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MOT NGHIEN Ccl’U VE MO PHONG SO KET HOP THUC NGHIEM
TRONG TiNH TOAN DONG HOC ROBOT: BAl TOAN ROBOT 2R

A STUDY ON NUMERICAL SIMULATION AND EXPERIMENT OF ROBOT
KINEMATICS: ROBOT 2R CASE

D5 Viét Long, Truong Vin Thuin*
Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Tinh toan mo phong robot ngay quan trong vad hiru dung trong cong nghiép nhitng nam gan
day Cung voi sw phat trién ciia khoa hoc tinh todn, rat nhiéu céng cu hé tro linh vuee nay dwoc phat
trién. Két quad thu duoc co do tin cdy cao, co thé sir dung cho tinh toan thiét ké dong hoc, dong luc
hoc va quy dao cho robot nham tranh va cham va t6i wu héa van hanh. Bai bdo nay trinh bay mot
s6 két qua mé phong sé két hop thure nghiém vé dong hoc cho canh tay robot céng nghiép, truong
hop robot 2R.

Tir khéa: Dong hoc robot; Robot phing; Mé phong sé.
ABSTRACT

The numerical simulation of robot is important and useful in industries day by day.
According to the development of computational science, there are many supporting tools developed
in this field. The obtained results are reliable, can be used for kinematic, dynamic calculation and
trajectory planning for avoiding obstacle and optimized operation. The paper presents some results

of numerical simulation and experiment combination, a case of 2R.
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1. GIOI THIEU

Robot 1a trang thiét bi c6 vai tro ngay
cang lon trong cong nghi¢p va dan dung. Ly
thuyét tinh toan robot dugc phat trién trén co
s co hoc hé nhiéu vat [1] va dugc xay dung
boi nhidu nha nghién ctru ndi tiéng nhu John
J. Craig [2], Jazar [3]. D6 1a nhiing nén tang dé
phat trién cho moi tinh toan, thiét ké va diéu
khién cac robot hién dai ngay nay. Cuing v&i sur
phat trién cta khoa hoc tinh toan, nhiéu cong

cu sb6 dugc sir dung hd tro qué trinh tinh toan
thiét ké robot dugc nhanh va hiéu qua dé co thé
nhanh chéng dua vao tng dung. Mot s6 cong
trinh céng bd co thé ké dén nhu: Mahmoud
Gouasmi cung cac cdng su [4] d@ mo hinh hoa
va md phdéng robot 2R st dung Solidworks
va xac thyc bang Matlab/Simulink; Lin Jian
Liang va Xue Guan Gao da str dung Adam va
Matlab dé tinh toan dong luc cho robot dya trén
phuong phap Newton-Euler... Trong thuc té,
khi robot cong nghiép duoc san xudt va ung
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dung hang loat, nhi€ém vu cua doi ngii k¥ su va
k¥ thuat vién chu yéu tap trung tinh toan dong
hoc va thiét ké quy dao dé qué trinh van hanh
tron tru va ti uu.

Trong nghién clru nay, dong hoc cua
robot 2R dugc khéo sat tinh toan bang RecurDyn
két hgp Matlab/Simulink cting véi thyc nghiém
bang canh tay may c6 dong co Dynamixel phat
trién boi Robotics. Két qua thu duge phu hop
giita Iy thuyét va thuc nghiém, cho thdy su két
hop tinh toan sb va thuc nghiém nay 13 bo cong
cu tin cay dé khao sat dong hoc robot hd tro cho
cong nghiép va dan dung.

2. PONG HQC THUAN CUA ROBOT 2R

Hinh 1 mo ta mot cau hinh robot 2R véi
hé toa do va thong s kich thude duoc xac dinh.
Ca hai khau déu duoc chuyén dong trong cliing
mit phang. Bang thong s6 Denavit-Hartenberg
duoc thé hién boi bang 1 dudi day:

Bdng 1. Bang thong sé D-H ciia robot 2R

Link a, a di Oi
1 0 0 0 0,
2 0 L, 0 0,

Tu bang Denavit-Hartenberg, ma tran
chuyén doi dugc xac dinh bdi cac cong thic:
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Hinh 1. Cdu hinh tay mdy 2R dwoc tinh todn
3. PONG HQOC NGUQC CUA ROBOT 2R

Ma tran muc ti€u cua tinh toan:

¢y S, 0 x
T8 _ Sy ¢ 0 z )
1o 0 1 0
0O 0 01
Vi T, =T, ,taco:
x=Lc + Ly, (®)]
z=Ls +L,s, (6)

Tur do:
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X+ =L +L0+2LLc, (7)
2.2 2
cos@z—x oA Th (8)
2LL,
sin @, = +y/1—cos’ 6, 9)
0, =iatan[sm92J (10)
cosd,

Xac dinh thong s6 chuyén vi cta khau
mot theo cong thuc:

