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Nguyén Trong Thing
Trudng Pai Hoc Su Pham K§ Thuit
(Bai nhdn ngay 16/03/1999)

TOM TAT: Ddng cd budc 12 mot loai dong cd dién rdt quan trong trong cdc hé théng didu
khién ty dong, trong cdc mdy tinh, trong cc mdy cong cu diéu khién s§ va céc wing dung diéu
khién vj trf khédc. Rotor dich chuyén ting budc ddp tng theo cic xung diéu khién. P& didu
khién ddng co budc, ngudi ta ding cdc bd chuyén mach dién tif (den hodc bin din) tao ra cic
xung di¢n dp c6 dang séng va tdn s§ phi hgp. Ty theo loai dong cd, tdn sd lam viéc, thudng
ti 10 Hz dén 10 KHz. Bdng cd budc ging nhu tit cd cdc mdy dién déng bd dugc x&p loai nh .
ddng cd budc ¢6 nam chim vinh citu, c6 1 trd bién ddi ...

Dong cd budc 12 loai dong cd dugc ding dé bién ddi céc 1énh cho dudi dang xung dién
thanh sy dich chuyén diit khodt vé géc hay dudng thing - nhv 13 budc ting bude ma khong
can cdm bién phan héi. :

DPong co lam viéc phai c6 keém theo bd ddi chiéu dién i ding dé chuyén ddi cdc cudn
day diéu khi€n ciia dong co budc véi thif tyf va tin s& tdy theo 1énh da cho. Géc quay 1ng
hgp clia rotor ddng cd bubc wiong \ng chinh xdc véi s6 1dn chuyén ddi cdc cudc day diéu
khién, chiéu quay phu thudc theo th tu chuyén ddi, t6c do quay phu thudc tén s6 chuyén -
ddi. Nhu vdy trong trudng hgp tdng quét c6 thé xem dong co budc véi bo didu khidn ddi
chiéu dién i nhu 1a mot hé théng diéu chinh tin s8 ciia dong cd ddng bo v6i kha nang dinh
vi tri géc xoay rotor, tifc 1a bing cdch thay ddi tan s6 cho dén khong.

_ Dong cd bude duge sit dung nhiéu trong cdc hé théng diéu khién ty dong, thi du trong
cdc mdy cbng cu diéu khién theo chuong trinh, trong cdc thi€t bi cda k¥ thuit may
tinh...Trong cdc hé théng trén, dong cd bude dugc s& dung hodc d€ thyc hién sy truyén
dong theo chudng trinh diéu khién cédc cd c4u thita hanh nhu nhiém vu dong cd chdp hanh,
hodc nhu 1a moét phan tf phu bién ddi cdc ma xung thanh tin hiéu diéu ché& cho mot hé
théng nao dé.

Véi nhi€ém vu va chic ning ndi trén, ddng co budc ddi hdi nhitng y&u cdu riéng vé ky
thudt, ngoai nhitng yéu cau chung: -

- C6 budc chuyén dich bé.

- Moment ddng b héa dd 16n ddm bdo dudgc sai s§ géc nhd nhat khi thuc hign budc di
chuyén. :

- Khong tich lily sai s& khi ting s& budc.
- Téac dfng nhanh.
- Lam viéc bdo dam khi s& cudn day didu khién it nhat.
- DPong cd va cd b diéu khién ddi chiéu c6 cdu tao don gidn.
Ty theo céu tao, dong cd budc c6 nhiing loai nhur: ‘
- Chi thi hay déng luc.
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Thudn nghich hay khéng thuan nghich.

C6 mot stator hay nhiéu stator.

C6 mot hay nhiéu cudn ddy diéu khién (quén tép trung hodc quan réi).

Rotor phan khéng (khéng cé ddy quén) va rotor téc dung (c6 ddy quén kich thich
‘hodc nam chdm vinh citu).

- Rotor hinh dia hay rotor mach in.
- Budc dich chuyén xoay hay dich chuyén thing truc tiép...
1. BPong cd budc nam chdm vinh cltu (Permanent magnet stepper motor)

