.2.Ter trieong do cugn day sinh ra tai diém P bat ki.
T trudng do ca cudn day sinh ra tai diém P 1a:
B
_ UoRNI (%" Rzcos®'i + Rzsin®'] + (R? — Rxcos®’' — Rysin@")k (216
~ 4ml jo (R% + x2 4+ y2 + z2 — 2R(xcos®' + ysin@'))3/2 J
+ Truong hop diém P nam trén truc cua cudn day, tac diém P cd toa do
0; 0; 2):

B ,uORZNIfl/Z dz'
Y s [(z — z')2 + R2]3/2 (2.17)

:ﬂoNI[ (é)—z 4 (é)_I—Z

21 2 l
\/(Z—é) + R? \/(Z+§)2+R2
Tiép theo, xét nam cham hinh tru c6 chiéu cao L, ban kinh R, dién tich

day A va tir &6 du M huéng theo truc ciia nam cham nhu hinh 2.3.Goi nla sé mé-
men tir ludng cucii ¢6 trong nam cham. T o M cua nam cham la:

I, ni (2.18)
M== =
VZ“ AL

]
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Hinh 2.3.Nam cham hinh tru c6 dé tir dur Mvéi n md-men tiruong cuc fi(a) va cac
dong dién twong duwong (b).
Tur truong do nam cham sinh ra nhu sau:
B
_ uoRNM fzﬂ Rzcos®'T + Rzsin®'J + (R? — Rxcos®' — Rysin®)k (2-2§
~4m )y (R?P+x%+y?+ 2% — 2R(xcos®' + ysin®'))3/2

Trong truong hop diém P c6 toa d 1a (0; 0; Z) thi cong thic (2.21) trg thanh:
L L
Cwm ()2 () +- | (2.22)
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2.1.2. M6 hinh tir tich
~ Theo md hinh nay, dé tinh tir truong do mot nam cham sinh ra tai mot
diém bat ki xung quanh nam cham ngudi ta coi tur truong 1a tap hop cua cac mo-
men tur ludng cuc m, moi mé-men tir ludng cuc nay s& sinh ra tai diém can xét
mot tir the [5, 7, 12, 13, 17, 18, 19, 20]:
JAGZ) = 1m-n (2.23)
AR

VGin 1a vecto don vi theo hudng cua X.
Tu treong do nam cham sinh ra tai diém P |a:

/,t M z+1L Z (2.28)
B, = —poVA = —2—( )
J(z—L)? + R? V2t R
(a) £ (b)
P
z
P .\—p—ﬁ;-
L o e _S\21%
[ -l = [p2+(z-2")2]%] /\1:12_2
N
r (J:im=MdV
g |

0

Hinh 2. 4.Nam cham hinh try véi vo sé phan ti tir dim (a) va so do tinh
toan tir thé do mét phan tiz tir dm sinh ra tai diém P (0; 0; z) (b).



D& dang thay rang hai phuong trinh (2.22) va (2.29) twong duong nhau,
chi sai khac nhau hé sé N (s6 vong day). Thuc vay, xét diém P nam tai tdm cua
mat trén cua nam cham, thi phuong trinh (2.22) trd thanh:

[ L L L L ]
oot G)-G)  G+E) | _wv L oo
z 2 2 2 2 2 1 p2
Je-7rm Jeoiom] 2 PR
2 2 2 2
va phuong trinh (2.28) tré thanh:
“ 2 \Vor+ Rz Jo-Lz+R)) 2 Jwr+r @ (230)

2.2. Phan mém mé phéng
2.2.1. Phan mém MacMMems

MacMMems la mot phan mém mé dugc xay dung dua trén mé hinh dong
tuong duong vaéi giao dién khd don gian cho phép nguoi dung xac dinh duoc
cuong do tir truong, cam ung tir do mot sé nam cham c6 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 tuong tac tur gitra cac nam cham vaéi nhau hoac gitra
nam cham végi cac phan tir co tir tinh.Phan mém c6 cac mo-dun riéng biét gidp
cho viéc thiét ké va tinh toan,téi wu hoa thoi gian tinh toan ngan.
2.2.2. Phan mém AnsysMaxwell

Ansys Maxwell 1a mot trong nhitng phan mém thuong mai phrc 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 so hé théng cac phuong trinh Maxwell, tic 14 sir
dung mo hinh tir tich dé xac dinh tir trudng do cac nam cham sinh ra.



