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Tom tat

Trong nghién civu ndy trinh bay vé vi dong co dong
b nam chdm vinh citu sd"dung céc cugn day phan
tan dé tgo ra mémen Xoan cao hon va géc budc
nho hqn. Léi cua cuén day cugn phan tin duoc
|érT] bdng‘ca'ch s dung ban mach in. Stato duoc
ché tqo bang vé dién hoa dat o phia trén ciia bdn’
Mach in dwoC CUgn tron. Pong co bap}{a duoc c:hé
1qo co dwong kinh r]goai 1,5mm, chiéu dai téng
thé 5,6mm, truc truyén dong duong kinh 0,3mm va
goc buoc 60° Dong co dat toc dé toi da 11.000
vong/phit va mdmen xodn cuc daz 0,57uNm véi
dong dién dau vao 0,7A. Hiéu sudt dong co c6 thé
duoc ndng cao hon nira bang cach cai thién quy
trinh lap rap va ma sat o truc.

Tir khoa: Vi déng co dong bé nam cham vinh ciu,
Cugn day phan tan, goc buoc.

Abstract

This research presents a micro permanent magnet
synchronous motor using distributed windings to
get higher output torque and smaller step angle.
The distributed winding coil are made using
flexible printed circuit broad. The stator is
fabricated by electroforming shell on top of the
circularly rolled printed circuit broad. The three-
phase motor has fabricated with an outer
diameter of 1,5mm, overall length of 5,6mm, shaft
of 0,3mm-diameter, and step angle of 60° The
motor achieves a maximum speed of 11.000rpm
and a maximum torque of 0,57uNm with input
current of 0,7A. The motor performance could be
further enhanced by improving assembly process
and bearing friction.

Keywords: Micro permanent magnet

synchronous motor, Distributed windings, Step
angle.

1. Mé dau

Nam 1993, Wagner va cong su di dé xuat mot vi
dong co voi nam chadm vinh cuu hinh dia (PM) quay
dong bo véi tir truong quay duoc tao ra boi cac cugn
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day phang trén dé silicon [1]. Nam 2001, Komori da
phét trién dong co PM siéu nhé c6 tir tinh bang hai
loai nam cham dién: hinh tru va hinh méng ngua [2].
Céac dong co dugc dic trung baoi roto quay nho luc tir
day 1én ¢ trung tim nam cham dién ma khong c6 bt
ky tiép diém co khi ndo. Nam 2006, Kim ciing véi cac
cong sy da phat trién mot dong co mot chiéu (DC)
khong chéi than siéu nho c6 duong kinh 2mm va cac
dau banh rang kiéu hanh tinh nhu mét thiét bi truyén
déng manh mé [3]. Nam 2009, Chou va cac cong su
da thiét ké bo didu khién thich nghi cho hé théng didu
khién vi dong co ddng b nam cham vinh ciu [4].
Nim 2010, Gerlando cting dong nghiép da nghién ctu
cac tiéu chi thiét ké va phan tich hoat dong cua vi dong
co khong chdi than PM tdc d6 cao [5]. Nam 2008, Lin
da phat trién mot phuong phép ché tao méi cho dong
co ddng bd nam cham vinh ciru siéu nho. Cac cudn
day duoc lam bang ban mach in (PCB) va vo ngoai
duogc két hop véi nhau thanh mot phan. Phwong phép
nay lam giam cac budc lip rap va ting do tin cay cua
san pham, dac biét 1a d6i véi san xuit dong co nho va
da dugc ngp don xin cAp bang séang ché [6]. Nam 2018,
Nguyén Buc Bic cung cong su thiét ké dién tir cho
dong co servo déng b6 nam cham vinh ctu vai hiéu
sudt cao, kich thudc nho gon [7]. Nam 2020, Pang
cling cc cong su da gisi thiéu dong co ddng b nam
cham vinh ctiru nho nhét thé gigi c6 st dung vat liéu
composite tir tinh mém. Pong co dugc thiét ké véi mat
d6 mdmen xoin cao va gon mémen xoin thap bang
cach thay ddi chiéu rong noi cuc cua roto [8]. Nam
2021, Pang d tiép tuc phét trién dong co dong bo nam
cham vinh ciru bén trong nho nhét thé gisi véi kha
ning nang cao mémen xoan [9].

Trong nghién ctru ndy mot vi dong co ddng bo nam
chdm vinh ciru méi c6 duong kinh 1,5mm véi céc
cudn day phan tan dugc dé xuat. Viéc thay ddi cuon
day stato tir loai cuon day tap trung sang loai cugn day
phan tan dan dén hiéu suét tét hon bao gdbm mémen
x04n 16n hon, tdc d6 cao hon, goc budc nho hon va
goh mOémen xoén it hon. Pong co duoc kiém tra thyc
nghiém va két qua dugc so sanh véi phan tich phan
mém chuyén dung JMAG.
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2. Thiét ké dong co

