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Pong luc hoc va diéu khién tay may robot hai khau dan hoi
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TOM TAT

Béo c4o nay trinh bay mét cach tiép can dé giai quyét bai toan dong luc hoc va didu khién tay may robot
hai khau dan hoi. Sir dung phuong trinh Lagrange loai 2 va phuong phap Ritz — Galerkin dé thiét 1ap hé
phuong trinh vi phan chuyén dong cua co h¢. Tur d6 xay dung mot thuat toan didu khién 6n dinh dao dong
dan hdi ctia co hé dua trén chuyén dong co ban di biét. Tinh toan sé dbi véi tay may robot hai khau T-R co
khau dan hdi dugc thyc hién bé'lng phé‘ln mém Matlab d& minh hoa cho thuat giai dé xuét.

Tir khéa: “robot”; “dan hdi™; “diéu khién én dinh”.

1. it van dé

Ngay nay, tay mdy robot duge sit dung pho bién trong cac linh vic cong nghiép, dich vy, y té, hang
khong vii try, v.v... Tay mdy robot truyen théng thuong duge thibt ké 6 do cung cao d& bo qua bién dang
dan hoi trong cac khau, do d6 no c6 thé duwoc mé hinh nhu hé cac vat rin tuyét di dé d& dang dleu khién.
Do cung ving cua tay may robot ¢4 dugc do cac nha che tao d3 ting kich thude cac khau. Piéu nay lam
tang khoi lwong, quan tinh cta cac khau, va dAn t6i viée can nhiéu nang lwong dé van hanh robot. Cac nha
ché tao gin day hudng téi viée dua ra cdc tay may robot nhe va manh hon c6 chi phi vat liéu va ning luong
thap hon, nhung viéc giam khéi lugng khau kém theo viéc giam d6 clng ctia khau. Khi do6, cac tay may tro
nén dé bién dang hon va khé khén hon d& diéu khién chinh xéac. Boi vay, ddi véi cac robot cb cac khau dai,
manh, nhe chuyén dong véi van tde va gia tdc cao, ciing nhu tai trong lam viée 16n, tinh chit dan hdi cua
khau 1 khéng thé bé qua. Loai tay may dan hdi nay thuong duge ing dung trong céc linh vire nhu tham
hiém khong gian, ty dong hoa san Xudt, xay dung, mo, & do doi hoi tay may co khéi Iuwgng nho nhung co
khong gian lam viéc 16n.

Gan day, viéc nghién ciru tay may robot dan héi di duogc rit nhiéu nha khoa hoc quan tim. DA co rat
nhiéu cong trinh nghién ctru veé dong luc hoc va diéu khién tay may c6 khau dan hdi. Cac cong trinh nay
duoc téng hop trong cic bai nghlen ctru tdng quan nhu (Ahmed, 1997; Lochan, 2016; Kumar, 2006). Mot
loat cac cong trinh m6 hinh hoa véi bbn phuong phap chinh dugc sir dung bao gdm: Phwong phép tap trung
tham sb (Sang-Myeong, 2015), phuong phap sai phan hiru han (Valembois, 1997), phuong phap khai trién
theo cac ham riéng hay phwong phap Ritz-Galerkin (Javier, 1994; Lochan 2016), phwong phap phin tir hitu
han (Usoro, 1986; Zhi-Cheng, 2012). Bén canh viéc m6 hinh hda, bai toan dong lyc hoc va didu khién vi
tri va qui dao cua cac khau ciing dugc quan tim nghién ctru. Rat nhiéu luat diéu khién tir tuyén tinh, phi
tuyén, thich nghi, bén virng, logic mo, mang no ron, vv... da dugc thiét lap va ap dung dbi véi tay may dan
hoi (Benosman, 2002; Benosman, 2001; Dadfarnia, 2004; Seifried, 2014; Zhi-Cheng, 2012; Yang, 1997,
Yuangang, 2006).

Noi chung, dbi véi tay may robot dan hdi, hé phuong trinh chuyén dong cta no6 1a mot hé phuong trinh
vi phén dao ham riéng phtrc tap. Viéc tim nghiém gidi tich cho nhitng h¢ d6 la khong kha thi, cac nghién
clru trude day thuong st dung phuong phap sb dé xap xi nghiém (thudng ding Matlab — Simulink). Tuy
nhién nhugc diém cua cach lam d6 1a khong xac dinh duoc didu kién dAu cho dao dong cua tay may robot
@8 sir dung trong tinh ton sd.