CHUONG 3. KET QUA VA THAO LUAN

Trong luén van nay, chung t6i d@ m6 phong va tinh toan tur truong trong
khong gian xung quanh mét s6 vi nam cham NdFeB hinh try v6i 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. Céc két qua thu dugc cho biét tir trudng va su bién thién tir truong
trén bé mat cac nam cham ciing nhu su thay di cua cac dai luong nay khi thay
ddi 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 mé 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 bd tir truong xung quanh nam cham. Sau do 1a céc cau hinh
2x2, 3x3, 4x4 va 5x5 nam cham, dy la md hinh gdm cac nam cham glong hét nhau
sap Xep trat tu va tuan hoan. Trong tat ca cac mod hinh, cam tng tir du B ciia nam
cham déu duoc gia sir nam theo truc ctia nam cham (huéng theo truc Oz), chinh vi
vay cac tinh todn va mo phong dudi day déu tap trung vao thanh phan tir truong B, 1a
thanh phan song song veéi truc Oz va vudng goc véi bé mat nam cham.

3.1.1. C4u hinh 1x1 nam cham

Trudc hét, ching toi khao sat sy phan b tir truong trén bé mit cua mot
nam cham hinh tru. Bé thuc hién khao sat nay, ching toi thuc hién tinh toan cac
gia tri B, tai cac vi tri:

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

-Doc theo duodng thang di qua mép mat trén cta nam cham va song song
véi duong xi(duong X, trong hinh 3.1).

-Doc theo dudng thang song song vai dudng x; va cach x; mot khoang 2R
tai mot sé d6 cao d cach bé mit trén nam cham nhiing khoang 0, 10, 20, 40 va
100 um. Cac két qua thu dugc gom thanh phan tir truong B,, su bién cua thanh
phan nay doc theo cac dudng Xi, X2 va Xz (dB,/dy) va sy bién thién cua thanh
phan nay doc theo theo tryc z (dB/dz) dugc biéu dién dudi dang d6 thi.

X3
X

Hinh 3.1.Cdu hinh 1x1 nam cham tr va v; tri tinh ton tir frieong, sw bién thién tir treong.
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 mat nam cham. Theo hinh 3.2b
tai ngay bé mat cia 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
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Hinh 3.2. Tzr srrong thanh phan B, md phong dirot doc theo cdc dwong quét xq (a), X
(b) va x5 () tai cac do cao d khac nhau.

nam cham (y = + 24 um) B, max~0.32 T va cling dat gia tri cyc tiéu ngay tai viing
gan mép ngoai nam cham (y = = 26 pm) B, min~ - 0.18 T. Piéu nay duoc giai
thich boi duong suc tir do nam chém sinh ra la nhitng duong cong khép kin di ra
tr mat trén nam cham va di vao mat dudi nam cham, do do tai mép cia nam
cham c6 mat do6 duong stc tir I6n. O phi trong nam cham, cac dudng 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 huéng di xudng dé tré vé mat dudi nam
cham tao thanh nhimg duong suc khép kin nén B, dat cuc tiéu. Tai nhitng khoang
cach d cao hon, ching ta thay rang tir truong ¢ khu vuc phia trong nam cham Ién va
6n dinh trong khi & ngoai ‘mep nam cham thi tir truong giam gan nhu ngay vé 0 T.
Diéu nay duoc giai thich rang khi di ra xa mét trén nam cham thi cac duong strc thua
9




dan va gan song song véi nhau cho nén & nhing vi tri gan duong kéo dai cua truc
nam cham thi duong suc tir van con tn tai, con nhing vi tri xa truc cia nam cham
thi hau nhu khong ton tai dudng stc tir Vi & gan mép nam cham cac duong suc tir da
khép kin nén khong di ra xa khoi bé mit nam cham duoc.

