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NGHIEN CUO’'U MO HINH CANH TAY ROBOT 4 BAC TY’ DO
TiCH HOP HE THONG PIEU KHIEN

RESEARCH OF A ROBOT ARM MODEL 4 DEVICES OF FREEDOM
INTEGRATE CONTROL SYSTEM

PGS,TS. Phan Viin Hiéu
Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Trong nhitng nam gan day, vi diéu khién dwoc sir dung ngdy cang réng rdi trong cong
nghlep nhw la mot giai phap ly tu"ong cho viéc ti dong héa qud trinh san xudt. Cing véi sw phat
trién ciia cong nghe mdy tinh, bo diéu khién logic kha trinh dd dat dwoc wu thé co ban trong nhu"ng
ing dung diéu khién cong nghiép, dé la dé dang Idp trinh, nhanh chong thay doi chwong trinh diéu
khién, dg tin cdy cao trong méi truong cong nghiép, cdu tao nhé gon va gid thanh thdp so véi hé
théng diéu khién truyén thong ding Role. Vi vy, viéc nghién civu vi diéu khién trong cdc hé thong
diéu khién la mot nhu cau rat can thiét.

Bai bdo trinh bay mét sé két qud nghién ciru mé hinh cdnh tay robot 4 bdc tw do tich hop
vi diéu khién, cu thé la qua trinh nghién cuu moé hinh canh tay robot dwa trén tinh chon, thiét ké hé
théng diéu khién cho cdnh tay robot va ldp rdp mé hinh canh tay robot tir cdc thiét bi ¢é san trén
thi treomg, chay thir tot trén diéu kién khoa hoc cong nghé thue tién. Cdac két qua nay gép phan lam
16 thém tiém nang iing dung cdc thiét bi c6 san trén thi trwong, dinh hwdng méi vé viéc nghién civu
cdanh tay robot véi gid thanh thdp, khéng sir dung cdc hé thong, thiét bi ngoai nhdp ddt tién.

Tw khéa: Phdn logi san pham; Vi diéu khién; Canh tay robot.

ABSTRACT

In recent years, microcontrollers are increasingly used in the industry as an ideal solution
for automating the manufacturing process. Along with the development of computer technology,
programmable logic controllers have gained a fundamental advantage in industrial control
applications, which are easy programming, fast programmable control, high reliability in industrial
environment, compact structure and low cost compared to traditional control system using Relay.
Therefore, the study of microcontrollers in control systems is a necessity.

This paper presents some results of research on a 4-degree-of-freedom robotic arm model
integrated with a microcontroller, specifically the process of researching a robotic arm model
based on selectivity, designing a control system for the wing. robot arm and assemble robot arm
models from commercially available equipment, run well on practical scientific and technological
conditions. These results contribute to clarifying the potential for application of available devices
on the market, a new orientation on the research of robotic arms with low cost, without using
expensive imported systems and equipment.

Keywords: Product classification; Microcontroller; Robotic arm.
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1. GIOI THIEU

Hién nay, trong nhidu nha may va
doanh nghié¢p san Xuét, viéc phan loai san phém
van con ap dung cong nghé san xuét lac hau,
chua theo kip v6i xu thé phat trién va dap ung
dugc nhu cau san xuat trong nudc va trén thi
truong quéc té. Chinh vi thé, tac gia chon dé
tai: “Nghién ctru mo hinh canh tay robot 4 bac
tu do tich hop hé théng diéu khién” véi mong
mudn dua ra giai phap nham cai thién qua trinh
san xuét sao cho giam dugc chi phi nhan cong,
taing ning sudt ma van dam bao duogc chat
luong san pham, giam gia thanh san pham dé
c6 thé canh tranh trén thi truong.

Nhu ta da biét, ¢t 18i ctia hé théng diéu
khién dién tir hodc co dién tir 1a viéc nhan cic
tin hiéu dién ti, xu 1y tin hi¢u roi xuét cac tin
hiéu dién tir theo kich ban dugc thiét lap. Bo
mach Arduino Uno R3 1a mot trong cac bo
mach dugc dung dé thuc hién céc cong viéc
xtr 1y tin hiéu kiéu trén; 1a mot nén tang thiét
bi dién tr ma nguén mo dua trén sy gidn tién
ctia phan ctmg va phan mém. N6 phuc vu cho
nhitng nguoi xay dung cac du an tuong tac.

