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Viéc st dung dong co dién mét chiéu khéng chdi than (BLDC) ngay cang tré nén cap thiét
do nhu céu cao vé hiéu suét, tiét kim nang lwong va kha ndng ng dung réng rai trong
nhiéu Iinh viwe nhw giao théng, xe dién, dién gia dung va céng nghiép. Hién nay, rat nhiéu
nha nghién clru trén thé gi¢i da tap trung vao viéc thiét ké va téi wu cac dong co BLDC
nham nang cao hiéu suét, do tin cay va gidm chi phi san xuat. Nghién clru nay nham thiét
ké va moé phéng mét dong co BLDC coéng suét nhd (320 W, 12 V) st dung nam cham
NdFeB hiéu suét cao, théng qua phdn mém mé phdng ANSYS Maxwell. Két qué nghién
ctru déng gop vao viéc cung cap cac thdng sd k§ thuat tdi wu va mé hinh thiét ké cu thé,
dap wng dwoc yéu cau thye tién nhw cdng suat 6n dinh, hiéu suat cao va giam thiéu tén
that nang lwong, giup dinh huwéng (ng dung réng rai hon cho loai ddng co xe dién tai Viét
Nam.

DPong co mét chidu khéng chéi than, mé phdng phan t& hiru han, ANSYS Maxwell, xe
dién, nang lwgng, nam cham vinh ctru.

The use of Brushless DC (BLDC) motors has become increasingly critical due to the high
demand for efficiency, energy savings, and extensive applicability across various fields,
such as transportation, electric vehicles, household appliances, and industry. Currently,
numerous researchers worldwide are focusing on designing and optimizing BLDC motors
to enhance their efficiency and reliability while reducing manufacturing costs. This
research aims to design and simulate a small-power BLDC motor (320 W, 12 V) employing
high-performance NdFeB magnets, using ANSYS Maxwell simulation software. The
study's outcomes contribute to providing optimal technical parameters and specific design
models that meet practical requirements such as stable power output, high efficiency, and
minimized energy losses, thereby facilitating broader applications of this type of motor in
electric vehicles in Vietnam.

Brushless DC motor, finite element analysis, ANSYS Maxwell, electric vehicles, energy,
permanent magnet.

1. GIO1 THIEU

bong co dién BLDC la mot dang may dién
quay dong bd st dung nam cham vinh ctru
trén roto va hé thong diéu khién bang cic van
dién tir cong suit thay cho bd chdi than, cd
gop cua nhitng dong co mot chiéu truyén
thong (rat thuong xuyén bi hu hong). Nho loai

b ma sat va ton hao do choi than, dong co
BLDC c¢6 nhiéu vu diém nhu hiéu suit cao,
moémen khoi dong 16n, mat do cong suét va
momen trén trong lugng cao, hoat dong ém ai
va do tin cay cao [1-3]. V6i nhimg wu diém
do, BLDC hién dugc trng dung rong rai trong
céc thiét bi dién dan dung, cong nghiép va dic
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biét 1a trong cac phuong tién giao thong dién
nhu xe dién, noi yéu cau hiéu suét va do bén
cao, dam bao tinh kinh té cling nhu tinh ning
diéu khién tot. Nhu cau phaét trién dong co dién
BLDC cho xe dién dat hiéu suit cao ngay cang
trd nén cép thiét trong bdi canh 6 nhiém khi
thai, tiét kiém ning luong va s dung ning
luong sach dé bao vé moéi truong, [2, 4, 5].

Khi di phén tich vi mot sb dong co khac ta
théy su khac biét nhu sau:

Pong co khong dong bo (IM): ¢6 gia thanh ré
va bén nhung lai han ché trong cac ing dung
can diéu chinh tdc d0, ¢ hiéu suat khong cao.

DPong co tur tro chuyén mach (SRM) cho do
bén vuot trdi nhung bi han ché manh bai tiéng
on, rung va hé thong diéu khién phuc tap.

DPong co dong bo (PMSM/IPM) 1a tbi uu veé
hiéu sudt nhat nhung chi phi cao, can thiét bi
diéu khién phuc tap, thuong dung trong cong
nghiép va trong may moc gia cong co khi.