Cac két qua khao sat doc theo duong quét X, (hinh 3.2b) cho thay ti
truong 16n nhat tai diém tiép xdc (y = 0 pm) véi nam cham va giam dan khi di
xa diém nay ca vé hai phia. Diéu nay phd hop véi thuc té cac duong stc tir chi
tap trung & st mép (vién) nam cham, con & nhiing vi tri xa mép nam cham theo
cac huéng trong mit phang Oxy thi duong stc tir khdng ton tai. Tai nhiing vi tri
ngay sat bé& mit nam cham (d = Opm), 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, chung ta thay khoang céch gitta diém cuc
dai va diém cuc tiéu ngdy cang ting, trong khi bién d¢ gitra hai gia tri cuc dai va
cuc tiéu ngay cang giam khi ting khoang cach d.

Hinh 3.2c cho thay mot két qua thi vi, d6 1a c6 su thay d6i diém cuc tiéu
thanh diém cuc dai tai nhimg diém cé thanh phan toa do y = 0 doc theo dudng
quét X tai cac d6 cao d khac nhau. Tai nhitng vi tri c6 d thap thi tir trudng gay ra
tai diém c6 thanh phan toa do y =0 chu yéu do su dong gop cuia cac dudng Stc
tir cong manh va huoéng Xu0ng dudi gan mép nam cham sinh ra do dé nhiing
diém nay c6 tir truong cuc tiéu, con nhing & 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 do
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 tru
thu dugc trong trudng hop nay phi hop véi su phan bé thuc té cua cac duong
suc tir xung quanh nam cham tru 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 phd hop gitra phan mém md phong MacMMems va mé hinh ly thuyét dong
turong duong, chung t6i da sir dung cong thire 2.22 dé tinh gia tri ly thuyét cua
thanh phan tir truong B, tai mot sé diém nam trén truc cua nam cham.

_ KM, () -~ N (5)+-

B, =
i ( —5)2+R2 (z +5)? + R?
z— >

Trong cong thuc trén, gbc toa do duoc dit tai truc caa hinh tru va & chinh
gitra hinh tru.Vi vay khi &p dung cong thac nay vai mo hinh nam cham cua
ching ta can luu ¥ chuyén doi tham sé do cao d trong mé hinh mé phong véi
tham sé z trong cong thic 2.22 cho phi hop. Cu thé véi d = 0 um thi z = L/2
um, d = 10 pm thi z = (L/2 + 10) pm,...Ngoai ra trong cong thirc 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 poM = Bg = 1.2 T. Hé s6 N trong
cong thuac trén 1a s6 vong day cua cudn diy c6 dong dién twong duong véi cam
rng tir du ctia nam chdm nhung vi chiéu day cua nam cham nho hon duong kinh
ctiia nam cham 10 Ian nén ta cd 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 ctia nam cham mét khoang d duoc tinh cu thé nhu sau:
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+d =0um:

G

)-25

(Z)+25

1.2
B,(2.5) =

_l_

+d =10 pm:

° _\/(2.5 - g)z + 252 J(z.s + g)z + 252
(g) ~125

(g) +12.5

|
‘l =~ 0.11766 T

~ 0.085434 T

+

1.2
B,(12.5) = —

+d =20 pm:

5
B,(22.5) = =2 (3) - 225

(g) +22.5

_\/(12.5 - 3)2 + 252 \/(12.5 + g)z +252|

~ 0.04915T

+

: l\/(22-5 - %)2 + 252 \/(22.5 + 2)2 +252|

Bdng 3.1. So sanh két qud tinh toan 1y thuyét thanh phan tir #rieong Bbang md hinh

dong véi két qua mé phang.

Két qua B, (mT)
d (um) Phan mém MacMMems M6 hinh dong
0 117.52 117.66
10 85.45 85.43
20 49.15 49.15

Céc ket qUa tinh toan ly thuyet nay dugc so sanh véi cac gia tri thu dugc
tur phan mém mo phong va dugc tong két trong bang 3.1. Tur bang so sanh ta
thay ket qua tinh toan tr mé hinh dong tuong duong va két qua md phong tir
phan mém MacMMems la giong nhau, qua d6 cho thay sy chinh xac cua phan
mém mo phong S0 v&i mo hinh Iy thuyét.

