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TOM TAT

Bdo cdo trinh bay qud trinh nghién civu, thiét ké, ché tao va diéu khién canh tay robot SCARA
4 bdc tw do phuc vu cdc bai toan gdp — dat trong khong gian lam viéc xac dinh. H¢ théng dwoc xdy
dung dwa trén mé hinh déng hoc theo phiong phdp Denavit—Hartenberg, két hop mé phong trén
MATLAB/Simscape Multibody dé danh gid dac tinh chuyén dong triée khi trién khai thuce nghiém.
Robot si dung ddng co servo va bé diéu khién PLC Mitsubishi Q-series nham dam bdo kha ndng
diéu khién chinh xdc, én dinh va linh hoat. Két qua thwe nghiém cho thdy robot hoat dong on dinh,
thuc hién dung chu trinh lam viéc voi do lap lai vi tri khoang +1.0 mm trong mat phcfng va sai s6
truc Z dat mire micromet (10 um). M6 hinh cé si twong dong cao gitta mé phong va thiee té, chimg
minh tinh ding ddn ciia phwong phdp thiét ké. Pé tai c¢é y nghia vmg dung trong ddo tao va la nén
tang phat trién cdac hé théng robot thong minh trong cong nghiép.

Tw khéa: Robot; SCARA; Robot cong nghiép, Matlab simscape.
ABSTRACT

This paper presents the research, design, fabrication, and control of a 4-degree-of-freedom
SCARA robot for pick-and-place tasks within a predefined workspace. The system is developed
based on kinematic modeling using the Denavit—Hartenberg method and is validated through
simulation in MATLAB/Simscape Multibody to evaluate motion characteristics prior to experimental
implementation. The robot is driven by servo motors and controlled using a Mitsubishi Q-series
PLC, ensuring precise, stable, and flexible operation. Experimental results demonstrate that the
robot operates reliably, accurately executing the intended task sequence with a repeatability of
approximately 1.0 mm in xy-plane and a Z-axis positioning error in the micrometer range (10
um). A strong correlation between simulation and experimental results confirms the validity of the
proposed design approach. The developed system is suitable for educational purposes and serves
as a foundation for future development of intelligent robotic systems in industrial applications.
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ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026
cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

1. PAT VAN PE

Trong bdi canh cudc cach mang cong
nghiép 4.0 dang dién ra manh mé, tu dong hoa
va robot cong nghiép ngay cang dong Val tro
then chot trong viéc nang cao ning suit, chat
luong san pham va giam thiéu su phy thudc
vao lao dong thu cong. Trong sb cac cau tric
robot cong nghi€p, robot SCARA (Selective
Compliance Assembly Robot Arm) noi bat nho
kha nang lam viéc hiéu qua trong mit phing
ngang véi do climg vimng cao theo phuong thang
dung, rat phu hop cho cac ing dung yéu cau tdc
d6 cao va do lap lai tét. Miac du robot SCARA
da dugc nghién ctru va tmg dung rong rai L trong
cong nghlep, cac ngh1en ctru hién nay van ton
tai mot s6 han ché dang chii y. Trudc hét, phan
16n cac hé théng robot SCARA thuong mai ¢
ciu triic déng, han ché kha ning can thiép va
phat trién cac thuat toan diéu khién tiy bién,
gdy kho khan cho muc ti€u nghién ctru va dao
tao. Bén canh dé, nhiéu nghién ciru tap trung
riéng 1é vao ting khia canh nhu thiét ké co khi,
mo hinh dong hoc hoac thuat toan diéu khién
ma chua co su tich hop dong bd giira mo hinh
Iy thuyét, mo phong va thuc nghiém trén ciing
mot nén tang hé thong. Ngoai ra, cac mo hinh
chi phi thép phuc vu dao tao thuong chua dam
bao duoc su can bfmg gitta d0 chinh xéc, do
1ap lai va tinh on dinh van hanh. Dic biét, viée
ung dung céc cong cu mo phong hién dai nhu
MATLAB/Simscape két hop véi hé diéu khién
cong nghiép (PLC) trong mot hé thong hoan
chinh van con han ché. Do d6, can thiét phai
phat trién mot mo hinh robot SCARA tich
hop day du tir thiét ké, mé hinh héa dén thuc
nghiém, c6 chi phi hop 1y va kha nang mé rong,
nham phuc vu hiéu qua cho ca nghién ctru va
tng dyng thuc tién.

