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TOM TAT

Bai bao nay trinh bay thiét ké va thi cong mach diéu khién trung tdm cho canh tay robot cong
nghiép. Bo diéu khién hoan thién duoc ap dung van hanh thtr nghiém trén mo hinh cénh tay robot Scara
4-bac dé danh gia. Pau tién, nguyén 1y dich chuyén theo toa d cta robot dugc trinh bay dudi dang
phuong trinh dong hoc thuan va dong hoc nghich. M6 hinh mé phéng hoat dong cia tay robot duoc
thuc hién boi phan mém SolidWorks va Matlab. Tiép do, thiét ké mach diéu khién trung tim trén phan
mém Eagle; chuong trinh va giao dién diéu khién dugc thiét ké bang ngon ngit C dé diéu khlén robot
thyc hién cac nhiém vu. Cubi cung, chay thyc nghiém trén mé hinh robot thyc véi cac yéu cau gép va
xép vat mau theo cac toa do yéu cau. Ket quéa cho thdy mé hinh robot hoat dong 0 on dinh, chinh xac
trong viéc gap va dat vat tai vi tri véi toe do cao. Ngoai ra, thiét ké cua bo diéu khién trung tdm cho
phép mo rong tdi 6 truc gitip md rong pham vi tmg dung cho nhiéu loai robot khac nhau; véi chi phi
thuc hién bo diéu khién thdp hon nhiéu so v6i bé diéu khién chinh hang nén rt phu hop cho dbi tuong
1a giang vién va sinh vién trong hoc tap va nghién ciru vé linh vyc diéu khién robot.

Tuwr khoa: Robot Scara, bang D-H, robot cong nghiép, Simscape Multibody Link.

1. GIOI THIEU CHUNG

Robot cong nghiép dang dwoc str dung ngay cang nhiéu trong nhiéu linh virc khac nhau nhim thay
thé con nguoi thuc hién nhimg c6ng viéc nham chan mang tinh chét lap di 1ap lai nhu trong cac day
chuyén san xuét [1-3] (day chuyen lap rap linh kién, phan loai san pham, xép hang hoa, v. v.), lam viéc
trong moi trudng doc hai dén strc khoe, nguy hlem dén tinh mang [4] (g5 bom min, xtr 1y chat hoa hoc,
ctru ho clru nan, tham hiém, v.v.), cong viéc yéu cau do chinh xac cao [5-7] (gia cong chinh xac, robot
sir dung trong y hoc, v.v.). Ty theo muc dich sir dung, robot ¢6 hinh dang va cau tao khac nhau. Trong
cong nghiép san xuat, cac robot thuong c6 cAu tao dang canh tay nham thuc hién cac dong tac nhu tay
con ngudi. Robot Scara (viét tit cua Selective Compliance Articulated Robot Arm) 1a mot lwa chon phd
bién sir dung cho cac cong viéc co tinh chét nho, can téc d6 va do chinh xac cao. Robot Scara duoc g10r1
thiéu vao nam 1979 boi gido su ngudi Nhat, giao su Hiroshi Makino [8]. Chung duoc sir dung phd bién
trong cac day chuyén san xuét: phan loai san pham, lap linh kién, dong goi san pham, xir Iy cac linh
kién ban dan... Trong gido duc, robot Scara duoc sir dung lam mé hinh giang day chinh trong linh vuc
diu khién robot & cac truong dai hoc [9, 10]. Dé tiép can véi md hinh robot thuc cua cac hing san xudt
16n doi héi chi phi twong ddi cao.

