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Diéu khién bam quy dao tay may robot

hai khau T-R dan hoi

Trajectory Tracking Control of a two - link flexible manipulator
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M TAT:

Rai bao nay trinh bay mat phuong phap digu khign bam quy tay
méy robot hai khau ca khau dan hdi dya trén ly thuyét diéu khién
PD. Dau tien dua ra ma hinh dong luc coa robot hai khau dan hi
béng céch st dung phuong trinh Lagarange loai 2 va phirang phép
Ritz - Galerkin. Sir dung khai trién Taylor tuyén tinh haa phwong
trinh chuyén dng cia robot. Diéu khién bam quj dao khéu thao
tac dua vao ding luc hoc nguoe robot rén. Cac ket qué tinh toan
sd trén md hinh robot hai khéu T-R dan hdi dé chi ra sy tin cay
ciia thuat toan da dé xuat.

Tir khda: robot, dan hadi, digu khign.

ABSTRACT:

This paper presents an approach dynamics and control of a two -
link flexible manipulator. Equations of motion was established
using the Lagrange formulation and Ritz - Galerkin method.
Linearize the system of set motion equations. Finally, the author
offers an algorithm for trajectory tracking control of the robot
arm. Numerical simulations are implemented for a two - link
flexible manipulator to illustrate the proposed algorithm.
Keywords: Manipulator, robot, flexibe, contral.

1. Mé& dau

Ngay nay, tay mdy robot dugc st dung réng réi trong cac linh
vuc cong nghiép, dich vy, y t, hang khéng v tru,... Tay may robot
truyén théng thudng dugc thiét ké c6 do cling cao dé bé qua bién
dang dan hoéi trong céc khau. T d6 cac khau cda robot truyén
théng thudng mang kich thudc 16n, diéu nay lam tang khéi lugng,
quan tinh cla cac khau, va dan tdi viéc can nhiéu nang lugng dé
van hanh robot. Cac nha ché tao gan day hudng téi viéc dua ra cac
tay may robot nhe va manh hon dé cé chi phi vat liéu va ning
lugng thap han. Tuy nhién viéc gidm khéi lugng khau dan dén do
cting cia khau bi giam di. Khi d6, cac tay may trd nén dé bién dang
hon va khé khan hon dé diéu khién chinh xac. Bai vay, déi véi cac
robot cé cac khau dai, thiét dién manh, nhe chuyén déng véi van
téc cao va mang tai trong lam viéc Ién, tinh chat dan héi ca khau
la khéng thé bd qua. Loai tay may dan héi nay thudng dugc ung
dung trong céc linh vuc nhu tham hiém khéng gian, tu déng héa
san xuat, xay dung, mo, & do doi hoi tay may co khéi lugng nho
nhung c6 khéng gian lam viéc I6n.

Vai thap nién gan day, van dé nghién ctu tay may robot dan
hoi da dugc rat nhiéu nha khoa hoc quan tdm. Cac céng trinh
nghién clu vé robot dan héi dugc téng hop trong cac bai nghién
clu téng quan nhu [1, 4, 8]. Mét loat cac céng trinh mé hinh héa
vGi bén phuong phép chinh [2,9] dugc st dung bao gém: Phuong
phap tap trung tham s6, phuong phap sai phan hiu han, phuong
phap khai trién theo cac ham riéng, phuong phap phan td hiu
han. Bai toan dong luc hoc va diéu khién vi tri va qui dao cla cac
khau cling dugc quan tdm nghién ctu. Rat nhiéu luat diéu khién tu
tuyén tinh, phi tuyén, thich nghi, bén ving, logic mg, mang no
ron,... da duoc thiét 1ap va ap dung déi vai tay may dan héi
[10,11]. Nhin chung cac bai toan diéu khién robot dan héi da phan
chi diing lai & viéc diéu khién vi tri, bai toan diéu khién bam quy
dao cta khau thao tac cudi van la van dé can dugc quan tam.

Trong bai bao nay, dua trén hé phuong trinh vi phan chuyén
déng cha robot [3], thiét k& thuat toan diéu khién bam quy dao
khau thao tac cudi clia tay may robot hai khau T-R dan hoi. B6 cuc
cla bai bao gom 5 phan: phan 1 dat van dé, phan 2 trinh bay mé
hinh dong luc cta tay may robot. Phan 3 trinh bay thuat toan diéu
khién, phan 4 trinh bay két qua chinh va thao luan. Cuéi cung la
phan két luan.

2. Mé hinh ddng luc tay may robot hai khau T-R dan héi

2.1. Phuong trinh vi phén chuyén déng

Xét mo6 hinh tay may robot T-R nhu hinh 1. Khau tinh tién (T) c6
kh&i lugng ms, chiéu dai /. Chuyén déng tinh tién doc phuang Oyo
nhd luc Far. Dau B mang dia tron c6 khoi lugng ms, Ban kinh r. Khau
quay BE (R) la thanh déng chat, tiét dién khong ddi A, c6 khéi
lugng ma, chiéu dai .. Chuyén déng quay quanh khép B nhd mé
men Ta2.
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Hé quy chiéu Oxoyo 13 hé quy chiéu c6 dinh, hé Axyy; va hé quy
chiéu gan vaéi khau 1. Hé quy chiéu Dxy la hé quy chiéu gén vGi
khau 2. Chi xét bién dang uén ngang (b6 qua bién dang doc
thanh).

