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| BAI TOAN DONG LU'C HQC TAY MAY KHI CO KE BEN
SAI LECH CUA CAC THAM SO PONG HOC

MANIPULATOR DYNAMIC WITH ERRORS IN THE KINEMATIC
PARAMETERS

TS. Lwong Hong Sam, KS. Nguyén Xuén Tién
Trudng Dai hoc Trin Pai Nghia

TOM TAT

Bai todn dong luc hoc tay mdy la mot phan quan trong trong viéc thiét ké, ché tao va diéu
khién tay may. Tuy nhién, bai toan déng lyc hoc ndy thuong duoc gidi trén cdc tay may md cdc
khdu, céc khép 1o Iy tudng khong c6 sai léch hink hoc. Piéu ndy da gdy ra sai léch déng lyc hoc
khi diéu khién tay méy. Bai bdo ndy dua ra mot phuong phép gidi bai todn déng hec hoc cho tay
mady khi c6 ké dén sai léchhinh hoc ciia cdc khéu, cac khop. T do, co thé xdc dinh dugc cde tham
56 dong luc hoc chinh xdc hon nham ndng cao dg chinh xdc diéu khiéncho tay may.

T khéa: Déng lyc hoc tay may; Tham s6 dong luc hoc; DJ chinh xdc trong diéu khién.

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.
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1. PAT VAN BE

Bai toan déng luc hoc tay may thuong
duoc gidi trén céc khau, céc khop 1y tuong,
khong c6 sai léch. Trén thuc té, c6 nhiéu nguyen
nhan gay ra sai léch dong Iwc hoc din dén sai
léch vi tri clia tay may [1]. Pa ¢6 nhiéu nghién
ciru giai bai toan dqng hxc hoc tay may trong cac
diéu kién c6 ké dén cac yeu t6 anh huong dén do
chinh x4c clia cac tham sb dong luc hoc nhim
néng cao hon nita d6 chinh x4c khi giai bai toan
niy. Mohammad Mehdi Fateh [2] cho ring, viéc
1y tuéng héa cac tham sb trong ma trén D-H 13
m{t nguyén nhin gay ra sai 1éch dong luc hoc.
Rajesh K Moolam [3] di giai bai toan ddng luc
hoc tay mdy khi c6 k& dén bién dang cua cac
khau, cdc khép. Basilio Bona va Marina Indri
[4] lai giai bai toan nay khi c6 ké dén anh huéng
clia ma sat.

Bai bdo nay sé trinh bay bai toan todn
dong luc hoc tay may khi c6 ké dén sai 1éch hinh
hoc cua céc khau, cac khép. Céc sai 1éch nay
duoc hinh thanh do ché tao, 1ip rép va trong qué
trinh hoat dong cua céc khau cac khdp tay may.
Tir 6 xac dinh duoc sai 1éch va lugng bu dong
lyc hoc trong trudng hop nay nhim ning cao
0 chinh x4c trong cic qué trinh didu khién tay
may.

2. BAI TOAN PQNG LUC HOC TAY MAY
KHI KE PEN SAI LECH CUA CAC THAM
SO DONG HQC

1.1. Gié6i thiéu chung

Bai toan dong luc hoc tay may nhim xac
dinh moment va luc dong khi da biét quy luat
bién ddi cua céc bién khép va nguge lai. C6 2
phuong phap dé giai bai toan dong luc hoc cia
tay may:

- Phuong phap thir nhit 12 sir dung cic
dinh luat cua Newton;
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- Phuong phap thir 2 14 sir dung nguyén
ly Lagrange.

Vi robot 1a co cAu khéng gian 3 chiéu co
nhiéu bac tw do nén khé sir dung phuong trinh
co hoc Newton. Do d6, bai bao nay s& s dung
nguyén ly Lagrange dé tim ra cac phuong trinh
dong luc hoc cho tay may.

