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Abstract

Recently, Hybrid Magnetic Bearings (HBMs) are being widely used in many devices because they have advantages of both active and passive
magnetic bearings. However, the way to combine effectively between permanent magnets and electromagnets always attracts many scientists.
This paper focuses on the performance of a four-pole hybrid magnetic bearing with auxiliary clearance and suggests a new innovative way
of using the magnetic gap. To evaluate the performance of these types of magnetic bearings, finite element analysis method (FEM) using
ANSYS was applied. In addition, the simulation results are also compared with the calculated results by the equivalent magnetic circuit
method (EMCM) to verify and give ideas to optimize the HMB. The evaluated results show outstanding advantages of the HBM using the

magnetic gap compared to the use of auxiliary clearance.
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Trong thoi gian gan déy céc 6 tir kiéu lai (HBM) dang dugc tmg dung
rong rai trong nhiéu thiét bi do chiing ¢4 kha ning két hop dugc wu
diém cua ca 6 tir cha dong 13n 6 tir bi dong. Tuy nhién véan dé két hop
mot cach hiéu qua gitta nam cham vinh ciru va nam cham dién ludn
12 bai toan dugc nhiéu nha khoa hoc quan tam. Bai béo nay tap trung
danh gia hoat dong ciia mot loai & tir kiéu lai bdn cuc c6 khe hé phu
va dua ra mot hudng cai tién mai 1a dung khe cach tir. Bé danh gia
duoc két qua hoat dong cua cac loai HBM nay thi phuong phap phén
tich phan tir hiru han (FEM) str dung ANSY'S duoc &p dung. Ngoai

ra, cac két qua md phong ciing dugc so sanh vai phuong phap mach
tir twong duong (EMCM) nham kiém chiing va dwra ra nhitng y tuong
ti wu hoa thiét k& nham nhim nang cao chat luong HMB. Két qua
danh gia cho thdy nhitng uu diém ndi bat cua phuong an dung khe
cach tir so véi phuong én dung khe hé phu khi thiét ké & tir chu dong
kiéu lai.

1. Phin mé dau

O d& tir 1a mot loai 6 d& ma c6 kha nang nang khong tiép xtc
cac truc chuyén dong nho vao lyc tir truong. Do giira truc quay
va phan tinh khong tiép xdc voi nhau, nén 6 da tir ¢ nhiéu
uu diém ndi bat ma vong bi co khong c6 dugc nhu khong c¢6
ma sat, hao mon, khéng can chit boi tron va kha nang kiém
soat dugc trang thai lam viéc [1,2]. Két qua Ia 6 d& tir c6 thé
lam viéc & cac moi truong khac nghiét nhu rat nong, rat lanh
hoic chan khong ciing nhu c6 thé lam viéc véi tde do rét cao.
O d& tir ¢6 3 loai co ban la 6 d& tir bi dong (PMB), 6 d& tir chit
dong (AMB) va 6 d& tir kiéu lai (HMB). Véi 6 d& tir bi dong
thi luc nang duoc sinh ra nho cac nam chém vinh ctru. Do d6
kiéu 6 do nay don gian va khong tiéu thy nang luong nhung
khéng cho phép kiém soat dwoc luc nang. Véi 6 do tir chu
doéng thi lyc nang dugc sinh ra béi cac nam cham dién, va nho
vao viéc két hop véi cac cam bién va bo diéu khién thi luc
nang hoan toan cd thé dwoc kiém soat. Tuy nhién nhugc diém
I6n nhat cia 6 d& tir chi dong 1 ton hao ning lugng Ion. O
dd tir kiéu lai 1a sy két hop cau tric gitra 6 tir chu dong va bi
dong dé vira d&am bao kha nang kiém soét luc nang ciing nhu
dam bao hiéu suit cao[3,4]. Mot kiéu ciu tric cua 6 d& tir kiéu
lai dugc thé hién trong [5,6], trong d6 dong tir thdng tan va
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dong tir thong diéu khién chia sé véi nhau cing mot duong
dan, didu nay c6 thé dan dén bdo hoa va lam cho tén hao 16n.
Mot hudng nghién ciiu vé cau tric khac cia HMB 1a tao ra
luc xuyén tam truc rotor [7,8]. Véi cau tric ndy, tir tan dugc
tach ra khoi tir thong diéu khién, tao ra hai dong dich chuyén
cua tr thong xuyén tam va huéng doc truc. Tuy nhién qua
trinh kiém soat va diéu khién phwc tap vi mach tir gdm nhiéu
vong tur thong moc vong theo cac hudng doc va ngang truc.
Nhu vay véi hai cau trdc trén caia HMB, ta d& dang nhan thay
mot van dé phd bién 1 1a cac mach tir cua cac kénh doc va
ngang truc dan xen véi nhau, anh huong lan nhau, diéu nay
1am kho khan cho qua trinh mé hinh héa va xay dung hé thong
diéu khién én dinh va chinh xac.