- Cau tric tiéu biéu cia ddng co budc nam cham vinh cttu duge trinh bay & hinh 1. Bay
la déng cd 4 pha, mdi pha quan trén 2 cyc stator. Stator trong thi€t k& nay phdi c6 8 cyc.
Rotor bing nam cham vinh cifu ¢6 truc thang hang véi cuc stator 1-1°. N6 dudc git & vi ui
nay, khi dat dong dién I, vao pha 1 thi cyc stator 1 dugc ty héa nhu cyc nam, con cyc stator
1’ dugc tit héa nhu cuc bic. Chi y chiéu quan ddy d€ tao ra trang thdi tr héa nay. Pat
dong dién I vao pha 4, cuyc tif héa 4 - 4’ hinh thanh (I, dugc cit ra). Khi dé luc tir héa tic
ddng twong h v4i Y truding rotor sinh ra moment ddng bd xoay rotor 1 géc 43° , theo chiéu
kim ddng hd, d& cuc bic rotor dén cyc stator 4, Lan lugt dua dong dién I, I; (mbi pha 1
14n) vao pha 3, pha 2. Khi d6 rotor xoay theo chiéu kim déng hd mdi budc 45°. D€ rotor
xoay ti&p l4n lugt dua 1), L, I3, I vao pha 1, 4, 3, 2 nhung chiéu dong dién dGi lai. Nhu vay
ngudn diéu khién 12 loai déi cyc. Sau mdi 1dn xoay 180", dong dién diéu khién ddi chiéu.

Nhur viy trinh o diéu khién cho dong co tién theo chidu kim ddng hd 1a 1-4-3-2. B
cho déng cd tién ngugc chiéu kim ddng hd trinh ty diéu khién phéi duge ddo ngugc lai 1-2-
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3-4.
Hinh 1 : Cdu triic déng co budc nam chdm vinh ciiu.

2. P6ng cd budc ti¥ wd bien ddi, 1 ting (Single stack variable - reluctance stepper
motor) : i

Cau tao clia ddng cd nay dude trinh bay & hinh 2. Rotor va stator dugc ché tao bing vt
liéu tix, Péng cd c6 3 pha, mdi pha dudc quin trén 4 cyc hay ring clia stator. Vi du pha 1
dugc quan trén cuc 1, 4, 7, 10 cia stator. Stator c¢6 12 rdng va rotor ¢é 16 rang. Cuc ngudc
cuc tinh dude quén theo chidu ngugc lai dé tao sy cdn bing giita ti¥ thdng vao va ra khdi
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rotor. Gid s dong dién I, dit vao pha 1 va 4 ring rotor déi dinh véi ring 1, 4, 7, 10 ciia
stator. Tir thong di vao rotor tif ring stator 4, 10 va ra khdi rotor qua rang 1, 7, tif théng
khép kin qua khung stator, c¢6 thé thdy ring dinh ring stator 4 1a cyc bic va dinh ring d6i
dinh vdi ring stator 4 12 cyc nam (cdm ng). Sy phén cyc ndy phai t6n tai d€ cho phép tir
théng 16n nhat qua khe hd giita 2 ring ddi dinh. Tuong tv cho 2 pha con lai.

Dé rotor tién 1 budc theo chiéu kim dong hé thi pha 3 duge quén trén ring stator 2, 5,
8, 11 dugc dat dong dién I3 vao va dong dién I, duge cit. Biy gid do dudng sic chon dudng
di c6 tir din 18n nhat hay tif trd bé nhadt nén xuat hién moment phan khang kéo ring rotor
gén ring stator 2, 5, 8, 11 nhat vao vi tri d6i dinh. D6 1a cdc ring rotor a, d, b, ¢, ddi dinh
vdi cdc ring tuong ing 2, 5, 8, 11 cilia stator. K&t qué rotor & mot vi tri cdn biing méi. Néu
dong dién I, ti€p theo duwa vao pha 2, I bi cét thi rotor s& budc thém 1 budc nita theo chiéu
kim ddng ho.

Nhu V4y trinh ty 1-3-2-1 cho rotor ddng cd tién theo chiéu kim déng hé. Mudn rotor
quay ngudc lai rinh ty kich thich 1a 1-2-3-1. Nguén kich thich 14 loai don cuc.

Géc budc cia rotor 05 dude xdc dinh nhu sau :
Zg : SO ring Rotor

Zs : SO rang Stator

m : S6 pha.
0
r= ol : Budc rang Rotor (d§)
R
0
ts = 260 : Budc rang Stator (d§)
s
0
o, =t — 389" _ Gec busc (do/buse)
m mZ,
0
Rs= 264 =Zzg.m (budc/vong)
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~ Thi d6i vdi dong co ¢ hinh 2, ta c6:

0 0
ta= 360° _360° oo o
Zy 16
Q 0
e 360" _ 360 _ 30
2. . 12
0 0
o, 360° _360° .
mZ, 316

