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1. GIOI THIEU

Déi véi cac robot ¢o cAu trac dang chudi, bai
toan dong lyc hoc thudn la bai toan cho biét
trude cac luc/momen dan dong tic dung lén
khau dan, tim quy luat chuyén dong coa khau
thao tac robot. Tuy nhién ta thuong khong biét
trudc cac dang chuyén dong d6. Vay dbi véi
bai toan cho biét trude luc/ momen dan dong
tac dung Ién khau din, khao sat chuyén dong
clia robot khi diém thao tac ciia robot chuyén
dong trén mét quy dao cho trudce thi dap ung
ctia robot s& nhu thé nao? Khac véi cac phuong
phéap str dung trong tai liéu [2,3], sir dung cac
ma trdn truyén dé tinh toan dong luc hoc.
Trong bdo cao nay tac gia st dung khai niém
“Lién két chuong trinh” (program constraints)
va phuorng trinh Lagrange loai Il dang nhan tir
dé giai quyét bai toan trén.

M6 hinh st dung trong bai toan dugc cho
nhu trén hinh 1.

Hinh 1. M6 hinh robot khong gian 3DOF

Trong do: khau 1 cé khdi luong m;, chleu
dai 1,, vi tri khéi tam C,, khoang cach tir gbc
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khau 1 dén khéi tam 1 a;. Khau 2 c6 khdi
lwong m,, chiéu dai [, vi tri khéi tim C,,
khoang cach tir gbc khau 2 dén khéi tam 1a
a,. Khau 3 ¢6 khéi lugng m;, chidu dai 5, vi
tri khdi tam C;, khoang cach tur géc khau 3
dén khéi tim 1d a;. Diém thao tac E di
chuyén trén duong thiang AB, tir diém
A(x,;0;0) dén diém B(0;y,;z,). Bai toan
cho biét truéc cac momen din dong
t=[r, t, t,] khdo sat chuyén dong cua
robot khi diém thao tac E chuyén dong trén
duong thing AB.

2. PHUONG PHAP NGHIEN CUU

Phuong phap nghién ctu 1y thuyét. Tinh
toan st dung cac thuat toan s va md phong
két qua trén phan mém tinh todn mod phong
s6 Matlab.

Dé giai quyét bai toan di néu & trén, trudc
tién ta can thiét 1ap phwong trinh vi phan
chuyén dong cia robot sau dé giai phuong
trinh vi phan chuyén dong dé tim cac dap
ung cua robot. Trong bao cdo cd st dung
khai niém “Lién két chuong trinh”, trudc hét
ta cAn tim hiéu khai niém nay.

a. Phuong trinh lién két chuong trinh

Khac v6i cac phuong trinh lién két vat
chat, phuong trinh lién két chwong trinh 1a
phuong trinh lién két do yéu céu hoat dong
cua robot tao nén. Nhu trén (hinh 1), robot
chuyén dong trén duong thang AB nén cac
toa do suy rong cua robot q=[g, g, q3]T va
cac toa do xéc dinh vi tri diém thao tac E cua
robot x=[x, y, z,| phai théa man mot
rang budc f(q,.9,.9:.%;,;.2;)=0. Cu thé
trong m6 hinh nay ta co:
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f:|:y3(lzqq +13qCB) +Xy (lzslcz +Z3S1CB) _xAyB:|:0 (1)

Zp (lzslq +I3SICB) —Vs (ll +LS, +13Szx)

Phuong trinh (1) dugc goi 1a “Phuong trinh
lién két chuong trinh”. Chu ¥ cac ki higu:
G =cosq, S, =sing,, G, =cos(q, +q,).5, =sin(g, +¢;) (2)

b. Thiét 1ap phuong trinh chuyén dong

Dbi véi cac robot chiu cac lién két chuong
trinh dé thiét 1ap phuong trinh chuyén dong
cua robot ta st dung phuong trinh Lagrange
loai II dang nhan tir. Cac budc cu thé dé thiét
1ap phuong trinh chuyén dong dugc trinh bay
trong tai liéu [1], phuong trinh chuyén dong
cua robot c6 dang sau:
M(q.)d+C(q,6.)4+g(q.0) = 7(¢) ~; (q.) %
f(q,)=0

H¢ phuong trinh (3) 1a hé phuong trinh vi
phan-dai sé mo ta chuyén dong cia robot,
trong do:

f(q,7) 12 hé phuong trinh (1).
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my, =1, +Izy-CzZ +12XS22 +13XS223 +13J:C223 +m2a§C22
+my (2,a,C,Cy + C; +a3Cry )

my, =my =m;; =ny =0

my, =1, + 1, +m,a; +m, (4132 +0 +2]2a3C3)
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My =my, = Iy, +m, (a3 +lza3C3),m33 =1, + mya;
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C(q’ q) =6y G Gy s g(q) = (Tj = & (5)
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= —2m2a22S2C2q2 - Z(st _Izy)stczs (qZ + %)
—2m, [a,zzszsczs +1,8,C, +15a, (28,Cy, = S, ):| 9
—2m, (a32S23C23 +lza3C2S23)q,z +2([2x _Izy)SzCz%