Trong bai bio nay, phuong phap Ritz-Galerkin va phwong trinh Lagrange loai 2 duoc sir dung dé thiét
1ap md hinh dong luc cho tay mdy robot hai khau T-R phéng ¢6 khau dan hdi. Hé phuong trinh vi phin
chuyén dong dugc tuyen tinh hoa bang cach sir dung khai trién Taylor ciia ham véc to (Nguyen Van Khang,
2019). Thiét ké bo diéu khién 6n dinh dao dong ctia hé dya vao hé phuong trinh vi phan da tuyén tinh.

2.CosGly thuyét va phwrong phap nghién ciru
2.1. Thiet lap phwong trinh vi phdn chuyén dong bang phwong phdp Ritz-Galerkin

Xét mo hinh tay may robot hai khau T-R nhu hinh 1. Khau tinh tién (T) c6 khdi lugng m, chiéu dai /1.
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Hinh 1. Tay mdy hai khdu dan hoi T-R

Hé quy chiéu Oxqyo 14 hé quy chiéu ¢b dinh, hé A:U(’,y(: va hé quy chiéu gén v6i khau 1. Hé quy chiéu
Dxy 1a h¢ quy chiéu gan véi khau 2. Chi xét bién dang uén ngang (b6 qua bién dang doc thanh).

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:

z, =1 4+ r+x cosq —wsing
P 1 a, a,

1
Yp =q, + T+ sing +wcosq, M
2.1.1. Déng ndng ciia co cdu
T=T+T,+7T, )
Trong d6 dong nang khau tinh tién va dong nang cua dia B:
. ., 1.
T = §m/lqjl’ T, = Emlqul + EJI;’(LZ )
Pong ning khau dan hdi:
I
r1 .
n,=[ A )
0
Vé6i p (kg/m) 1a phan bd khéi lugng trén don vi chiéu dai, p = m, / l,.
Tt (1) dao ham 1én va thay vao (4) ta co:
1
T, = E'uf [q:l +” +((r+2) + wz)(jj2 +2(r+ a:)u')(jaz
0
+2(r +2)q, q% cosq, + 2q 1 cos q, — 2wq, (ja? sing, Jdv (5)
Ta c6 dong nang cua hé:
1 | 1, 1 1, 1 .
T = 3 (m, +m, + mB)qul + (5 J, + §m27 + 5775712 + Em212 )quz +(5 m,l, + mzr)qa1 q, cosq,
1
+ 5 7 f [0 + w’§ +2(r + )i, +2{]al weosq, —2wq, ¢, sing, Jdv ©)
f 2 2
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2.1.2. Thé nang

Thé ning dan hdi ctia thanh truyén DE ddng cht, thiét dién khong ddi, truc thanh tring vai truc trung
hoa c6 dang (Ahmed, 1997)

1 2
1. 7rld*w
II =—FEI dx 7
b9 *{‘[8:1:2] ! @

Chon géc thé ning la duong ngang qua truc Oxo, ta c6 thé ning c6 duoc do tac dung cia trong luc

I, = mgq, +m,9q, + f Yp-tgde
0

l 2
=(m, +m, +m, )gqul +m,g(r + é) sin q, +pgcosq, f wdx (8)
0
Tir (7), (8) ta ¢6 thé nang cua hé:

I,
II=(m, +m, +m )qq +m,g(r + )bmq +pgcosq, fll/(]l + = Elf ¥ 11/ dx 9)
2 2 0x*

2.1.3. Phwong trinh vi phdn chuyén dong

Chuyén vi ubn ngang twong ddi w z,t trong hé quy chiéu déng Dxy dwoc biéu dién duéi dang (Ahmed,
1997)

w(z,t) = iXI (:1:)(1(,1 (t) (10)
i=1
trong d6: w x,t 1a chuyén vi udn ngang cua thanh tai vi tri x, & thoi diém 7.
X (z) 14 cac ham théa man diéu kién bién ctia thanh dan hoi
q, (t) 1a cAc toa do suy rong phu thudc vao thoi gian va 1a dai luong chura xac dinh.