Cac két qua khao sat su blen thién thanh phan tir truong B theo y (dB,/dy)
va theo z (dB,/dz) thu duoc tur phan mém md phong duoc biéu dién trong hinh
3.3 va 3.4. Phu hop v6i sy phan bd caa mat o duong sac tir 12 nhiéu tai mép
cua nam cham va phl hop véi cac gia tri tur truong B, khao sat duoc o trén, su
bién thién caa thanh phan tir truong B, theo y va theo z 16n nhat & mép nam
cham trong truong hop khao sat theo duong quét x1 va dufcmg quét x2. Cu thé
V61 duong quet x1 thi de/dy va dB,/dz déu dat gla tri 16n nhat va nho nhit tai mep
nam cham va lan can mép nam cham trong khi & chinh gitra mat nam cham thi cac
gi tri ndy bang 0 hoac xap xi 0. Tai d = 10 pm, de/dymax ~ 6. 7><103 T/m va dB/dzmax
~ 2x10* T/m. Vi duong quét x2 thi ca dBZ/dy va dB,/dz deu bang 0 tai vi tri mep
nam cham, sau do tai nhimg diém Ian can mép nam cham vé ca hai phia thi gia tri
dB/dy va dB./dz dat cuc dai hodc cuc ticu nhung sau d6 lai nhanh chong giam vé 0
khi tiép tuc di xa mép nam cham vé 2 phia. Tai d = 10 um, dBy/dymax ~ 2.4x10° T/m
Va dB,/0Zmax ~ 2%10* T/m. Con trong truong hop khao sat theo duong quét xs, tai cac
diém c6 thanh phan toa do y =0 thi dB,/dy = 0 va dB,/dz la l6n nhat. Tir cac két qua
khao sat, ching ta cd thé thay tir truong B, va sy bién thién cua B, caa nam cham tap

11



trung cha yéu tai mép va 1an can mép nam cham trong khong gian ngay sat nam
cham, con ¢ khong gian xa nam cham thi tir twong B, chu yeéu tap trung ¢ truc cia
nam cham va hau nhu khoéng cé su bién thién cua B,.

—d=10pm —d=20pm —d=40pm —d=100um
0.010 . T T : . .

0.005 - .

0.000

dB /dy (T/um)

T

-0.005 .

-0.010 — —
-100 -50 0 50 100

y (um)

(a)

—d=10pm —d=20pm ——d=40pm

d=100um
0.004 : : .

0.002 B

z

dB_/dz (T/um)
o
o
S

-0.002 - -

-0.004 — —
-100 -50 0 50 100

y (um)

(b)
—d=10pm —d=20pm —d=40pm

d=100pm
0.0002 : . ‘ :

0.0001 B

0.0000

dB /dy (T/um)

-0.0001 - B

-0.0002 h . h .
-100 -50 0 50 100

y (um)

©)
Hinh 3.3. Si bién thién cuia thanh phan tir trirong B, theo y (dB./dy) md phong diroc
doc theo cdc duong quét X, (@), X2 (b) va Xs (C) tai cdc do cao d khac nhau.

12



—d=10pm — d=20ym —d=40pm d=100pm
0.04 T T T T T .

0.02 -

0.00 et =

dB,/dz (T/um)

-0.02 -

004 — 1. - :
-100 50 0 50 100

y (um)
(a)

—d=10pm — d=20pm —d=40pm d=100um
0.03 T T T T T T

0.02 -

0.01 -

dB /dz (T/um)

0.00

0.01 T — : :
-100 50 0 50 100

y (pm)
(b)
— d=10pm —d=20pm ——d=40pm

d=100pm
0.00050 T T T T T

0.00025

dB /dz (T/um)

0.00000

-0.00025 L ! L 1 4
=100 -50 0 50 100

y (um)

()
Hinh 3.4. Sir bién thién cuia thanh phan tr trirong B, theo z (dB,/dz) md phong duroc
doc theo cdc duong quét X, (@), X2 (b) va Xs (C) tai cdc do cao d khac nhau.
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3.1.2. Cau hinh 2x2 nam cham

Hinh 3.5.Cdu hinh 2x2 nam cham va v; tri tinh toan tir frrong, su bién thién tir rueong.

