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TOM T A T 

Bdi todn ddng luc hgc tay mdy Id mdt phdn quan trgng trong viec thiit ki, che tgo vd dieu 

khien tay mdy. Tuy nhien, bdi todn dgng luc hoc ndy thudng duac gidi tren cdc tay mdy md cdc 

khdu, cdc khdp la ly tudng khdng cd sai lich hinh hoc. Diiu ndy dd gdy ra sai lech dgng luc hgc 

khi diiu khiin tay mdy. Bdi bdo ndy dua ra mot phuong phdp gidi bdi todn dgng luc hoc cho tay 

mdy khi co ki den sai lichhinh hgc cua cdc khdu, cdc khdp. Tir do, cd thi xdc dinh duac cdc tham 

sd ddng luc hgc chinh xdc hon nhdm ndng cao do chinh xdc diiu khiincho tay mdy. 

Tu khoa: Ddng luc hgc tay mdy; Tham sd ddng lire hgc; Do chinh xdc trong dieu khien. 

ABSTRACT 

Manipulator dynamics is a very important part in design, manufacturing and control of 

manipulator However, this problem was normally solved with nominal kinematic parameters.As 

a result causing dynamic error for manipulator control. This paper gives a method that solves 

dynamic problem for manipulator with consideration of the deviation of the kinematic parameters. 

Therefore,dynamic parameters will be determined more accurately, thus the accuracy of manipulator 

control field is improved. 

Keywords: Manipulator dynamics; Kinematic parameters; Precision in control. 
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NGHIEN CUfU - TRAO D(!)l 

l-D^TVANDE 

Bai toan dgng l\rc hgc tay may thuong 
duge giai tren cac khau, cac khop ly tuang, 
khong CO sai lech. Tren th\rc t%, c6 nhiSu nguyen 
nhan gay ra sai lech dgng luc hpc din dSn sai 
lech vi tri cua tay may [1]. Da c6 nhigu nghien 
ciiu giai bai toan dgng luc hgc tay may trong cac 
dieu kien co k6 d6n cac y8u t6 anh huong din dp 
chinh xac ciia cac tham s6 dpng luc hpc nhSm 
nang cao hon nua do chinh xac khi giai bai toan 
nay. Mohammad Mehdi Fateh [2] cho rSng, viec 
ly tudng hoa cac tham s6 trong ma tran D-H la 
mgt nguyen nhan gay ra sai lech dgng luc hgc. 
Rajesh K Moolam [3] da giai bai toan dgng luc 
hgc tay may khi c6 ke din biln dang cua cac 
khau, cac khop. Basiho Bona va Marina Indri 
[4] lai giai bai toan nay khi co kl din anh huong 
cua ma sat. 

Bai bao nay se trinh bay bai toan toan 
dgng luc hpc tay may khi co kl din sai lech hinh 
hgc ciia cac khau, cac khop. Cac sai lech nay 
duoc hinh thanh do che tao, lap rap va trong qua 
trinh hoat dpng cua cac khau cac khop tay may. 
Tu do xac dinh duoc sai lech va lugng bii dpng-
luc hpc trong truong hgp nay nham nang cao 
dp chinh xac trong cac qua trinh dieu khien tay 
may. 

2. BAI TOAN DONG LV*C HQC TAY MAY 
KHI K£ DEN SAI LECH CUA CAC THAM 
SO DONG HOC 

1.1. Gidi thi^u chung 

Bai toan dgng lire hgc tay may nham xac 
dinh moment va lire dpng khi da biet quy luat 
biln d6i ciia cac biln khap va ngugc lai. Co 2 
phuong phap dl giai bai toan dgng luc hpc cua 
tay may: 

- Phuang phap thii nhat la su dung cac 
dinh luat cua Newton; 

- Phuang phap thii 2 la su dung nguyen 
ly Lagrange. 

Vi robot la co cku khong gian 3 chieu co 
nhieu bac tu do nen kho sir dung phuang trinh 
CO hgc Newton. Do do, bai bao nay se sir dung 
nguyen ly Lagrange de tim ra cac phuong trinh 
d6ng luc hgc cho tay may. 

