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THIET KE DONG CO MOT CHIEU KHONG CHOI THAN
ROTOR NGOAI CHO XE DAP DIEN SU DUNG ANSYS

DESIGNING OUTER-ROTOR TYPE BRUSHLESS DIRECT-CURRENT MOTOR

FOR ELECTRICAL BICYCLE USING ANSYS

TOM TAT

Cong nghé gén dong co truyén dong dién truc tiép vao banh xe da tré thanh
mot trong nhitng xu huéng trong hé thong truyén dong xe dién. Bai bao nay ¢6
muc dich trinh bay thiét k& va md phong dong co mét chigu khdng chdi than
(BLDC) rotor ngoai. Dau tién, cac thong 6 vat lidu, kich thudc cla stator, rator
duoc chon va tinh toan theo phrong phap truyén thong. Cong cu phan mém
RMxprt clia ANSYS duoc stk dung d€ xéy ding hinh hoc clia dong co va dé tinh
toan cac tham s thiét ké co ban. Sau d6, thiét [ap md hinh phan ti hai chiéu
bang ANSYS Maxwell. Céc d3c tinh tir trudng va mé-men xodn clia mo hinh da
duoc phanttich. Két qué cho théy thiét ké clia dong co lahgp ly.

Tlr khda: Rotor ngoai; dong co DC khong chdi than truyén ddng truc tiép; thiét
k& cdu trdic; phan tich dién tir; gon mo-men xodn

ABSTRACT

Technology of attaching electric drive motors directly to wheels has become
one of the trends in electric vehicle drive systems. This article presents the design
and simulation of an external brushless dc (BLDC) motor. First, the material
parameters, stator size and rotor are selected and calculated according to the
traditional method. Software tools, ANSYS RMxprt, are used to build engine
geometry and to calculate basic design parameters. Then, set up a two-
dimensional element model using ANSYS Maxwell. The magnetic and torque
characteristics of the model were analyzed. The results show that the engine
design is reasonable.

Keywords: Outer rotor; direct-drive brushless DC motor; structural design;
electromagnetic analysis; torque.
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1.GIOI THIEU

Sy phat trién clia phwong tién nang lvgng méi da tré
thanh diém néng cta khoa hoc cong nghé. Trong céc
phuong tién st dung nang lugng méi, xe dién da dan tré
thanh chd lyc trong cac phwong tién, vi 6 nhiém méi
trueong it, tiéu thu nang luvgng thap, diéu khién kiém soat rd
rang va mot s6 lgi thé khéac... Xe dién s& la mot trong nhitng
céng nghé tot nhét trong twong lai dé giam viéc st dung
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Nguyén Viét Anh

nhién liéu héa thach va ciling la hoat ddng than thién voéi
moi trudng bang cach gidm phat thai khi doc hai. Xe dién
¢6 nhiéu bd phan nhv mé-dun sac, bd chuyén déi, bd diéu
khién, pin, dong co dién va so do khéi clia nang lvgng chay
trong mot chiéc xe dién dugc thé hién trong hinh 1.

Tr hinh 1, ngudn dién c6 thé duoc lay tir bén ngoai
bang cach s dung cac tdm pin mat troi dé tao ra dién hoac
tlr nguon cung cdp AC. Nguodn nay sau dé duoc chinh luu
bang bd chuyén déi va dwoc cung cép cho pin théng qua
md dun sac. Pin cung cdp nang lugng dién cho dong co
thong qua bd diéu khién, gitip ki€ém soat cac thong s6 dau
vao va dau ra. Cong sudt co hoc dau ra tir dong co dugc
cung cdp cho banh xe thdng qua truc truyén dong. Theo
cach nay, nang lvgng dién chay qua cac bd phan khac nhau
trong mot chiéc xe dién va duoc chuyén doi thanh nang
lvgng co hoc. Do do, dong co dién trén chiéc xe dap can
xéc dinh céc dic tinh dau ra nhw cdng suét, moé-men xoén,
téc do,..., dé vuot qua lwc do tai trong va cac lwc d6i lap
khéc tac déng Ién xe.

Nguén cap tir

; cep B chuyén déyf Pin Bé diéu khién
ning lwong mat trir—») B6 sac —>| —> déng co
hodc AC

Péng luc truyén dén
banh xe

Hinh 1. So d0 khdi ndng lrong chay trong mdt chiéc xe dién [10]
2. XAC BINH CONG SUAT BONG CO

Ldy mo hinh nhat dinh cla xe dap dién lam d6i tvong
nghién ctru, mét dong co DC khong chéi than truyén dong
tric ti€p téc dé trung binh hodc thap véi cdu trdc rotor
ngoai dugc phat trién. Doi véi kich thwde clia hé thong mot
chiéc xe dap dién, duoc gia st 1a di chuyén véi téc do
25km/h (6,94m/s) & mat dwdng phang véi dd déc 0° va
3,5km/h d6i véi xe 1én doc[5]. BAng 1 la cac trong s6 gan
ddng cda hé théng truyén dong.

