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Nowadays, SCARA robots (Selective Compliance Assembly Robot
Arm) are widely used in the mechanical and electronic assembly field
to enhance production efficiency and product quality. However, there
are two significant issues when applying robotic arms in practice: high
robot costs and the possibility of the robot falling into singular
configurations during operation, significantly affecting its performance.
This article presents the design and fabrication process of a four-
degree-of-freedom SCARA robot arm with a Revolute-Prismatic-
Revolute-Revolute  (RPRR) configuration using modeling and
simulation methods in SolidWorks and Matlab/Simulink software.
SolidWorks software supports the design process by enabling 3D
modeling, creating assembly constraints, and testing the design.
Matlab/Simulink software aids in simulation, workspace analysis, and
identifying singular points to eliminate unusual robot configurations. In
terms of fabrication, the SCARA robot is manufactured using 3D
printing to optimize costs. As a result, the fabricated robot is cost-
effective, operates according to design specifications, and eliminates
singular configurations.

THIET KE, CHE TAO TAY MAY ROBOT SCARA 4 BAC TU'DO LOAI RPRR
TICH HQP NHAN DANG CAU HINH KY DI
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Ché tao

biéu khién

Ngay nay, robot SCARA (Selective Compliance Assembly Robot Arm)
duoc str dung rong réi trong linh vyc lap rép co khi va dién tir dé ning
cao hiéu qua san xuit va chat luong san pham. Tuy nhién, c6 hai van dé
quan trong khi 4p dung canh tay robot vao thyc té 1a gia thanh robot cao
va trong qua trinh 1am viéc, robot c¢6 thé roi vao cac ciu hinh ky di, gay
anh huong dang ké dén hiéu suat ciia robot. Bai bao nay trinh bay qua
trinh thiét ké, ché tao canh tay robot SCARA bdn bac ty do céu hinh
Revolute-Prismatic-Revolute-Revolute (RPRR) sir dung phuong phap
md hinh héa, mé phong trén phan mém SolidWorks va phan mém
Matlab/Simulink. Phin mém SolidWorks hd tro thiét ké, xay dung mo
hinh 3D, tao cac rang budc lap rap va kiém nghiém thiét ké. Phan mém
Matlab/Simulink giup md phéng, phan tich khong gian lam vigc, tim ra
cac diém ky di dé loai trir cac cau hinh ky di cua robot. Vé phan ché tao,
robot SCARA dugc ché tao bing phwong phap in 3D nham téi wu hoa
chi phi. Két qua, robot duoc ché tao ra c6 chi phi thap, hoat dong theo
yéu cau thiét ké va loai bo dwoc cac diém ky di.
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1. Giéi thi¢u

Hién nay, Robot SCARA (Selective Compliance Assembly Robot Arm) dong vai tro quan
trong trong cac nganh cong nghiép lap rap va ché tao. Cac robot SCARA dugc trang bi cdu hinh
khop RRP (Revolute-Revolute-Prismatic) hoac PRR (Prismatic-Revolute-Revolute) c6 thé tao
Chuyen dong tuyén tinh mot cach dé dang trong cac hudng doc [1]. Cac canh tay robot SCARA
cau hinh RRP dugc ung dung chu yeu trong cac nhiém vu véi yéu cau hoat dong thap can do
chinh xé4c va téc do cao [2]. Trong khi dong co khop tinh tlen ctia cau hinh RRP chi dé nang cac
vat, thi dong co khop tinh tién trong loai PRR thi nang ca céu tric robot clng Vi tai trong. Do
d6, dong co khop tinh tién cua loai PRR c6 mo-men xoin cao hon so vé6i loai RRP. Vi vay, cau
hinh robot SCARA kiéu PRR thuong dugce va chudng trong trng dung nang cac trong lugng nang
[3]. C6 thé thay rang phan l6n cac robot SCARA trong cac nghién ctru trudc sir dung cdu hinh
v6i ba bac tu do [4], [5]. Pé co thé két hop dugc wu diém cua hai loai cdu hinh robot SCARA,
RRP va PRR, trong nghién ctru nay, cac tac gia lya chon xay dung canh tay robot SCARA 4 bac
ty do cAu hinh Revolute-Prismatic-Revolute-Revolute (RPRR).