AVo

A\ E
1l -

Hinh 1. Tay may hai khau dan hai T-R
Xét diém P tai vi tri x trén thanh, goi w(x,t) la chuyén vi ngang
cla diém P. Ta c6 toa do diém P
X, =l +(r+x)cosq,, —wsinq,, 0
Yp =0, +(r+x)sing,, +wcosq,,
Chuyén vi uén ngang tuong déi w(x,t)trong hé quy chiéu
déng Dxy dugc biéu dién dudi dang [1]
N
WX, t) =Y X(X)qy(t) (2)
i=1
trong d6: w(x,t) la chuyén vi udn ngang ctia thanh tai vi trix, &
thdi diém t.
Xi(x) la cdc ham théa man diéu kién bién clia thanh dan
hoiq,(t) la cac toa do suy rong phu thudc vao thdi gian va la dai
lugng chua xéc dinh.

SU dung phuong trinh Lagrange loai 2 ta dugc hé phuong trinh vi
phan chuyén déng clia robot khi st dung mét khai trién dau tién [3]

. 1 .. .
(m, +m, +m;)q,, + (Emzl2 +m,r)d,, cosd,, +nuC,q,,cosq,,
_(Emzlz + mzr)qiz sinq,, _ZMC1qa2qe1 sing,, _anzc1qe1 sing,, @)
*Hqug% €osq,, =—(m, +m, +mg)g+F,
(E m,l, +m,r)qg,, cosq,, _an‘c1qe1 sinq,, + wcq,, +uD,gy

. 1 .. . .
+anzm11q21 +(Jg+ mzrz +myrl, + Emzli)qaz + 2anzmnqe1qe1 (4)

|
=-m,g(r+ é) cosq,, +pgC,q, sing,, + T,

um, g, +prd,,C, +pD g, + nCd, cosq,, - Hqumnqm
=-ugC, cosq,, —Elk, q,,
trong do:

(5)
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I, l, l, [
q :J‘X1dx ; D, =IXX1dX; m,, :Jdex ik, :'[X;'dex (6)
0 0 0 0

2.2, Tuyén tinh héa phuong trinh chuyén déng

Hé phuong chuyén déng (3), (4), (5) c6 thé viét gon lai dudi
dang:

M(q)q=p,(q,q,7,t) 7)

Trong do

M(S) = [M]3x3 P = [p]3x1 !

qt=la, q, q.l.7=F, 7, OF

S dung khai trién Taylor [5] dé tuyén tinh hoa, phuong trinh
tuyén tinh hoa ldc nay tré thanh:

M _(t)y+C (t)y+K_ (t)y =h () (8)

Trong d6 ky hiéu: q(t)=q*(t)+ y(t) 9)

Véi q°(t) 1a toa d6 suy rong khi ca hé coi la robot ran

3. Piéu khién bam quy dao

Muc tiéu cla bai toan diéu khién bam quy dao dua trén ly
thuyét PD la lya chon cac tham s diéu khién sao cho chuyén dong
khau thao tac bam theo quy dao mong mudn trong thdi gian ngan

nhat. Ta dua vao mé men diéu khién dudi dang:

k, 0 0] [k, 0 0
At=-Ky-Ky=-| 0 k, Oly-| 0 k, 0|y (10)
0 0 0 0 0 0

So d6 dién khién dua trén dong luc hoc robot ran cho nhu hinh 2

q,(t) PLHngwoc
] Pobot rn

—

f—)

7.4
R

Hinh 2. Sor dd diéu khién
4. Két qua va thao luan

Xét tay may hai khau T-R v&i théng s6 nhu trong bang 1.
Bdng 1. Bdng théng s6 tay mdy hay khdu T-R dan hoi

Théng s6 Ki hiéu Gia tri
(don vi)
Chiéu dai khau 1 ¢,(m) 0,1
Khéi lugng khau 1 m, (kg) 1,32
Chiéu dai khau 2 £,(m) 0,3
Dién tich mat cat ngang khau 2 A(m?) 10*
Khéi lugng riéng cia khau 1 va 2 plkg/m?) | 7850
Khéi lugng vat B m, (kg) 0,1
Mé men quan tinh mat cdt ngang | I(m*) 2,0833.10°
khau 2
M6 dun dan hoi E(N/m?) 2.10"
Quy dao khdp tinh tién mong | Quy dao khdp quay mong
muén muén
q,, =0.025cos(nt—m/2) q,, =0.25ncos(nt—m/2)

Trong vi du nay, b tham sé diéu khién chon nhu sau:
K, =53.2028,k , =0.0436,k,, = 357.1647,k,, = 749.8746.

Tinh toan s6 bang matlab ta dugc chuyén vi dan héi clia robot nhu
hinh 3 va sai léch ctia chuyén déng khau thao tac nhu tronh hinh 4.
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Hinh 4. Chuyén déing cia khéu thao tac trong truimg hop rén va dan hdi.

Tu hinh 3 va hinh 4 ta thdy chuyén déng cda khau thao tac
bam theo chuyén ddng mong mudn vdi sai léch rat nho.

5. Két luan

Bai bao trinh bay bai todn dong luc va diéu khién tay may
robot hay khau T-R c6 khau dan hoi. M6 hinh hda va thiét lap hé
phuong trinh vi phan chuyén déng cGa tay may robot bang
phuong phap Ritz - Galerkin két hgp v6i phuong trinh Lagrange
loai 2. Thiét ké bo diéu khién bam quy dao khau thao tac dua trén
déng luc hoc ngugc robot ran. K&t qua s6 cho thay robot bam theo
quy dao trong thai gian du ngan.
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