Theo phuong phéap Ritz — Galerkin trong trudng hop thanh mét diu ngam mét dau ty do thi X (z) c6
phuong trinh déc trung [10]:

1+ cosBlcoshfBl =0 (11)
Giai hé phuong trinh (11) ta nhan dugc cac tririéng 81 (i=1, 2, ...). Tir d6 ta c6 cac ham X () co dang:
cos 3.1+ cosh B1 . .
X x =cos fxr —cosh Bz +——————- —sin Bx +sinh Gz (12)
' ' ! sin 8,1 + sinh 3 ' !
Khi do ta c()'

N
fwdT = fZX(:E q, (tMr = ZfX m)da:q t) = qu(, (13)

0 =1 i=1 i=1

fwdz *‘/'ZX (t)(LL = ZIX (z)dz.q, (t)—ZCq (14)

o =1 =1

fu) dr = ZZ fXX(lI}] q = ivaqqqe (15)

i=1l j=l1

fwzdr = Zz

i=1 j=1

jXX da:]q q, = iiqugqe (16)
I

f’l”lUd.L —fZ’I’X T)q (t)dx —ZfTX (T)qu (t) = ZD/(]'(" (17)

0 =1 i=1
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trong do: C, = fXd’I“ ; D= f?Xd? m,, ngXdT sk ng/fX”dT (19)

]dnzzq q fX’?(”dT = ZAU(] Q. (18)

i=1 j=1 i=1 j=1

Thay cac bleu thae tur (12) den (18) vao biéu thuc dong nang (6) va biéu thirc thé ning va ap dung
phuong trinh Lagrange loai 2 ta dugc hé 2+N phuong trinh vi phan chuyén dong cua robot (20).

.. 1 .. 1 P SN
(m, +m, +m “)qal + (5 ml, + mzr)qa2 cosq, — (5 m,l, + mzr)qiZ sing, +pcosq, qug
i=1

N N N
~2puq, sing, 3 5C.q, —pij, sing, Y- Cyq, — pg; cosq, Y C, = ~(m, +m, +m)g+F, (20)
) i 'y L i 'y Eh— G %

1 .. .o . 1 . ..
(5 m,l, + m2’r')qaj cosq, —pg, sing, Z Oiqei +(J, + m272 +myrl, + 3 mQZ; )q% + pg, EZ my4,4,
i=1

i=1 j=1

N N N N L . N
+I'L/,Z Ol('jl‘, + MZ D/(.j(’, + 2"'“2412 Z Z "L/j(j:" (11'] = _7”2‘(] r + é Cos q(,2 + ,LU] s (1112 ZO/(]('/ + Taz (21)
i=1 i=1 i=1 j=1 i=1
N N
; s - s . a2 _ _
u; m,q, + pr q, C + uDiq”2 + ,uCiqa] cosq, — Hg, ;muqq ugC, cos q, EI Jz{:l.”q (22)

2.2. Tuyén tinh héa phwong trinh chuyén dong
Heé phuong chuyén dong (20), (21), (22) trong trudng hop chon N=1 ¢6 thé viét gon lai dudi dang:

M(q)d =p,(4,q,7.1) 23)
trong d6: M s = [MLX3 , P = [P]M q(t) = [q,l1 9, 4. '\ r= [F;l %, o
Str dung khai trién Taylor [8] dé tuyén tinh hoa, phwong trinh tuyén tinh héa liic nay tro thanh:
M, )y +C, )y + K, (H)y =h,(t) 24
trong d6 ky hiéu: q(t) = q"(t) +y(¢) (25)
voi q"(t) 1a toa do suy rong khi co hé coi 1a robot rén.
(m, +m, +m,) (é m,l, +m,r)cos qa}: uC, cos qi
1 . 1 .
M, (t) = (5 m,l, +m,r)cos q;: J, +myr® +myrl, + gmzl; urC + uD, (26)
pC, cos qf urC, + pD, pm,
0 —(m,l, + 2m27')112 sin qz — Q;LCLQIE sin q::
C,(1) =10 0 0 27)
0 0 0
0
h ()= 0 + At =h’(t)+ At (28)

1490, cosq? — uC, cos g —(urC, + uD )i’
0 —(5 m,l, +m,r)(sin q(z q[i + q(iz cos q:) —pC, (sin q[‘z q: + qiz cos q:)

1 . ..
K, (t) =10 _(E m,l, +m,r)sin q[: (q(f +9) —uC| smq ( +9) 29)
0 —pC, sin qf (ijf +9) Elk, — uqa‘ m1 :
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2.3. Diéu khién én dinh bang sé6 mi Floquet

Muc tiéu cua bai toan diéu khién 6n dinh dao dong cua tay may dan hdi 1a xac dinh céc tham sé diéu
khién d€ h¢ on dinh. Ta dwa vao m6 men diéu khién dudi dang:

k0 0 |k 0 O

2 d

At=-K,y-Ky=—0 k Oly—|0 k Oy (30)