6, = atan(i)—atan(%) (11)
X

1

Vi goc cho truong hop vong lén:

L
6 =a tan(i) —a tan(z—s2
x

14,6,

) (12)
Véi goc cho trudng hop vdng xudng:

L
6 =a tan(i) -a tan(z—s2
x

14,6,

) (13)

Van toc cua diém cuoi (P) dugc tinh
qua ma tran Jacobian:

x| [-Ls6-Ls(6+6,) -Ls(6+6,)] 6,

= (14)
| L Le+Le6+6) Lo +6)

0,
4. MO PHONG PONG HQC ROBOT 2R
BANG CONG CU SO

Trén co s¢ dong hoc thuan va dong hoc
nguoc cua robot 2R tong hop tir phan trude,
phan nay tap trung vao mod phong dong hoc
robot 2R bang cong cu tinh toan RecurDyn [6]
két hop Matlab [7]. Hinh 2 m6 ta mé hinh 3D
cua robot 2R:

Hinh 2. M6 hinh robot 2R trong thiét ké 3D

Thong sb dau vao/ra clia robot 2R duoc
thiét 1ap. Goc khdp ciia robot duoc tinh toan
trong Matlab. Céc thong sé chuyén vi nay duogc
tinh toan trong RecurDyn va chuyén t¢i Matlab
dé xir Iy. M6 hinh mé phong két hop duoc thé
hién & Hinh 3.

Plantinput1

Plantinput2 Recurlyn_sutputs FlantOitputs

utd

o

Mux ¥ To Workspaoe Demnux PlantOut,

Hinh 3. M6 hinh mé phong két hop giita RecurDyn
va Matlab

Trong nghién clru nay, 2R robot cé
théng s6 L, =L, = 68.1 mm va m, =m, = 0.069
kg. V&i vi tri ban dau x =163.2 va z = 0; vi
tri cudi x = 85.98 va z = 102.15, thay vao céac
phuong trinh dong hoc & phan trude sé& duoc
phuong trinh quy dao chuyén dong cho hai goc
khop. Két qua chuyén dong cua robot 2R cho
hai truong hop vong 1én va vong xubng tir 1y
thuyét va mo phong trung khép, dugc thé hién
boi bang 2 dudi day:
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Bdng 2. Chuyén vi ciia robot 2R

V("ing 1én (Elbow up) Vong xuéng (Elbow down)
Time (sec) Thetal Theta2 Thetal Theta2 X z
(deg) (deg) (deg) (deg)
0 0 0 0 0 163.2000 0
0.1 2.5200 -1.6800 0.8400 1.6800 163.1268 3.9926
0.2 9.3600 -6.2400 3.1200 6.2400 162.1924 14.7821
0.3 19.4400 -12.9600 6.4800 12.9600 158.8826 30.3505
0.4 31.6800 -21.1200 10.5600 21.1200 151.8994 48.2447
0.5 45.0000 -30.0000 15.0000 30.0000 140.9335 65.7795
0.6 58.3200 -38.8800 19.4400 38.8800 126.9820 80.6177
0.7 70.5600 -47.0400 23.5200 47.0400 112.1073 91.3943
0.8 80.6400 -53.7600 26.8800 53.7600 98.8178 97.9829
0.9 87.4800 -58.3200 29.1600 58.3200 89.4634 101.2159
1 90.0000 -60.0000 30.0000 60.0000 85.9763 102.1500

Tu két qua thu dugc 6 thé théy, chuyén vi ctia hai khau & trudng hop vong xuéng thip hon
truong hop Vong 1én. Viéc quyét dinh de canh tay robot chuyen dong Vong xuong hay vong 1én phu
thudc vao yéu cau tranh va cham, tinh 6n dinh... ciia yéu cau diéu khién.

5. THUC NGHIEM KHAO SAT PONG

HOQC ROBOT 2R

Mo hinh thyc xay dung boi Dynamixel
[8] duoc két ndi voi may tinh qua cong USB
dugce mo ta trong Hinh 4. Hinh 5 va Hinh 6 lan
luot 1a chuyén vi cia Robot 2D theo hai truong

hop tinh toan trén.

Hinh 4. M6 hinh thuc robot 2R

Hinh 5. Chuyén vi ciia robot 2R truong hop

vong lén

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 316, thang 6 nim 2024

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU'U - TRAO PO

Hinh 6. Chuyén vi ciia robot 2R triong hop
vong xuong

6. KET LUAN

Trong nghién clru nay, bd cong cu
RecurDyn va Matlab dugc st dung dé tinh toan
khéo sat dong hoc robot 2R. Két qué thu dugc
cho théy su tin cay cuia bd cong cu tinh toan va
y nghia cta nghién ctru dong hoc robot trong
ung dung robot noéi chung. Viéc t1nh toan va
md phong véi hd trg clia cong cu sb s& gitp toi
uu hoa trong thiét ké ciing nhur van hanh robot
cong nghi¢p. %
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