Dé khac phuc cac nhugce diém trén thi hudng nghién ciu dang
dugc nhiéu nha khoa hoc quan tam d6 1a thiét ké mot cau tric
HMB méi trong d6 mach tir theo hudng x va y déc lap vai
nhau. Vi ciu trlic ndy 6 tir thuong c6 4 cuc dé kiem soét céc
phuong chuyén dong x vay. Ngoai ra, trén mdi cuc s& dugc
bé tri thém céc phién nam chdm vinh ctru dé hd tro luc nang
nham giam dong dién chay trong cac cudn day caa cyc tir. CO
hai dang cau trdc phd bién hién nay d6 1a dang khéng c6 khe
hd phu va dang c6 khe hé phu quanh khu vire bé tri nam cham.
Trong d6 loai c6 khe hé phy (hinh 1) duoc cho 1a ¢6 nhiéu wu
diém hon nhu tiét kiém nang luong, luc hat tuyén tinh va dap
ting chinh xéc [10]. Tuy nhién viéc xuét hién khe ho phu bang
khong khi lai co kha nang gay ra tir thdng tan xung quanh khe
ho nay.

Bai b&o nay sé xay dung phuong phap danh gia hoat dong cua
loai HBM c6 khe hé phu thdng qua ca phuong phap mé phong
phan tir hitu han va phuong phap mach tir truong duong dé tir
d6 dua ra phwong an cai tién phu hop hon cho thiét ké HBM.

Stator

Khe hé
khong khi phu

Nam chidm
vinh citu

Gong thép
dan tir

H.1 M6 hinh HBM c6 khe hé khdng khi phu

2. Phan tich tinh toan HBM véi khe hé khong
khi phu

2.1. Tinh toan mach tir twong duwong

So d6 cau tric 1 cuc cia HBM 4 cyc c6 khe ho khdng khi phu
dugc mo ta chi tiét nhur trong hinh 2. Do tinh doc lap tir thong
gitta cac kénh x va y hay noi cach khac 1a khong co su xen
kénh nén dé thé hién nguyén ly hoat dong ta s& phan tich cu
thé mot kénh, cac kénh con lai Ia twong tu. O day ta s& phan
tich kénh x bao gdbm 2 cyc tir d6i xtng, rotor dich chuyén di
I&n mot khoang x theo chiéu dwong cua truc x nhu trong Hinh
3.

Khe he k_honf: khi phuy

]
-

Mot cuc tir cua HMB khe hé khong khi phu
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|1 opye |
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H.3  Rotor dich chuyén lén mét khodng x theo chiéu (+x)
Gia dinh ¢ trang thai rotor can bang chinh gitra, khoang cach
khe ha khong khi gitra rotor vai ting cuc tir 13 bang nhau va
bang xo. Rotor dwgc gitr bai tac dung luc kéo cua cuc tir phia
trén va luc kéo cua lyc tir phia dudi sao cho tong lyc tac dung
I&n rotor 1a bang khong. Khi rotor bi tac dong dé dich chuyén
I&n 18n mot khoang x theo chiéu +x, khi d6 khoang cach khe
hé khéng khi theo chiéu +x s& nho 1am tang mat do tir thong
va luc tir. Ngugc lai mat do tir théng va luc tir theo hudng
nguoc lai -x s& giam. Khi d6 luc tir tong hop 1én rotor s& cang
lam cho rotor dich chuyén thém theo huéng +x. Llc ndy cac
cam bién khoang cach s& nhan dwoc su dich chuyén va truyén
tin hiéu dén hé théng diéu khién va hé thong diéu khién s&
Xuat mot dong diéu khién Ién cudn day diéu khién twong ung.
Cu thé & day 14 s& ting dong diéu khién & cudn day phia dudi
va giam dong diéu khién & cuon day phia trén mot luong co
gia tri i. Khi d6 mat do tir thong va luc tir & khe hé phia trén
s& giam va ¢ khe ho phia dudi s& tang. Két qua la rotor s& duoc
kéo xudng dudi tr vé vi tri can bang chinh giira ban dau.

