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PHAN TiCH ANH HUGNG GI'A DAY QUAN STATOR
VA MAT D0 TU THONG DEN DIEM LAM VIEC
CUA NAM CHAM TRONG QUA TRINH QUA B0

ANALYSIS OF THE EFFECT BETWEEN THE STATOR WINDING AND THE MAGNET'S MAGNETIC FIELD DENSITY

ON THE WORKING POINT DURING THE TRANSITION

TOM TAT

Trong bai bdo nay, cac ddc tinh dién tir ddng co mot chiéukhdng chdithan
rotor ngoai dugc phan tich va md hinh hda. Mat do tir thdng tai diém lam viéc
clia nam chdm ¢6 anh hudng dang k€ khi tuong tac truc tiép véi dong dién phan
(ing d€ tao ra md-men xodn. Mt do tir thong tai diém lam viéc dugc phén tich
theo dc tinh vat liéu tir tinh va s6 lugng thanh dan trong déy qudn stator dong
0. (4 hai yéu t6 déu la nhiing dai luong can thiét dé dy doan chinh xac su phan
bo tr thong va mo-men khi bi khir tir. Cac tac gid tap trung phan tich mat do tu
théng nam cham tai diém lam viéc d€ han ché nquy co khi tir hoan toan dan dén
hu hong nam cham. Phuong phap phan tich phan ti hitu han (FEM) duoc st
dung dé xac minh md hinh phan tich. K&t qua thu duoc 13 yéu to then chét trong
viéc thiét ké, lua chon toi uu nam cham.

Tir khéa: Dong co mét chiéu khéng chdi than, mat do tir thong tai diém lam
viéc ctia nam chdm, thanh dan, vt liéu tir cing, khi ti.

ABSTRACT

In this paper, the electromagnetic properties of external rotor permanent
magnet motors are analyzed and modeled. The magnetic flux density at the
magnet's working point has a significant effect when interacting directly with
the armature current to produce torque. It is analyzed according to magnetic
material properties and number of conductors in the motor stator windings.
Both factors are required to accurately predict the magnetic flux and moment
distribution when demagnetized. The author focuses on analyzing the
magnetic flux density at the working point to limit the risk of complete
demagnetization leading to motor damage. Finite element analysis (FEM)
method is used to verify the analytical model. The obtained results are a key
factor in optimal magnet design.

Keywords: Brushless direct current motor, the magnetic flux density at the
magnet's working point, conductor, hard magnetic materials, demagnetization.
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KY HIEU
Ky hiéu | Don vi Y nghia
o, Wb CNC?auS:nii(nggnciuy déi tur théng
R, 1/H | Tu tré phan goéng rotor
R 1/H TU trd gong stator
R, 1/H TU tré cla nam cham vinh cliu
R, 1/H | Tu trg khe ha khong khi
TU tré do tu théng tdn moéc vong
R; 1/H gitra hai nam cham, khéng di
qua cyc stator
R 1/H | Tutrd cuc tu stator
F, A.vong | Surc tlr ddng ctia day quan stator
T, Thanh | S6 thanh dan trong mot ranh
d mm | Dudng kinh day dan
UCLN - Udc s6 chung 1én nhat
BLDC - Brushless DC Motor - Déng co
mét chiéu khéng chéi than.
1. GIGI THIEU

Nhiing ndm gan day déng co nam cham vinh clu da
phat trién manh mé va ing dung trong nganh céng nghiép
cling nhu cac thiét bi gia dung [1,2]. M6t trong nhing van
dé ma loai ddng ca nam cham vinh ctiu nay cé lién quan
dén su khur tir gay ra bai cac diéu kién nhu tir trudng manh,
nhiét d6 lam viéc cao, Ung suat ca hoc cao hoac su két hop
cla cac yéu to lai véi nhau [3,4]. Hién tugng nay anh hudng
dén cac dac tinh hoat dong cta déng co nhu mat d6 cong
suat, mé-men dau ra va nd clng lam tang mo-men dap
mach [3-6]. Phuong phap thiét ké déng ca BLDC hién nay
chi tap trung tai diém lam viéc dinh muc. Vi vay cc tai liéu
thiét k& thudng bo qua phan tich anh hudng ctia phan tng
phén (ing. M6t s6 nghién clu da dugc thuc hién dé xem xét
hién tugng nay bao gom viéc s dung mét mach tir tuong
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duong va tinh toan tu trd [7, 8], phan tich si dung phuong
trinh Poisson va cac diéu kién bién [9] hay s dung phucng
phap phan ta hiu han [10-12].