Céc cuon day cua ba pha duoc thiét ké phan bd
déu nhau trén chiéu rong cua stato. Cudn day stato c6
ba cuon day pha, méi cuon day pha cé 3 vong. Cach
bé tri ciia cudn day duoc thé hién nhu trong Hinh 1.
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Hinh 1. Thiét ké PCB 2D va hinh 3D cua stator

Bdng 1. Thong sé kj thugt ciia PCB

Théng sb Gia tri DPon vi

S6 pha 3

S6 vong 3

Khoang céach day 0,1 mm
Bé rong day 0,1 mm
Téng chiéu dai 5,6 mm
Chiéu dai hiéu dung 2 mm
Chiéu rong PCB 4,2 mm
bo day PCB 0,08 mm
bo day vo 0,025 mm
Goc budc 60 Do

Cac cudn day cua stato duoc ché tao bang bang
mach in (PCB) vdi tong cong nam 16p. L6p dau tién
va 16p thir nam gidng nhau, ca hai 16p déu bao gom
sau 15 dau cubi dé két ndi bén ngoai. Lép tha hai chia
cac cuon day doc va lop thir tu chira cac cuon day
ngang. Hai 16p nay duoc két ndi théng qua cac 16 két
ndi nam & 16p thir ba. Dic diém ky thuat cua cuon day
duoc liét ké trong Bang 1. Mét trong nhirng loi thé cua
cudn day cudn phan tan 1a dong dién du vao cao hon
do chiéu rong duong day 16n hon, né dan dén mémen
x0an 16n hon. Tuy nhién, nhugc diém Ia tong chiéu
dai cua cac cugn day giam xudng vi phai tao cac 15 két
ndi trong PCB. V6i gidi han ché tao cua cong nghé
PCB hién tai, kich thudc cta cac 16 khdng nhé nhu
mong mudn.

R6to ctia dong co dugc ché tao bang nam cham
vinh ctru NdFeB hai cuc ¢ mat do tir truong cuc dai
12 1,26T va luc khang tur 14 945,93kA/m. Nam cham
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vinh ctru ¢6 dudng kinh ngoai 1,2mm, dwong kinh
trong 0,3mm va dai 1,5mm. Truc cta doéng co dugc
lam bang thép khdng gi phi tir tinh mac 303. Hai vong
bi duoc lam bang dong va duoc lap rép ¢ hai bén cua
ddng co. Hinh anh cua cac bo phan dong co duoc hién
thi trong Hinh 2.

Bearing Shaft Rotor Bearing Stator
OD=12mm D=0.3mm OD=1lmm OD=1.2mm OD=1.5mm
1D=0.3mm L=5.6mm ID=0.3mm ID=0.3mm  ID=1.2mm
t=0.5mm L=1.5mm  t=0.5mm L=5.6mm

o—— & o

Hinh 2. Cac théng sé hinh hoc ciia cac b phén dgng co

3. Phan tich dién tw

Phan mém JMAG duoc str dung dé phan tich tir
truong cta dong co. Mo hinh duge dé xuat véi vat ligu
v6 ngoai duoc lam bang vat liéu phi tir tinh va duoc
coi nhu khong khi trong phan tich hiéu suat.

Hinh 3. Mgt dé tir thdng ciia déng co tai 0,7A

0.0 I L 1 1 I 1 1 1 L
[ a0 ] 0 1 150 190 i w m a 320

Rotation Angle [deg]
Hinh 4. Dang s6ng mémen xodn ciia djng co tai
0,7A
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Hinh 5. Dgng song sic phdn di¢n
¢ tée d 11.000 vong/phut

Hinh 7. Hinh dnh thaé nghiém déng co

Tin hiéu dién
ap pha

Tin hiéu dong
pha

EMF (mV)
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Ch1: 0.6V/div; Ch2: 0.6A/div; Time: 4ms/div
Hinh 6. Tin higu di¢n dp va dong di¢n

cua cugn day pha ciia déng co

16

Kv-Average=1.245uV/(rad’s)
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Hinh 8. Dgng song sic phdan dié¢n ciia dong co

Bdng 2. Két qud thi nghiém sirc phdn dién ciia dgng co

TAt ca céc
The db Sirc phén dién pha A Sirc phéan dién pha B Sitc phén dién pha C pha
: (mV) (mV) (mV)

(rpm) (mV)
Testl Test2 Avg. Testl Test2 Avg. Testl Test2  Avg. Avg.

5.000 0,673 0673 0673 0625 0629 0,627 0570 0,570 0,570 0,623
6.000 0,810 0813 0812 0,755 0,756 0,756 0,689 0,693 0,691 0,753
7.000 0976 0952 094 0872 0875 0874 0810 0,806 0,808 0,882
8.000 1,089 1,099 1094 1,012 1012 1,012 0923 0928 0,925 1,010
9.000 1,232 1,236 1,234 1,134 1,140 1,137 1,038 1,049 1,044 1,138
10.000 1,366 1,372 1369 1,264 1271 1,268 1,210 1,209 1,210 1,282
11.000 1,489 1,431 1,460 1,406 1411 1,408 1,340 1,336 1,338 1,402