Bang 1. Hé thong thanh phan trong luong trén xe dap dién

Thong s6 Trong luong (kg)
Xe dap 25
Bong co va hé thong truyén dong 8
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B0 diéu khién va mach dién ti 2
Ac quy 5
Ngudi di e dap va ngoi sau 150

Bwdc dau tién dé thiét ké dong co la thiét 1ap cac muc
tiéu clia cong viéc theo mikc tiéu thu nang luvgng va hiéu
sudt cla xe cho tirng c& nhan st dung. Nang lvgng ma mét
chiéc xe can dé di chuyén & mot téc do nhat dinh c6 thé
duoc tinh toan xap xi bang cach thém cac tai trong ma né
phai vuot qua. Ba loai tai trong duong phai duoc tinh dén
[6,7].

v’ Tai trong thu dong clia xe.

v’ Tai trong dé vurot qua quan tinh di chuyén.

v’ Tai trong dugc dua ra boi diéu kién xe di chuyén

trén dutng.

Nhuw vay lyc can thiét dé xe dap kéo duoc trong tai theo
yéu cau, xac dinh:

Ftong = Flan + Fleodoc + Fcankhidonghoc (1)

Trong dé:

- Fiong: T0NQ lurc kéo ma dau ra clia dong co phai vuot
qua, dé di chuyén xe.
- Fin: Luc do lic can lan.
- Fieo doc: LUC c&n do leo déc.
- Feanknidonghoc: LUC do can khi dong hoc.
2.1. Luccan lan

La lyc can duoc cung cap cho xe do su ti€p xlc cla I6p
xe v@i dudng. Céng thirc tinh lyc do lyc can lan dugc dwa ra
theo phuong trinh:

Fin = CM.g )
Trong dé:

- C,. Hé s6 lyc can lan.

- M: Khéi lvong xe tinh bang kg.

- g: Gia toc do trong lwc = 9,81m/s?

Da6i v6i rng dung cho xe dap dién ta chon, C, = 0,01,
vi thé: F,, = 0,01.180.9,81 = 17,658N 3)
Céng suét can thiét dé vuot qua lwc can lan 17,658N Ia:;
P, =F,.— =17,658.222% _ 155 g25(w) @)
3600 3600

2.2. Lwc can leo doc
Goc o hop bai gitta mit dat va do ddc ctia dudng dan
khi vuwot cdu dwoc thé hién bai hinh 2.

Puing hodc

leo déc
/

Hinh 2. Goc o hop béi mat dat va dd déc cla cau
Céng thirc tinh lyc can déc dwoc dua ra theo phuong trinh:
Feodoe =Fns TM.0.SiNCL (5)

leodoc

Website: https://tapchikhcn.haui.edu.vn

Trong hinh 2, ta xét chiéc xe dap dién vuot doc cé goc
Iéch do v&i mét phang la o = 30L.

Feosee = Cr-M.g.COSOL+M.g.siNCL

Fleodoc = Mg(crr .Cosa + Sina)

Fiopee =180.9,81.(0,01.2 f 1)

Fleodoc = 898108N (6)

Cong sudt can thiét dé vuot qua lc can déc 898,08N la:

Pleodoc = Fle::)doc'L = 898908 3500 = 873 13 (W) (7)
3600 3600

2.3. Luc c&n khi ddng lwc hoc

Cong thtrc tinh lyc can khi ddng hoc dugc duwa ra theo
phuong trinh:

F

cankhidonghoc

=0,5C, A p.(v+V,)’ (8)

Pay la ba lyc chinh tac dung Ién xe khi né di chuyén voi
téc do khdéng doi. Trong khi tang toc va giam toc tac dung
clia luc do quén tinh ciing c6 tac dung. O day ta chon cong
sudt can thiét dé vuot qua lwc can khi déng lwc hoc va céc
Irc can Khac la P anenigonghoc = 8OW.