Robot Scara thuong co ciu tao 4-bac ¢6 kha ning di chuyén linh hoat trong mit phiang XY, trong
khong gian c6 thé di chuyén 1én xubng va xoay 360° quanh truc Z. M6 hinh dong hoc cho robot mé ta
vat 1y duéi dang toan hoc ciia robot. M6 hinh dong hoc c6 thé dugc chia thanh hai phan 1a mo hinh dong
hoc thuén va mé hinh dong hoc nghich. M6 hinh dong hoc thuén cho robot dugc xay dung dé tim ra vi
tri cua bo phén tac dong cubi Gmg véi cac goc khép dau vao. Vi vay, m6 hinh dong hoc thuan c6 thé ap
dung dé thiét lap cac vi tri cho robot. Dé dat duoc vi tri tac dong cu6i mong muodn thi can phai xéc dlnh
duoc thong so cac khdp. Van dé nay duoc giai quyét thdng qua md hinh dong hoc nghich [11, 12]. D
d6, md hinh dong hoc 1a can thiét dé cung cép pham vi lam viéc va két hop chirc nang cua canh tay
robot voi ing dung cua né [13]. Vi tri cua canh tay robot dugc mo ta sir dung phuong phap Denavit—
Hartenberg, sit dung cac ma tran chuyén vi dé hinh thanh dong hoc cua robot [11-14].
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Thiét ké bo diéu khién cho robot Scara céng nghiép 4-bac

Théng thuong, mot b robot hoan chinh bao gdm canh tay robot, bo didu khién va phin mém. Bo
diéu khién dong vai tro rat quan trong dugc xem nhu bd ndo thu thap cac tin hiéu ngoai vi, xur ly va xuét
tin hiéu diéu khién dén cac dong co truyén dong cho robot dé thyc hién céc tac vu mong mudn. Pay
cling 14 bo phan hay xay ra hu hong, phat sinh 16i dan dén ngung hoat dong ctia robot. Dé kiém tra va
xtr 1y cac van d¢ lién quan can c6 su hd tro tir phia hing san xuat, thoi gian xur 1y 1au va ton kém chi phi
déc biét 1a hang 6 nude ngoai. Mat khac, moi hang s& co phan mém lap trinh robot duoc thiét ké riéng
va thudng bat budc tra phi dé c6 thé st dung. Dicu nay gay ra nhiing khé khan nhét dinh cho ddi twong
giang vién, sinh vién trong nghién ctru va tim hiéu vé k¥ thuat diéu khién robot.

Trong bai bao nay trinh bay mot thiét ké bo diéu khién cho robot Scara 4-bac v&i mirc chi phi thap
nham phuc vu cong tac giang day vé hoc phan k¥ thuét robot tai truong Pai hoc Cong Thuong Tp.
HCM. Piéu nay gitip don vi sir dung chu dong trong cong tac sira chita, thay thé linh kién khi c6 su co
hodc hu hong trong qua trinh day va hoc. Noi dung bai bao duoc trinh bay bao gdm: phan dau tién 1a
gidi thiéu chung; t1ep dén phan trinh bay vé mo hinh dong hoc cua robot, va mo hinh m6 phong dong
hoc cua robot trén phan mém Matlab va SolidWorks; thiét ké bo diéu khién trung tim, va thi cong dau
ndi bd diéu khién cho robot duge thé hién & muc 3; kiém chung hoat ddng cia mach thiét ké véi cac Iy
thuyét da trinh bay thong qua qua trinh chay thuc nghiém & muc 4; cudi cung 1a phan két luan.

2. MO HINH PONG HQC CUA ROBOT

M5 hinh canh tay robot Scara 4-bac tyr do gom 3 khép chuyén dong quay va 1 khép chuyén dong
tinh tién, nhu trong Hinh 1a. Pham vi hoat dong robot dugc trinh bay nhu trong Hinh 1b; hoat dong cta
khép 1, 2 va 4 dugc gidi han trong pham vi 8; = —132° < 132°, 8, = —150° =~ 150° va 6, = 0° +
360° ng v&i miat phing toa do (Xo, Yo), (X4, Yy) va (X4, Y,) gin véi chung; khép tinh tién 3 c6 pham
vi dich chuyén tdi da 110 mm doc theo truc Zs.