Bén canh do, cac hé théng robot thuong
mai hién nay thuong co6 chi phi dau tu cao va
duogc thiét ké theo kién truc dong, dan dén han
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ché trong viéc can thiép va phat trién sau cac
thuat toan diéu khién. Piéu nay giy khé khin
dang ké cho cac hoat dong nghién ctru va dao
tao. Do d0, viéc nghién ctru va phat trién mot
mo hinh robot SCARA 4 bac tu do voi chi phi
hop ly, dé tr1en khai va c6 kha nang mo rong
1a hét strc can thiét, nham phuc vy hiéu qua
cho muc ti€u dao tao, nghién ctru va tirng budc
huéng t6i cac timg dung thuc tién trong cong
nghiép.

2. TONG QUAN NGHIEN CUU

Tai Viét Nam, md hinh Robot SCARA
dd dugc nghién ctiru va phat trién tir 1au va boi
nhiéu nha khoa hoc, k¥ su [1-7]. Xu huéng
nghién ctu tai Viét Nam co thé duoc tom tat
thanh 3 hudng chinh: (1) M6 hinh hoa va thiét
ké co khi Robot [1-3], (2) Phat trién thuat toan
didu khién Robot [4-6], va (3) Tich hop hé
thong thong minh va tmg dung thuc té [5-7].
Véi su phat trién ngiy cang nhanh cta khoa
hoc va cong nghé, nghién ctru vé linh vuc
Robot cong nghiép dang ngiy cang phat trién
[8] (hinh 1). Trong khi d6, s6 luong Robot dang
SCARA, robot cong tac dang chiém t6i 64.5%
téng dung lugng thi truong (hinh 1b). Do do,
thue té cac xu hudng nghién ctru va san pham
trén thé giéi dang tap trung vao loai SCARA va
Robot cOng tac.
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Hinh 1. S6 liéu thong ké cdc cong bé va sé robot
dwogc thyce s trién khai trong san xuat tang dan
theo tung nam [8]

Maic du robot SCARA da dugc ung

dung rong rai, van ton tai mdt so han ché can =~
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nghién cuu. Cac h¢ robot thuong mai thuong
c6 cAu trac dong, kho phat trién thuat toan diéu
khién va phuc vu dao tao. Nhiéu nghién ctu
hién nay chua tich hop dong bé gitta mo hinh Iy
thuyét, mo phong va thuc nghiém, déc biét voi
cac hé chi phi thap.

3.POITUQNG VA PHAM VI NGHIEN CUU

Déi tuong nghién ciru 1a hé thong robot
SCARA 4 bac tu do, bao gém toan bo cac thanh
phan c4u thanh nhu két cau co khi, mé hinh dong
hoc — dong luc hoc, h¢ truyén dong servo va
hé théng diéu khién sir dung PLC cong nghiép.
Trong do, trong tdm nghién clru tap trung vao
kha niang chuyén dong cua robot trong khong
gian lam viéc, d§ chinh xac dinh vi, do lap lai
va su phdi hop gitra cac khop trong qua trinh
thuc hién cac thao tac gap — dat vat thé. Bén
canh do6, dé tai ciing xem xét mbi quan hé gitra
mod hinh 1y thuyét va hé théng thuc nghiém,
nham danh gia hiéu ning van hanh va lam co
s& cho viéc phat trién cac (mg dung robot trong
linh vuc tu dong hoa cong nghiép va dao tao.

Muc tiéu cta nghién ctru 1a thiét ké,
ché tao va xdy dung hé thong diéu khién cho
robot SCARA 4 bac tu do nham phuc vu cac
bai toan thao tac co ban trong khong gian lam
viéc xac dinh. Cu thé, nghién clru tap trung vao
viéc xay dyng md hinh dong hoc va dong luc
hoc cua robot, phat trién mod hinh mé phong
trén nén ting MATLAB/Simscape dé danh gia
dac tinh chuyen dong, dong thoi thiét ké va tich
hop hé thong co khi, truyén dong va diéu khién
str dung PLC cong nghiép. Bén canh do, dé tai
huéng t6i viéc danh gia hiéu ning ctia hé thong
thong qua cac ti€u chi nhu do chinh xéc, do lap
lai va d6 6n dinh, tir d6 lam co sé cho viée phat
trién cac Gmg dung robot trong dao tao va tu
dong hoa cong nghiép.