2.1IC Atmega 3. Céng ngudn

ngoal

4. Céng USB

6. ICSP cua
Atmega 16U2
7. Chén xuat
tin uéu ra

8 IC Atmega
328

9. Chéan ICSP cia
Atmega 328

1a. Bau
cam cong
USB mach
Arduino

1b. Ddu cim
cong USB
may tinh

11. Chan céip nguén cho cam
bién

10. Chén Iy tin hiéu
Analog

Hinh 1. Bo mach Arduino Uno R3

Bai bao nay s& giai quyét mot hudng tiép
can viéc nghién ctru md hinh canh tay robot dua
trén tinh chon, thiét ké h¢ thong diéu khién cho
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canh tay robot va lip rap mé hinh canh tay robot
tir cac thict bi c6 san trén thi truong, chay thir tot
trén diéu kién khoa hoc cong nghé thuc tién.

2. THIET KE MO HINH CANH TAY ROBOT
4 BAC TU DO TiCH HOQP VI PIEU KHIEN

Dic diém lam viéc ctia m6 hinh 1a thuc
hién céc thao tac van chuyén, phan loai san
pham, véi yéu cau 1a mo hinh phai cing viing,
cac thao tac co téc dd cham, khong tao gia tdc
16n va lam viéc ém; két cAu mo hinh thuan tién
cho diéu khién; robot lam viéc tin cdy; hé thong
diéu khién lam viéc tin cdy, kha ning khang
nhiéu tot.

ol

7
Hinh 2. So do tong thé hé thong
1. Canh tay robot, 2. Bang tai; 3. Phoi,
4. Cam bién; 5. Khay chwra vdat mau cam;
6. Khay chira vat mau xanh; 7. Pong co bang tdi.

Co cau ngan chtra san pham: ¢6 2 ngan
chtra cho 2 ph6i mau khac nhau.

Co cdu bang tai san pham: Gom mot
dong co DC, bang tai, cam bién phat hi¢n vat
¢6 nhiém vu dua san phém vao dé tién hanh
gdp san pham. Ngoai ra, trén bang tai co cac
cam bién tiém can dé phat hién phéi da vao vi
tri phan loai va cam bién phat hién mau sic dé
phan loai mau sic ctia san pham.

Co ciu canh tay robot: Gom 4 dong co
Servo: dong co servo 1 dé quay truc canh tay,

&
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dong co servo 2 va dong co servo 3 dé didu
khién nang ha, tién ra truong 1ui lai cho canh
tay, dong co servo 4 dung dé gip vat thé. Mo
hinh sir dung tin hiéu diéu khién tir vi diéu
khién Arduino.

Nguyén ly 1am viéc: San pham sau cong
doan gia cong s€& dugc dua ra khoi cac may
cong cu va dugc van chuyén trén bing tai qua
cam bién quang, robot. Tin hiéu tir cam bién s&
duogc dua vé bo diéu khién dé phan loai, dua cac
san pham dimg dng vi tri gap. Canh tay robot
gap san pham dat vao ngan chira san phim. San
pham dugc cam bién mau sic phéan loai sau d6
dugc dua vao cac ngin chira san pham cing
mau riéng. Ngay khi co cdu gip duoc reset thi
1ap tirc cho bang tai hoat dong lai. H¢ théng tur
dong hoat dong theo chu ky nhu trén cho dén
khi nhdn STOP thi hé théng ngimg 1am viéc.

2.1. X4y dwng ciu tric hé thdng mé hinh

Bai bdo nghién clru m6 hinh canh tay
robot phan loai san phdm trén bang chuyén
theo mau sic. Vat thé co dang hinh try. Vi diéu
khién s& thong qua cam bién mau sic, cam bién
tiém can s€ thu nhan thong tin vé vat thé dé
xtr Iy cac cong viée can thiét: diéu khién canh
robot thuc hién gép vat va xép vao dung vi tri
theo mau sac. Sir dung canh tay robot c6 4 bac
tu do: 3 bac tu do dé dinh vi trong khong gian,
1 bac ty do dé xoay vat thé theo phuong Z.