Z Zy
T3
|| 1 — T o X
L =" o [
A ‘ X, |l
X « ::/{f4
a) CAu trac mé hinh robot b) Pham vi gidi han khop xoay

Hinh 1. Robot Scara 4-bac

2.1. Phwong trinh dgng hoc thuin

bong hoc thuan dugc st dung khi can tim vi tri va hudng cia khau chép hanh cudi tir cac gbc
khép cho trude. Mdi khau cua robot dugc gén voi 1 hé truc toa do, dé robot duoc gén voi toa do géc
(0,), tang dén cho cac khau tiép theo, dén khau chap hanh cudi duoc gin toa (0,), nhu trong Hinh 1a.
Vi tri va huéng ciia khau chap hanh cudi dugc quy doi vé toa dd goc thong qua phuong phap ctia Denavit
Hartenberg (D-H). B thong s6 D-H bao gom 6;, d;, a;, va ;. Trong d6: 6; 1a goc quanh truc Z;_; dé
X;_1 = X;; d; la khoang cach giira hai truc X;_; va X;; a; la khoang cach giita hai truc Z;_, va Z;; a; 1a
goc quay xung quanh X; dé cho Z;_; = Z;. B thong s6 D-H cua robot Scara 4 bac duoc liét ké nhu
trong Bang 1, v6i cac théng s6 L, = 170 mm, L, = 225 mm, Ly = 175 mm, va L, = 60 mm.

Bdng 1. Thong s6 D-H ctia robot Scara 4 bac

Khau 0; d; a; o Bién
1 0, Il llsy 0 0,
2 9, 0 Ls 180 9,
3 0 ds 0 0 il
4 0, Ly 0 0,
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Ma trin chuyén vi tir hé toa d§ thir (i) sang hé toa do thir (i — 1) duoc xac dinh nhu sau:

cosB; —sinB;cosa;  sinB;sina;  ajcos6;
Ti-1 = sinB; cosB;cosa; —cosB;sina; a;sinb; 1)
! 0 sing; CosQ; d;
0 0 0 1
Vi tri ciia khau chép hanh cudi duoc chuyén vi vé toa do géc theo cong thuc:
Ri1 Rz Rz K
R R R P
TO = TO x TL x T2 x T3 = | Pzt 22 23 by 2
¢ =X X Ry Ry, Rys Py @)
0 0 0 1
Ri1 Rz Ryz Py
trong d6: R = [Rz;  Ry;  Ry3|la ma tran dinh hudng, P= [Py | 1a ma trén vi tri.
R31 R32 R33 PZ
Thay cac b thong s6 D-H vao (1), cdc ma tran chuyén vi duoc viét lai nhu sau:
cosB; —sinB; 0 L,cosH,
in6 cosB 0 L,sin®
TO = [S1Y1 1 2 1
! 0 0 1 L, )
0 0 0 1
cosB, sinb, 0 Lscos6,
TL = sin6, —cosB, 0 L3sin®, 4
2 0 0 -1 0 @)
0 0 0 1
1 0 0 O
01 0 O
2 _
T = 0 0 1 ds ©)
0 0 0 1
cos, —sinB, 0 O
in® cosB 0 0
T3 = [ SV 4 6
* 0 0 1 L, ©)
0 0 0 1
Thay (3)-(6) vao (2), ma tran T duoc viét lai:
COS(91 + 92 - 64) Sll’l(el + 62 - 64) O L3C05(91 + 92) + L2C0591
Tf — Sll’l(91 + 92 - 94) —COS(91 + 92 - 94) O L351n(91 + 92) + LZSil’lel (7)
0 0 _1 L1 - d3 - L4_
0 0 0 1

Néu cho trudc cac tham sb bién khop, vi tri chap hanh cudi cua robot trong hé toa do goc
(Xo, Yy, Yg) duge xac dinh nhu sau:

Py Lscos(6, + 6,) + L,cosf,
PY = L3Sln(91 + 92) + Lzsin91 (8)
P, —dy— 1L,

2.2. Phwong trinh dgng hoc nghich

Dé diéu khién co cau chap hanh cudi ciia robot dich chuyén t6i céc vi tri mong mudn can phai xac
dinh gia tri cua cac bién khép ‘twong (g voi timg hé toa d6 cua ching. Bai toan dong hoc nghich dong
vai trd rt quan trong trong diéu khién hoat dong cta robot, dd phtrc tap ctia bai toan phu thudc vao cdu
trac robot. Trong phan nay, phuong trinh dong hoc thuén cta canh tay robot Scara 4 bac dugc tinh dya
trén phuong phép dai so.