Vi tri ctia cac khap so véi toa do co s¢
duoc biéu dién bang ma trén sau:

4= [n(q)

Trong d6: p°(q) 1a véc to dinh vi, n°
(@).s° (9),a° (q) la cac véc to dinh huéng dudi
dang cosin chi phwong ctia phan 1am viée.

g (@ P
0 0 1

Dong ning ciia hé théng gdm hai phin 11
déng nang ciia phan chip hanh va dong ning cia
o cAu phat dong cliing véi hé théng truyén dong:

K=i(Ki+Km)

il
Déng ning ctia toan hé théng:

15

K =¥ Sl

Lo .
== > b(dag,
24 4

i=1

Trong d6: q Ia vector cac bién khép, @i
1a van tbc khép i, qj 1a van tdc khép j.

Thé néng ciia hé théng ciing bao 26m thé
nang cua timg khau va cua timg dong co:

P = Z(PIi+P l)
=1
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Trong d6, 1, 1a khau th i, mi 12 dong co
(ngudn chuyén dong).

Thé nang cia hé théng mo6 ta nhu sau:

n

P= _Z (mngorph + mmigorpmi)

i=1

Trong do: g, 1a véc to gia tc trong truong
trong hé co s, p, 14 vector dinh vi cta khéu thir
i, p,,, 1a vector dinh vi cia dong co.

Phuong trinh Lagrange 14 ham s cua
céc toa d6 tong quat: L=K-P.

Trong d6: L La ham Lagrange; K,P - La
dong nang va thé nang cua toan hé thong.

Céng thirc Lagrange duge viét nhu sau:

d oL

dt aq ',

oL

5,

. Trong d6: 7 14 luc téng quét, q, la cac
bién khép.

2. BAI TOAN PONG LUC HQC TAY MAY
KHI KE PEN SAT LECH CAC THAM SO
PONG

Do sai léch cua cac tham sb dong hoc
nén cac khau, khép cia né bi 1éch di so vén vi
tri 1 tuéng. Ma trén sai léch dong hocduoc xac
dinh nhu sau [1]:

1 _eri d:l exl
e, 1 -e. e
_ i pi yi
E, = :
‘eﬂ epi eZI
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Trong dé: e, e, ¢,la cic sai léc'h vi
tri cia goc toa dose, e, e, 1a cac tham so sai
léch vé hudng cua ban kep tay may. Cac tham
s £ = (€xi, €yis i) @ry, €51, €p; ) duoc goi la
véc to sai léch dong hoc tong hop ciia tay may.

Do céc phan tir ciia véc to ¢, 14 nhé nén
véc to sai léch dinh vi tong hop ctia ban kep tay
mady duogc xac dinh bang biéu thirc sau:

AX; = Jei-&;
Trong d6: J_ 12 ma tran Jacobi.

Gid str ma trén J 14 kha nghich, khi do
véc to sai léch dinh vi tong hop cua tay may c6
thé duoc xac dinh nhu sau:

&=, e_il-AXi
Trong d6: AX 1a véc to sai léch vi tri do
céc nguyén nhan sai léch cac tham s6 dong hoc
duogc xac dinh bang do luong thuc nghiém.

Phuong trinh dong hoc tay méy luc nay
1a: p°(q) = p(q) + dp(q)

Trong d6: p° (q) 1a véc to dinh v téng
hop, p(q)) la vée dinh vi khong ké dén sai léch,
dp(q) la lugng sai léch cua véc to dinh vi khi cic
khau, khép khi ¢6 sai 1éch dong hoc.

