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Tém tit

Hé nhiéu vat chiu cac lién két chuong trinh c6 thé xem thudc
vao tdp hé nhidu vat c6 cdu trac mach vong. Cac phuong trinh
chuyén dong cua hé nhidu vét co cdu tric mach vong thuong 14
hé cac phuong trinh vi phan — dai sé. Trong bdo céo ndy trinh
bay viéc 4p dung cac phuong trinh Lagrange dang nhén tir dé
thiét 1ap hé phuong trinh vi phan-dai s6 ciia hé nhidu vat chiu
céc lién két chuong trinh. Sau d6 trinh bay chi tiét mot bai toan
dong luc hoc thuan robot ¢6 lién két chuong trinh.

Tir khéa: Tay may Robot, lién két chuong trinh, phuong trinh
vi phan-dai s, phuong phap khtr nhan tir Lagrange, dong luc
hoc thuén.

1. Mé dau

Pong luc hoc hé nhiéu vat chiu cac lién két chuong
trinh 13 linh vuc khoa hoc c6 ¥ nghia thuc t& va dang
duogc quan tdm nghién clru [1 7]. Hé nhiéu vét chiu cac
lién ket chwong trinh thuc chit thuc vao tap hé nhiéu vat
¢6 ciu trac mach vong. Dé thlet 1ap phuong trinh chuyén
dong cua hé nhidu vat co cdu tric mach vong, nguoi ta
thudong st dung phuong trinh Lagrange dang nhan tir,
phuong trinh Kane dang nhén tir, phuong phép tach ciu
trac,... [8, 9]. Cac phuong trinh md ta chuyén dong cua
hé nhiéu vat co cdu triic mach vong thuong 1a hé cac
phuong trinh vi phan — dai s6. Cac phuong phép giai hé
phwong trinh vi phan — dai s6 thuong dugc phan thanh
hai nhém:
» Cac phuong phép bién d6i hé phuong trinh vi
phan-dai sb vé hé phuong trinh vi phan thuong.
Sau d6 st dung thuét toan s6 giai hé phuong trinh
vi phan thuong [8,9].

= Cac phuong phap s6 giai tryc tiép hé phuong trinh
vi phén dai s [8, 9].

Trong bai bao nay trinh bay viéc 4p dung phuong
phap khtr cac nhan tir Lagrange tinh toan dong lyc hoc
thuan robot c6 lién két chwong trinh.

2. Phuwong phap so giai
Lagrange dang nhan tir

phuong trinh

Str dung phuong trinh Lagrange dang nhan tr, chiing
ta thu dugc hé phwong trinh vi phan — dai s6 mo ta
chuyén dong ciia hé nhiéu vat holonom chiu lién két giir
va ly tuong [8, 9].

M (s,t)5+C(s,5,t)+g(s,t) =
T (t) - disT (s, t) A
f(st)=0 Q)

T
,sn} la cac toa do suy rong du,

M

Trong d6 s = [sl,sz,
M(s, t) 12 ma tran khéi lugng suy rong cua hé, 7 (t) l1a
vécto lyc suy rong Gng voi cac lyc hoat dong khong cod

thé, \ = [A A

T o
A ,)\,_] la vécto cac nhan tu Lagrange,

F=[ffen ] =0 12 chc didu kién rang buge, @ 1a

ma tran Jacobi cia f ¢& rxf, C(s, .é,t) la ma tran
quyain tinh ly tAm va Cpriolis.
bé thuan tién cach viét ta dua vao ky hi€u
p,(s,8,1) = T(t) — C(s,5,1) — g(s,1) 3)
Phuong trinh (1) bay gio c6 dang

M (s,t)5+®" (s,t)A=p, @)
Pao ham hai 1an phwong trinh lién két (2) ta thu dugc cac
phuong trinh
af L of

f_ a =Fs+f =0 (5)
f:«.qs+slﬁss'+]'§:0
Ps5=—(Bs+f)=p, (6)

Céc phuong trinh (4) va (6) c¢6 thé viét lai dudi dang ma
trdn nhu sau

M &
& 0

P,
p,

NG ™)

Xdc dinh cdc diéu kién ddu ciia cdc toa dp suy réng phu
thudc va cdc vin toc suy rong phu thuge [10, 11]

Pé c6 thé tich phan duoc cac phuong trinh vi phan
dang toa d6 du, thi viéc xac dinh céc diéu kién dau cua
cac toa do suy rong phu thudc va véan tde cua chung la
can thiét. Vi vdy trudc tién ta trinh bay van d& nay.