Tir (8), bién d; 6 thé d& dang tinh nhu sau:

dz =L; —P,— L, ©)
Lay binh phuong Py va Py, ta co:
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PZ = L4cos?(0; + 0,) + 2L,Lzcos(8; + 0,)cosB; + L3cos?(8;) (10)
P? = 14sin?(0; + 6,) + 2L,L3sin(8; + 0,)sind; + L3sin?(8;) (11)

Suy ra:
PZ + PZ = 12 + L2 + 2L,Lcos6, (12)

Tu (12), rit ra dugc:
pk+pf— 13- 13

13
2L,L, (13)

cos(0,) =

Nghiém cua (13) duogc viét lai dudi dang ham tan:

(PR 1B 13’
2L,L,
1
Pk +py — L5 — 13
\ 2L,L,
Bién d6i theo cong thirc lugng giac ¢ (8) va sip xép lai nhu sau:

[Px]: L, + Lycos8,  —Lssin@, ] [cosel]
Py L3sin®, Ly + Lscos8,] | sin®,

(14)

0, = tan™

(15)

Thay (14) vao (15), giai phuong trinh ta thu dugc nghiém 6, :

/JI_(P§+P3+L22—L23>Z\

2L,/PZ + P?
PZ+P7+12—13
2L,/PZ + P?

(16)

P
0, =tan! (—Y> —tan~?!
Px

2.3. M6 phéng dong hoc

Phuong trinh dong hoc thuén va nghich dugc kiém chimg théng qua mé hinh mé phong trén phan
mém Matlab. Bé quan sat dugc hoat dong chuyén dong cta robot mot cach tryc quan, mdt mo hinh
robot Scara 4 bac dugc vé trén phﬁn mém SolidWorks nhu trong Hinh 2. M6 hinh duogc xuét ra dudi
dang file c6 dudi “.xml”, dugc nhiing vao Matlab Simulink thong qua cong cu Simscape Multibody
Link v6i cau 1énh “smimport”. So dd khdi mé phong cho robot duge trinh bay nhu trong Hinh 3. Giao
dién diéu khién mo phong bang Matlab GUI thé hién nhu trong Hinh 4.

Khau 1 Khau 2

Khau chép
hanh cudi

i

Hinh 2. M6 hinh canh tay robot dugc v& tir phin mém SolidWorks
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B B B _If Bf
‘k\w . B"ZCF F1 F #F F F1 :fF F A ’F FF1 8y F F
¥ Bp

taq | tq [ Ba [
World Transform  Link1_1_RIGID  Revolute Link2_1_RIGID| Revolutel Link3_1_RIGID Link4_1_RIGID = Revolute2 Link5_1_RIGID

flx)=0 pil80 b >

Hinh 3. So @ khéi thuc hién mé phong trén Matlab Simulink

Mb phong dong hoc thuén sir dung cac tham sb ngau nhién lan luot 13 6, = 90; 8, = —45; d; =
—60; va 8, = 0. Khi thuc hién chuong trinh, robot s&€ chuyén dong cac khdp toi cac gia tri tuong tmg va
co cau chap hanh dung tai vi tri c6 toa d§ Py = 123,74; Py = 348,74; P, = 170,5, nhu trong Hinh 4.

Qua trinh m6 phéng ddng hoc nghich dugce thuc hién ngugc lai voi mé phong dong hoc thudn
bang cach nhép cac toa dd Py = 123,74; Py, = 348,74; va P; = 170,5. Chuong trinh ty dong tinh toan
vatra vé cac gia tri ©; = 90; 8, = —45; d; = —60;va 0, = 0.

M6 phong ¢ nhiéu truong hop tham sb khac nhau ciing cho cic két qua tuong tu. Piéu nay cho
thay tinh ding dan cua phuong trinh déng hoc cua robot da trinh bay. Bén canh d6, mo phong con thé
hién dugc chuyén dong cua robot trong khong gian 3D mot cach truc quan.