Mt khac, trong qua trinh lam viéc, robot ¢ thé mét on dinh khi gap cac diém ky di. Diém ky
di 1a cac diém trong khong gian cau hinh ma mét sb bac ty do cua robot bi mat. Biém ky di c6 thé
giai quyét bang cach tao ra cac canh tay robot c6 khong gian lam viéc rong, dwoc hiéu chinh can
than hoic st dung cac khép bd sung [6] - [8]. Bai bao nay trinh bay viéc ngin ngira sy Xuét hién
cua cac diém ky di (singularities) khi van hanh robot SCARA 4 bac ty do RPRR bing cach mé
phong tim ra cac diém ky di sau d6 dat cac gisi han chuyén dong bang két cau co khi hoic phan
mém diéu khién dé robot khong di qua cac diém nay.

2. Phuong phap dé xuit

Dé thiét ké robot can xdy dung mé hinh dong hoc nghich va dong hoc thuan cua canh tay
robot SCARA. Cac md hinh nay thé hién méi quan hé gitta khop dong va vi tri trén hé toa do
Descartes, ciing nhu goc quay cta co cau Chap hanh cudi [9]. Sau do, ‘cac ma trén Jacobian suy ra
tor dong hoc dugc ung dung dé tim céc dlem ma canh tay robot c6 ciu hinh ky di. Qu4 trinh tim
kiém diém ky di duoc hd tro boi phan mém Matlab/Simulink.

2.1. M6 hinh dong hoc thugn

Bai toan dong hoc thuan robot thé hién méi quan hé giira vi tri, van téc va gia toc cua cac
khép cua robot. Hé toa do duogc dit tai ting khop dé tim ma tran bién dbi xac dinh mdi quan hé
gitra hai khop lién ké. Ma tran bién doi giira hai khop dugc biéu dién bang ky higu “~iT. Mdi
quan hé giita khau dé va khau chap hanh cubi duoc xac dinh bang ma tran bién doi cac khop lién
tiép. Mdi quan hé nay duoc goi 1a dong hoc thuan (forward kinematics) va dwoc hién thi trong
cong thuc (1):

Or = 0riTiTiT .. "iT (1)

Cénh tay robot SCARA du kién va cac h¢ truC toa do trén cac khop dugc thé hién trong Hinh 1.

Hinh 1. Robot SCARA cdu hinh RPRR 4 bdc ty do
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Tir h¢ truc toa do gén 1én robot nhu trén Hinh 1, cdc tham s6 mo ta khau va khop dugc the
hién trén bang tham so Denavit — Hartenberg (Bang 1).

Bang 1. Bdng tham s6 D-H

Khau a; a; 9; d;
1-0 0 0 0, d;
2-1 0 Ly 0 d,
3-2 0 L, 0, ds
4-3 0 0 05 d,

Céc ma tran bién d6i duoc xac dinh nhu trong cong thuc (2) bang phuong phap Denavit —
Hartenberg (D — H) [8]:

cg —-s; 0 0 1 0 0 L
or=[51 & 0 0 ir — 010 O
1 0 0 1 d; 700 1 d

0 0 0 1 0 0 0 1

c;, =Sy, 0 Lyco e —s. 0 0 (2)
o= [S2 2 0 L5 53 c ’ 0 0
3 30 _ |53 3

0 0 1 dj 2l = o o0 1 d

0 0 0 1 o o0 0 14

Trong d6, cac viét tat "c" va "s" viét tit cho cac thuét ngit "cosin" va "sin". Cac thong sé D-H
duogc cung cap trong Bang 1.
Ma tran dong hoc thuan cua robot SCARA mo ta vi tri va hudng cua diém tac dong cudi trén
ban kep so0 véi hé toa gdc duoc thé hién bang cong thic (3) dudi day:
€123 —S123 O Licy + Lycqp
op _ 0pip2m3m _ |S123 €123 0O L1y + Lys1,
1l =11aT5Tal =17, 0 1 di+d,+ds+d,
0 0 0 1
Trong d6, ¢; = cosB;; c; = cos6,; c123 = cos (0, + 0, + 63); cip=cos (61 +63); 51 =
sinf; ; s, = sinby; S153 = sin (61 + 6, + 03); s1x=sin (6, + 6,).

®)

2.2. M6 hinh dong hoc ngwoc

Dong hoc ngugc la qua trinh tim ra gia tri cua bién khop theo dit lidu vé vi tri va hudng da cho
ctia co cAu chp hanh cudi. Trong nghién ctru nay, phuong trinh dong hoc nghich dugc giai bang
phwong phéap phan tich. Cot thi tu cua ma tran dong hoc thuan duogc hién thi trong Phuong trinh
(3), va nd cung cap toa do vi \t{ri Xy, f’yé z gan 1én ban kep cua robot so vai gic.

