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NGHIEN Cl’U NG DUNG CAM BIEN PE CAI TIEN CHAT LUONG
DAC TiNH CUA CAC PONG CO BUOC CO NHO

A STUDY ON UTILIZING SENSOR TO IMPROVE SMALL STEPPER MOTOR’S
CHARACTERISTICS

ThS. Nguyén Diic Sang
Vién Co khi, Truong Pai hoc Hang hai Viét Nam

TOM TAT

Hién nay, cdc dong co bubc cé nhé (cii va mdi) khd phd bién trén thi trudng vdi gid thanh ré
hon kha nhiéu so véi cdc dong co dan dong khdc c6 tinh ndng tuong duong vé mé men, toc do va do
chinh xdc. Tuy nhién, viéc diéu khién cdc dong co buéc nay chii yéu la mach hé, khoéng phdn hoi, thong
qua viéc cdp xung vao cdc cudén day ciia chung. Khi c6 cdc yéu to bdt dinh tdc dong (vi du nhu qud
tdi), chiing cé thé bi mdt budc va gay ra sai léch khéng mong mudn. D€ khdc phuc diéu nay, tdc gid da
stf dung cdm bién tu trudong AS5600 gan 1én vé bén ngoai nham do géc quay ciia truc dong co va bién
chiing thanh diéu khién vong kin cé phdn hoi vi tri truc. Két qud nghién ciiu da chiing té chdt lugng
dap ving ciia dong co diugc nang lén do cdm bién phdn hoi chinh xdc goc quay thuic té cia truc, dong
thdi van giti dugc gid thanh & miic thdp hon nhiéu so vdi cdc san phdm tuong tu. Nghién citu nay cd thé
dugc sit dung dé nang cao chdt lugng cho cdc dong co bude cd nhd, gid ré dang c6 san trén thi trudng
nhu Nema 17, 23, 34,...

T khoa: Dong co budc; Cam bién; Vong hé; Vong kin; Diéu khién; Robot.
ABSTRACT

Small stepper motors are popular in the market with significantly cheaper price compared with
other actuators which have similar characteristics in terms of torque, velocity and accuracy. However,
these motors are mostly opened-lood controllers by providing impulse signals without any feedback.
When some uncertain factors occur (like overload), stepper motors might lose their steps and cause
unwanted errors. To overcome this issuse, we use AS5600 magnetic sensor attached to the motor cover
to measure angular position of the motor shaft and turn it into closed-loop controller. The results show
that characteristics of the motor have been improved since the sensor is able to precisely feedback real
angle of the shaft and the total price is still considerably lower than other similar motors. This research
can be applied to cheap and small-size stepper motors such as Nema 17, 23, 34,...

Keywords: Stepper motor; Sensor; Opened-loop; Closed-loop; Control; Robot.
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1. GIGI THIEU CHUNG

Cac dong co budc trong cong nghiép
[10-12] lai (hybrid stepper motors) thudng
dugc nha san xuét trang bi san cam bién vi tri
truc quay cung b diéu khién kém theo, tuy
nhién chung lai c6 gia thanh cao kho tiép can
v6i da sO nguoi dung pho thong 1a sinh vién
hodc ngudi lam nghién ctu kj thuat, cong
nghé. Do d6, mot cach ti€p can khac la ty trang
bi thém cam bién do goéc quay trén cac dong
co budc san cé d€ giam gia thanh ma van dat
dugc chat lugng mong muén. Cac dong co
budc ¢& nho, gia ré [1-3] ¢ ciu tao gobm truc
quay (Rotor) la cac nam cham vinh ctiu va phan
c6 dinh (Stator) la cac cudn day. Khi cac cudn
day nay dugc kich hoat tii tinh sé bién ching
trd thanh cac nam cham dién, va do truc quay
dong co cling la mot nam cham trai chiéu nén
sé sinh ra mot luc day 1a truc dong co quay di
mot budc (tuong ting véi mot rang cua dia trén
truc quay). Tt d6, ta c¢6 thé diéu khién dong co
budc quay chinh xac & téc dd hodc dén mot vi
tri mong mudn thong qua tan s6 cap xung va so
xung cdp cho cac cudn day.