BANG DIEU KHIEN

‘ =
L BONG HOC NGHICH
[

-J DONG HOC muju J ;
oo -
j ®

i
e |
BONG HOC NGHICH

. -
Tt =
- e

Hinh 4. M6 phong dong hoc vi tri canh tay robot trong Matlab

3. THIET KE THI CONG BQ PIEU KHIEN VA THI CONG MO HINH THU'C
3.1. Thiét ké b didu khién
Mach diéu khién trung tam dugc thiét ké trén phdn mém Eagle, so d nguyén ly dugc trinh bay
nhu trong Hinh 5, bao gdm céc khdi chirc nang sau:
Vi diéu khién trung tAm: st dung chip ARM Cortex-M?7 gid thanh ré nhung ¢6 toc d6 xir Iy én
tuong 1én dén 600 MHz, voi cac thong so chinh dugc ligt ké nhu sau:
+ 7936K Flash, 1024K RAM, 4K EEPROM
+ 55 chan I/O digital
+ 35 kénh phat xung toc do cao
+ 18 kénh ADC
+ 8 cbng giao tiép serial
+ Kha ning giao tiép Ethernet 10/100 Mbit véi DP83825 PHY
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Thiét ké bo diéu khién cho robot Scara céng nghiép 4-béac

"1 Khéi ngudn: duge thiét ké voi dign ép dau vao 24 V, dién 4p ngd ra 24 V, 5V, va 3,3 V sir dung
IC 6n ap chuyén dung LM2576. Mach dugc bao vé ngan mach béi cau chi ban dan.

1 IC chuyén mtc logic TXS0108E dé chuyén déi mirc logic gitra vi diéu khién véi cac thiét bi
ngoai vi.

" Tt ca tin hiéu dau vao/ra dugc cach ly an toan qua opto.
"1 Tin hiéu encoder dugc chuyén dbi qua IC MC3486D.
"] Céc thiét bi ngoai vi: cuén hut, thing tir dugc diéu khién dong/cét qua tiép diém Relay trung gian.

v

—HH

-2 »N-:‘w *

o

| searocee
_J‘_l‘J;[!I]J;J“_u:_

gk ok ek

AR R ek

SR LLLLEL )
RUHIIH LULELTH

b) Sau khi thi cong hoan thién
Hinh 6. Mach diéu khién trung tam cho robot
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Bén thiét ké véi cach bd tri linh kién va di day duoc trinh bay nhu trong Hinh 6a, mach sau khi
thi cong han linh kién dugc thé hién & Hinh 6b. Mach dicu khién thiét ké c¢6 nhiing chirc nang chinh
nhu sau:

+ Dién 4p dau vao: 24 VDC; dién ap ra cép cho céc thiét bi ngoai vi: 3,3 VDC, 5 VDC, va 24 VDC.

+ 10 ngd vao céch ly qua opto

+ 6 ngo ra relay, cach ly qua opto

+ 12 kénh PWM ngd ra toc do cao

+ 6 kénh encoder dau vao, mdi kénh gdm tin hiéu 4 tin hiéu A-, A+, B-, va B+

3.2. Lip dit va thi cong m hinh thye

Trong bai bao nay st dung mo hinh canh tay robot Scara 4 béc ctia hang Yamaha véi cac khép
duoc truyén dong boi dong co c6 hdi tiép tin hiéu encoder. Pong co dwoc didu khién bai 2 tin hidu xung
va chiéu. Vi tri ban dau ctia mdi khép duoc xac dinh boi cam bién tiém can. Khép tinh tién co b phan
ham cting bang thing tir 24 VDC. Co céu chip hanh cudi gin giac hut dwoc didu khién boi hé théng khi
nén thong qua 2 van dién tir 24 VDC. So d6 d4u ndi thiét bi dugc thé hién nhu trong Hinh 7. M6 hinh
robot Scara sau khi thi cong hoan thién nhu trong Hinh 8.