Py d,

0O 0 0 0o 0 0
H¢ phuong trinh (30) lGc nay tro thanh

o My+C, 0y +K, (y =h () -K,y-Ky, (3D
chuyén veé va bién doi ta dugc:
M, ()5 +[C, (1) + K, |y +[K, () + K, |y =1’ ¢ (32)
2 . 2 . 2 2
M, (0 +C, ()y +K, (hy =h, (1) 33)
VOi:
2 2 2
M. () =M,(t), K ()=K,(t)+K,, C/ (1)=C,(t)+K, (34)

Bai toan 6n dinh yéu cau ta phai chon Kp va Kp sao cho nghi¢m thuan nhét y,,(z) tién t6i 0 nhanh, khi
d6 nghiém y(t) — y (t) nhanh.
3. Két qua va thdo luin
Xét h¢ phuong trinh thuén nhat:
2 - 2 . 2
M, ®)y+C, ()y+K, ()y=0 (35)
Theo Floquet ta phai chon cac tham sb diéu khién sao cho tat ca cac sb mii Floquet cua hé phurong trinh

(35) c6 phén thyc 4m, khi d6 hé s& on dinh (Nguyen Van Khang, 2012).
Ta chon tham s0 ctia bg dicu khién trong truong hop nay la:

k, =10k, =03k, =85k, =0.05 (36)

» a1 > Mo
S6 mii Floquet ctia phwong trinh (35) tinh duoc:
A =-1.9375 )\ = -3.5995,\, = -4.5494, \ = -5.2179 + 0.4793i
A, =-5.2179 - 0.4793i,\, = -8.6794 + 1.5708i
Vi tht ca cac phﬁn thue déu 4m nén véi bd tham sb trén hé s& dn dinh théo tiéu chudn Floquet.
Chon thong s0 tay méy hai khau T-R nhu trong bang 1. .
Bang 1. Bang thong so tay may hay khau T-R dan hoi

(37

Thong so Ki hiéu (don vi) Gia tri

Chiéu dai khau 1 €,(m) 0.1
Khéi lwong khau 1 m, (kg) 1.32
Chiéu dai khau 2 €, (m) 0.3
Dién tich mit cit ngang khau 2 A(m?) 2x107°
Khéi lwong riéng ctia khau 1 va 2 p(kg | m*) 7850
Khéi lugng vat B m,, (kg) 0.1
Mb men quéan tinh mit cit ngang khau 2 I(m") 1.67x107'2
Mb dun dan hoi E(N /m?) 2x101°

Quy dao khép tinh tién mong mudn Quy dao khép quay mong muon

q, = 0.025 cos(mt —m / 2) q, = 0.25m cos(mt —m / 2)

Tinh toan s véi phﬁn mém Matlab ta dugc nghiém dao dong trong giai doan chuyén tiép.
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x1073 x107 10

L5 10
ol ———
T 3 5
\E h‘: 5 Eg -5
< S :
0.5 & = _10
0 0 -15
0 5 0 2 4 0 5
Time [s] Time [s] Time [s/

Hinh 2. Nghiém dao dong cua tay may robot trong giai doan chuyen tiép
Tir hinh 2 ta thiy nghiém dao dong khong mong mudn cua hé 1a nho va tit tuong d6i nhanh. Khi d6 véi
théng s6 bo diéu khién cho biét & trén, chuyén dong cila tay may robot s& dao déng tudn hoan rat nhé quanh
chuyén dong mong mudn cta khau da dit ra.

4. Két luan

Bai bio trinh bay bai todn déng lyc va diéu khién tay may robot hay khau T-R c6 khau dan hdi. M6 hinh
hoa va thiét 1ap hé phwong trinh vi phan chuyén ddng cua tay may robot bing phuong phép Ritz — Galerkin
két hop voi phuong trinh Lagrange loai 2. Tuyen tinh hoa hé phwong trinh vi phén chuyen dong béng cach
st dung khai trlen Taylor ciia ham véc to. Cudi cing tac gla dé xut mot thuat toan diéu khién 6n dinh tay
may robot theo tiéu chun Floquet. Két qua tinh toan s6 bang Matlab cho thay dao dong khong mong mudn
ctia hé 1 nhé va triét tiéu nhanh, tir d6 thiy dugc sy tin cy ctia phuong phap d& xut.

Loi cam on

Bai bao duqc,thuc hién dudi su hd trg cua DE tai KH&CN cép co s& Truong Dai hoc Mo - Dia chét
2020-2021 ma sd T20-01.
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ABSTRACT

Dynamic and control of a two — link flexible manupulator

Dinh Cong Dat"*
! Hanoi University of Mining and Geology

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 controlling the vibration stability of the
robot arm. Numerical simulations are implemented for a two — link flexible manipulator to illustrate the

proposed algorithm.

Keywords: Flexible robot manipulator; stability; control.
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