Bai bdo nay hudng téi viéc phan tich anh hudng clia day
quan stator dén hién tuong phan tng phan Gng trong qua
trinh qua d6 & déng co BLDC. Trong giai doan qua do,
nhom tac gid xem xét dén phadn Ung phan ung dé dé
phong kha nang bi khir ti hoan toan khi khaéi déng dan
dén viéc hu hong déng co. Phan Gng phan tng chiu tac
dong I6n bai dong dién stator. B&i vay qua trinh tinh chon
ddy qudn stator cd y nghia rat quan trong.

Xét déng co BLDC 12/16 véi cac thong sé chi tiét trong
bang 1. Cac tac gid da thuc hién mo hinh héa, tinh toan giai
tich dé xac dinh tur théng tai diém lam viéc nam cham. Ly
thuyét dua ra dugc kiém ching bidng phan mém Ansys
Maxwell. VGi gid thiét kich thudc ranh khéng thay déi,
dudng cong kh(t tir nam cham c6 dang tuyén tinh, khe h&
khong khi dong déu.

2. PHAN TiCH DAC TiNH NAM CHAM
2.1. Nam cham vinh cttu - vat liéu tir ciing

Vét liéu tur ciing con dugc goi la nam cham vinh cliu do
6 gia tri luc khang tu 16n, thé hién viéc loai bo tu du rat
kho (tinh vinh cliu ctia ti du [6n).

Khi phan tich cac tinh chat cia nam cham trong pham
vi may dién, ta tap trung khai thac céac tinh chat ctia nam
cham tai goc phan tu tha Il (hinh 1). Ta goi dudng cong tu
tré tai vi tri géc phan tu nay la dudng cong khr tir.

m v

Hinh 1. D4 thi duong cong dac tinh B-H clia vat liéu tir [14]
2.2, Tich nang luong (BH) cia nam cham
Mat d6 nang lugng clia nam cham trong moét don vi thé
tich dugc xac dinh bang dién tich gisi han bgi dudng cong
tr hda (c6é don vi J/m®) va bang:
H2 _BH

W= HdB=p0fHdH=p0.7— 5 (1)

M®i diém trén dudng cong khir tir (hinh 2) déu cho mot
cdp gia tri (BH) tuong ung. Biém cho B = B, thi H = 0; diém
cho H = H_ thi B = 0. C6 mét diém trén dudng cong khir tu
cho tich nang lugng cuc dai (BH) = (BH),,,,,. Khi thiét ké kich
thudc nam cham, ta cé thé thay déi d6 day nam cham w,,
hé s& phd nam cham a dé thay déi dén diém lam viéc
mong muén [13]. Trong qua trinh van hanh déng co, dudi
anh hudng clia phan Ung phan ng, nam cham cé thé bi
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khir tir xuéng gia tri tir trudng tai diém lam viéc nhé hon 0.
Khi @6, nam cham bi mat ti tinh hoan toan va phai dugc
nap tur lai néu mudn ti€p tuc st dung. Do vay, néu diém cho
tich ndng lugng (BH),.,, €6 B,.., qua nhd thi ta cdn chon
diém lam viéc dé B cao hon. Khi dé, ta chdp nhan nhuoc
diém tich nang lugng nho di.