Dé xay dung mach tir twong duong cho HMB khe ho khong
khi phu ta chia tir thong qua mach tir béi hai ngu0n Ngudn
thir nhét 1 do nam cham vinh ciru (Hinh 4), nguén thir hai do
suc tir dong caa cudn day tao ra (Hinh 5).

Fpm
Rpm Bpx

Rx+ Rx+

H. 4

Mach tir twong dwong do nam cham
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V6i Rpm 12 tir tré cia nam cham, Ry 1 tir tré cua khe ho cuc
tir vai rotor. Bo qua tir trg cua gong thép, tong tir tré ¢ thé
duogc xac dinh theo:

2X%—x )

Ho A
véi A la dién tich tiét dién cuc tir phan khe ho khéng khi.
Tir théng:
F F

o =" — pm
PR, Ry 206 —X) A

Rpm

RPX = Rpm +2RX+ = Rpm +

@

Dex

i« 2
Rag
NIx/2 —— NIx/2

H.5  Mach tir twong duong do cugn day
Tong tur tro:
R R

pm”"ag

cX R +R X+ R +R

pm ag pm ag
Rag 12 tir tré cia khe ho khéng khi phu
Tu thdng:
NI

x5
R

2 %, —X

Ho A

pm Rag

®)

N (iOX + Ix)
RonRag | Ry +Rug) +2(% —X)/ p1pA

4
Luc tir cua cyc tir phia trén tac dung I&n rotor bang tong lec
tir do tur thdng nam cham va cudn dy sinh ra dugc tinh nhu
sau:

2
F = 2¢px 4 2¢c2x

X - (5)
" LA oA
Thay (3) va (4) vao (5) tinh duogc:
2:UOAFpm2 ZHOA[N i0x+ix r

X+ 2 2
[MOARpm+2 X07X] {N{)ARmeag/ Rpm+Rag +2 XO_X]

(6)
Thuyc hién tinh toan tuwong ty dugc lyc tir cia cyc tir phia dudi
tac dung Ién rotor.

e kAR 20,AN iy, i, |

T ARy, 12 %+ x | [HOARWR&Q/ Rom + Ry +2 % +X r

, (7
Tong hgp luc tac dung Ién rotor theo phuong X,
F=F, F,_ @

2.2. Phan tich tir hitu han va kiém chiing

Phuong phap phan tir hitu han dugc ap dung rong rai trong
phén tich va nghién ciu vé 6 tir boi tinh chinh xac va truc
quan. Do vay két qua tinh toan c6 thé duoc sir dung dé kiém
chitng cho phuong phép tinh toan mach tir tuong duong.

Céc théng sb chinh caa HMB cd khe ho khéng khi phu dugc
thé hién trong bang:

Bdng 1. Thong sé kj thugt ciia HBM

Kich thuéc Stator DxRxC(mm) | 210x210x60
Kich thuéc gong DxRxC(mm) | 60x60x20
thép dan tur

Kich thuéc nam DxRxC(mm) | 5x5x20
chém

buong kinh Rotor Dr(mm) 41

buong kinh trong Ds(mm) 43

Stator

Khdi lwong Rotor m(kg) 0.9

S6 vong day/cudn N/2(vong) 200

Khe ho phu G(mm) 1

Tiét dién mat cat A 400

khé hé khong khi

Nam cham vinh ciu NdFe30
Vit liéu thép Steel-1008
Vit ligu cuon day Pong

Vit liéu khe cach Nhém

tir, khung Stator, 16i

Rotor

Moi trrong xung Chén khéng

quanh

M6 hinh phan tir hitu han 3D dwoc xay dung bang céch sir

dung ANSYS 17 duoc thé hién nhu trong hinh 6.