Do dé, tdng cong suat can thiét dé di chuyén xe la:
=873,13+80 =953,13(W) =0,953 (kW) 9)

tong

Tuy nhién khéng nén chon dong co dién cé cong suat

dau ra 0,953kW. Vi truyén tai dién cho banh xe con bao

gbm céc tén that. Do d6, cdng sudt co hoc (M,,,) can thiét
dé diéu khién xe duoc dua ra theo phuong trinh:

(10)

keo

M _ Ptong
n

Trong do, n la hiéu suat clia hé théng truyén dong. Ta
chon hiéu qua cda hé théng truyén tai la 0,8. Do do, san
lvgng dién co can thiét la;

v P _ 95313
n

=11914 (W)=1119 (kW)  (11)

keo
2

Nhuw vay dé minh hoa lva chon céng suét dinh miic cho
mot chiéc xe dap dién c6 tai trong 180kg, ta chon ddng co
c6 cong sudt P = 1,2kW. Theo cach nay, tinh nang danh gia
nang lvong can thiét dé diéu khién mot chiéc xe dap dién
c6 tai trong cu thé dwoc tinh toan.
2.4.Van téc goc

Van t6c goc clia xe dap dién véi kich thwéc 15inch & toc
do 25km/h. Bugc danh gia phan tich vong/phut ctia dong
co va duogc tinh:

V( )
=9,65.—— =955 ——
v(m) 0,177

6,94

=374,44 (v/p) (12

2.5. Md-men xo0én

Md-men xo&n do may tao ra la mot ham cla téc do goc
v6i banh xe va céng suét dau ra clia dong co dugc thé hién
nhu sau:
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P(W) 1191 Properties: 1200W - RMxprtDesign? - Machine X
T(Nm) = = =30,389(Nm) (13
(Nm) fad) ~ 2n374,44(vp) Nm) (13) s
(D S 60 Name Value ]Unn iEva\uatedVa\ue Description ] Readr:nlyJ \
Outer Diameter | 298 mm  298mm Cuter diameter of the st
3_ QUY TRINH THIET KE DONG CO BLDC :Inneerameler 230 mm | 230mm Inner diameter of the st.. ]
. R . L Length 50 mm 50mm Length of the stator core ||
31 Cau hlnh dong co uStacK\ng Factor 0.95 Stacking factor of the s... B
- N .. . R L. | |Steel Type M270_35A Steel type of the stator [H
Cau hinh rotor ngoai cua dong co BLDC v@i 3 pha, 48 [ [nberersas 28 Narberdisotsoitres | |
ranh, 56 cuc nhw trong hinh 3. Céc cuc rotor dwoc hinh e 81 it ;
thanh bang 56 miéng nam cham vinh clru. S6 lvgng phan -
sO cUa cac ranh trén moi cuc la 48/56. Su sap x€p nay gilp

loai bd m6-men xo&n gon ctia ddng co. ~
Hinh 4. Hinh dang stator BLDC 48 ranh va céc thong s6 diroc nhap vao Rmxpt
Bang 3. Thdng s6 ki thudt stator

STT Thong s6 Giatri
1 Buing kinh ngoai Stator: Dos(mm) 298
2 Buing kinh trong Stator: Dis (mm) 230
3 Chiéu dai Stator; Ls (mm) 50
4 sd rénh 48
5 S6 thanh dan trong mot rénh
6 Loai thép M270-35A
7 Hé s6 ép chdt 0,95
8 Loai ranh 3
9 D rong nghiéng 0
Hinh 3. C4u hinh rotor ngoai ciia dong co BLDC 10 86 thgr:h dfm trong mozt rnh 5
Thong sb ky thuat clia dong co duogc thé hién trong 1 T|et”d|,en dAay (mﬂm ) 636
bang 2. 12 ?o I(y[? day Fuan 2
Béng 2. Thong s6 ki thut clia dong co BLDC 13 Dwongﬁkmhﬂda)ﬁ(mm) & p
— — 14 Kiéu dau day Y-ngan
ST ____Thongs0_ Gt | 53 Thistké rang
L Corlg Sl,jatq!nh m,wc. Pan (1) 1200 Thong s6 cho mot rdnh cé dang nhu hinh 5 va thong s6
2 Dién ap dinh muec: V, (V) 48 duoc hién thi & bang 4.
3 T6c do dinh mic: ng, (v/p) 375
3 Toc do goc dinh mic: Wy (rad/s) 39,27
4 Hiéu sudt: n 0,8
5 Hé s6 cOng sudt: cosp 0,95
6 S6 pha: m 3

3.2. Thiét ké Stator

Cac tham so cla stator dwoc thé hién trong hinh 4 va
thong so hién thi trong bang 3.