Ttr nhitng han ché d6, dong co BLDC 1a lya
chon cén bang tét nhét cho cac tmg dung trén
v6i vu diém hiéu sudt cao (85-96%), mémen
khéi dong 16n, kich thudc nhd gon, trong
luong nhe, phan hdi nhanh va chinh xéc, it
bao tri do khong ding chdi than, hoat dong
ém 4i va it 6n, vat liéu ché tao phd bién phu
hop san Xuat dai tra, [7, 8, 9]. Ngoai ra ¢ trong
nudce, hién nay viéc di nghién clru mo phong,
diéu khién, thiét ké dong co BLDC chua dugc
quan tim nghién ctu nhiéu, [10, 11]. Nhing
nghién ctu nay, chua nghién ctru chuyén sau
vé sir dung phan mém thiét ké chuyén dung
nhu Ansys Maxwell c6 d¢ chinh x4c cao sat
voi thye té.

2. NOI DUNG NGHIEN CU'U THIET KE
2.1. Co s& ly thuyét dé thiét ké

DPong co BLDC dan thay thé dong co choi
than trong hau hét thiét bi dién tir tiéu dung va

cong nghiép: 6 cimng, 6 quat, may bay md
hinh, xe di¢én, dung cu cAm tay, robot cong
nghiép, thiét bi may moéc gia cong kim loai
CNC (Computer Numerical Control), may
giat, thiét bi bom/quat céng nghiép, phuong
tién giao thong cd nhan nhu xe di¢n, robot
cong nghié¢p, cac thiét bi y té, thiét bi gia dung
thong minh (may giat gia dinh), may nén lanh,
HVAC (hé théng suoi 4m, thong gié va diéu
hoa khong khi)...

Trong nganh céng nghiép, BLDC ly tuong
cho diéu khién chuyén dong, robot trong cong
nghi€p, may cong cu CNC, nho khd nang
kiém soat mémen chinh xac, diéu khién duoc
tryc tiép momen trong qué trinh diéu khién,
dong co BLDC lam viéc véi dai téc do rong
va chi phi béo tri, bao dudng thap.

Pong co BLDC duge thiét ké c6 roto phia
trong nhu Hinh 1, cdu trac loai nay con duoc
goi 1a “Inrunner”. Khi d6 voi thiét ké nay, cac
nam cham vinh ctru duoc nam phia trén roto &
bén trong, va roto nay quay bén trong cac
cudn day cua stator. Bén canh do, cling c6 mot
cAu hinh phd bién khac 1a “outrunner”, noi
cudn day stator nam & trung tdm va roto voi
nam cham vinh ciru quay xung quanh bén
ngodi. Véi cdu trac loai ndy thuong duoc st
dung trong cac dong co Hub cua xe dién.

Rotor Rotor

Stator Stator

Hinh 1. Cac kiéu déng co BLDC
Pong co thiét ké nhu Hinh 2.

Viéc di nghién ctu dong co BLDC cho xe
dién 1a mot linh vuc quan trong va dang phat
trién manh mé&: t4i wu hoa cdu tric stato va
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roto dé giam trong luong, kich thudc nhung
van dam bao hiéu suét. Lua chon cac vat liéu
chét luong cao cho cudén ddy (dong, nhom),
nam cham vinh cttu (Neodymium - NdFeB)
va 151 thép tir (laminated steel) dé giam ton
thit nang lugng va ting hiéu suit. Van dé diéu
khién v6i strc dién dong hinh thang dé tbi wu
héa momen xodn, giam tiéng dn va ting hiéu
qua nang lugng, dung cho xe dién va xe dap
dién Hinh 3.

Hinh 3. Tdng hop lwc tac dung lén phwong tién

Trén Hinh 3 nay thé hién céac lyc tdc dong 1én
mot phuong tién khi di chuyén trén dbc véi F,
1a luc can khi dong hoc, F;; lyc can lan, F, lyc
leo dbc, Fuae luc kéo tong, g gia toc trong
truong, 0 goc nghiéng cua doc. Phuong tién
tham chiéu 13 xe hai banh voi cac thong sd
nhu Bang 1.