+Y

+X

Hinh 2. So dé tinh todn déng hoc nghjch robot

Tur phuwong trinh dong hoc thuan trong céng thic (3) ta cd vi tri ciia canh tay robot xac dinh
theo phuong trinh sau:
X = L1C1 + chlz (4)
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Y = L151 + 142’5'12v . (5)
Tu phuong trinh (4) va (5) binh phuong va lay tong 2 ve:
X2 +Y2=1%2+1% + 2L Lyc, (6)

Ta tinh duoc 6,

X2 +Y%2—-1%-13
-0, = iarccos( 2L1L21 2) @)
Ttr Hinh 2 ta nhan thay:
Y
01+ @ = arctg (}> )
L;s,;
sing = ———— 9
N e ®
Tu (8) va (9):
X2+y2-15-13
— @ = +arccos (T\/%Y;) (10)
2,v2_12_;2
- 6, = arctg ( ) + arccos (%) (1)

2.3. Ma tran Jacobian

Ma tran Jacobian dugc su dung cho tinh todn nhu 1ap duong di va thiét ké quy dao di Chuyen
xéac dinh diém ky di, tinh phuong trinh dong hoc cua chuyén dong, va tinh todn mo-men X0an.
Céc van toc thiang va goc ddi véi robot SCARA c6 thé duoc tim thdy dudi dang cac van tc cua
cac khép. Van tdc thang c6 thé dugc xac dinh dua trén vi tri ciia co cAu chap hanh cudi.

Van tdc cua co ciu Ch?ip hanh cudi duoc xac dinh nhu sau:

v%m=M@%ﬂﬂ (12)

Sau khi thuc hién cac phép toan trung gian, cac ma tran Jacobian thu dugc théng qua céc
phuong trinh dudi day:

[—L1S1 — L3512 —Lzsi2 O
Jo(0) = | Licy + Lacq, IPISY; 0] (13)
0 0 1
0 0 O
Jw(@) = [0 0 0] (14)
1 10
Pinh thirc ciia ma tran Jacobian duoc xac dinh la:
det],(0) = L1L,s, (15)

2.4. Ciu hinh ky di va khéng gian lam vigc téi wu

Dé loai bo ciu hinh ky di, c6 thé dwa vao kich thudc hinh hoc dé xac dinh mot kich thuge phu
hop. Mot phuong phap khac la tim kiém khong gian lam viéc khong co céu hinh ky di, nghia 1a
vung loai trir cac dlem ky di, sau do thiét ké quy dao lam viéc trong khong gian do dé dam bao
khéng xuét hién cau hinh ky di. Canh tay robot SCARA dat dén cac c4u hinh ky di khi

det],(0) = 0 & 0, = 0° hoac 6, = 180° (16)
Trong d6, khau 2 c6 thé duoc dudi thang ra hoan toan hoac gap lai tring khau 1. Do d6, dé giir
cho robot SCARA tranh khoi cac cau hinh ky di nay thi: det], (8) —» max hoic cos?6, — min
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3. Thiét ké va ché tao robot

Trong bai béo nay, dé phu hop voéi nhu cau nghién ctu, giang day, nhom tac gia lva chon xay
dung mo hinh canh tay robot SCARA cau hinh RPRR theo Hinh 1.

3.1. Két ciu co khi ciia robot

Budc dau, md hinh tay may cung cac chi tiét co khi duoc thiét ké, hiéu chinh trén phan mém
SolidWorks. Trong do, canh tay robot SCARA c6 chiéu dai khau L; = 250mm, L, = 200 mm.
V& truyén dong, cac khau ctia robot dugc duoc dan dong bﬁng 4 dong co budc dat tai 4 khop
dong. Ddi v6i khép dau tién, co ty & giam téc 20:1, dat dugc thong qua hai bd truyén dai. Hai
day dai GT2 dugc str dung 1a day dai dong vong véi do dai 200 mm va 300 mm. Cac khép quay
clia robot duoc ciu thanh véi hai 6 bi day va mot 6 bi truc. Doi véi khop tha hai, c6 ty 1é giam
téc 16:1, ciing thong qua hai bg truyén dai, va khop thi ba c6 ty 1é giam toc 4:1 chi qua mot bo
truyén dai. P4i véi mdi day dai, cac puly phu dé cing day dai. Ban kep dugc diéu khién bing
mot dong co servo MG996R. Truc Z cia robot duoc diéu khién bang mot truc vit me dan hudng
duong kinh 8 mm, toan bd bd phan canh tay truot trén bon truc tron duong kinh 10 mm va 6 bi
tuyén tinh. Chiéu dai hanh trinh ctia khop tinh tién 1 350 mm.