[teslal

4.2719

@.2616

@.9160

a.0016

H.6

0 30

Két qua mé phéng FEM ciia HBM ¢6 khe hé khéng khi phu
Thong quan viéc moé phong nay, két qua phan tich lyc theo d6
dich chuyén cua rotor va theo dong diéu khién ctia mot cuc tu

60 (mm)

thu dugc nhu Hinh 7 va Hinh 8.

12

Force [N]
[ =]

-

-8

-12 | | | T T T T i
04 03 02 01 00 01 02 03 04

% [mm]

H.7  Lyc huong tam bién déi theo dg dich chuyén rotor
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H.8  Luc hudng tam bién déi theo dong dién diéu khién
Do cung dich chuyén Ky va do ctimg dong dién Kix cua HBM
khe ha khong khi phu dugc tinh dya theo két qua tham chiéu
tai Hinh 7 va Hinh 8 twong ung la:
F, (0.1mm) — F, (—0.1mm)

K, = =19947(N/m)  (9)
0.1+0.1
_ROSA-FREO0SN 00 in g
0.5+05

Luc nay phuong trinh tuyén tinh hoa cua HBM khe ho khong
khi phu c6 thé viét nhu sau:
F, =31.9i, +19947x (11)
Dong khai dong nho nhat dé nang rotor tir vi tri 6 d& phu céch
tam 0.4mm la:

= —F (-04mm) + mg _ —19947(-0.4) 49  0532A

319 319
12)

Dong dién nang téi thiéu dé giir rotor ¢ vi tri can bang tir -
0.1mm téi Imm:

i _ —F(-0dmm)+mg _ —19947(-0.1) 49

K 31.9 B 31.9

=0.345A

(13)
Théng qua céc két qua trén d& dang nhan thiy HBM véi khe
hé phu ¢6 gid tri lyc hat ddy tuyén tinh dap wng tét trong mién
1am viéc vai khoang dich nho (-tir 0.1mm t6i 0.1mm) va mién
dong diéu khién thay ddi (tir -0.5A t6i 0.5A). Ngoai ra do
tuyén tinh cao con giup qua trinh didu khién tro nén dé dang
hon va hé s& dat d6 6n dinh hon. Tuy nhién mé hinh 6 tir V6i
khe ha khong khi phu van con mot han ché d6 1a tir théng tan
tai vi tri khe hd khong khi phu nhu trong hinh 6.
Dé khic phuc nhuoc diém ndy tac gia dé xuit mot mot mo
hinh HBM khong dung khe hé khdng khi, thay vao d6 1a mot
khe cach tir 1am bang vat liéu phi tir tinh.

3. Phan tich va tinh toan véi HBM dung khe
cach twr

3.1. Céu tao ciia HBM dung khe cach tir

Cau tao cia HMB véi khe cach tir dugc thé hién day du trong
hinh 9. Loai HBM nay bao gdm bén cyc, bén nam cham vinh
ctru, mudi hai cudn day didu khién ghép cip tao thanh bbn cap
cudn day diéu khién doc 1ap véi nhau. Mai cuc tir gan bai mot
phién nam cham vinh ctru (mau d6) & giita cua gong thép dan
tir bén trong va dugc ngan cach véi phan gong thép dan tir bén
ngoai bang hai tim cach tir (mau trang) lam bang vat ligu phi

tir tinh ¢6 tac dung ngin cach dé han ché cac dong tir thong
tan cta nam cham vinh ctru. Nam cham vinh ctru duoc lam tur
vt liéu dat hiém NdFe35, tir héa cua nam cham vinh ciru theo
huéng doc truc. Bn cuc tir dwoc gén déi xing nhau vao
khung stator bang vat liéu hop kim nhém cé d6 bén co hoc
cao. Rotor la vong thép dan tir (mau tim) c6 16i la vat licu
nhém dé tranh cac dong tir thdng tao ra ¢ cac cuc khdng gay
nhiéu nhau trong rotor.

3.2. Nguyén ly lam viéc caa HBM dung khe céch tir
Do tinh d6i ximg va ddng bo cua cac cuc tir nén ¢ day tac gia

s& thé hién duong tir thdng mach tir caa mot cyc tir nhu Hinh
10.