CAM BIEN CAM BIEN CAM BIEN CAM BIEN .
KHOP1 KHOP2 KHOP3 KHOP4 THANGTU yunpop

t 8

ON/OFF SWITCH DUNG KHAN CAP

MOOT
- -
700 DNOA

Ghi chi:

(1) Mat ban bd tri mo hinh.

@ Khay A chira vit ban déu.

(3) Khay B chira vt hoan thién.

@ Thiét bj dén béo trang théi, cong tic va dimg khan cép
@ Ngudn 220VAC — Thiét bi déng/cét va bao vé dién.
(6) Bonguén24VDC.

@ Board diéu khién trung tam.

(8) Cac bo diéu khién dong ca.

@ Bién ap xuyén 220VAC - 110VAC.

@ May bom hit chan khong — Van dién tir.

Hinh 8. M6 hinh thuc nghiém robot Scara hoan thién
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4. KET QUA THU'C NGHIEM

Céc vat mau dugc sap xép trén khay A, nhu trong Hinh 9a. Nhiém vu cta robot tién hanh gip cac
vét mau nay di chuyén chung dén vi tri khay B theo quy tic xép thanh chit “I ¥ HUIT”, nhu trong Hinh
9b. Toa do cua cac vat duge xac dinh dua trén cach bo tri, vi du vat mau sé 1 & khay A c6 toa do X =
238,3, Y =294,92. Bé robot t&i duge vi tri nay, thong qua tinh toan dong hoc nghich, robot s€ thuc hién
quay cac khép véi 8, = 34,76; 0, = 37,45, nhu trong Hinh 10. Twong tu, vi tri ctia cic vat mau con
lai duoc li¢t ké nhu trong Bang 2. Luu dd thuc hién nhiém vu robot dugce thé hién nhu trong Hinh 11.

a)  Trude khi chay chuong trinh b) Sau khi chay xong chuong trinh
Ghi chii: Khay A chira vat ban dau; Khay B chira vat hoan thi¢n

Hinh 9. Nhiém vu thye hién cuia robot

Ghi chu: .
Khay A chtra vat ban dau
Khay B chura vat hoan thién

Hinh 10. Vi tri ctia cac vit mau

Trong qua trinh thyc hién nhiém vu sdp xép cac vat mau, robot di chuyen v6i toe do nhanh, di dén
dang cac vi tri yéu cau co cau hit nhanh va giir vét chic chin trong sudt qua trinh di chuyén. Thoi gian
robot hoan thién gip va di chuyén 11 vat la khoang 120 gidy. Két qua sau khi robot thuc hién xong
chwong trinh dwoc trinh bay nhu trong Hinh 12a, video chay mé hinh dugc thé hién & link bang mi QR
nhu Hinh 12b. Thyc nghiém twong tur ciing durgce thue hién nhung véi nhiém vu nguoc lai, cac vat mau
dang & vi tri “I ¥ HUIT” ¢ khay B duoc sép xép tro lai khay A nhu ban dau. Két qua thuc hién cho thiy
robot gép va sép xép cac vat mau vao dang cac vi tri ban dau.
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V& home
Gan: 0,=0; 6,=0; d;=0; 0,=0

Di chuyén dén vi tri A;
01=014i 5 0:=024;

Di chuyén dén vi tri B;
0,=01gi ; 0,=0,5;

|__Xoay (0s=05) |

SR
| Ha xuong (ds=-55) | :
,::::::::;::::::::j
| Dilén(d=0)
I 2

L Xoay (04=-04p;) !

Ghi chu: Gia tri bién khép duge tra trong Bang 2

Hinh 11. Luu db tong quat hoat dong cua hé théng

a) Robot hoan thanh nhiém vy xép chir “I ¥ HUIT” b) video Link xem robot hoat déng bang mi QR

Hinh 12. Két qua thyc nghiém ciia robot
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Bdng 2. Cac gia tri vi tri va toa d géc cua cac vat