G = |:m3a3S23 (lzcz +a,Cy ) - (13): -1, ) $5;Cy :| 4,

€y =—2m3},a,8,qs;
I

_|:2(]2x _]Zy)SZCZ +(I3x _13y)S23C23:|41

Cyy =—myl,a;8,4,
a32S23Cz3 + Zzzszcz

2
¢y =1ma;S,C, + m{
{ +l,a, (2C2S23 —53)
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G :[%%SB (lzcz +a3CB) _(st _Isy) ANEN :|CI1
1 o 1 .
2 =63 =0, =5 mbS, (24, —43):c, =5 mhaSd,

g =0,g, =mga,C, +””3g(lzc2 +03C23);g3 =m,ga,Cy
_ﬂ:{cp“ , q)n} (6)

q

- oq [P, D, D,
q:)11 = _yB (ZZSICZ +Z3S1C23) +‘xA (12qc2 +13qC23)
q)IZ = _yB (ZZGSZ +l3qS23)_‘xA (IZSISZ +I3S1S23)
Oy ==y, CSy —x, 15,5, Dy = 2z, (lzclcz +I3C1C23)
(1)22 =—Zg (12S1S2 +I3S1S23)—y3 (lzcz +Z3C23)
D5 =—2,1,5,8,; — v, Cs

c. Giai bai toan dong lyc hoc voi lién Kkét
chuong trinh

HE phuong trinh m6 ta chuyén dong cua
robot 1a hé phuong trinh vi phan - dai so0, dé
giai dugc hé phuong trinh nay ta c6 thé bén
doi ve hé phuong trinh vi phan thuong hodc
giai truc tiép bang phuong phap s6. Trong
bao céo sir dung phuong phap khir cac nhan
tor Lagrange két hop véi thuat todn 6n dinh
héa Baumgarte.

3. KET QUA NGHIEN CUU

Két qua cua bao céo duoc md phong sb
bang phan mém Matlab véi bd so liéu:
[, =0.6[m],1,=0.8[m|,1,=1.2[m],m =3[kg],

1 1
m, =2[kg],m, =1[kg] 1. :B’nlllz’lh zﬁmzlzza

L, !

1
132 :En%l}z’]lr_ 3 2 lyzllx’]h :?’IZIVZIM’

]3: . L 13. m . m
133(:3’IS,V:]3x’a2:é’%:25v0:1|:s:|’g:9'81|:sz:|

m; - khoi luong khau; /; - chidu dai khau;
a; - vi tri khoi tam; I; - thanh ph?m momen
quan tinh.

Céac momen dan dong duoc lay tir bai toan
dong luc hoc nguoc, cu thé:

0.32¢* —2.48 +6.017 ~3.98:—0.804 | Noms
=| 2.92¢*+14.94¢' —17.90F* —4.95t +15.16 || Nin

0.53¢* —3.27¢ +5.7174 —1.011+2.559 || Nim

T

T=1,

T

Ta thu duoc mot s6 két qua sau:
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Trén hinh 2 14 d0 thi cac toa do suy rong

Cac toa do suy rong

glrad]
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1fs]
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Hinh 2. D6 thi cdc toa dé suy rong

Trén hinh 3 13 d6 thi cac vén tdc suy rong

8

Cac van toc suy rong

do/dt{rad/s]
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1 15
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Hinh 3. Pé6 thi céc vin toc suy rong

Trén hinh 4 13 d6 thi cac toa d¢ va vén toc
suy rong trén cung mot hé truc toa do

N

Toa do suy rong g1

qi[rad] dq 1 [rads]

q2[rad] dq2[radis]
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1 15
1fs]
Toa do suy rong q3

q3[rad],dq3[rad/s]

Hinh 4. Do thi véan toc va toa do suy rong
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Trén hinh 5 12 cAu hinh cua robot.

Cau hinh Robot

i ¥imi

Hinh 5. Cdu hinh robot

4. KET LUAN

Trong bao cao da trinh bay viéc st dung
khai niém “lién két chuong trinh” (program
constraints) dé giai quyét bai toan dong luc
hoc robot khi biét trude cac luc/momen dan
dong tic dung lén khau dan va quy dao
chuyén dong cua robot. Cac quy dao nay tao
nén lién két chwong trinh cua robot. Bai toan
mang ¥ nghia thyc té trong viéc diéu khién
robot lam viéc theo dung quy dao da dugc
thiét ké (diéu khién bam quy dao). Thong
thuong sau khi gidi bai toan dong lyc hoc
nguoc ta s& tim cach diéu khién momen dong
co dé c6 thé thyc hién dung quy dao mong
muén, tuy nhién néu sit dung phuong trinh
lién két chuong trinh trong bai toan diéu
khién bam quy dao s& cho két qua chinh xac
hon nhiéu lan so v&i chi diéu khién momen
dan dong cua dong co.
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