Tir thong
nam cham

T thong
diéu khién ]
|II

|

H.9  Tur théng cia HMB véi khe cach tir

Nguyén Iy 1am viéc cia HBM véi khe cach tir vé co ban gidng
v6i HBM dung khe ha khdng khi phu. Biéu khac biét 1a duong
tir théng sinh ra béi nam chdm va cudn day di trong mach
dugc théng sudt hon véi cac duong chung va duong riéng
biét. Puong mau do biéu dién tir théng cua nam cham vinh
ctru. Cac duong mau vang biéu dién tir thong diéu khién do
c4c cuon day sinh ra. Trén thuc té tir théng do cudn day diéu
khién sinh ra mot phan ciing di cing duong ¢ gitra voi tir
thdng caa nam cham vinh ctu.

3.3. Tinh toan theo mach tir twong dwong

Tir théng trong cuc tir dugc chia 1am hai phan, phan tha nhat
di qua phan giita cyc tir 6 gén nam chdm vinh ctru @i va phan
thir hai di qua phan ngoai cua cyc tir khéng ¢6 nam chiam vinh

Cliu @o. Mach tir twong duong cua timg phan dwoc thé hién chi
tiét trong céc hinh 11 va hinh 12.

Rpm Flpm Dix

Rx+ Rx+

NIx/2 NIx/2

H. 10 Mach tir phén giita ¢6 nam chdm vinh civu
Véi Fpm 12 strc tir dong cua nam chdm vinh ctru
NIx/2 |4 strc tir dong cua cudn day diéu khién mdi bén
Rpm la tir tré caia nam cham, Ry [a tir tro ctia khe ho khdng khi
gitra cyc tir va Rotor.
Téng tir tro:
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2 X, —X
Ry = Rpm +2R,, = Rpm +—
Ho A (14)
Dox
[ !
NIx/2 —— NIx/2
Rx+ Rx+

H. 11 Mach tir phin ngoadi khéng c6 nam cham vinh ciru

Aila dién tich tiét dién trong chl’rg nam cham. Ai=kiA vdi A la
tong dién tich tiét dién cuc tir phan khe ho khéng khi.

2 Xy —X
Rix = Rpm A
Hoki A (15)
Tu thdng:
Pt NIX Py N +iy) .
IX R R

X X
N 1 téng s vong day caa 2 cudn day hai bén cuc tir. io 12
dong dién diéu khién tai vi tri rotor nam cén bang chinh giia,
ix 1a lwong thay d6i cua dong dién khién khi rotor dich chuyén
1én mot khoang x.
Téng tir tro:

2 Xy —X
X+

oAy (17)

Ao 1a dién tich tiét dién ngoai khéng chira nam cham. Ag=koA
v6i A la tong dién tich tiét dién cuc tir phan khe hé khéng khi.

R, =2R

'0X

2 X, —X
Rox =T LA
HoKo A (18)
Tu thdng:
NG i
= _ Nllox 1) (19)

R R

0X 0X
Luc tir cua cyc tir phia trén tac dung I&n rotor bang tong lec
tir do tir théng phan gitra cuc tir chira nam cham va phan ngoai
sinh ra. Khi @6 hec tir dugc mé ta nhu sau:

2 2
F . 2¢| 2¢0x

=T
HoA 1A (20)
Thay (15),(16) va (18),(19) vao (20) tinh duogc:
B ZMOkiA[Fpm +N g, 41, ]2 i Ko A N (igy +1y) ’
U ok ARy, 42 3 —x | 2% -x’ 1)

Thuc hién tinh toan twong tu duoc luc tir cta cyuc tir phia dudi
tac dung Ién rotor.

- - 2 - -
2k APy N g, i, | koA N, —i)°

oK ARy +2 x0+x}2 2 % +x°

(22)

Tong hop luc tac dung Ién rotor theo phuong X,

Fo= Fx+ -k ‘ ’ (23)

Thay (21) va (22) vao (23) roi tuyen tinh hoa duge phuong
trinh tuyén tinh héa luc tac dung Ién rotor.