Vi tri ciia cac khap so voi tga do co so 
duge bieu dien bang ma tran sau: 

A\q) = n\q) 
0 0 

o\q) 
0 1 

Trong do: p" (q) la vec to dinh vi, n° 
(cOfS" (q),a° (q) la cac vec to dinh huong duoi 
dang cosin chi phuang cua phan lam viec. 

Dong nang cua he thong gom hai phan la 
dgng nang ciia phan chap hanh va dpng nang ciia 
CO cau phat dpng cung voi he thong truyen dpng: 

Dpng nang ciia toan he thong: 

^ = ^ 1 J:h{q)q\q,=\q''B{q)q 
^ 1=1 J-l ^ 

Trong do: q la vector cac bien khop, q'i 
la van toe khop i, q'j la van toe khopj. 

Thi nang ciia he thong ciing bao gom the 
nang ciia tung khau va ciia tung dpng co: 

^=S(p.+^j 
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NGHIEN CIJU-TRA0D6I 

Trong do, 1̂  la khau thii i, mi la dpng ca 
(nguon chuyen dpng). 

The nang cua he thong mo ta nhu sau: 

n 

^ = " Z i^ngo'Plt + ^miSjPmi) 
(=1 

Trong do: ĝ  la vec to gia toe trgng truong 
trong he co sa, p,̂  la vector dinh vi cua khau thii 
i, p̂ ^ la vector dinh vi cua dgng co. 

Phuang trinh Lagrange la ham s6 cua 
cac tga dp tong quat: L=K-P. 

Trong do: L La ham Lagrange; K,P - La 
dgng nang va the nang ciia toan he thong. 

Cong thuc Lagrange duge vilt nhu sau: 

d dL _ DL _ 
dt 8q '. dq. ' 

Trong do: x la lire tong quat, q̂  la cac 
bien khop. 

2. BAI TOAN DONG L C C H Q C TAY MAY 
KHI KE DEN SAI LECH CAC THAM S6 
DONG 

Do sai lech cua cac tham so dgng hpc 
nen cac khau, khop ciia no hi lech di so voi vi 
tri Ii tuong. Ma tran sai lech dgng hgcdupc xac 
dinh nhu sau [1]: 

Trong do: e^ e^^ e^^ la cac sai lech vi 
tri cua goc tga do; e^ e^^ e ^ la cac tham s6 sai 
lech ve huong ciia ban kep tay may. Cac tham 
s6 Ei = {e^i. Cyi, e^i, ê f, a^, ept)duac ggi la 
vec ta sai lech dgng hgc tong hgp ciia tay may. 

Do cac phan tu cua vec to e la nho nen 
vec to sai lech dinh vi tong hgp cua ban kep tay 
may duge xac dinh bang bieu thiic sau: 

Trong do: Ĵ_ la ma tran Jacobi. 

Gia su ma tran J la kha nghich, khi do 
vec to sai lech dinh vi tong hgp ciia tay may co 
the duge xac dinh nhu sau: 

Trong do: AX_ la vec to sai lech vi tri do 
cac nguyen nhan sai lech cac tham s6 dpng hpc 
duge xac dinh bang do lucmg thuc nghiem. 

Phuong trinh dgng hpc tay may liic nay 
la: P\q) = p(q) + dp(q) 

Trong do: p° (q) la vec to dinh vi ting 
hgp, p(q)) la vec dinh vi khong kl din sai lech, 
dp(q) la lugng sai lech cua vec to dinh vi khi cac 
khau, khop khi c6 sai lech dgng hpc. 

Phuang trinh Lagrange liic nay duge xac 
dinh nhu sau: 

1 

en 

-e,t 

-e^ 

1 

e„, 

.̂, 
-'p: 

1 

«; 
^, 
e 

0 0 

-- 2; (K,+ dK„ + KJ - 1 ; (?,+ d P,f PJ = L, + dl, 

Trong do: K ,̂,P,,la dpng nang va the nang 
tuong ling tren cac khau a vi tri tieu chuSn, dK̂^ 
va dP,| la lugng sai lech ve dpng nang va the nang 
khi vec to dinh vi lech di mgt luong la dp(q). 
K ;̂, P ,̂ la dpng nang ciia dgng ca. 
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3. Vi D y AP DUNG CHO MQT K H 6 P CUA Giai phuang trinh tren ta xac dinh duge 
TAY M A Y S C O R B O T E R - V U luc t6ng quat chua k l din sai lech cua cac tham 

so hinh hgc nhu sau: 

ri = 0;r2-a2'^gcos(6'2) 