Khi giai hé phuong trinh vi phan chuyén dong cua hé
nhidu vat ¢6 f bac ty do, ta phai cho trudc f gia tri
dau cua céac toa do suy rong doc lap va cac van tde suy
14,(0),,(0),..,d, (0) .

phuong trinh (2) con c6 7 toa do suy rong du

rong doc lap ¢,(0),... Trong hé
z,(t),...,2,(t) . Vi vy ta con phai xac dinh cac diéu kién

dau cua cac toa do suy rong va cac van tdc suy rong du.
Tir cac phuong trinh (2) va (5) ta co
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(Gj=1..,1)

Tir phuong trinh lién két (8) khi biét ¢,(0),...,¢,(0) ta

dé dang xic dinh dwgc cac gia tri gin dung cua
z,(0),..
Lay cac gia tri nay lam gia tri dau, giai hé phuong trinh
dai s phi tuyén (8) bang phuorng phap lap
Newton-Raphson tim dugc cac gia tri dau cua céc toa do
suy rong du kha chinh xac.

Dé xé4c dinh cac gia tri ddu cua cac van toc suy rong
du, ta xét hé phuong trinh (9)

z (0) (chang han bang phwong phap d6 thi).

- Of of, of,
2(0)z (0) = 0)— —2(0),
25, (0)40 §§aq (0)4.0= 570 (19
(] = 17"'7 r)
Heé (10) 1a hé » phuong trinh dai sé tuyén tinh ciia 7 4n

la 2(0),...,2 (0). Giai h¢ phuong trinh dai s0 nay ta xac

dinh duogc cac gia tri déu cua cac van toc suy rong du.
Phwong phap khir cac nhin tir Lagrange (8, 9, 12]

Khtr cac nhan tir Lagrange, bién ddi hé phwong trinh
vi phan dai s6 (1), (2) vé hé phuong trinh vi phan thuong
v6i sb phuong trinh bing sé toa do suy rong c6 du cua
he.

Tu (4) ta suy ra
R'"Ms+R'®'X=R"p, 11
T d6 R b
rong 46 R(q,z) = —Q‘l'ﬁq ,
Ol Oh Ol oh
oz 0 9q 94,
D= .. ... e B =] e
af of af of
0z o 9g o0,
Str dung dinh 1y truc giao [9]
R'®" =0 (12)
Tu (11)taco
R'Ms=R'"p, (13)

Heé hai phwong trinh (13) va (6) c6 thé viét lai dudi dang
ma tran nhu sau

R'M R’
=P (14)
Qs p3
Néu ta dua vao ky hiéu
R'M
D= (15)
2

thi tir (14) ta suy ra h¢ phuong trinh vi phan sau :

R’ pl
b,

5=D" = ¢g(s,8,1) (16)

Hé (16) 1a phuong trinh vi phan chuyén dong cua hé
nhiéu vat ¢ cdu tric mach vong trong dang céc toa do
suy rong co du.

Chu y: Phuong phép tich phan s6 phuong trinh (16)
thuong gap phai cac sai s6 tich phan. Sau mdi budc tich
phan, do sai s6 tinh toan, cac gia tri s,$ khong con
théa man cac phuong trinh rang budc vi tri va phuong
trinh rang budc van tdc va din dén céc sai 1éch:
f(s,t)=0k=12.., f(s,$ t)=0,k=12..(17)

7k kTR
Theo phuong phap Baumgarte, thay vi gidi phuong trinh

f(s,6t)=0
ta s& tién hanh giai phuong trinh:

f(s,8,t) + 20 (s,8,t) + B*f(s,t) = 0 (18)
Trong do6 cac hé s6 duoc chon thoa man diéu kién sau:
0<a<p.Cacsd hang 2af va B°f dong vai tro sb
hang diéu khién. Nho viée st phuong trinh (18) thay cho
phuorng trinh (6) ta s& khtr dan hodc khir hoan toan duoc

sai s tich lily trong qua trinh tich phan. Nhu thé thay cho
giai hé phuong trinh:

M(s,t>§+‘l5f (s,t))\fpl (s,é,t) =0

. (19)
fs.s0)=0
ta s& tién hanh giai hé phuong trinh sau:
. T . _
M(s,t)s—i—@s (s,t))\—pl(s,s,t)—O 20)

f(s.8,) +2af(s,8,t) + B°f(s,t) = 0

Hé phwong trinh (20) c6 thé viét lai du6i dang ma tran

M(s, t) &’ (s, t) 3 _ p, (s, %, t) 1)
P (s, t) 0. ||A p,(s,8,1)
trong dé
p,(s,8,1) = p, (s,é,t) —2a{!§(s,t)é -|-j-;] — B f(s,%)
- _[%(E ® )+%+2a¢(s,t)ls —2af — f,
(22)