Ngudn dién Vi diéu khién

Cam bién tiém can Cam bién mau sic Canh tay robot

Vit thé

Hinh 3. Cau triic hé thong

Trong so d6 tong thé trén, phan co khi
cua mo hinh dugc thiét ké thanh cac bd phan,
cum nhu: bang tai, khung nhom, con lan [1].

Taohangloatcdc chitiét
cimgchimgloaibangbing
cacthamsd

Tao céc bin vé k thujt Lip rap cic chi tiét
{ban vé ché tao). 4 thanh cum

Thiét k& chi tiét |y,
don 1€

Hinh 3. Trinh tuw thiét ké mé hinh

Trinh tu thiét ké: Tir mot ban vé phac,
tac gid phan tich, boc tach thanh ting cum, tirng
chi tiét riéng r&, cac mdi lién hé giita ching,
dung phén mém Inventor dé thyc hién viée xay
dung cac vat thé trong khong gian ba chidu va
xuat thanh ban vé k¥ thut.

Thiét ké chi tiét don 1é: Tép tin chira chi
tiét chi quan 1y viéc tao ra mot chi tiét hinh khéi
thé ddc hogc hinh tdm. Tat ca cac hinh khéi tao
ra trong tap tin nay duoc hiéu 1a mot chi tiét dé
sir dung cho ldp ghép. Do d6 khi thiét ké, trong
mot tap tin chi nén xay dung mot chi tiét duy
nhat. Dung chi tiét cta tap tin nay dé lap ghép
vé6i cac chi tiét trong cac tap tin khac. Tao hang
loat céc chi tiét cting ching loai bang bang cac
tham sb.

Lép rap cac chi tiét thanh cum: Tap tin
chira cum cac chi tiét da ldp ghép, tap tin nay
chtra cac chi tiét c6 thé 1ap ghép véi nhau. Tai
tap tin nay co thé tao ra cac cum chi tiét hoac
céc cum chi tiét con. Léy céc chi tiét tir cac tap
tin don 1¢ dé ghép véi nhau.

Tao cac ban veé k¥ thuat: Tap tin nay
chira cic ban vé phang c6 day du cac hinh
chiéu cua chi tiét hodac cum chi tiét 3D, kich
thudc cua céc chi tiét hodc cum chi tiét. Chung
ta can phan biét ban v& phac va ban vé& xuét ra
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gidy vi theo quan diém lap trinh ctia phan mém
Inventor, ban vé phéac 1a cac budc thiét ké mo
hinh 2D hodc 3D con ban vé& k¥ thuat 1a két
xut ra gidy cia mo hinh da duoc thiét ké hoan
chinh dung cho gia cong. Pbi véi Drawing,
chung t6i goi 1a Ban vé ky thuat [2].

Thiét ké canh tay robot: Canh tay gép
phai duogc thiét ké mot cach chéac chin, co do
chinh xac cao; chiu duoc luc 16n trong qua trinh
nang ha, gap san pham; hé thong nang ha, gip
san phém phai c6 lyc du 16n; canh tay khong bi
ngd hay léch trong khi di chuyén; dam bao yéu
cau vé mat thim my.

Hinh 4. M6 hinh canh tay robot 4 bdc tu do
thiét ké

2.2. Thiét ké hé thong diéu khién

Khi thiét ké hé thong diéu khién can
dap tmg mot s6 yéu cau sau: hé thong diéu
khién hoat dong ti dong tir khau cip san pham
dén nhan san pham dén khau dua san pham
dén thung; dém, phan loai chinh xac luong
san pham du theo yéu cau k¥ thuat; robot phai
hoat dong nhip nhang; d an toan lao dong phai
duoc dam bao.

C6ng két néi
— vé&i méy tinh

Béng truyén

€am bién 1: phat hién cho phéi vao

—— @

Cam bién 2: kiém
tra phdi vao viing
kiém tra mau

Cam bién
! . mau sic

i Dong co

Nguda 12V —— biing truyén [\
- - \
i

Hinh 5. So dé két n6i mach dién

Céc chi tiét, thiét bi duoc lip trén khung
mo hinh: dong co 12V ¢6 tée do 22RPM (vong/
phuat) truc 6mm dé di chuyén bang chuyén; Cac
cam bién: Cam bién CB1 1a cam bién phat hién
c6 phoi trong khau cép san pham, cam bién
CB2 1 cam bién phat hién c6 phoi nam trong vi
tri kiém tra mau; Robot c6 nhiém vu gap phoi
vao thung chtra [3], [4], [5].