Tuy nhién, do quan tinh ctia rotor cling
nhu sy tuong tac clia nd véi tli trudng clia stator
[4, 5], khi ¢6 cac yéu t6 khong mong muon xay
ra nhu téc do quay qua nhanh hodac m6 men
ngoai luc tac dong 1én truc vugt mtic cho phép
thi xay ra hién tugng truc rotor sé bi mat budc
quay. Ttc la lac nay bo diéu khién van tao ra
xung cdp cho cudn day stator nhung truc quay
lai khong quay di cac budc tuong ting. Do cac
dong co budc nay khong cé b phan hai lai vi
tri truc quay nén sai s6 goc quay do viéc mat
budc khong duge kiém soat dan dén sai léch
cta ca hé thong. D€ khac phuc diéu nay, tac gia
sti dung cam bién tu trudng AS5600 gan 1én vo
phia sau dong co d€ do vi tri thuc té ctia truc
quay.

2. LUA CHON VA LAP PAT CAM BIEN

Viéc xac dinh vi tri cua truc quay dong
co thuong dugc thuc hién bang cac encoder
gan v6i truc quay. Tuy nhién, phuong phap
truyén théng nay to ra c¢d nhiéu diém bat lgi
khi so sanh véi phuong phap méi 1a st dung
cam bién tii truong khong tiép xuc AS5600 nhu
dugc chi ra trong Bang 1.

Bdng 1. So sanh hai phuong phdp xdc dinh vi tri

truc quay
Dic diém Encoder Cam bién
: truyén thong AS5600
Céch lip dat Tiép xtc véi Khong tiép
truc xuc
Do phan giai 10 bit 12 bit
PWM/Tuong
Tin hiéu ddura | Xungvuong | tu/Giao ti€p
12C
Gia thanh 20$ 5%
Kich thuéc Lén Nho gon
Kha nang lap N .
trinh duoc Khong o

Nhin chung, sti dung cam bién AS5600
cho d¢ chinh xdc cao hon, gia ré hon, két cau
cting gon hon ma lai tranh dugc ma sat do khong
tiép xuc truc tiép vai truc quay. Tuy nhién, d€lap
dat cam bién nay can phai thiét ké va in 3D mdt
vo nhya bén ngoai c6 kich thude phuhgp dé€ gan
cam bién 1én, dong thoi gan nd véi vo dong co,
dong thoi phai gan lén truc quay cta dong co
mot vién nam cham cho trudc, di kém cung véi
cam bién nhu trén Hinh 1.

Céam bién AS5600 [6-8] la cam bién do
goc quay bang viéc cam nhan ti trudng cta
nam cham gin trén truc quay. Cach thuic do géc
dugc minh hoa nhu trén Hinh 2. Khi vién nam
chdm quay, tu trudng cing thay doi theo goc
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quay tuong tng va tii d6 cam bién c6 thé xac
dinh dugc goc quay. Do do phan giai 12 bit nén
no tra vé 4096 gia tri tii 0 dén 4095, tuong ung
v6i goc quay tu 0° dén 360°. Khi vién nam chdm
xoay theo chiéu kim dong ho thi gia tri nay sé
tang va ngugc chiéu kim dong ho thi gia tri sé
giam.

RAW ANGLE = 0 RAW ANGLE = 1024

RAW ANGLE = 2048

RAW ANGLE = 3072

Hinh 2. Céch thiic do goc quay st dung cam bién
AS5600 [9]

Nhu vay, st dung vi diéu khién, ta sé
doc dugc gia tri nguyén n (tii 0 dén 4095) ma
cam bién tra vé va tu doé tinh ra dugc géc quay
a (do) thuc té theo cong thic:

a=n.360/4096 (1)
3. THUC NGHIEM VA KET QUA

Dé tién hanh viéc do goc bang cam bién,
ta can két ndi né véi vi diéu khién qua giao thic

12C. O day, ta sti dung vi diéu khién ESP32 trén
moi truong lap trinh Arduino va st dung Serial
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Plotter ctia Arduino d€ vé goc quay do dugc
nham thuén tién cho qua trinh quan sat, kiém
chiing va danh gia. D€ danh gia hoat dong do
vi tri truc dong co bang cam bién, ta thuc hién
thuc nghiém trong hai truong hgp: xoay truc
dong co tht cong bang tay va cdp xung diéu
khién d€ truc déng co quay cac goc ngau nhién.
Sau dé, 6 ca hai trudng hop, ta déu dung cam
bién do goc quay thuc té d€ kiém chiing.