Phuong trinh Lagrange luc nay dugc xic
dinh nhu sau:

L=} (K, +dK,+K,)-Y P+ dP+P,) =L +dL,
= =1

Trong d6: K P, 14 dong ning va tl}é nang
tuong tmg trén céc khau & vi tri tiéu chuan, dK,
va dP, Ia lugng sai léch vé dong nang va thé ning
khi véc to dinh vi 1éch di mot lugng 13 dp(q).
K. P, 1a dong ning cua dong co.

mi?
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3.vi DY AP DUNG CHO MOT KHOP CUA
TAY MAY SCORBOT ER-VII

Hinh 1. So d6 dong hoc cua tay may Scorbot ER-VII

Tham s déng hoc cua tay may Scorbot
ER-VII duoc cho trong bang 1:

Bing 1: Cdc tham sé dgng hoc ciia tay mdy Scorbot

ER-VII
TT | 6(rad) | a(rad) [ a(mm) | d(mm)
1 0, -1/2 50 358.8
2 0, 0 300 0
3 0, 0 350 0
4 0, -m/2 0 0
5 0 0 0 251

Phuong trinh dong luc hoc co ban dé giai
bai toan nay dugc xac dinh nhu sau:

4 4
L= Z(Ki+Km)_Z(R+Pmi)
=1 =1

Trong bai bdo nay, chi quan tim dén cac
thanh phén K, va P, c6 nghia 12 bai béo dé cap
dén sai lach hé luc tong quat khi xay ra sai léch
cua véc to dinh vi va bai béo cling chi trinh bay
161 giai véii=2.
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_ Giai phuong trinh trén ta x4c dinh dugc
lyc tong quét chua ké dén sai léch cia cée tham
s0 hinh hoc nhu sau:

7, =0;7, = a,;m,g cos(6,)

. Giai phuong trinh trén ta xac dinh duoc
Iuc tong quat ké dén sai léch cua cac tham so
hinh hoc nhu sau:

7= 0,7, = am,ge, (cos(6)) -, s1(6)) - e, (sin(6) - ¢,1c05(6))
+a,c08(0,) ¢, g, sin(6))

Gia sir xdc dinh dugc sai 1éch vi tri cua
ban kep tay may tai mot s6 vi tri biéu dién bang
vector sau:

= [0.3241 0.5123 0.3708 0.1867 0.6001
0.4432 0.1324 0.5324 0.6712 03125 0.6723
0.6617 0.5412 0.5534 0.4278 0.6000 0.2987
0.3339]"

T d6, tinh duoc ma tran Jacobi va vector
sai 1éch dong hoc tong hop:

£=[0.07290.000-0.0223 -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 ]

Sai 1éch dong luc hoc cho mot khop cia
tay may Scorrbot ER-VII dugc thé hién trén
hinh 2 va bang 2:

N.m)

3% T

P (rad)

Hinh 2. Biéu do biéu dién sai léch déng lyc hoc ciia

tay may Scorbot ER-VII
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Bang 2: Luong bt do sai léch dong hoc ctia tay may Scorbot ER-VII

q,(rad) 0.1267 | 0.427613 | 0.641419 | 0.962128 | 1.443192 | 2.164788 | 3.247182
T,(N.m) | 1.487976 | 1.364938 | 1.201872 | 0.857663 | 0.190887 | -0.83951 | -1.49165
T,(N.m) | 1.715953 | 1.615241 | 1.454408 | 1.092097 | 0.354596 | -0.8441 | -1.71725
A (N.m) | -0.22798 | -0.2503 | -0.25254 | -0.23443 | -0.16371 | 0.004587 | 0.225606

3. KET LUAN

Bai bao da danh gi4 mirc do anh huong sai 1éch cta cc tham s6 déng hoc dép két qua cua
bai toan dong luc hoc va da dua ra phuong phap giai bai toan dong luc hoc khi ¢6 ké dén sai léch
clia cac tham s6 dong hoc. Két qua cua bai toan da xéc dinh dugc luong bi sai lécl! dong ll,{c hoc
khi c6 ké dén sai l&ch dong hoc. Tuy nhién, do chinh xac ciia 10i giai phu thude nhidu vao két qua
do lrong thuc nghlem xac dinh sai Iéch vi tri cita tay méy. Két qua nghién ctru ny s& gop phén lim
cho bai toan diéu khién tay may tré nén chinh xéc hon. <
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