Properties: 1200W - RprtDesign’ - Machine X
Sot
Name | Vabue [ Unt [EvahetedVase|  Descrpion | Readony | |
[uto Design (B Atodesn s Bsla., |
| [parael Tooth r Desan Betand Bs2bs | [
[ |r0 1 m I Sl dmension: Hs) o]
[ [Het 1 m T St dmension: Hs'1 B
[ |He2 He2 11.960m Slt dmension: Hs2 B
[ [es0 5 m Slt dmension: Bs0) B
[ et 83 m 8% Slt dmension: Bs1 o]
[ ez 677 67 Slotdimension: Bs2 T
e 0 m o Sl dimension: Rs B

I Show Hidden

Hinh 5. Hinh dang stator BLDC 48 ranh va céc thong s6 diroc nhap vao Rmxpt
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Bang 4. Thdng s6 ki thuét cla ranh

STT Thong s6 Giatri
1 Chiéu cao miéng rénh Hy,: (mm) 3
2 Chiéu cao 0 ranh Hy: (mm) 3
3 Chiéu cao ranh Hg,: (mm) 11,96
4 Do rong miéng ranh B;: (mm) 5
5 D rong day nhd clia ranh By;: (mm) 8,34
6 D rong day I6n clia ranh By: (mm) 6,77
7 R (mm) 0

3.4. Thiét ké rotor

Rotor bén ngoai c6 gan nam cham vinh clru c6 dang
nhu hinh 6. Mau cuc rotor nay c6 san trong RMxprt. Chi co
kich thuéc nam cham va duong kinh ngoai cda rotor la gia
tri dau vao.

3) b)
Hinh 6. Hinh dang rator; a) 56 cyc tir b) 1/8 rotor
Bang 5. DIt liu rotor

STT Thong s6 Giatri
1 Chiéu dai khe hd khong khi: g (mm) 1
2 Buing kinh trong Rotor: Dir (mm) 300
3 Buing kinh ngoai Rotor: Dor (mm) 324
4 Chiéu dai Rotor: Lr (mm) 50
5 S0 cue 56
6 Loai thép M270-35A
7 Hé s6 ép cht 16i thép 0,95
8 Khoang cach gilta 2 nam cham: (mm) 0,84
9 D9 day nam cham;(mm) 12
10 Loai Nam cham NdFe30

3.5. Thiét ké cudn day
So do két n6i cudn day cé dang nhu hinh 7.

Website: https://tapchikhcn.haui.edu.vn

Phass | Turns | In Slat | Out Sl
T i

tttttttt | R Y i) 17 B
| Col 2 |4 5 a7 *E

=
Col 3 |C 5 r 4
Coi 4 |C 5 a1 L]
,,,,,,,,,, Col 5 |B 5 ) o]
e | ColB |8 g BT 7B

Hinh 7. So d0 két ndi clia cudn déy ba pha va cac thong s6 dugc nhap vao Rmxpt
4. MO PHONG KET QUA THIET KE BONG CO BLDC CHO
XE DAP DIEN

RMxprt cung cdp cho thiét ké dong co tho va hiéu suat
duwa trén kich thwdc dau vao nhat dinh. Bé kiém tra hiéu
sudt clia dong co k¥ lwdng, can phai chay mét moé phéng
phan t hitru han trong phan mém nhuv Maxwell 2D. Hinh
hoc chuan bi trong RMxprt dwgc dwa vao moi treong
Maxwell 2D. C6 phan mém ty tao chia luwi can thiét cho
FEA, no6 cling tv dong chon cac diéu kién bién trong dé
hinh hoc sé dugc gidi quyét. Cac kich thich cudn day ciing
duwoc gan ty dong va chinh phan mém quyét dinh tinh d6i
xrng trong hinh hoc.

Sau day la mét s6 phan tich dwgc thuc hién trong
Maxwell 2D bang cach chay cac mé phéng va luu céc
truong tai mot thoi diém thich hop. Hinh 8 cho thdy cac
dong tlr théng trong stator va rotor khi chua c6 dong dién
va khi c6 dong dién.
|
E

0.97%8

oa97e
oates
07347
08831
05714
0.4508
0.4082
o.az66

02450 v
Time = 0.00000s ot

Speed = 0.000000rpm
Position = 4.821430deg . 5

90 (mm)

B [tesla]

12082
l 14277
1.0471

0.9666
0.5660
0.8055
0.7250
0.6444

05639
0.4833
0.4028
0.3222

02417
.01511
Time =500.00000ms

Speed =374.196510pm -
Paosition = 301.843602deg 0 100

(b)

Hinh 8. Mat d6 tir thong trong dong co: &) Khi chwa cd dong dién; b) Khi co
dong dién

Mat do tlr théng tinh clia déng co duwgc thé hién trong
hinh 8(a), trong do6 cac mau khac nhau dai dién cho cac gia
tri khac nhau clia mat doé tir thong. Hinh 8(a) chi ra rang
khéng c6 b&do hda qua mrc xay ra trong dong co va mat do
t6i da cua tir thong ton tai trong dau rang stator.