3.1. Xoay truc quay thua cong

e wr Trer v Teer

11 b = | St Eainge reirn

Hinh 4. Két qud do goc quay

O truong hgp nay, ta lip mot thude do
do6 gan c6 dinh véi vé dong co, dong thoi trén
truc dong co, ta gan mot kim quay cung dé
thudn tién cho viéc quan sat goc quay thuc té
(nhu trén hinh 3) va gid tri tra vé tii cam bién
thong qua giao dién Serial Plotter cia Arduino.
Tu d6 thi hinh 4, ta ¢ thé thiy dép tng cua
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cam bién trung khép véi thong tin cta truc
quay & tat ca cac truong hop:

- Quay cung chiéu kim dong ho, gia tri
goc quay tang;

- Quay ngugc chiéu kim dong ho, gia tri
goc quay giam;

- D€ yén truc quay dong co, gia tri goc
quay giti nguyén. Vi duy, khi kim do dting & goc
70° (so v6i thudc do do) thi gid tri goc quay trén
Serial Plotter cting la 70°, tuy nhién c6 thé quan
sat thdy cam bién c6 nhiéu nhd, khi truc dong
co dling yén nhung gia trj tra vé khong phai la
mot dudng thing ndm ngang ma van c6 nhiing
nhép nho.

S0 sanh goc disu khien va goe do dune b cam bien

i Gooes e ke
i === Goc 00 da0c

I

-

-—
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So lan quay ngau nhien

Hinh 5. Két qud do géc
3.2. Diéu khién truc quay va do goc

& thuc nghiém nay, ta sé st dung thém
mot vi diéu khién ESP32 khic d€ diéu khién
truc quay ctia dong co budc thong qua driver
TB6600. Hoat dong nay sé doc lap véi vi diéu
khién do goc quay st dung cam bién AS5600.
Ta sé stt dung 1énh random() trong Arduino
dé€ tao ra cac s6 ngau nhién va sé ra lénh diéu
khién truc quay quay di s6 budc bang s6 ngau
nhién viia tao ra. Sau do, ta sé so sanh n6 véi két
qua goc quay tra vé tli cam bién. O day, d€ tranh

hién tugng mét budc, ta diéu khién truc quay
quay khong tai va ¢ toc do cho phép. Dii liéu
dugc xt ly bang MATLAB va c6 két qua nhu
trén hinh 5. C6 thé thdy két qua géc quay do
1énh diéu khién va gia tri tra vé ti cam bién la
trung khép. Nhu vay, gia tri tra vé tii cam bién
la chinh xac va dang tin cdy, c6 thé st dung lam
thong tin d4u vao cho cdc bai toan diéu khién.

4. KET LUAN

Nghién ctiu da ap dung thanh cong viéc
sti dung cam bién tu trudng khong ti€p xuc
AS5600 d€ gin 1én cdc dong co bude ¢ nho,
mach hd nham phan héi lai vi tri thuc t€ cta
truc quay, tii d6 nang cao chét lugng dap tng
cua cac dong co nay. Phuong phap nay c6 thé
giti gia thanh & mtic thdp ma van thu dugc chat
lugng can thiét dong thoi ap dung dugc cho
héau hét cac dong co nhd cd san trén thi trudng.
Hudng nghién ctu tié€p theo cd thé tip trung
vao viéc han ché nhiéu t gid tri trd vé cia cam
bién va kiém tra su sai léch gitia goc quay thuc
té v6i goc quay mong mudn tu tin hiéu diéu
khién trong cac trudng hop qua tai hodc quay
vugt qua toc do dinh mtc, ti d6 cd thé nghién
ctu ap dung céc ludt diéu khién phan hoi dé
dam bao d¢ chinh xac cho hoat dong ctia hé
thong.
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