Truéc hét, ching t6i khao sét tir truong xung quanh cau hinh gom 2x2
nam cham hinh tru sap xép tuan hoan (hinh 3.5). Céc tinh toan, md phong gia tri
tir truong Bz va sy bién thién cua no theo y (dB,/dy) va theo z (dB./dz) bang
phan mém dugc thuc hién doc theo cac duong quét X1, Xz, X3 nhu trong hinh 3.5
tai cac do cao d (khoang cach tinh tir bé mat nam cham) khac 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 caa tir truong B, va gia tri cua su bién thién
cua B, doc theo duong quét x; va X, tai cac vi tri twong ang 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 d6 thi nay trong ciu hinh 2x2 nam cham déu xuét
hién thém céac dinh cuc dai, cu tiéu phi hop véi sy sap xép tuan hoan cia céc
nam cham. Riéng cac két qua thu duoc doc theo duong quét xs trong cau hinh
2x2 nam cham c6 su thay doi rd rét so voi cac két qua thu duoc trong cau hinh
1x1 nam cham. Cu thé vai gié tri B,, dB,/dy va dB,/dz tai céc vi tri doc dudng
quét X3 thu dugc trong cau hinh 2x2 nam cham I6n gap doi gia tri B, twong tng
trong md hinh 1x1 nam cham. Piéu nay dwoc cho 1a do ¢6 su téng hop rd rét
hon cua tir truong thanh phan caa bon nam cham trong md 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 la do c6 sy déng gop bat dbi xiing cua cac thanh phan tir truong cua
cac nam cham vao tir truong tong ¢ hai dau do thi.

Nhin chung, trong cau hinh 2x2 nam cham, tir truong va sy bién thién tir
treong trong khéng gian xung quanh cac nam cham va mép cac nam cham
khong c6 su thay ddi so véi cau hinh 1x1 nam cham. Tai nhiing vi tri trong
khoang tréng gitta bdn nam cham, tir tredng va su bién thién tir truong ting gp
d6i so véi cac vi tri twong ung trong ciu hinh 1x1 nam cham.Khéng gian tir
truong xung quanh cau hinh 2x2 nam cham ciing xuat hién nhiéu ving bién
thién tir trudng hon so vé6i cau hinh 1x1 nam cham.
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(c)
Hinh 3.6. Tzr truong thanh phan B, md phéng dueoc doc theo cdc dwong quét xq (a), X
(b) va x5 (C) tai cac do cao d khac nhau.
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Hinh 3.7. Si bién thién cia thanh phan tir trueong B, theo y (dB./dy) mé phong diroc
doc theo cdc duong quét X, (@), X2 (b) va Xs (C) tai cdc do cao d khac nhau.
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Hinh 3.8. Si bién thién cua thanh phan tir truong B, theo z (dB,/dz) mé phong diroc
doc theo cac dwong quét x; (a), X2 (b) va X3 (C) tai cac do cao d khac nhau.

3.1.3. Céu hinh 3x3 nam cham

Cac két qua khao sat thu duoc duoc thé hién bang cac db thi trong hinh
3.10, 3.11 va 3.12. V& co ban céc do thi thu dugc khong thay doi gi ca vé hinh
dang 13n gia tri so véi cac do thi twong u:ng thu duoc trong cau hinh 2x2 nam
cham. Thuc Vay, tir cac d6 thi ching ta co thé thay tu tru:ong B, su bién thién tor
truong dB./dy va dB,/dzdoc theo dudng quét x; déu dat gié tri cuc dai va cuc tiéu
tai nhirng vi tri lan 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 mMT, dB,/dyma ~ 6.7x103
T/m, dB,/dzmax ~ 2x10* T/m. Doc theo dudng quét X2 tai cac do cao d khac nhau,
tur truongB,, su bién thién tir tru:0’ng dB./dy va dB,/dzcling dat gia tri cuc dai va
cuc tiéu tai cac vi tri ngay st mép nam cham, vi tri diém cuc dai va diém cuc
tiéu 12 rat gan nhau.Tai khoang cach d = 10 um so véi bé mit nam cham doc
theo duong quét X1, Bz max ~ 30 MT, dB,/dymax ~ 5%10% T/m, dB /dzmax ~ 1x10*
T/m. Tuong tu, tai khoang cachd = 10 pm so véi bé mat nam cham doc theo
duong quét X3, Bz max ~ -11.25 MT, dB/dymax ~ 1.2x10% T/m, dB,/dzmax ~ 7.5%10°
T/m. Nhu vay, khong glan tur truong xung quanh CAu hinh 3x3 nam cham khong
thay ddi vé cuong do va mac d6 bién thién ma chi xuét hién thém cac ving bién
thién.