Bang 1. Cac théng sé chinh

Ky Théng sb Gia | Pon
hiéu tri vi
Twheel Ban kinh banh xe 0,1125 m

8 Mat do khong khi 1,23 | kg/m’

Cy | Hésbcankhongkhi | 0,88 -

v Vin tbc 19,1 | km/h
Do doc 0 do

2.2. Tinh toan thiét ké déng co BLDC
trong linh vwc xe dién

Qua trinh nghién ctru nghién cuu tinh toan
BLDC 13 mdt qué trinh phtc tap bao gém
nhiéu budc, tir viéc xac dinh cac yéu cau ky
thuat dén mé phéng va kiém tra thuc té:

Mémen dinh murc dugc thé hién qua cong suét

P, va téc d6 goc o, [3]:

T= 2 (1)

w
Céc cong thirc tiép theo tac gia tham khao &
tai liéu [4]. Van tdc goc co khi:

T
By == @
Van tdc goc dong bo cia dong co:

Nm
Ve = —=.Wnp 3)

2
Trong do, Ny, 1a s0 cyc nam cham.

Tan so dién co ban:
Ve

fe = — 4)
S6 ranh Stator
Ns = Ngp. Npp 5)

Trong d6, thanh phan Ngp = I\II\I—S > Np, 1a sé
ph

rénh trén mot pha. S6 pha Npn = 3.

S6 ranh trén mdt pha dudi mot cuc:

Ky Théng sb Gia | Pon
hi¢u ’ tri vi Nepp = % (6)
m Khoi Iugng toan b 250 kg o )
o Gia téc trong truomg | 9,81 m/s? Véi Ny, 1a s6 cuc nam cham dién.
Her Hé sb can lin 0,004 | - Sé ranh trén mot cyuc dugc tinh:
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Nsm = Ngpp- Npn (7)
Hé sb bude:

int(Nsm) c
Uep = W = ‘:—p (8)

Goéc bude cuc:

_2m

Op =N ©)
Goc budc ranh:
2.

0, =1 (10)
Goc dién, budce ranh:

Ose = 5 — (11)
Budc cuc stator:

Tp = Ros. 0y (12)
Budc day quan:

Te = Ocp-Tp (13)

Hinh 4. Kich thwéc clia dong co

Hinh 4 thé hién céc kich thudc cia dong co xe
dién véi d; 1a chiéu cao cb ranh, thanh phan
Wsi, Wsb, bé rong than trén va dudi, hg 1a chiéu
cao cua ranh,... Dudi day 1a cach xac dinh céc
kich thude cua dong co BLDC di nghién clru

duoc viét:

Wsi
d, = = (14)
d3 = =2+ hy (15)
Wi = Te — Wy (16)

Ban kinh trong cua stator:

Rgi = Rgp — dg — Wy, (17)
Trong d6, ds ban kinh ngoai cua roto:
dS = d1+d2+d3 (18)
Ban kinh trong ctia roto Ry la:
Ri=Rso + Ly+g (19)
Hé s6 phan phbi:
N .0
sin(—smz) Se)
kg = m (20)
Hé sb budc:
kp, = agp (21)
Heé sb nghiéng:
ese
ki=1- . (22)
Hé s6 nong d6 thong lugng
2.00m
® = Tram (23)

’ T A A A A A
Trong do, a, = T—m hé s6 phan s6 nam cham,
p
T 12 chi€u rong nam cham.
Hang so tir moi:

Im
P. = 2Co (24)

Vi, 1, 1a chiéu dai nam cham.

ﬂOHC

Hinh 5. Bwéng cong khiv tir ciia nam cham
Trén Hinh 5, truc B 1a gié tri mat do tu thong
trong 151 thép, va truc pH 1a gid tri mat do tur
thong trong khong khi, véi cac gia tri B, la
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cam ung tu du, By, gid tri tir thong cuc dai, p,
1, d6 tir tham cua 151 thép va do tir thim cua
khong khi, He 1a cuong d¢ tor khang, Hp,
cuong do tur truong cuc dai.
Tiét dién khe ho khong khi:

_ tp.L(1+am)

Ag > (25)
Mat do tir thong khe ho khong khi so bd:
—__ %o

Bg = —pmkergy - Br (26)
Pc

Trong do, B; 1a mat d6 tu du.