Khay A Khay B
STT Toa do Dong hoc nghich Toa do Dong hoc nghich

Xa Ya B1a 824 Xp Ys 615 628 04p
1 2383 294,92 34,76 37,45 2483 —68,68 —57,3 100,89 0
2 240,75 249,92 20,13 60,17 205,3 —68,68 —65,15 115,89 90
3 255,75 204,92 8,46 70,61 270,8 —185,43 —64,55 70,36 90
4 255,75 159,92 —3,13 82,9 238,3 —272,03 —70,88 51,02 90
5 228,83 95,47 —20,45 104,54 132,61 —152,93 —97,05 120,76 180
6 1423 69,92 —24,59 135,44 238,3 —124,28 —67,85 96,58 0
7 1423 114,92 —10,58 127,37 2383 —159,88 —-71,43 89,2 0
8 1423 159,92 1,44 116,73 238,3 —210,38 —73,64 75,28 0
9 1423 204,92 12,32 103,97 2383 —246,48 —72,9 62,56 0
10 1423 249,92 22,87 88,94 238,3 —297,48 —66,81 35,6 0
11 142,3 294,92 33,94 70,74 1423 —224,08 —98,35 97,87 0

Cac thuc nghiém duoc tlen hanh & nhiéu 1an khac nhau trong thoi gian dai cling cho két qua tuong
tu: robot di chuyén nhanh, gip va tha vat den dung cac vi tri yéu cau. Picu nay cho thiy mach diéu
khién trung tdm da dap mg duoc yéu cau vé diéu khién robot, mach van hanh tbt, dang tin cay.

5. KET LUAN

Bai bao nay trinh bay thiét ké mach trung tdm diéu khién cho robot Scara 4-bac trong cong nghiép.
MO hinh toan cia robot da duoc trinh bay ¢ dang phuong trinh dong hoc thudn va dong hoc nghich. Mo
phong chuyén dong robot dwoc thuc hién boi Matlab Simulink véi mé hinh robot vé& trén SolidWorks
da ching minh dwoc tinh ding dén cua phuong trinh dong hoc da dua ra. Két qua thyc nghiém trén mé
hinh robot Scara 4-bac trong cong nghiép véi mach diéu khién do chinh nhém tac gia thiét ké ciing cho
két qua van hanh tdt: robot di chuyén nhanh, chinh xac, van hanh tin cay. Ngoai ra, mach diéu khién
trung tdm con c6 thé sir dung cho cac dong robot 5-béc, hodc 6-bac khac. M6 hinh nay dang dugc khoa
CN bién — Dbién tu truong Dai hoc Cong thuong TP. HCM st dung lam m6 hinh giang day cho sinh
vién trong hoc phan ky thuat Robot.

Loi cam on: Nghién ctru nay do Truong Dai hoc Cong Thuong TP. Ho Chi Minh béo trg va cip kinh
phi theo Hop dong s6 79/HD-DCT ngay 15 thang 08 nam 2023.
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ABSTRACT
DESIGN OF A CONTROLLER FOR A 4-DOF INDUSTRIAL SCARA ROBOT

Le Thanh Toi", Tran Anh Kiet, Doan Xuan Nam
Ho Chi Minh City University of Industry and Trade
*Email: toilt@huit.edu.vn

This paper presents the design and implementation of a controller for a 4-degree-of-freedom
(4-DOF) industrial SCARA robot. The proposed controller was implemented and experimentally
evaluated on a 4-DOF SCARA robot model. First, the robot’s motion was formulated using forward and
inverse kinematics. A simulation model was then developed in SolidWorks and Matlab to verify the
kinematic model. Next, the central control circuit was designed in Eagle, while the control software and
user interface were developed in the C programming language to perform the required robot operations.
Finally, experiments were conducted on the physical robot model to carry out pick-and-place tasks at
predefined coordinates. The results show that the robot operates stably, accurately, and at high speed in
pick-and-place applications. In addition, the proposed controller can be extended to support up to six
axes, thereby broadening its applicability to other robot configurations. Owing to its low implementation
cost compared with proprietary commercial controllers, the proposed system is well suited for teaching,
learning, and research in robot control.

Keywords: Scara robot, Denavit-Hartenberg parameters, industrial robot, Simscape Multibody Link.
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