3.1.4. C4u hinh 4x4va 5x5 nam cham

Tiép theo ching tdi khao sét tir truong va su bién thién tir truong trong
khdng gian xung quanh cu hinh 4x4va 5x5nam chdm nhu hinh 3.13. Cac khao
sat duoc tién hanh doc theo cac dudng quét Xi, X» Va X3 tai mot sé do cao d
tuong tu nhu trong cau hinh 1x1, 2x2 va 3x3 nam cham.

Cac két qua khao sat thu duoc ddi vai cau hinh 4x4 nam cham duoc trinh
bay trong cé4c hinh 3.14, 3.15 va 3.16, cac két qua khao sat thu duge 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 dd mo phong ¢ trén.

z

@ ® o ® e
X ¥ W
, (a) (b) ,
Hinh 3.9.Cau hinh 4x4 (a) va 5x5 (b) nam chém va v; tri tinh toan ter truong, su bien
thién tur truong.

a) CAu hinh 4x4 nam cham

Cac két qua md phéng cho thay, vi tri, cuong d cling nhu khoang cach
gitra cac d1em cO gia tri tur 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 truong theo y, dB,/dymax, gid tri cuc tiéu
dB,/dy min cling nhu gia trj cuc dai cua su bién thién tir truong theo z, dB/dzmax,
gia tri cuc tiéu dB,/dzmin cling khong hé thay ddi so voi cac két qua twong Gng
thu dugc trong cac mo hinh khac d@ moé phong & trén.Vi du, tai khoang cach d =
10 pm doc theo dwong quét x1, dB,/dymax ~ 6.7x10% T/m, dB,/dymin ~ -6.8x10°
T/m tai nhitng vi tri ngay sat mép nam cham, dB,/dzmax ~ 2x10* T/m tai nhiing vi
tri & ngoai mép nam cham, cach mép nam cham 1um, dB,/dzmin ~ -2.7x10* T/m
tai nhirng vi tri & trong mép nam cham, cach mép nam cham 1um.
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b) Cu hinh 5x5 nam cham
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E 000} i
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(©)

Hinh 3.10. Tzr truong thanh phan B, md phong dirot doc theo cdc dwong quét X, (a),
X2 (b) va X3 (C) tai cdc do cao d khac nhau.
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Hinh 3.11. S bi¢n thién cia thanh phdn tir trieong B, theo y (dB./dy) md phong diroc
doc theo Cac durong quét x; (a), X2 (b) va Xs (C) tai cdc do cao d khac nhau.
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Hinh 3.12. Si bién thién cua thanh phan tir treong B, theo z (dB/dz) md phong diroc
doc theo cdc duong quét X, (@), X2 (b) va Xs (C) tai cdc do cao d khac nhau.

Cac két qua md phong thu dugc cho thay, viéc ting sé lugng nam cham
ma khong thay doi bt ki théng sé nao vé hinh dang, kich thudc cling nhu thudc
tinh tir caa nam cham chi gop phan gitp cho khong gian tir truong xung quanh
cac nam cham cd thém nhiéu ving tir truong bién thién qua d6 1am ting thém
C4c Vi tri 6 thé 1am vi tri 6n dinh cho cac dbi twong tir tinh néu & trong khdng
gian xung quanh cac nam cham nay.
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3.2. So sanh tir trudng va sw bién thién tir truomg bé mit ciia mot sé cau hinh nam
chim mé6 phéng dugc bang cac phan mém mo phéng va tinh toan ly thuyeét
3.2.1. Cau hinh 1x1 nam cham

4

x=0pum

X =25 um

Hinh 3.13. Cdu hinh 1x1 nam cham va cc v; tri khao sat tir trieong bang phan mém
Ansys Maxwell.