T 77T Z‘ Pudmg khit tir
Puong ding \\ e .
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‘ \ _____ e MR Al M2 i)
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Hinh 3. Anh hung tif truong ngoai lén diém lam viéc nam cham [14]

Hinh 2 trinh bay ho cac dudng dang nang, 1a tap hop
nhiéu dudng cong ma céac diém trén dé cho tich (BH) bang
hdng sé. Hai nam cham M,, M, véi hai dudng cong khir tu
tuong Ung, c6 thé thay rang véi cung gia tri mat do tu
thong thi nam cham M, c¢6 tich nang lugng (BH) I6n hon
nam cham M,. Trén dudng cong khtr ti cdia nam cham M,,
xét hai diém lam viéc a, b thudc cing mét dudng dang
nang. Do dé kich thugc nam cham sé khac nhau dé c6 thé
tao ra dugc hai diém lam viéc a, b tuong Ung. Tuy nhién, dé
thu dugc mat do tu théng tai diém lam viéc cao (c6 loi cho
déng co) thi ta co thé lua chon diém lam viéc b dé thiét ké
kich thuéc nam cham.

2.3. DPudng phuc héi cia nam cham

Trong diéu kién van hanh, nam cham bi tac dong bai tu
trudng ngoai (d6i véi may dién la phan dng phan tng) do
vay diém lam viéc cia nam cham bi thay déi (hinh 3).

Vé mat tuyét doi, dudng cong khir tir va dudng cong
phuc héi cia nam cham khi chju tac dong tir trudng ngoai
sé khong trung nhau. Coi phan Ung phan (ng trong may
dién la qua trinh dat vao nam cham mét tu truong xoay
chiéu +AH. Khi dat tu trudng +AH, mot dudng cong tu tré
bét dau ti A |1én dén B. Sau khi loai bd +AH thi diém B tré vé
diém A. Qué trinh nay dién ra thuan nghich. Khi dat tu
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trudng -AH, diém lam viéc mai & C va sé trd vé vi tri méi la
diém F khi loai bd ti trudng -AH. Qua trinh nay dién ra
khong thuan nghich.

Do vay, khi dat vao tur trudng xoay chiéu AH, diém lam
viéc 6n dinh mai cia nam cham 1a diém F (hinh 4).

1§
J-H e B B
p] ;
\ " Sir
Anl. L
= By kmir
B-H - il
Pudng

phuc hoi
ning luong

c

-H — ~Hg

Hinh 4. Dudng cong khi tif cia nam chém ferite [14]

Véi nam cham ferite (nam cham dugc st dung trong bai
bédo) c6 dudng cong phuc héi nang lugng rat gan vai dudng
cong khr tif nén ta c6 thé bd qua su suy giam tu trudng tai
diém lam viéc trong tinh toan mach tir tuong duong.

Ngoai ra nam cham con bi dnh hudng khi nhiét do thay
dé&i, cdm Ung tur co thé thay d6i rat manh. Nhiét dé tang, tu
du nam cham gidm xuéng va cé nguy cc giam vé 0 khi chiu
tac déng cla tu truong ngoai (hinh 5).

Gac phén tr P,
thir hai

Piémuon 1 —»,
/

-H 0

Hinh 5. Dudng cong khi tir nam cham ferite theo nhiét do [14]

3. TINH TOAN THONG SO MACH TU PONG CG TRONG
PHAN UNG PHAN UNG
3.1. Xay dung so dé trai 1/4 déng co 12 ranh, 16 cuc

Do tinh déi xiing trong may dién nén cac cau tric hinh
hoc ctia dd6ng co BLDC sé dugc lap lai theo sé lan nhat dinh.
Diéu nay phu thudc vao s6 cuc rotor N, va s ranh stator N,.
Khi trién khai mach tu tuong ducng clia dong ca, ta chi can
phan tich trén mot phan, cac phan con lai co tinh chat tuong
tu. S6 phan dugc chia ra c6 thé xac dinh theo cdng thuc:

ng = UCLN(N, N,) )
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Hinh 6. So dd trdi 1/4 dong co BLDC 12 ranh, 16 cuc

Trén duong cong khtr ti cda nam cham, ta chi xét nam
cham lam viéc trong pham vi tuyén tinh. Khi dé, phuong
trinh dudng thang B = f(H):

3)

Bszr_ﬁ-Hm:Br_uuo-Hm

Phuong trinh lién hé gilra tir thong va suc tu déong

¢=9 (F):
MY, A F

¢m=¢r_ ‘;)vmm'Fm=¢r_m_nn: (4)

VGi su tuong déng gilta mach dién va mach tu
trong viéc gidi mach, ti phuong trinh (4) ta ¢4 thé coi nam
cham vinh cliu la mét nguén dong ¢, mac song song vai tir
tré R,

Quy déi tuang duang ti hinh 6 sang mach tur dé tinh
toan, ta thu dugc so d6 mach nhu hinh 7.