Giai phuang trinh tren ta xac dinh duge 
luc tong quat ke din sai lech cua cac tham so 
hinh hpc nhu sau: 

fj - 0; r, - fl,ffl,gej,(cos(6l,) - e,,sm(6̂ )} -ej,j(siQ(ft) - 6̂ ,0)5(6;)} 

+a, cos(e,) - e,[ a, sin(6̂ ) 

Gia su xac dinh duge sai lech vi tri cua 
ban kep tay may tai mgt so vi tri bieu diln bang 
vector sau: 

AX^ - [0.3241 0.5123 0.3708 0.1867 0.6001 
0.4432 0.1324 0.5324 0.6712 0.3125 0.6723 
0.6617 0.5412 0.5534 0.4278 0.6000 0.2987 
0.3339f 

Tir do, tinh duge ma tran Jacobi va vector 
sai lech dgng hgc tong hpp: 

e - [ 0.0729 0.000 -0.0223 -0.0445 0.0000 0.0000 
0.0043 -0.0123 -0.0407 -0.0069 -0.0663 0.000 
0.0460 0.00000.0000 -0.0793 0.0008 0.0008 f 

Sai lech dgng lire hpc cho mgt khop ciia 
tay may Scorrbot ER-VII duge the hien tren 
hinh 2 va bang 2: 

Hinh 1. Sa do dgng hgc cda tay mdy Scorbot ER-VII 

Tham so dgng hgc cua tay may Scorbot 
ER-VII duge cho trong bang 1: 

Bdng 1: Cdc tham sd ddng hgc cua tay mdy Scorbot 
ER-Vll 

TT 

1 
2 
3 
4 
5 

e.(rad) 

e, 
e. 
9, 
9, 
0 

a^(rad) 

-7t/2 

0 
0 

-ldi 
0 

a.(mm) 

50 
300 
350 
0 
0 

dj(nim) 

358.8 
0 
0 
0 

251 

Phuong trinh dgng lire hgc co ban de giai 
bai toan nay duge xac dinh nhu sau: 

1=1 (=1 

Trong bai bao nay, chi quan tam den cac 
thanh phSn K, va P̂  co nghia la bai bao de cap 
din sai lech he lire tong quat khi xay ra sai lech 
ciia vec ta dinh vi va bai bao ciing chi trinh bay 
loi giai vai i =2. 

Hinh 2. Bieu do bieu dien sai lech ddng luc hoc cua 
tay mdy Scorbot ER- VII ^ 
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Bang 2: Luong bit do sai lech ddng hoc cua tay mdy Scorbot ER-VII 

qj(rad) 

T,(N.m) 

T,,(N.m) 

A„(N.ni) 

0.1267 

1.487976 

1.715953 

-0.22798 

0.427613 

1.364938 

1.615241 

-0.2503 

0.641419 

1.201872 

1.454408 

-0.25254 

0.962128 

0.857663 

1.092097 

-0.23443 

1.443192 

0.190887 

0.354596 

-0.16371 

2.164788 

-0.83951 

-0.8441 

0.004587 

3.247182 

-1.49165 

-1.71725 

0.225606 

3. KET LUAN 

Bai bao da danh gia miic do anh huong sai lech cua cac tham so dgng hgc den ket qua cua 
bai toan dpng luc hgc va da dua ra phuang phap giai bai toan dgng luc hgc khi co ke den sai lech 
cua cac tham so dgng hgc. Ket qua ciia bai toan da xac dinh duge lugng bii sai lech dgng lire hgc 
khi c6 ke den sai lech dgng hgc. Tuy nhien, do chinh xac cua loi giai phu thugc nhieu vao ket qua 
do luong thuc nghiem xac dinh sai lech vi tri cua tay may. Ket qua nghien ciiu nay se gop phan lam 
eho bai toan dieu khien tay may tra nen ehinh xac hon.*;* 
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