Trudc tién, chang téi thyc hién mo phong lai tur trudng xung quanh cau hinh
1x1 nam cham hinh tru nhu trong phan 3.1.1 bang phan mém md phong Ansys
Maxwell sir dung md hinh tir tich. Trong phan ndy ching t6i khao sat thanh phan tir
truong B; tai mot s6 diém dic trung nam trén tryc 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
duong thang song song Véi truc nam cham, cach nam cham maot khoang 2R (x = 50
um) theo cac khoang céach d khac nhau (hinh 3.20). Két qua thu duoc dugc biéu dién
bang cac d6 thi trong hinh 3.21. B thi trong hinh 3.21a cho thiy gia tri cua tir truong
B, tai cac diém nam trén truc caa nam cham giam khi khoang cach véi bé mit nam
cham ting. Gia trj cta tir trudng B; tai cac diém trén duong tiép tuyén voi nam cham
Va song song véi truc nam cham c6 mot diém cuc dai (Bz max ~ 75 mT) & do cao ~ 2.5
UM so véi bé mat nam cham (hinh 3.21b). Gia trj cua tir trudng By tai cac diém trén
duong x = 50 um ting dan trong dai khoang céch d dang xét. C6 thé thay rang, cac két
qua md phong thu dugc trong phan nay 13 hoan toan tuong dong vai cac két qua mo
phong & nhiing vi tri tuong dwong trong cau hinh 1x1 nam cham & phan 3.1.1.

Bdng 3.2.S0 sanh gia tri cuia tir truong B, tinh todn dwoc bang mé hinh dong va mo hinh tz
tich vdi gia tri B, m6 phong duroc bang cac phdn mém tgi mét s6 diém nam trén truc cua
nam cham hinh try day 5 pwm, dwong kinh 50 wm va dé tir die 1.2 T doc theo truc nam cham.

d (um) B; tinh toan ly thuyét (mT) B, md phéng biang phan mém (mT)
M® hinh tir tich | M6 hinh dong MacMMems Ansys Maxwell

0 117.66 117.66 117.52 108.27

10 85.43 85.43 85.45 78.97

20 49.15 49.15 49.15 45.04

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

B - ,uOM( z+L z )
© 2 JG+L)?+R* VZZ+R?

Ap dung cong thirc trén vao cau hinh nam cham cua chung t0i, véipM la
cam ung tu du Bg theo truc z cia nam cham, L la chiéu cao caa nam cham va
(z+ 5) chinh la khoang céch d tinh tir mat trén nam cham (vi trong mé hinh 3.20
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g6c toa do O nam ¢ tdm mat dudi cia nam cham). Nhu vay, tir truong thanh
phan B; tinh duoc tai mot so diém nam trén truc nam cham Ila:
+d=0um, tec z =5 pum:

12 0+5 0
= <\/(0+5)2+252_\/02+252
+d =10 pym, tc z = 15 pm:
12 10 +5 10
e <\/(10+5)2+252_\/102+252
+d =20 pym, tac z = 25 pm:
12 20 +5 20
== <\/(20 1572 +25 202 + 252

Nhu vay, c6 thé thay cac két qua tinh todn nay hoan toan phd hop véi céac két
qua tinh to4n bang mé hinh dong twong duwong va két qua md phong bang phan
mém MacMMems ¢ trén (bang 3.2).

Tur bang 3.2 chling ta thiy ring cac két qua mé phong duoc bang phan mém
Ansys Maxwell sai khac khoang 9% so vai cac két qua md phong duoc bang phan mém
MacMMems va céc két qua tinh duoc tir mo hinh Iy thuyét. Sy sai khéc nay khong c6
thé do viéc quy dinh cac thudc tinh vat Iy cho nam cham trong phan mém 1a chua thyuc
su chinh x4c, ciing nhu cac khoang chia lu6i trong phan mém 13 chua pht hop tét.