Tur thong khe ho khong khi:

bg = Bg. Ag (27)

Chiéu rong gong so bo:
¢

Wpi = 2.Bmaxg.kst.L (28)

Hé s6 ép chit K= 0,95. Thanh phan By, mat
do tr thong cho phép & trong gong Bi.x =
1,45T.

Chiéu rong rang so bo:

Wiy = . Whi (29)

Nsm
Tiét dién ranh chira day quan so b:
hg
A, = hg. [es. (RS0 —dy -2 dz) - wtb] +
W2
+ .=
4
(30)
Stre phan dién dong 16n nhat:
€max = Nm-Kg.Kp.Kg. Bg. L. Rpg. Ngppp. g Wiy
Dong dién ranh dinh:

_ Twpy

Iy = (31)

€max
Dong dién pha so bo:
Is

I, = (32)
ph
ph'\E

Mat d¢ dong dién day quan dinh:

_ _Is
Je kcp-As

(33)

S6 soi trong 1 ranh:

1000000.4.Ag
U= ————

(34

T.d.d.ng

Tir cac biéu thire tinh toan phan tich & trén, ta
tién hanh nghién ctru mo phong ra két qua ¢
phan ba nhu sau.

3. KET QUA NGHIEN C(rU VA THAO LUAN

Viéc 4ap dung céc phuong phap tinh todn va
thiét ké may phat dién, dic biét 1a phuong
phap phan tir hiru han (FEM), di chimg minh
duoc do tin cdy cao trong mo phong dong co
dién. Phan mém Ansys Maxwell 1a mot cong
cu chuyén dung cho viéc mé phéng may dién,
su dung ky thuat phan tich phén tr hiru han
dua trén cac phuong trinh Maxwell dé dénh
gi4 va phan tich dic tinh dién tir cua thiét bi.

B
Dinh luat cam tng Faraday: VxE= —%

Dinh luat Gauss vé tir truong: VeB=0

Dinh luat Ampere: VxH =J +%

Pinh luat Gauss vé dién truong: VeD = p

Ta c6 két qua mo phong nhu sau:

B [tesla]
1.8000
. 16200
15120
14040
12960
11880
10800
09720
B 08640
07560
06480
05400
04320

03240
02160
01080
00000

Hinh 6. Mat db tir théng

Nhin vao két quia mo phong cua hinh 6 ta
thay: mat do tir thong 1a mot yéu té then chét,
anh hudng truc tiép dén hiéu suét, ludn tao ra
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momen xodn quan tinh (trong qua trinh diéu
khién va 1am viéc - dam bao mémen), tinh t6i
uu trong qua trinh lam viéc dat duogc chét
lugng cao trong qué trinh van hanh ctua dong
co.

Current ManasiiDasigni AmYS

=m0

= aureniprazsb)
[seut Transent 285754
125

|— cumeoiprase)
ISt Tisienl 759773

1250

£

T frs]

Hinh 7. Dong dién stato

Induced Vohage )

Time fms]

Hinh 8. Pién ap stato

Tanque Maxwe1S0Desgn! Ansys

P o a0 1200 o
Tine re]

Hinh 9. BDap trng mémen

T Hinh 7 va Hinh 8, ta ¢6 cong suit phat
duoc thuc hién theo tinh toan:

Sphit = 3*S, = 3%4,1%26 = 319,8 W (35)
Ponit = Sphar-cosp = 319,8 *1 =319,8 kW (36)

Tur Hinh 9, cOng suat dau truc la:
T+n _ 6,3X450
955 9,55

Ptruc -

~ 293,33 W (37)

Trong d6, thanh phan n 1a tbc d6 quay dong co.

Tir (36) va (37), ta c6 hiéu suat ctia dong co:

Py 293,33
Pphat 319,8

(38)

Tir cac két qua nghién ctru & Hinh 7, Hinh 8
thé hién gia tri dién ap va gia trj dong dién
stato ciia dong co theo tham sd nghién ciru
thiét ké, tir d6 ta thdy duong dic tinh dung
ban chit, tinh ning c6 thé tmg dung vao trong
qua trinh 1am viéc va didu khién cua dong co
BLDC trong linh vyc xe dién hi¢n nay. O
Hinh 9 ta thiy d4p inmg momen cia dong co
trong mo phong ludn bam sat vai thuc té khi
lam vi¢c cua dong co BLDC trong thuc té.
Van dé nay khi dong co 1am viéc thi lubn ludn
cin cé su taing giam tbc do, su thay ddi
momen, diéu khién duoc truc tiép momen tai
bat ky thoi diém nao, ludén tring véi su thay
d6i téc do, phu hop (trong tong thoi gian
18 ms) cua dap ung, vdi dién ap, dong dién va
momen cua dong co BLDC.