3. Bai toan dong luc hoc thuin tay may robot
hai khau c¢ lién ket chuwong trinh

Ap dung phuong phap giai hé phuong trinh vi phan —
dai s6 trinh bay & muc trén, ta nghién ctru bai toan dong
lyc hoc thuédn tay may robot hai khau c6 lién Kkét chuong
trinh nhu hinh 1. Lién két chuong trinh & day 1a doi hoi
diém thao tac E chuyén dong trén mot quy dao cho trudc.
Cho tay may 2 khau chuyén dong trong mit phing thang
dtmg. Thanh OO, ddng chét chidu dai [,

m, , khdi tim tai Cy. Thanh O,E dong chét chiéu dai 1,

khéi lugng

khéi lugng m, , khdi thm tai C,. Diém thao téc E c6 khoi

lugng m, chuyén dong trén duong thang AB.
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Hinh 1. Tay may Robot hai khau
Chon céc toa do suy rong la 6, vaf,. Momen quan tinh
khéi dbi voi truc quay di qua khdi tdm cua cac khau lan

1
lwotla J,, :Emlzf, T,

Lo
= Em2lz
Van tdc goc cua cac khau: w, = él,wz = 91 + 92.

Toa dd cac khoi tdm va diém thao tac

ll
z, _ ECOS 0, .
l )
Yo, Lsin 0,
2 l (23)
7 | I cos b, —|—§cos(91 + 92>
Y i, + 2 sin (0, +0
> I, sin l—l—asm( |+ 2)
Tp| _ I, cosO +1, cos (91 + 92) (24)
Ye| |LsinG +1sin(0, +0,)

Dong ning cua tay may:

1 1
T=-— mv +— ch +— mv2
2 2 2
::i:;l "‘yc1 ;002 :fba +Z)22 jup =4+

1 o 1,
+ EJCzw‘l + EmEvE
Vi va
Ta d& dang tinh duoc biéu thirc dong ning ciia tay may:

1

6 2

m. m2+m

7 |12
EN+ m,, |11, cos 6,

9‘2

|y e | 1
6 2 |°

L1, cos O, +

166, (25

m2
PR

m2
3

my,

_|_

my 22
Ry

Thé ning cua tay may:
M =mgy. +mgy, +m,gy,
l,sinf +

m, )
= 7—|—m2—|—mE l251n(01+02)

mz
PR

(26)

Cac luc suy rong cua cac luc hoat dong khong thé

Q=70 =, 27)
Phuong trinh rang budc diém thao tic E ludn chuyén
dong trén mot duong thing AB

Ty — 2y _ Ye —Ya hay ﬁ+&_1: 0

Tp =2y Yp =Yy l3 l4
Thay toa d6 diém E tir (24) vao phuong trinh rang budc
trén ta c6 phuong trinh lién két:
f<91,<92) =1l sin6 +11l, coso,

+,1, sin (6, +6,) + 4, cos (6, +6,) — 11, =0
Str dung phuong trinh Lagrange loai 2 dang nhan tir
oT| 0T oIl . 0
= f_:f_Jer — _f
dt{00, | 09, a0, 00

k
Ta thu dugc hai phwong trinh chuyén dong ciia robot.

(28)

(k=12)

L+ (m, +2m, )1, cosf,|
0

1

ml
PR

m 2
e

+ [%—i— mE]lll,Z cos 0, + l; 9;

m2
3

—(m, +2m, )11,6,6, sin6, —

127171

1167 29)

E (1272

_+m
2

ml
+ 7+m2 +my, | gl cosb,

gl, cos (91 + 92)

m?
g

L1, cosO —1l sin6,
+,1, cos (6, +6,) — 1,1, sin (6, +6,)

:7'17

e 1, cosf), + |2 2
- t+tmy 12COSQ+?+mE 2 |1
+ ?—&—mﬂ]l;% +|—+m, l1l202 sin 6, (30)

m2
+ 7+mE ql, COS(H1 +02)

=7, - A (12z3 cos(6, +6,) — L1, sin (6, + 92))

Cac phuong trinh vi phan (29), (30) va phuong trinh dai
s0 (28) tao thanh hé 3 phuong trinh vi phan — dai s0 mo
ta chuyén dong cua tay may robot.