I R, R, Ry,
| Rotor
. . — =
. - . » 2 [ . Nam
Fon/Ran' R) R | |Fro/Rol 7 R | /R R | [Frn/Ranl R chém
5 v s v
[ 1 Khe hi
R, R, R, R | khing
...... kh!’
R, R, R, R,
Fre Feg Fas
Stator
R, R | R,

Hinh 7. So d6 mach tir tuong duong cla dong ca 12/16

Tai mot thai diém bat ky, dong ca BLDC ba pha luén chi
6 hai pha dan. Do vay, ta c¢6 thé don gian héa so d6 mach
tu nhu hinh 8.

Trudng hop trén 1a mé hinh thé hién cho hién tugng trg
tUr cha phan dng phan Gng dén tu trudng ctia nam cham.
Tuong tu khi dao chiéu ctia nguén suc ti dong F, ta thu
dugc mo hinh cho hién tugng khur tu.

$m/2 R,
1 Rotor
N 1 s |
S s Nam
d2(R) 2R U $r2(2) 2R | | chém
5 1 34 T
: 1 Khe h&
2R, 2R, | khong
&y R o 4
e R 4 khi
Fu. (1 Fo (D)
f i Stator
2R, L o2 R 2R

—

Hinh 8. So d6 mach tuong duong rit gon c6 tinh dén phan (ing phan ing
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3.2. Xac dinh diém lam viéc cia nam cham

Ap dung dinh luat Kirchhoff cho so d6 trén, ta thu dugc
ba phuong trinh:

O 29t + 2 23,
2 2

dm ®
= T (4‘Rm + 4‘Rg + SRyr) + (bf. ‘Rf
FS + FS = % (4‘9:{135 + ERys) - q)f. in (6)
bm = ¢s + P¢ (7)

Gidi ba phuong trinh (5, 6, 7) ta c6 nghiém ¢,,, ¢, o
Trong d6:

Gra%m | brd%m 4Fs
WRps+Rys | 2R 4Rpg+Rys

m = G +amy 490y, ARy ARG Tyt 2R 8)
4Rps +Rys 2%¢

Déu (+) Ung véi trudng hgp trg ti va dau (-) ing véi
trudng hgp khir tu.

V&i phan ting phan ting trg tu, vi ¢, nhé hon nhiéu ¢, (R,
rat 1én) nén phuong trinh (8) trG thanh:
b 4R, + 4F

bm =
4R, + 4R, + Ry,
Khi khéng xét dén phan ting phan tng, phuong trinh (9)
tré thanh:
br- 4R

Pm = IR+ AR, + R,

VGi phéan Ung phan Ung khi tu, gia tri tur thong ¢, tang

dan lén va muc dé tang sé ty & thuan véi mic do khu tur.
Khi d6 phuaong trinh (8) sé trd thanh:

©)

(10)

Grafm | GraRm  4Fs
MRps+Rys | 2R 4Rpg+Rys

m = G5 ramg +90yy ARy ARG+ Tyt 2R (11
4Rps +Rys 2%¢

Brm_khutu 4 B ANSYS

64000

50000 -

40000

T

3 30000

Mag_fizes

20000~

000 T T T T T T
2500 2080 800 a0 4500 50 5600 (1] 1) 180 7500 o

Hinh 9. Dong tir théng va mat do tir thong tueng (ing trong phan (ing phan
ting khr tir
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Hinh 9 nhan thay voi mic do khar tir lan lugt: |, = 0A;
0,5A; 1A thi mat dé tu thong tai vi tri R,tdng tuong Ung véi
gia tri dong dién. Trong khi dé mat dd tu thdng tai diém
lam viéc ctia nam cham giam. Diéu nay moét lan nita khang
dinh anh huéng ctia dong dién dén phan (ng phan tng
khor tur 1a dang ké.