Pham vi nghién ctru ctia dé tai tap trung

vao viée thiét ké, ché tao va diéu khién robot
SCARA 4 bac tu do phuc vu céc bai toan gép -
dat trong khong gian lam viéc xac dinh. Nghién
ctru bao gdm xay dung mé hinh dong hoc va mé
phong chuyén dong trén nén tang MATLAB/
Simscape, thiét ké co khi va lua chon hé truyén
dong servo phu hop, ciing nhu phat trién hé
thong diéu khién sir dung PLC cong nghiép dé
thue hién cac chu trinh lam viéc co ban. Viéc
danh gia hé théng dugc thyc hién thong qua
cac thi nghiém do luong d6 chinh xac, do lap
lai va do 6n dinh. Tuy nhién, dé tai khong di
sau vao cac thuat toan didu khién nang cao nhu
diéu khién thich nghi, diéu khién thong minh
hodc t6i wu quy dao, ciing nhu chua tich hop
cac cong nghé nhu thi gidc may va tri tu¢ nhan
tao.

4. KET QUA VA THAO LUAN
4.1. M6 hinh djng hoc

Phuong phap Denavit-Hartenberg
(D-H) dugc ap dung dé xay dung va phan tich
mo hinh dong hoc thuan va dong hoc nguoc
ctia robot. Céu trac robot 4 bac tu do dugc méd
ta chi tiét trong Hinh 2, trong khi cc tham s
D-H tuong ung dugc trinh bay trong Bang 1.
Trén co s& cac tham sd nay, ma tran bién dbi va
ma tran cosin chi hudng cua hé dugc xac dinh,
tir 46 suy ra phuong trinh x4c dinh vi tri diém
cudi cta robot nhu thé hién ¢ cong thuc (1),
(2). Pong thoi, nghiém ciia bai toan dong hoc
nguoc duoc thiét 1ap thong qua phuong phap
giai tich va duogc trinh bay tai cong thtrc (3).
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Hinh 2. (a) M6 hinh robot theo quy tic D-H, (b)
Mo hinh bai toan dong luc hoc

Bang 1. Bang D— va q,la bién khép, D, la tham

s6 hinh hoc
Khau a o d 0
1 L, 0 D, q,
2 L, 0 q, 0
3 0 0 D, q,
4 0 0 D, q,

Két qua tinh toan bang phuong phap D-H:
- Ma tran cosin chi huéng:
COS(% 4, +Q4) _Sin(% +4; +Q4) 0

R=|sin(q,+q;+q,) cos(q+q,+q,) 0] (1)
0 0 1

- Toa d6 diém cudi:
xE =L, cos(q,+q;)+ L, cos(q,)

yE =L,sin(q,+q,)+ L sin(q,) (2)
zE=d +d,+d,+d,

- Hé phuong trinh dong hoc nguogc bang

= Arctan (Zj Arctan| —22 _Lysing,
X L +L,cosq,

2
= Arccos i y —L L
2LL,
—d

d,=z—d —d,—d,

3)

4.2. M6 hinh thiét ké co khi va md phéng
bang cong cu MATLAB Simscape

Mo hinh robot duoc thiét ké va danh gia
thong qua cc cong cu phan mém SolidWorks
va MATLAB (Hinh 3). Cac chi tiét co khi dugc
gia cong bang cong nghé CNC nham dam bao
d6 chinh xac va do tin cay, dong thoi st dung
céc linh kién cong nghiép tiéu chuan trong
qué trinh 13p rap. Sau khi hoan thién, mo hinh
CAD dugc tich hop vao mai truong MATLAB
Simscape Multibody dé tién hanh mé phong va
phan tich chuyén dong ciia hé thong.

1’ It
7~ il

.

[

- =

Thiét ké eo khi

M hinh mb phing MATLAB

Hinh 3. M6 hinh thiét ké co khi trén Solidworks va
mo phong trén MATLAB

Mo phong diéu khién dong hoc dugc
thue hién véi quy dao muc tiéu dang xoén 6c.
Két qua mo phong trén moi truong MATLAB
Simscape cho thay trong khoang thoi gian 10
gidy, robot c¢6 kha ning bam theo quy dao xodn
dc mot cach lién tuc va 6n dinh. Cac phuong

trinh van toc cua cac khdp tuong ing voi qua &

phuong phép hinh hoc — giai tich:
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trinh chuyén dong duoc xéac dinh va thé hién
trong Hinh 4.