OF, i OF,

ol li_o X
ix=0 "x iy=0
Ii, o X o

F, ~
(24)

H¢ s6 dau ctia phuong trinh (24) 1a hé s6 do ctmg dong dién
Kix , hé€ s0 thu hai lérhé s0 d6 cung c}ich chuyén ngang truc Ky
cua HMB duoc tuyén tinh hoa ra két qua sau:

8)u‘Oki AN Fpm + NiOx ZﬂokoANziOX
ix — 2 2
Hoki AR+ 2X, X (25)
)
16110k A Fop +Nigy, ~ 2410k, A Ni, -
x T 3 3
Lok AR+ 2X, ) (26)

Vay phuong trinh tuyén tinh héa lyc tir theo truc x xéac dinh
nhu sau:

Fx ~ Kixlx - Kxx (27)

Hé sb do cung QOng dién Kix va hé sb do cung dich chuyén
ngang truc Ky thé hién truc quan kha nang chiu tai ngang truc

va d6 6n dinh cia HMB.
3.4. Tinh toan theo phan tich phan tir hiru han

Céc thong sé chinh cia HMB dung khe céch tir vé co ban la
gidng véi HMB khe ho khong khi phy, diéu khac biét 1a khe
ho khong khi phu dugc thay bang mot khe cach tir doc cuc tir
véi do day 2.5mm

H.12 Két qua mé phong HMB khe cach tir bang phirong phép
phan tur hitu han
Mo hinh mé phong phan tir hitu han 3D dwoc xay dung bang
cach sit dung ANSYS 17 cho HMB dung khe cach tir dugc
mo ta chi tiét trong hinh 13. Chon tinh ning chia Iu6i thich
nghi tu dong, ludi nay s€ dugc b gidi tu dong chia lai néu
nhu khong dap tng duoc cac yéu cau cta bo giai.

BO — vt :

Curve Info
— FEM
— EMCM

40 —

fwd
=
|

Force [MN]

-10 T T T i
0.0 05 1.0 15 20
Current, i [A]

H. 13 Luec hit cua cuc tir phia trén lén rotor irng voi x=-0.4mm




Measurement, Control and Automation

27

Khi cum rotor & trang thai ban dau né duoc hd tro bai cac 6
truc phu va su dich chuyén huéng tam x=0.4 mm. O trang thai
khoi dong, dong khoi dong téi thiéu dé dua rotor 1én vj tri
chinh gitra xuyén tdm dugc xac dinh thong qua khao sat dong
dién dua vao cuc tur phia trén dé nang duoc rotor vai khi
lwong 0.9 kg 1én vi tri chinh gitra xuyén tam. Theo két qua
Hinh 14 dong dién khoi dong tbi thiéu i=1 A vi tai gia tri do
lyc hat cta cyc tir phia trén tuong ng 1 10N 16n hén trong
luong cua rotor. Tir d6 ta ¢ thé ude lugng so bo gia tri dong
dién dat khi rotor tai vi tri chinh gitra la: i,=i/2=0.5A.

M&i quan hé cua lec huéng tdm Fy véi dong dién diéu khién
ix va luc huéng tdm véi do dich chuyén hudng tdm x xéac dinh
theo phuong phap tinh toan mach tir tvong duong va phuong
phap md phong phan tir hiru han dugc thé hién trong Hinh 15
va Hinh 16.

A e .
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H. 14 Luc hudng tam bién déi theo dg dich chuyén Rotor

Két qua phan tich chi ra riang két qua tinh toan theo phwong
phap mach tir trong duong nhat quéan véi két qua moé phong
FEM. Ngoai ra HMB véi khe céch tir c6 méi quan hé tuyén
tinh cao gitra lyc hudng tdm véi dong dién diéu khién va luc
huéng tdm véi do dich chuyén trong khoang (-0.1mm téi
0.1mm). Do cung dich chuyén Ky va do cing dong dién Ki
duoc tinh dya theo két qua tham chiéu tai Hinh 15 va Hinh 16
twong ung la:

F, (0.1mm) — F, (—0.1mm)

K, = —20368(N/m)  (28)
0.1+0.1
F (0.5A)—-F, (—0.5A
_ROSA-REOSA a0/ o)
0.5+0.5
20 - Cavoinio b - i
16 — FEM
— EMCM
Z
T T T T T T T T
05 04 03 02 01 00 01 02 03 04 05

delta i [A]