Phuang trinh can bang dién ap ctia dong co mot chiéu
nam cham vinh ctu cé dang:

U=E,+j.I..2mf. L+ I.Rq (12)

Xét trong thai diém khéi déng, khi d6 téc d6 quay bang
khéng.

d2
U U UTS un
RS ? P. ltb' 2. TS 8. P. ltb TS
Stic tir ddng xac dinh bang biéu thc:
T (14)
F, = 15.75

Nhu vay khi xét phan (ng phan ng trong qua trinh qua
do, ta da xay dung dugc ham lién hé gitia tir thong tai diém
lam viéc nam cham vai s6 thanh dan dudi mét cuc stator,
vat lieu thép ky thuat dién: ., (Ts, R).

4. TRIEN KHAI TINH TOAN BANG PHUONG PHAP SO
4.1. Théng sé mé phéng
Cac s6 liéu can thuc hién trong mé phong tra theo bang 1.

Bang 1. Thong s6 dong co
Théng sé Giatri | Donvi

S6 pha 3 pha
S6 cuc 16 Cuc
So ranh 12 ranh
S6 thanh dan mdt ranh T, -
Duong kinh day dan 0,25 mm
Ki€u dau day Y -
Dién ap DC 127 v
Dudng kinh ngoai stator 132 mm
Dudng kinh trong stator 40 mm
Dudng kinh ngoai rotor 150 mm
Dudng kinh trong rotor 133 mm
Chiéu dai tdc dung 8 mm
mach tir
Chiéu dai tac dung nam 26 mm
chdm
Do day nam cham 8,25 mm
Mt d6 tir du 0,39 T
D0 tlr tham tuong doi 1,1 -
Hé 50 dién day ranh 0,4 -

Véi diéu kién kich thudc ranh khong thay déi (hé s6 dién
day ranh gir nguyén). Khi s6 lugng thanh dan dudgi moét cuc
tu thay déi thi dudng kinh day sé phai thay déi tuong Uing.
Cu thé theo phuang trinh:

d%. T, = const (15)
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Tur ba phuong trinh (13, 14, 15) ta thay khi tdng s6 thanh
dan Tlén k 1an thi dong dién I gidm xudng k? tuong ing va
nguagc lai.

4.2. Khao sat sé thanh dan trong mét ranh stator

TU nhiing phan tich & trén, c6 thé lua chon khoang thiét ké
s6 lugng thanh dan nhu bang 2.

Bang 2. 56 lugng thanh dan khao sat

Thongsé  |Kyhiéu| Khoanggiatri | Budckhdosat | Donvi
S6 thanh dan T, 1600 - 2000 50 -
Dudng kinh day d 0,31-0,16 0,0075 mm

SU dung ngudn xoay chiéu ba pha cap dién cho dong
co. Do su dao chiéu lién tuc clia dong dién dan dén su dao
chiéu lién tuc cha F; & cdng thiic (8). Nén trong dong co
luén tén tai phan tGng phan tng trg tir va kha tu.

Bang cach st dung phan mém phan t hiiu han d€ mé
phdng déng co BLDC trén, c6 thé quan sat anh hudng khi
thay dgi T;dén théng sé B,,,.

oot

Citarce fmm}

Hinh 10. Mt do tir thong tai diém lam viéc ctia nam cham theo thdng s6
khao st tai bang 2 (---: B6 qua phan ting phan tng; —: (6 xét dén phan (ing
phan ting khr i)

Khi chua xét dén phan (ng phan dng thi mat do tu
théng dat gia tri cao. V&i nam cham cé d6 day cang I6n thi
gia tri nay cang tién gan dén B, (0,39 T). Diéu nay hoan toan
phu hgp véi cong thic (10).