Nhin chung khi phan tich két qua Hinh 6,
Hinh 7, Hinh 8, mat do tir thong phan bb déu,
dang dién ap, dong dién c6 dang tuong ddi
hinh thang. Khi d6 ta thiy ¢ Hinh 9 dép tng
momen kha 6n dinh va xac 1ap 6 T = 6,3 N.m.
Céc két qua tong hop viéc nghién ciru va thir
nghiém dugc tac gia dua ra chi tiét & Bang 2.

Bang 2. Két qua mé phéng, thir nghiém BLDC

Ky | Thongsé | Nghién| Thir | Pon
hiéu ciu | nghiém | vi
BLDC-
DSBLD
300-12
P, | Congsuat | 320 300 W
dinh murc
Ngm | Toc dd 450 400 | rpm
quay dinh
muc
T Momen 6,3 5,8 N.m
dinh murc
Epm | Diénap 4,1 4 \Y
= cam ung
I | Dong dién 26 21,25 A
dinh murc
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Ky | Thongso | Nghién| Thir | Pon
hi¢u ciru | nghiém | vi
BLDC-
D5SBLD
300-12
L | Chiéudai | 242 - | mm
161 sat
U; ) luong 4 - -
sgi day
trong mot
ranh
N, | S6 luong 51 -
ranh stato
B, | Tuducua 1,1 - T
nam cham
Ry, | Ban kinh 99,5 - mm
ngoai stato
Ry | Bankinh 81,5 - mm
trong stato
R,, | Bankinh 112,5 - mm
ngoai roto
R, | Bankinh 99,85 - mm
trong stato
hpm | Chiéu day 2 - mm
nam cham
Sé cap cuc 23 - -
Hiéu sudt | 92,7 - %
5. KET LUAN

Bai bao nay da nghién ctru thiét ké thanh cong
mot dong co BLDC hi¢u suit cao voi tiém

nang Ung dung 16n, dac biét trong linh vuc
san xuat xe dién. Cac két qua chinh cho thiy
dong co dat dugc nhitng uu diém nbi bat, bao
gém: Hiéu suét va van hanh 6n dinh va dat
hiéu suét cao, 1én dén 92,7%. Kha nang tao ra
moémen khdi dong 16, 6n dinh (dat 6,3 N.m
trong md phong), it can bao tri va van hanh
ém 4i, vAn dé nay cho thiy chét luong van
hanh tt, dap Gmg cac yéu cau vé thiét ké méi.
Ngoai ra t6i wu héa vat liéu va chi phi san
xuét: Viéc st dung nam cham NdFeB hi¢u
sudt cao khong chi nang cao hiéu suit ma con
gilip giam gia thanh san pham, mé ra co hoi
thwong mai hoéa rong rii. Ung dung dugc vao
trong thyc tién: Thiét ké nay duoc tdi wu cho
cac phuong tién giao thong xanh nhu xe dap
dién, xe dién, 0 t6 dién. Vai tro ciia mo6 phong:
Ung dung phan mém ANSYS Maxwell va
phuong phap phan tir hitu han (FEM) da
ching minh db tin cay cua thiét ké.

Huéng phat trién: Nghién ciru da tao nén tang
vitng chic cho cac budc tiép theo, bao gom
viéc toi wu hoa thiét ké ba‘ing cac thuat toan
hién dai va nghién ctru ing dung dong co cho
cac linh vuc diéu khién ty dong, dic biét 1a
trong xe di¢n. Nhin chung, nghién ctru nay da
cung cap mat thiét ké dong co BLDC kha thi
va hiéu qua, ching minh dugc tiém ning ung
dung manh mé trong tuong lai, dic biét la
trong linh vuc giao thong xanh.
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