Thiét ké diéu khién mé hinh

Bat ddu

IKhai tao céc cam bién, cac|
g co servo va DC

Néu doc dugc™
tin higu tr cam bién
tiém can 1

Khoi dong
dong co DC

Néu doc duoc
tin higu tir cam bién —
tiém can 2

Dirng déng
co Servo

Boc gié tri mau Xanh va mau
D6 tir cam bién mau sic

[ canh tann
| tiénlen

Canh tanh
tién lén
Canh tay
gép vat

mau xanh > mau do

| canhtay
| gpvat

[Canh tay quay vao| [Canh tay quay vad]
6 mau a5 a

Canh tay tha vat
ravao 6 mau do.

Cénh tay quay vé
vitri ché ban ddu

Cénh tay tha vat
ra vao 6 mau xanh

Canh tay quay v&
vitri ché ban ddu

Mt ngudn dién

a. Luu do thudt todn
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Lueu do nay trinh bay thudt todn tong qudt ciia mé
hinh tir luc khoi dong hé thong den ket thiic.

b. Chwong trinh cho Arduino
Hinh 6 (a, b). Luu do thudt toan va chwong trinh
cho Arduino

3. CHE TAO MO HINH

Ché tao khdi bang tai van chuyén san
pham gém Khung bing tai c¢6 chiéu dai 650mm,
rong 125mm, chiéu cao tir san dén mat bang tai
1a 150mm. Ché tao tim g4 cac cam bién phan
loai mau sic.

Lap ghép céc chi tiét da ché tao va chay
thir mé hinh day chuyén: Lap ghép cac khdi cia
mo hinh: Sau khi lip ghép hoan thién cac khbi
ctia md hinh. Khi d6, cac khdi nay duoc ghep
lai v6i nhau dé co thé thuc hién dugc yéu cu
cong viéc cia mo hinh. Hoan thién ldp ghép mo
hinh va b tri thiét bi trén day chuyén, chay thir
robot 6n dinh.

4. KET LUAN

Tur nhitng kha nang cung voi nhitng tién
ich, hiéu qué cta vi diéu khién va yéu cau bai
toan cua dé tai, tac gia chon Arduino UNO R3
dé diéu khién thyc nghiém. Giai quyét bai toan
1ap trinh diéu khién va mé phong hoat dong cia
mo hinh két hop canh tay robot 4 bac tu do.

Véi sy tro gitip cua phan mém thiét ké
Inventor, mé hinh robot phan loai san pham
theo mau sic dung vi diéu khién da duoc tac
gia thiét ké hoan chinh va tién hanh ché tao
thanh cong.

Khao sat thuc nghiém cac thong s6 hoat
dong ctia san pham; Danh gia cac két qua khao
sat thyc té véi mo hinh trén phong thi nghiém;
Mach chay on dinh, chay dung theo so dd
nguyén ly; Mach dién khong qué phuec tap, bao
dam sy an toan str dung. Gia thanh ré.

Két qua chay tha cho thiy canh tay
robot bam chlnh xéc cac quy dao chuyén dong
chuan v6i sai s6 goc quay tinh cung nhu sai
s6 goc quay trong giai doan di chuyén toc do
khong d01 rat nho. Sai sO goc quay trong giai
doan gia tc va giam toc cling du nho & giGi han
cho phép.

Mo hinh nay dép ung duoc nhiing
yéu cau thyuc tién, c6 thé tmg dung trong dao
tao sinh vién hé dai hoc chinh quy thudc cac
chuyén nganh ché tao may, co dién tir va cac
chuyén nganh gan lién quan. <

Mach diéu khién Canh tay robot

cam bién mau sic

\/ R \ /JIJ / -~
e ) N Ny Dong co bang{m\ew

—
—

/~ u . \
cam bién tiém can .
—_—

P

-

bang truyén

Khay phan loai
Hinh 7. M6 hinh tong thé canh tay robot 4 bic tu
do tich hop hé thong diéu khién
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