H. 15 Luc hudng tam bién doi theo dong dién diéu khién

Luc nay phuong trinh tuyén tinh héa (14) c6 thé viét nhu sau:
F, =38.8i, +20368x (30)
Dong khai dong nho nhit dé nang rotor tir vi tri 6 & phu cach
tdm 0.4mm la:
. = —F (-04mm)+mg _ —20368(-04)°+9 _ .-,
38.8 38.8
o @D
Dong dién nang toi thiéu dé giwr rotor & vi tri can bang tur -
0.1mm téi Imm:
. _—F (—0.Imm)+mg  —20368(—0.1) *+9
K 38.8 B 38.8

=0.284A
(32)

4. So sanh HBM Kkhe hé khong khi phu va
HBM khe hé cach tir

Trong phan nay chlng ta s& so sanh kha niang lam viéc cua
HMB khe hé khéng khi phu vai HMB khe hé céch tir da duoc

tinh toan chi tiét trong cac phan trén.
12 —

Farce [M]
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I Luc tir HMB c6 khe h¢ khdng khi phu

Luc tr HMB c6 khe ho cach tir
H. 16 So sanh HMB khe ho cach ti va AHMB khe ho khong khi
phu - Luc hudng tam bién déi theo dg dich chuyén Rotor

20
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delta i [A]
I Luc tir HMB c6 khe h¢ khdng khi phu
Luc tir HMB ¢6 khe ho cach tur
H. 17 So sanh HMB khe ho cach tir va AHMB khe ho khong khi

phu - Liec hueéng tam bién déi theo dong dién diéu khién
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Diéu kién tién quyét dé so séanh Ia cac théng sb co ban cua hai
loai HBM tuong duong, chi cd sy khac biét 1a & HBM khe hé
khdng khi phu cé xé mot khe hé khong khi do day 1mm tai vi
tri nam chdm vinh ctru va gong dan tir s& 12 mot khdi thép
ddng nhat chir khong ngan cach boi khe cach tir nhu 6 HBM
duing khe ho céch tir. Cac két qua thu dugc dugc tong hgp nhu
trong Hinh 17 va Hinh 18.

Téng hop két qua (9,10,12,13) va (28,29,31,32) dugc bang
thong s6 hiéu suat hai loai HBM nhu sau:

Bang 2. Két qua so sanh cé4c thdng s cua hai logi HBM

Théng sb HMB khe ho HMB khe
khéng khi phu | cach tir

Do cing Ky (N/m) -19947 -20368

Do cung Kix (N/A) 31.9 38.8

Dong khéi dong nhe | 0.532 0.442

nhét (A)

Dong dién treo téi da | 0.345 0.284

Ta dé dang thiy do6 cang dich chuyén cia HMB khe ha cach
tir nho hon HMB khe ho khdng khi phu nhung dbi lai d6 ciing
dong dién lai I6n hon nhiéu (khoang 22%) vi vay din dén hiéu
suit dong dién khai dong cia HMB khe cach tir 14 loi hon
0.442A so vai 0.532A cua HBM khe hg khong khi phy. Ngoai
ra dong dién treo tdi thiéu cua HMB khe céch tir chi 12 0.284A
S0 vai 0.345A cua HBM dung khe hé khéng khi. Noi cach
khac 1a nang luong tiét kiém dugc caa HMB khe céch tir so
véi HMB khe ho khong khi phu 1a khoang 18% trong sudt qué
trinh hoat dong.

5. Kétluan

Bai b4o nay trinh bay chi tiét v& danh gia hoat dong cua loai
HBM c6 khe ho khong khi phu va dua ra phuwong an cai tién
thanh khe cach tir str dung vt liéu cach dién dé giam tir thong
tan. Thong qua két qua tinh toan theo phuong phap mach tir
tuong dwong va md phong phan tir hitu han cho thay loai
HBM dung khe céch tir c6 nhiéu wu diém nhu d6 ciing dong
dién I6n, lyc hudng tam cao, dong dién khoi dong nho va nang
luong tiéu hao trong qua trinh hoat dong giam so vi mé hinh
HMB khe hé khdng khi.
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