‘ [
—— 1 l— Time (s}

Hinh 4. Mé phong quy dao di chuyén hinh xodn éc
va dit liéu vin téc bién khép tieong g

4.3. H¢ théng diéu khién

Hé thong ti dién duoc thiét ké va lap
dit hoan chinh, dap g yéu cau van hanh thuc
té (Hinh 5) va tuan thu cic tiéu chuin cong
nghiép nhu [EC 60204-1, IEC 61439 va ISO
12100. Day dan duogc b tri theo quy wéc mau,
thiét bi duoc danh sb 1d rang theo so dd déu
nbi. Tu dién duoc tich hop cac giai phap bao
v€ va phan vung churc ndng hop 1y, ddm bao an
toan, d¢ tin cdy va thuan tién trong van hanh.
PLC Mitsubishi Q-Series dong vai tro diéu
khién trung tim ctia h¢ thong.

{18

Hinh 5. So dé hé théng dién

4.4. Ché tao va danh gia sai léch diéu khién
va m6 hinh mo6 phéng

Két cAu co khi cta robot duge ché tao
bang phuong phap gia cong CNC vdi vat ligu

nhém A6061 nhim dam bao do clng viing va
d6 chinh xac gia cong. San pham sau khi hoan
thién va lap rap dugc trinh bay trong Hinh 6.
Heé thong dugc tién hanh thir nghiém diéu khién
thuc té thong qua cac thao tic gap — dat vat tir
vi trf ban dau dén cac vi tri muc tiéu khac nhau.
DPong thoi, két qua thuc nghiém dugc so sanh
v6i md hinh mo phong trén MATLAB nham
danh gia d6 twong dong giira hai moi trudng.

Két qua cho thdy quy dao chuyén dong
va hanh vi ctia hé thdng trong thuc nghiém co6
su phu hop cao vdi mo hinh moé phong, chiing
minh tinh ding din cta phuong phap mo hinh
héa va thiét ké. Sai s dinh vi cua robot dugc
xac dinh trong khoang +1.0 mm trong mat
phéng, cho théy hé théng dat duoc do chinh xac
cao va dap tmg t6t yéu cau cua cac bai toan gap
— dat co ban.

Hinh 6. M6 hinh ché tao va thir nghiém diéu khién
Vi tri thuc hién nhiém vu gap vat [10]

4.5. Ché tao va danh gia sai 1éch theo phwong z

Do chinh xac diéu khién cua robot duge
danh gia thong qua phuong phép thuc nghiém.
Mot dong hd so Mitutoyo véi d phan giai 10
um duoc str dung dé do sai léch vi tri caa diém
cudi. Robot duoc 1ap trinh thue hién lap lai 10
lan ciing mot quy dao nham danh gia do lap lai
cua hé théng. Sai 1éch vi tri trong mdi 1an thuc
hién duoc ghi nhan va phan tich dé xac dinh
muc do chinh xac. Két qué thuc nghiém cho
thay sai s6 lap lai dat 10 pm (Hinh 7), cho thay
hé théng ¢4 do 6n dinh cao va kha nang dinh vi
chinh xac trong qua trinh van hanh.
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Hinh 7. Két qua cua 10 lan do sit dung dong ho so
va hinh mé ta phép do

5. KET LUAN

Téng két, nghién ctru dd hoan thanh
muc ti€u xay dung mot h¢ théng robot SCARA
phuc vu bai toan gép — dat véi hiéu nang on
dinh. Két qua thuc nghiém cho thiy robot dat
d6 1ap lai vi tri khoang £1.0 mm, trong khi d¢
chinh xac theo truc Z dat mtrc cao khoang +10
um, dap tng tot yéu cau cua cac ing dung co
ban trong tu dong hoa. H¢ théng van hanh 6n
dinh, cac khép chuyén dong dong bo, quy dao
bam sat két qua mo phong va khong phat sinh
16i trong qua trinh 1am viéc. Sy tuong dong
giita mo6 phong va thyc nghiém da khang dinh
tinh dung dén cua mé hinh dong hoc ciing nhu
phuong phap thiét ké dugc dé xuét.

Tuy nhién, do chinh xac téng thé ctia hé
thong van bi anh huo*ng boi cac yéu té nhu do ro
co khi, ma sat Va sai s lp rap. Trong cac nghlen
cu’u tiép theo, can tip trung Vao viée 01 uu két
cau co khi nham giam sai s6 tich luy, tich hop
mo hinh dong hoc vao hé diéu khién thoi glan
thuc, dong thoi phét trién cac thuat toan didu
khién nang cao. Bén canh do, viéc tich hop cac
cong ngh¢ nhu thi gidc may, tri tu¢ nhan tao va
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ban sao s6 (digital twin) duoc ky vong s& nang
cao hiéu suat va mo rong kha ndng ing dung cia
robot trong mdi truong cong nghi€p. 4
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