&0

=md

M im om 50 L

Hinh 11. Mét do tir thong tai di€m lam viéc tuong ting thong s6 khdo sat tai
bang 2 (xét dén phan (ing phan (ing khi tlr)

Khi xét dén phan (ng phan Ung khi tur thi mat do tu
thong ldc nay sé gidam xuéng. Mdc do suy gidm cang manh
mé khi s& lugng thanh dan tang. Diéu nay phu hgp vai
cong thuc (11).
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Hinh 12. Mét do tir thong tai diém lam viéc cia Nam cham theo thong s6
khdo sat tai bang 2 (---: B6 qua phan ting phan (ing; —: (6 xét dén phan ting
phan ing trg tir)

41338

¥4 tenTanlal

Hinh 13. Mat dd tir thong tai di€m lam viéc tuong ng thong so khao sét tai
béng 2 (xét dén phan (ing trg tly)

Khi xét dén phan Ung phan Ung trg tur thi mat do tu
thong IUc nay sé tang 1én. Muic d6 gia tang cang manh mé
khi s6 lugng thanh dan tang. Diéu nay phu hgp véi cong

thiec (9).
300 55000
Cuvz mo I
298 [
"= AugSipplyCurrent
2 St Tansenl L[ gp00p
llllllllll 1
e e T — gl 7
Sefua1: Transien!

745000

40000

AvgSupplyCurrent [mA]

284 35000

280 T T T T T 3000
0000 250 8£00) #7500 0000 32500 95000 9750) 100200
n

Hinh 14. Ddc tinh dong dién va mo-men khdi dong theo thong s6 khdo sat
tai bang 2

60000

50000

40000

E
§ 30000
]

2omm- |+

10000

o Y ¥ — ———
000 2000 4000 6000 8000 10000 12000

Hinh 15. Mét d6 tir thong tai diém lam viéc nam cham 6 ché do xac lap
(---: Bd qua phan ting phan ting; —: (6 xét dén phan (ing phan ting)
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Hinh 14 cho ta thay dong dién khai déng va mo-men
khai dong giam dan theo chiéu tang ctia s6 thanh dan. Viéc
lua chon sé thanh dan sé dugc rang budc tuong Ung véi
nhiét do phat nong va cong suat ctia dong co. VGi uu tién
han ché& nguy co bi khir tir hoan toan clia nam cham ta sé
chon s6 thanh dan/ ranh la Ts= 1600. K&t qua mo phong tai
hinh 15, 16, 17 sé kiém chiing théng s6 nay.

S & O O 8 8 o O 9 ©c o o 9 o S o

Hinh 16. Phan b mat do tir thong tai diém lam viéc nam cham & ché do
xaclap
75000
Curvelnfo

=" Mag 626

62500 A tup1 - Transient
Timz="ns'

} = May_B26%%

50000 Selupt - Transient

] Tims="50000000ns'

[mTe:

2 37500

Mag_Br2e:

12500 -+ L F— ERE S B AR S a—

000+ — A e
000 2000 400 §0.00 8000 10020 12000
Distance [mm]

Hinh 17. Mét d6 tir thong tai diém lam viéc nam cham 6 ché do qua do
(---: BA qua phan ting phan ting; —: (6 xét dén phan ting phan ing)

Két qua mod phéng su khir tir va trg tu & hai ché dé qua
dé, xac lap cho thay rang d6 suy gidam va gia tang tur théng
khéng dang ngai dé€n muc nam cham bi khir tir hoan toan.
Do vy, cau trdc dong co thiét ké cé thé chap nhan dugc.

5. KET LUAN

Phuong phéap phan tich mach tu tuong duong va FEM
dé khao sat hién tugng kh tir va trg ti trong qua trinh qua
dd la mot cach ti€p can hiéu qua. Bai bao da chi ra anh
hudng ctia day quan dén phan ting phan ung trg tir va khi
tU. Su anh huédng nay tac dong khong I6n trong qua trinh
xac lap ctia déng co nhung cang dang ké dén qua trinh
khai déng. Vi vdy, yéu cdu tinh toan, phan tich la can thiét
dé dam bao déng ca hoat dong tin cay.

Cac két qua moé phong dua ra gia tri phu hop vai cac
cdng thuc gidi tich da dan dat. Theo dé, muc dé anh hudng
cUa phan tng phan Gng trg ti va khi tir sé lam cho mat do
tur thong tai diém lam viéc nam cham gia ting va suy gidm
tuong Ung. Anh hudng nay ty lé thuan véi s6 vong day
qudn va rat dang ké trong qua trinh khéi dong may (do
dong dién khéi déng cao).
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