200 (mm)
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Viéc phan tich tir truong khe hé khéng khi la co s dé
phan tich thiét k& va hiéu suat ctia dong co DC khéng chdi
than [7]. Mat dd théng lwgng khe h& khdng khi chd yéu
duoc tinh bang do day cuc, chigu dai khe hé khong khi va

hé s6

cung cuc.

Hinh 9, 10, 11 thé hién d6 thi dong dién, toc do va cong
sudt dién tlr cia dong co.

v2 1Al

0.00

ng1.Speed [rpm]

Curve Info max Winding Plot 1 Maxwell2DDesign2 ANSYS
750.00
Setup1 : Transient 29.4174
~— Cument[Phase8) - 500.00
Setup1 : Transient 29.4099
Current(PhaseC) [ 250.00
Setup1 : Transient 29.4101
Hill
’ ‘ Ugfift‘ifl b Hlltn’sn'&'e‘t AN AUAAAAAR VARV IARIVUNLA ISP 000
[ -250.00
[ -500.00
—T— —— —T— —T— T -750.00
100.00 200.00 300.00 400.00 500.00
Time fms]
Hinh 9. D6 thi dong dién
Speed Plot 1 Maxwel2DDesign2 ANSYS
375.00
250.00 |
= 125.00
000 — — T — T T
0.00 100.00 200.00 300.00 400.00 500.00
Time [ms]
Hinh 10. D6 thi toc do
Torque Plot 2 Maxwell2DDesign2 ANSYS

500.00

400.00

20000 (|

Y1 INewlonMeter]

000

-100.00 o

20000 )

100.00

Curve Info avg

— Moving1.LoadTorque
Setup?  Tran:

306328

Moving1 Torque

Setup - Transient 311683

V

-200.00
0

— T
0o 100.00

200.00 30000

Time [ms]

Hinh 11. Cong sudt dién tir clia dong co
Déc tinh téc dd m6-men xoan duoc thé hién trong hinh 12.

Speed Plot 1

40000 500.00

Maxwell2DDesign2  ANSYS

375.00

250.00

ving1.Speed [rpm]

3
= 125.00

(

500.00

[ 400.00

[ 300.00

[ 200.00

Gurve Info avg

Woving1.Torque [NewtonMeter]

— Moving! Speed

91.3p
Setupt : Transient | 3740917

Moving1 Torque

Setup1 : Transient 311683

0.00

0.00

Hinh 12. Momen dau ra so véi dung cong toc do

26

100.00

201

0.00 30000

Time [ms]

40

0.00
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5. KET LUAN

Bai bao nay da ching minh mot cach tiép can dé thiét
ké déng co DC khdng chéi than va mot déng co DC khéng
chdi than rotor bén ngoai truyén dong truc ti€p dwogc thiét
ké véi kich thwdce chinh da duogc tinh toan so bo, chiéu dai
khe h& khong khi va hé s6 cung curc, la cac thdng s6 quan
trong clia dong co dé cd thé cung cdp cong suat khoang
1,2kW v6i cac gon md-men xoan nhd dang ké. Coéng cu
RMxprt cla ANSYS gidi quyét cac phuong trinh thiét ké
doéng co co ban va cung cép dir liéu thiét ké tho. D liéu
nay khong nén dugc coi la thdng s6 thiét ké déng co toi wu.
Theo thiét ké nay, dong co cho hiéu qua dang ké & toc do
va mé-men xoan dinh mrc. Ngoai ra cac gon song mé-men
X0&n nam trong gi6i han va dong dién trong cudn day
khéng vugt qua gia tri dinh mic.

Co thé két luan & day sau khi thuc hién dy an nay,
khong phai lic nao két qua thu dugc tlr RMxprt phai khép
vGi két qua thu duoc bang cach mé phéng ciing mot md
hinh trong Maxwell 2D. Mot diém can lvu y, nam cham nén
bao pht dién tich t6i da dé tir thdng dén tlr nam cham phai
bao pht hét dién tich khe hé khong khi. Ngoai ra gon séng
moé-men xodn sé& gidm khi khoang cach khéng khi théng
lvgng tré nén dong déu hon.
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