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KHAO SAT TiNH TOAN DONG LU'C ROBOT CONG NGHIEP BANG
MO PHONG SO

AN INVESTIGATION OF INDUSTRIAL MANIPULATOR VIA NUMERICAL
SIMULATION

D6 Viét Long, Truong Van Thuin
Truong Co khi, Truong Pai hoc Bach Khoa Ha Noi

TOM TAT

Bai bdo trinh bay mot so két quad nghién ciiu vé khdo sat dong luc canh tay robot cong nghiép
bang cong cu mo phéng s6. M6 hinh 3D va todn hoc ciia cdnh tay dugc xdy dung. Tvi dé, dong hoc
va dong lc hoc cua canh tay dvugc mé hinh hoa va tinh todn thong qua moé phong tich hgp Matlab/
Simulink va RecurDyn. Két qud thu dugc qua moé phong so phdn dnh ding ban chdt dong lc ctia co
hé, la tién dé dé phat trién nghién ciiu cho cdc canh tay robot cong nghiép nhiéu bdc tu do hon trong
tinh todn toi uu thiét ké va diéu khién.

T khéa: Cdnh tay robot; Mo phong so; Dong luc hoc.

ABSTRACT

This paper presents some research results of investigating industrial manipulator dynamics via
numerical simulation tools. The 3D and mathematic model of manipulator are established. Then, the
kinematics and kinetics are modeled and calculated via co-simulation between Matlab/Simulink and
RecurDyn. The obtained results reflect well the essentials of manipulator dynamics, and it can seem to
be a reference for investigating more degree of freedom robots in design optimization or control.

Keywords: Manipulator; Numerical Simulation; Dynamics.

1. GIOI THIEU

Canh tay robot cong nghiép la mét co
cau may chiém vai tro ngay cang quan trong
trong san xudt ¢ moi linh vic. Cung véi cong
nghiép hoéa va hién dai hoéa ngay mot manh
mé, robot cong nghiép din phd bién trong
cdc xudng va nha mdy trén khip thé giéi. Ung
dung ctia canh tay robot cong nghiép trong cac
nguyén coéng cé thé ké t6i nhu: Han, son, cdm
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gap... tham chi trong ca y té. Dap ting nhu ciu
thuc tién, nghién ctiu trong linh vic robot thu
hat sy quan tdm sau rong ctia cac nha khoa hoc
va san xuat.

bé lam chu va tUng dung cong nghé
canh tay robot cong nghiép, dong hoc va dong
luc hoc ctia mdi cau hinh may can dugc khao
sat tinh toan. Bén canh ting dung toan hoc giai
tich va co hoc truyén thong, cong cu s6 ho trg
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linh vuc co hé nhiéu vat ngay cang trd nén phé
bién va tin cdy. Rat nhiéu cong bo trong va ngoai
nudc da ung dung va tich hgp phan mém cong
nghiép d€ xu ly khau nay c6 thé ké t6i nhu: [1]
da khao sat dong hoc canh tay robot R-R; [2]
khao sat tim ham truyén cho co hé nhiéu vat;
[3] ting dung cong cu may tinh trong tinh toan
dong luc robot...

Trong nghién ctiu nay, cac tc gia xay
dung mot cau hinh canh tay robot R-R (quay-
quay) co ban va phd bién trong thiét ké 3D, khao
sat mo hinh toan hoc, x4y dung moé hinh mé
phong tinh toan tich hop gitia cong cu Matlab/
Simulink va Recurdyn. Két qua tinh toan c6 su
phu hgp véi dac tinh thuc cua co hé, 1a tién dé
dé phat trién nghién ctu cho cac canh tay robot
nhiéu bac tu do hon, hay trong téi uu thiét ké
va diéu khién.