Céc chi tiét, bo phan co khi chinh cua robot dugc nhom tac gia ché tao truc tiép bang cong
ngh¢ in 3D FDM. Két thiic qué trinh ché tao, robot duoc lap rap hoan chinh nhu Hinh 3.

. | L] 2
2 |

Hinh 3. Robot duroc ché tao bang cong nghé in 3D

MAY TINH

NGUON VIXU LY
12V VI PIEU KHIEN

3.2. H¢ théng diéu khién dién, dién tiv

A 4
DRIVER DRIVER DRIVER DRIVER
PONG CO PONG CO PONG CO PONG CO

A A

PONG CO PONG CO PONG CO PONG CO PONG CO
KHOP 1 KHOP 2 KHOP 3 KHOP 4 KEP
)

CONG TAC CONG TAC CONG TAC CONG TAC
HANH TRINH 1 HANH TRINH 2| HANH TRINH 3 HANH TRINH 4

Hinh 4. So do khoi hé théng diéu khién Robot SCARA
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Trong thiét ké, nhom tac gia dé xuat xay dung hé théng diéu khién robot SCARA gom céc
khéi chirc nang nhu: Khdi nguon, khdi xir 1y, cac driver diéu khién dong co, may tinh, cac dong
co servo, cong tic hanh trinh. Cac khéi chiic ning duoc b tri va lién két theo so do nhu trén
Hinh 4. Trong d0, cac thiét bi, linh Kién chinh ché tao hé thong diéu khién robot gom mot bo
mach Arduino UNO két hop véi board mach CNC shield va bon driver A4988 dé dicu khién cac
dong co khép. Pong co ban kep duoc diéu khién truc tiép bang chan vi diéu khién. So dd mach
cac thiét bi diéu khién robot SCARA dugc thé hién nhu trén Hinh 5.

Khép 1 Khép 2 3

Power Suppl

Ban kep

/- Khép 4
| t__. '

Hinh 5. So' d6 mach hé thong diéu khién Robot SCARA

pé tang hi€u qua va tinh truc quan trong diéu khién robot, nhom tac gia xay dung hé giao dién
diéu khién trén may tinh théng qua phan mém Processing nhu Hinh 6.

Trén giao dién diéu khién nay, can ctr vao dong hoc thuan, robot c6 thé duoc diéu khién, thiét
ké dua vao cai dit goc quay cua ting khop thong qua cac thanh trugt Khop 1, Khop 2, Khop 3,
Khop 4. Ngoai ra, cin ctr vao dong hoc nguoc, ngudi dung chi can nhap gia tri toa do X, Y, Z
tuong g vao 6 diéu khién. Robot tu dong tinh toan goc quay cac khép dé tay gip vao toa do
mong muon.

3.3. Ciu hinh ky di va gidi phdp logi bé.

DIEU KHIEN ROBOT SCARA
DONG HOC THUAN DONG HOC NGHICH

o] [ [ [ ]
Khop 1
X:365  Y: 0 Z:100

o ]
o2
Ban kep
o] close [0 OPEN
Khop 3
"
LUU VI TRI CHAY CT
oo Last saved position:
o]
"
XOA

Hinh 6. Giao dién diéu khién robot trén may tinh

Theo cong thie (16), canh tay robot SCARA dat dén cac céu hinh ky di khi 6, = Q" hodc
0, = 180°. Giai phap loai bo cac diém ky di nay theo cach don gian la tao gidi han chuyén dong
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quay cta khép bang phan cung (st dung cong tdc hanh trinh) hodc phan mém (giéi han khoang
cai dat goc quay cua khop trén giao dién diéu khién). Phuong phap nay phu hop véi ché do diéu
khién dong hoc thuan, thiét lap toa d6 cua robot dwa vao chuyén dong quay cua timg khop

Bén canh d6, ddi véi diéu khién robot theo dong hoc nguoc thong qua viéc nhap toa do trén
giao dién diéu khién, nhom tac gia di tién hanh mo hinh hoa robot bang Matlab va chay mo
phong dé tim ra tap hop cac diém  ky di trong khong gian lam viéc cua robot nhu Hinh 7a. Ttir cc
toa do thu duoc, chuong trinh diéu khién dugc hiéu chinh dé bao 16i khi ngudi diéu khién nhap
toa d6 1a diém ky di nhu Hinh 7b.