Rs =Zr.m = 16.3 = 48 budc/ vong

3. Pong co budc tit trd bién ddi nhiéu ting : (Multistack variable - reluctance stepper

motor)
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Dong ca budc tif trd bién ddi ¢6 thé c6 nhiéu tng . Thong thudng 12 2, 3, 4 hay nhiéu
tdng hon nita. Mot ting dugc xem nhu 12 1 pha. Hinh 3 trinh bay c4u tao ciia mét dong cd
budc tir trd bién ddi 3 pha (3 ting). Stator clia mbi ting ¢ 4 cyc, mdi cyc ¢6 3 ring. Trong
mdi ting s8 ring stator va rotor giéng nhau. Ring cda 3 rotor ¢6 vi tri dat gidng nhau
nhung rdng cda 3 stator dat 1éch nhau 1/3 budc réng. Theo hinh 3 réng rotor va stator ting
1 i dinh, ring rotor va stator ting 2 1éch nhau 10° (c&u tao stator ting 2 xoay 1 géc 10° so
véi stator tAng 1), tuong ty ring rotor va stator tdng 3 1&ch nhau 20° (stator xoay 1 géc 20°
doi vdi stator tang 1 hay 1 géc 10° d6i vdi stator tang 2). Rang ciia 3 rotor ndm trén cing
truc va thdng hang.
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Hinh 3 : Cdu tao dong co budc tit tré bién déi, 3 tang (3 pha)
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Géc léch cia 2 tang ké nhau 8;, xdc dinh nhu sau :

t. obly -
= "o Z. (d9)
Trong do6 :
t; : budc rang cia rotor, t;= 360°
' R

Zy: sO riang clia rotor cling nhu stator

m : s6 pha hay s& tang.

Trong trudng hgp trén Zg = 12, m = 3, do d6 0; = 10°.

Nguyén 1y lam viéc cda ddng co nhu sau:

Gié sit ban ddu dat dong dién diéu khién vao ting 1 thi ring rotor va stator cia ta’ng 1
d6i dinh (do tit thdng chon dudng di c6 tif trd bé nhat). Lic nay ring rotor va stator ting 2
léch nhau

10°, ring rotor va stator tdng 3 1éch nhau 200 . D4t dong dién diéu khién vio ting 2,
dong dién diéu khién tdngl dugc cdt. Rotor bude 1 géc 10° d€ ring rotor va stator ting 2
ddi dinh. Lic nay rdng rotor va stator ting 3 1éch nhau 10°. Ti€p tuc dit dong dién diéu
khién vao tdng 3, dong dién diéu khién tdng 2 dugc cit. Rotor budc thém 1 géc 10° dé ring
rotor va stator tang 3 d6i dinh. Lic nady ridng rotor va stator tingl l&ch nhau 10°. Tiép tuc
dit dong dién diéu khién vao ting 1, qud trinh 14p lai. K&t qua rotor ti€n theo chiéu kim
ddng hd vdi trinh ty diéu khién 1-2-3-1.

Tdng quadt, tryc ddng cd s& tién 1 budc réng t, trong m budc. Mubn truc dong co budc
theo chiéu ngugc lai trinh ty diéu khién dugc ddo lai 1-3-2-1. Ngudn diéu khién 1a don cy:.
Mudn cé géc bude nhé hon cé thé sif dung, phuong thitc diéu khién nhv & dong cd xung.

Vi du phudng phdp diéu khién 6 nhip hay 6 ky.

- Nhip 1 : kich thich tdng 1

- Nhip 2 : kich thich tdng 1 va 2

- Nhip 3 : kich thich tang 2

- Nhip 4 : kich thich tang 2 va 3

- Nhip 5 : kich thich :én-g 3

- Nhip 6 : kich thich tdng 3 va 1.

Lap lai qué trinh trén, rotor budc theo chiéu kim ddng ho. M01 nhip rotor budc 1 géc 5°

* . Phuong thifc diéu khién nay goi la phuong thitc didu khién nia budc, & day c6 sy xen ké
kich thich 1 pha va 2 pha. Phuong thitc ndy géc bude biing 1 nlta géc bude thong thudng.
___Qud trinh tém tdt nhu sau :

Nhip diéu | Dong dién dit | Géc xoay rotor
khién vao cudn diéu
khién

1 S1 0°

2 S1vaS2 5

3 S2 10°

4 S2va S3 15

5 S3 20°

6 S3 va S1 25

1 S1 30"
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STEPPER MOTORS
Nguyen Trong Thang

ABSTRACT: Stepper motors are important in automatic control systems, computers,
numerically controlled machine - tools, and other position - control applications. Their rotors
move in steps in response to control pulses. Control pulses of an appropriate waveform and
frequency are generated by electronic (tube - type or semiconductor) switching circuits.
Depending on type of motor, this frequency may extend from 10Hz to 10KHz. Stepper motors
like all the synchronous machines are classified as permanent - magnet, variable - reluctance -
type machines ...
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