Bang 3.3 ciing cho thay hau hét céc gid tri B; thu dugc bang céc phan mem
md phong sai khac nhau trung binh 9%. Diéu nay cho thay glu:a cac phan mém c6
mot su sai khac nhat dinh phd hop véi thuc té rang cac phan mém mé phong dugc
xay dung trén cac mo hinh ly thuyét khac nhau. Tuy nhién su sai khac nay hoan
toan c6 thé thu hep lai bang cach diéu chinh cac thong sb tinh toan ph hop cho qua
trinh md phong. Nhu vay nhd ¢ cac phan mém mé phong ciing nhu cac gia tri tinh
toan ly thuyét chiing ta hoan thé co thé xac dinh duoc tir truong, su bién thién tur
truong do nam cham sinh ra tai nhitng diém xac dinh véi do chinh xac cao.
3.2.2.C4u hinh 2x2 nam cham

Tiép theo chdng toi sir dung phan mém mé phong Ansys Maxwell dé md
phong tir truong trong khong gian xung quanh cau hinh 2x2 nam cham nhu phan
3.1.2. Céc két qua thu dugc dugc 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 céch d = 0 pm). Hinh 3.22b mé phong mot mat cit cua khdng gian tir
truong theo mat phang Oyz. Tur hinh anh thu duoc, ching ta thay rang tir truong
chu yéu tap trung & mép cua cac nam cham va nhanh chéng suy giam khi di xa nam
cham theo moi huéng. Trong khdng gian xung quanh cac nam cham (d = 0 pm) tén
tai mot ving tir truong on dinh (Bz ~ 0 T) d6 1a khu vuc giita bdn nam cham, phu
hop Véi thuc té cac dudng stc tir 1a cac duong cong khép kin ngay sat bé mat nam
cham nén cac duong stc nay khong thé di ra xa mép nam cham. Tir cac két qua md
phong thu dugc, chung toi da rit ra gia trj cua tir truong Bz tai mot s6 diém trong
mo hinh nay dé so sanh véi cac két qua twong tng trong phan 3.1.2. Két qua so sanh

) ~ 0.11766 T

> ~ 0.085434 T

) ~ 0.04915T
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duoc trinh bay trong bang 3.3 va cho thy sy phi hop caa cac két qua md phong duoc

bang hai phan mém.

Bdang 3.3. So sanh céc gid tri B, tai mgt s diém trén bé mat nam cham trong cau

hinh 2x2 nam chdm thu dwoc bang phan mém mé phong.

- i Tir treongB; (MT)
Toa dd x (um) | D§ cao d (um) Ansys Maxwell MacMMems
0 108.271 115.18
10 78.97 83.27
0 20 45.04 47.30
40 13.75 14.63
100 1.38 1.97
0 -109.07 64.51
10 29.08 29.11
25 20 17.22 17.84
40 7.31 8.08
100 1.41 2.02
0 -21.34 -21.54
10 -13.92 -13.96
50 20 -5.27 -5.14
40 1.57 2.27
100 1.29 1.97
KET LUAN

Trong luan vin da thu duoc mot sb két qua nghién ciru chinh nhu sau:

- Nghién ctu cac md hinh ly thuyét dong tuong duong va mé hinh tir tich
dé tinh toan tur trwong trén bé mat vat liéu tir va nghién ciu cac phan mém mo
phong tr truong tuong ng.

- M phong su phan bé tir truong trén bé mat cac nam cham tur cang dang
tru NdFeB c6 ciu tric micro-nano, khao sat anh huong caa sé luong 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 vai gia tri cuc tiéu giam trong khi gia tri cuc dai it thay doi, gidp cho su
bién thién cua tir truong, cu thé s hang BVB (trong cong thirc tinh lyc tir) tang
1én. Két qua nghién ctru cho thdy BVE c¢6 thé dat gia tri ~ 6x10° T%m tai nhiing
vi tri ngay sat mép cac vi nam cham. Thanh phan B, cta tir truong va sy bién
thién cta thanh phan nay theo phuong song song v&i bé mit nam cham (dB,/dy)
gidm manh & nhiing dg cao cach bé mit nam cham (d) 16n, con bién thién cta B,
theo phuong vudng goc voi bé mit nam cham (dB,/dz) thay d6i it & nhiing do
cao d khac nhau.Nhu vay bang viéc ting s6 luong nam cham s& cho phép thanh
phan luc tir tao ra theo phuong vudng goc véi bé mit cac nam cham duge duy tri
¢ nhiing do cao cach bé mat nam cham 16m, 1a diéu kién can dé hut hoic déy cac
d6i tuong tir tinh ngay ca khi ddi twong & xa bé mit cac nam cham.
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