& 2D Trajectory with Highlighted Added Points 7. _

X: 365 Y:- 0 Z: 100
X 0.317728

Ban kep

0.3

0.2

01r

CLOSE [y OPEN

LUU VITRI CHAY CT
Last saved position:

05 04 03 02 mx 0 01 02 03 04 XOA KHONG HOP LE

@ (b)
Hinh 7. Chgn diém ky di theo toa dgi. (a) Mo phong tim mgt sé diém ky di cua robot trén Matlab.
(b) Giao di¢n dieu khién chan nhdp toa do la diém ky dji

02

03}

-04

3.4. Két qud va ban ludn

Dé danh gia va kiém ching do chinh xac cia canh tay robot SCARA, nhom tac gia da tién
hanh chay thuc nghiém robot trong hé toa d6 OXYZ gia dinh voi géc toa do va cac truc theo
Hinh 1 va Hinh 2. Gia tri toa do 1a khoang céach tinh theo mm so véi géc toa do khi chiéu vi tri
tay kep 1én cac canh tuong tmg. Trong thuc nghiém nay c6 két hop so sanh két qua hoat dong
giita robot khi da tich hop cau hinh tranh diém ky di va khi chua tich hop. Két qua thuc nghiém
thé hién ¢ Bang 2.

Bang 2. Két qua thuc nghiém hoat dong robot SCARA tich hop cdu hinh tranh diém ky di

Toa d cai dit robot trong m it ph ang (x, Y, 2)
Diém lam vigc Diém ky di
(0,11,36) (11,0,36) (20,11,36) (35, 0, 20) (0, 35, 25)

Poi twgng thye nghi¢m

dRi%?;’tk;h(‘fia“"hh‘-’p“a“h (1,10,34)  (11,1,35) (20,12,36)  (31,5,20) (4, 29, 25)
d“fé‘;’fi‘;adti“’h hop tranh (1,10,34)  (9,1,36) (20,12,36)  Bo I3i Bao 15

Két qua thuce nghiém cho thiy robot trudc va sau tich hop cdu hinh tranh diém ky di déu hoat
dong 6n dinh, chinh x4c trong khong gian 1am viéc, voi sai sb theo mdi truc khong qua 2 mm. Sai
sO nay c6 thé giam xudng bang cach tinh chinh két cu co khi ciia robot.

Tuy nhién, thuc nghiém tai diém ky di voi robot chua tich hop cAu hinh chin diém ky di thi
sai s6 ting vot 1én 5 mm hodc 6 mm. Trong mdt sb 1an thue nghiém robot tham chi khong thé tu
tr& vé cau hinh gc ban dau do bi 16i. i véi robot sau khi tich hop kha ning chan diém ky di,
robot khong cho phép thiét 1ap chay dén diém ky di, giup tiét kiém thoi gian cai dit va an toan
cho robot.
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Mic dit phuong phép chin diém ky di 4p dung cho robot s& gi61 han khong gian va qui dao
chuyén dong ctia robot vi no khong cho phép robot di qua mét s6 diém. Tuy nhién giai phap nay
don gian co tac dung tranh cho robot bi 16i hodc ket tai diém ky di va c6 thé ap dung cho nhiéu
loai robot.

4. Két luan

Bai bao di dua ra phuong an thiét ké, ché tao robot SCARA Revolute-Prismatic-Revolute-
Revolute (RPRR) dya trén cac cong nghé hién dai bao gdom mo phong, thiét ké trén may tinh va
in 3D. San pham thu dugc dam bao tinh dong hoc, do chinh x4c va chi phi thap, phi hop dung
trong giang day hodc nghién cuu.

Bai bao ciing dua ra phuong phap phan ctimg, phan mém dé giai quyét vin dé cau hinh ky di
lién quan dén canh tay robot SCARA do nhém tac gia ché tao ra. Pinh hudng nghién ctru tiép
theo cua nhom tac gia 1a cai tién két cAu cua canh tay robot, thir nghiém loai dong co khac tai cac
khop dong, ing dung cac phuong phap diéu khién thong minh cho robot.
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