Mat do tir thong cia dong co duoc md phong thé
hién trong Hinh 3 tai 0,7A va mat do tir théng ti da
cua khe ho khdng khi la 0,65T. Dang séng mémen
X04n cua dong co véi dong dau vao 0,7A dat gié tri toi
da 0,704uNm dugc thé hién trong Hinh 4. Cac dang
s6ng sirc phan dién cua dong co ¢ tbe d6 11.000RPM
dat gi4 tri toi da 1,539mV duoc thé hién trong Hinh 5.
4. Kiém nghiém dong co

Dong co ché tao dugc kiém tra dién ap, dong dién,
sirc phan dién va mdmen xoan. Dong dién va dién &p cua
cuon day pha ¢ dang xung vuéng thay thé nhu trong
Hinh 6. Tin hiéu dién &p cuia day pha duoc do tryc tiép
thong qua dién tré ciia day quan. Dong dién dugc do qua
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dién tré 1Q. Ca hai tin hi¢u déu dugce do 6 toe d¢ toi da
11.000 vong/pht véi dong dau vao 0,7A.

Trong thtr nghiém nay, nam cham vinh ctru dugc
dan dong boi mot dong co khéac va sic phan dién cua
mdi cudn day pha duoc do. Pong co duoc dan dong
két néi voi mot dng cao su. Céc thiét bi thir nghiém
cua thir nghiém sic phan dién duoc thé hién trong
Hinh 7 bao gém may hién séng TDS4031, may phan
tich phé tin hiéu dong PHOTON va bo ngudn E3648A.

Két qua cuia dang song st phan dién cia dong co
V6i tée do 11.000 vong/phut dugc thé hién trong Hinh
8. Két qua kiém tra mdmen xoan dugc trinh bay trong
Bang 2. Méi lién hé giita sirc phan dién cua cudn day
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2mV/div

L

UV

BiE i
184.3Hz 175.9
1.485mv 1.413m

=1.536MV —1.465m —1.838m —10.624 91.84u
ity 3.021my 2.878m 5719 3.762m 182,14
fic) 1.006mYV 95954  13.04p  1.186m  61.82u
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Hinh 10. Thé nghigm mdmen xodn

Hinh 9. Méi lién h¢ giira sirc phdn dign ciia cugn day pha
S0 Véi téc dp dong co

Bdng 3. Thir nghiém md men xodn ciia dgng co
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Ciia dpng co

Khéi lrgng Mémen xoin .
Dong dién Trung binh
" © (uNm) P
Test 1 Test 2 Test 1 Test 2

0,3 0,16 0,15 0,241 0,225 0,233
0,4 0,22 0,21 0,326 0,305 0,315
0,5 0,28 0,26 0,415 0,387 0,401
0,55 0,31 0,29 0,453 0,428 0,440
0,6 0,34 0,32 0,493 0,467 0,480
0,65 0,37 0,35 0,540 0,510 0,525
0,7 0,40 0,38 0,586 0,554 0,570

pha so véi toc do dong co duoc vé trong Hinh 9. Hang
s6 stic phan dién trung binh cia dong co dugc Xac
dinh 1a 1,245pV/(rad/s). Su chénh léch I16n nhat cua
stc phan dién gitra tat ca cac pha 1a 4,4%.

Momen xoan ciia dong co ciing duge xac dinh &
cac dong dién dau vao khéc nhau. Tai trong ciia dong
co duoc tao ra bang bang dinh va trong lwong dugc do
boi Mettler Toledo AB54. Hinh anh cua thir nghiém
nhu trong Hinh 10.

Dong dién dau vao cua dong co thay doi tir 0,3A
dén 0,7A. Két qua thir nghiém mé men xoin ctia dong
co duogc trinh bay trong Bang 3. Pong co dat mémen

X0én cuc dai 0,57uNm khi dong dién dau vao tai 0,7A.

Sai s6 cua hiang sb moémen giita két qua tinh toén va
thuc nghiém dugc xac dinh la 16%.
5. Két luan
Nghién ctru da thiét ké, ché tao va thur nghiém
thanh cong vi dong co ddng bd nam cham vinh ciu
duong kinh 1,5mm st dung cac cudn day phén tan.
Roto dugc 1am bang nam cham vinh ciru NdFeB hai

cuc voi duong kinh ngoai 1,2mm, dudng kinh trong
0,3mm va dai 1,5mm. Hai vong bi duoc lam bang
dong, duong kinh ngoai 1,2mm, dwong kinh trong
0,3mm, day 0,5mm. Hiéu suét cua dong co dugc dua
ra danh gia véi dong dién dAu vao 0,7A, dong co dat
téc do t6i da 1a 11.000 vong/phut. Mémen xoin cuc
dai dat duoc 1a 0,57uNm. Stc phan dién cta dong co
la 1,245uV/(rad/s). Mbémen xoin cua dong co la
0,844uNm/A. Néu quy trinh Iip rdp va PCB c6 thé
duoc cai thién, phuong phap ché tao nay c6 thé duoc
4p dung cho dong co c6 dwdng kinh 1mm tro xubng.
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