4. M6 phéng sé
Dé giai hé phuong trinh vi phan dai s trén ta can

biét cac tham sé cua hé va cac diéu kién dau. Cac tham

sb cuia robot duge cho nhu sau

l zz[m], |, = 3.5[m] I, :5[m] I, = 5[m],

m, = QOO[kg] m, = 35 [kg] m, =

J, :450[kg~m ] = 35[@ m ]
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Gia str cac lyc tic dung 1én cac khau dan c6 dang
7, = 0.1-sin(2mt)[N -m|,
7, = 0.1-sin(2xt) + 15000 [N - m).

Cac diéu kién dau cua cac toa do suy rong doc lap duoc
cho trudce, con diéu kién dau cua cac toa do suy rong du
duoc xac dinh tir phuong trinh lién két. Ta co

rad

0,(0) = 0.5781]rad],0,(0) = 1.5457
S

rad

S

0,(0) = -0.8957|rad), 6,(0) = -1.7494|—|.

2

St dung phan mém MATLAB tinh toan mo phong so.
Mot phan cac két qua tinh toan dugc trinh bay trén cac
hinh tir 2 dén 9. Trong d6 hinh 2 13 d6 thi cac goc quay
0, va 6,.Hinh3la d6 thi van tdc cac goc nay. Hinh 4 1a
d6 thi biéu thi sai sb tinh toan thé hién qua phwong trinh
lién két. Két qua trén dd thi nay cho ta do chinh xac rt
cao cua thuat toan.

3 T T T T
L2 R | O | Ny A O
3
ok AV Y A R
W i\
A \
SN : | [T
O T N S
AN AN
v : '] AN
-9 i i
0 2 4
Time t [s]
Hinh 2. D4 thi cac goc khép

Hinh 3. Db thi cac van téc goc khop

x10712

Time t [s]

Hinh 4. Sai s§ cta phwong trinh lién két
Dé ¢6 thé kiém tra do chinh x4c cta thut toan chiing ta
biéu dién dich chuyén goc va van toc goc trén cung mot
hinh v& nhu hinh 5 va 6. Trong d6 hinh 5 1 d6 thi cta 0,
va 6 con hinh 6 1a 46 thi cia 6, va 6,. Hinh 7 la db
thi nhan tir Lagrange. Trong [9] di chi ra y nghia cla
nhan tr Lagrange.

2.5 T T T T 10
D1 | - I | - |
i s [ s
1.5F i “i\.éu. .!‘“.é..|.1A“.“
R 1 \ 4! I
il i 0
3 1 1 ] : I: 5‘ Ca)
& I ] : i ! =1
S 0.5 !.! ............. i ............ H T S -
1 1 H 10 -0
ip i I
oF- ! ........................... ¥ B
. Y -10
1 i ; i ; 15
0 2 4 6 8 10

Time t [s]

Hinh 5. DO thi 6, va 6,

Hinh 6. Db thi 6

2 2
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; ll Lagrange Multiplier A I_,_,_

2 4 [ 8 10
Time t [s]
Hinh 7. B thi nhan tr Lagrange theo thoi gian

Mot trong cac yéu ciu cua bai toan dong luc hoc tay may
robot ¢6 lién két chuwong trinh 1a kiém tra xem diém thao
tac E (hodc khau thao tac) c6 thyc hién ding chuyén
dong trén quy dao chwong trinh hay khong. Véan dé nay
trong céc tai liéu [1-7] chua dugc dé cap dén. Trong bai
béo nay ching ti dic biét quan tim dén van dé nay. Dua
trén két qua giai hé phwong trinh vi phan dai s, trén hinh
8 biéu dién quy dao chuyén dong cua diém thao tac E.

6 N7 T T T T T
S T (S Desired Trajectory
Actual Trajectory
5+ e Start Point .

T 2 T T T T

Hinh 9. C4u hinh cua robot

Trén hinh 9 biéu dién c4u hinh cua tay may (robot arm
configuration) theo thoi gian. Trong d6 duong mau do 1a
vi tri ban dau cua tay may, duong mau tim 1a vi tri cudi
cua tay may.

5. Két luan

Pong luc hoc tay may robot chiu cac lién két chuong
trinh 13 bai todn c6 y nghia khoa hoc va thyuc té. Bai toan
nay lién quan truc tiép véi bai toan lap trinh quy dao cho
chuyén dong robot. Trong bai bdo nay di trinh bay cac
nghién ctru vé bai toan dong luc hoc thuén robot co6 lién
két chuong trinh. Cac két qua md phong so cho thiy
phuong phép nghién ctru va thuat toan dé xuét c6 kha
nang ap dung cao. Bai toan dong luc hoc nguoc dang
dugc nghién ctru trong nhom va s& cong b trong thoi
gian toi.
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