2. CAU HINH CANH TAY ROBOT CONG
NGHIEP VA PONG LUC HQC

Hinh 1, mo6 ta cau hinh cta canh tay
robot 2 bac tu do R-R véi cac thong s6 kich
thudc dugc tham s6 hoéa tuong ting la L1 va L2.
Hai khau nay dugc ndéi véi nhau va khau goc
qua khép quay. Ma tran chuyén déi tii hé toa
do {i} t6i {i-1} dugc thiét 14p theo cong thiic cia
Denavit - Hartenberg (D-H), ma tran chuyén
d6i co hé tit hé toa do {N} t6i hé goc {0} dugc
thé hién bai cong thic:

T =T T°T..MT (1)

Bang tri s6 D-H dugc thé hién bdi bang
1 dudi day:

Bdng 1. Théng so6 D-H ciia mo hinh cdnh tay robot R-R:
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Hinh 1. Cdu hinh cdnh tay robot R-R

Ung dung cong thtic (1) ta c6 ma tran
chuyén d6i nhu sau:

costy -sing, 0 0|fcosd, -sind, 0 L| |c, -5, 0 Lg

sing, cos 0 0fsind, cosé, 0 0 [s, ¢, 0 Lgs
02T=0|T.|2T: 1 { 2 2 _|" e L, (2)

0 0 100 0 100 |0 0 1 0

0 0 010 0 0 1[0 0 01

Ma tran * T thé hién m6i quan hé tii hé
toa do {2} va {0}.

Trén hé toa do {2}, vitridiem P1a [L2 0
0 1]. B6i vé6i hé toa do goc {0} toa do ctia P la [x
y 0 1], do do:

x| |¢, =5, 0 Lgc || L
Yi_|%2 S 0 Ls || O (3)
0 0O 0 1 010
1 0O 0 0 1 1

Qua céac phép tinh toan hinh hoc thu
dugc:

0, = atan2(sin6,,cos 0, )
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bit x, y theo dang:
x=kec —kys;y=ks +ke ; k=L +L,c,k,=Ly,s,

Néu r = +Jk! +k; ; and y = atan(k,,k,);

thi k, =rcosy;k, =rsiny.

Ta thu dugc:
6, =atan2(y,x)—atan2(k,,k,) (5)

Tuy theo ddu ctia 0, tuong ting v6i canh
tay vong 1én hay hom xudng.

Déi véi mé men d€ gay chuyén dong
cho 2 khau, cong thiic Lagrange dugc st dung
dé thiét lap phuong trinh vi phan chuyén dong
cho co hé. Bat dau tii phuong trinh ning lugng
gom dong nang va thé ning (K va U, tuong
ung):

T=—T—-——+ (6)

Phuong trinh vi phan cho tling khau
thu duoc:

_ 2 2 N4 2
7, =1, +1,, +2m,La,c, + ma, +ma; +m,L)6, + (I, +ma;, +mya,Lc,)0,

_mzaleszézz - 2mzazL1329192 +mya,ge, +mgac, +myglic (7)
n,=1,, (01 + éz)+ mleazélcz + mleazélzsz +mya,8¢;, + mzaz2 (01 + 02) (8)

3. KHAO SAT HOAT PONG CANH TAY
ROBOT CONG NGHIEP BANG MO PHONG
SO

Trong cac phan trén, dong hoc va dong
lvc hoc ctia canh tay robot cong nghiép R-R
dugc phat trién. Trong phan nay, mét moé hinh
3D cua canh tay dugc xay dung nhu Hinh 2.
Céc khau va khép dugc dinh nghia trong phan
mém Recurdyn, trong do, cac yéu t6 dong luc
nhu hé s6 ma sat 6 khép dugce bo sung dua vao
tinh toan.

ISSN 2615 - 9910

http://cokhivietnam.vn

Hinh 2. M6 hinh 3D canh tay robot R-R

Cacdiiliéu dauvao nhu théngsé vantdc,
chuyén vi dugc tinh toan tit Matlab/Simulink,
diéu khién mo hinh 3D trong Recurdyn thong
qua mo6 hinh moé phong két hgp duge minh hoa
trong Hinh 3.

From File RECURDYA|
Plant

RecurCyn

From File1

Position of End Poirt v

Mux Demux

Hinh 3. M6 phéng tich hgp cong cu Matlab/Simulink
va Recurdyn

Thong s6 hinh hoc 6 xét téi vat liéu ctia
modi khau dugc trinh bay trong bang 2.

Bdng 2. Thong so tinh todn ctia mé hinh cdnh tay
robot R-R:

Khau 1 Khiu 2

L1 =300 mm L2 =300 mm

a, = 150 mm a, =150 mm

I, =28747.8496
(kg.mm?)

I, =11207.6427
(kg.mm?)

m, =4.044 (kg) m, = 1.433 (kg)
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Cénh tay robot R-R dugc mo6 phong
chuyén dong theo quy dao dugc xac dinh thong
qua tinh toan da thtc:

Ot)=a,+at+at +..+at" (9)

Trong nghién ctiu nay, mot ham vi tri,
van toc va gia tdc theo thaoi gian doi véi bac tu
do dugc stt dung nhu tin hiéu dau vao:

Ot)=a,+at+at’ +at +at' +at’ (10)

Viéc tinh todn cac hé s6 ctia ham dugc
xac dinh thong qua mét s6 diém theo thoi gian
lya chon: P (6,= 0, 6,= 0) t6i P, (0,= 15, 6,=
15) trong 0.4 gidy, diing & P, trong 0,2 giay, ti€p
tuc di chuyén tii P, t6i P, (8= 5, 0,= 55) di qua
P (6,= 8, 6= 35) trong 1 gidy, sau d6 diing &
P, trong 0,1 gidy, cudi cung t6i P, (6= 7, 6,=
68) trong 0,4 gidy. Quy dao 6, va 6, dugc thiét
ké dé van toc 1a lién tuc. Hinh 4, thé hién két
qua tinh todn mo phdng véi chuyén vi ctia diém
P tuong ting v6i chuyén vi tling khép 6, va 6,
truong hgp canh tay vong xudéng. Tuong tng
v6i quy dao chuyén dong ctia 2 khéu, Hinh 5,
thé hién két qua tinh toan mo6 men dan dong
tai moi khdp trong trudng hgp nay. Khi canh
tay vong lén, chuyén vi tling khép 6, va 6, dugc
biéu thi & Hinh 6 va mo6 men trong trudng hop
nay thé hién & Hinh 7.

Két qua thu dugc qua bd cong cu s6 la
tuong duong véi két qua tinh todn bing mo
hinh toan hoc. Viéc st dung bd céng cu mo
phong s6 lam giam dang ké thoi gian thuc hién
nghién ctiu, dong thoi c6 thé dé dang thay doi
doi véi cac bo thong s6 khac nhau cta tiing
khau, tling khép.
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Hinh 4. Chuyén vi ciia géc 0, va 0, 1ing véi chuyén
dong trudng hgp canh tay vong xuong (elbow down)
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Hinh 5. M6 men dan déng khau 1 va khau 2
(chuyén vi 0, va 0,) trudng hop cdnh tay vong
xuong (elbow down)
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Hinh 6. Chuyén vi ciia géc 0, va 0, 1ing véi chuyén
dong truong hgp canh tay vong lén (elbow up)
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Hinh 7. M6 men dan déng khau 1 va khau 2
(chuyén vi 0, va 0,) trudng hop cdnh tay vong lén
(elbow up)

Trén co s6 cac phuong trinh toan hoc
xdy dung & trén, két qua thu dugc qua bo cong
cu s6 1a tuong duong véi két qua tinh toan bang
mo hinh toan hoc. Viéc stt dung b cong cu mod
phong s6 lam giam dang ké thai gian thuc hién
nghién ctiu, dong thoi c6 thé dé dang thay doi
doi véi cac bo thong s6 khac nhau cla tiing
khau, tting khép.

4. KET LUAN

Nghién ctiu da trinh bay két qua tinh
toan, mo hinh hdéa va mo6 phong canh tay robot
cong nghiép R-R bang bd cong cu s6 Matlab/
Simulink va Recurdyn. Pong hoc va dong luc
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hoc ctia co cau dugc khao sat. Két qua thu dugc
pht hop véi ly thuyét tinh todn va 1a co s¢ dé
phét trién mé rong mo hinh véi nhiing canh
tay c6 nhiéu bac tu do trong tinh toan t6i uu va
thiét ké bo di€u khién. <
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