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TOM TAT : So dé déng cud tay mdy la chubi dong hd bao gém cdc khdu la nhitng vdt thé rdn
lién két vdi nhau bdi cdc khdp logi 5 ( nhu : khép bdn 1€ , khdp trugt ).

Cdc phuong phdp ma trdn thudn nhdt va tensor quay, vdi khd ndng mé td chuyén djng trong
khéng gian cud vdt thé rdn , thuong dugce iing dung rdt hitu hi¢u dé gidi quyét cdc bai todn

phén tich déng hoc cho tay mdy.

1. PHUONG PHAP MA TRAN THUAN NHAT
Xét chudi dong hd , bao gdm n khiu n6i k&t nhau nhd cdc khdp loai 5, thi
chuyén vi tuong d6i giud hai khau lién ti€p (i-1) va i dugc md ta bdi :
Xy =M% (1.1)
Véi x,: toa do cud diém theo hé quy chi€u gin chit v6i khdui .
x,;_,: toa d0 cud di€m theo hé quy chi€u gin chit vdi khau (i-1) .
H,_,, : ma trdn thudn nhat tuong ddi .

Néu Ia khdp trugt loai 5:
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1 0 0 0
01 00
thi: H,,, = 12
b 0 01 4, (2
0 0 01
NE&u 12 khép ban 1€ loai 5 :

A .
khdftl t-9 '!* g
01‘.__1
Hinh 2
cosp, -—sinp,cosg, sinp, sing, a,cosp,
sinp, cosp,cosq; —cosp,sing, a,sinp,
thli : Hl_l[ = pl ; pf ql p! qr p (1.3)

: sin g, cos g, d,

0 0 0 1

Chuyén vi tuyét doi cud khau I dudc md 3 bdi

x =H,x, (14)

V6i : x; :toa do cud diém theo hé quy chi€u gdn chit véi khaui.

x :toa do cud di€m theo hé quy chi€u cd sd ( ¢ dinh ).
i-1

H; : ma tran thudn nhat tuyét d6i va H, = [ H,,,, (L.5).
0

Tir d6 ta suy ra van toc cud diém :



Tap chi Phdt irién Khoa hoc & Céng nghé, Tip 3, S4 2-2000

v=';:=i[[ﬁHk,k+l](ﬁHk,k+|JI.Ii.i+l:|x: (1.6)
¢ J

Jj+l
Tudng tu cho gia téc: a = v (1.7
Vidul:

X4c dinh vi tri cud diém tdc dong cudi ( end-effector) cho tay mdy ARID:

Hinh 3

V§i luge d6 dong nhu hinh 3 va 4p dung cdc cong thic (1.2), (1.3), (1.5), ta ¢6

ma trin thuan nhat tuyét ddi cud khau cudi 4 13 :

Ciza —Spu 0 aic +ayc, +asc,
s c 0 as, +a,s, +a.s
", = 1234 1234 151 2512 35123 (1.7)
0 0 1 d,
0 0 0 1

¢, =cos(p,) ,s, =sin(p;)

¢, =cos(p, +p,), s, =sin(p,+p,)

Cpu =COS(p, +p; +p). Sy =sin(p, +p; +p,)

Cytn =COS(P; +P; + Py + D)y Sy =SI(p; + p; + P, + P,)

Vi tri cud diém tdc dong cudi so véi hé quy chi€u gdn chit véi khau cudi 4 1a :
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x, =(a,0,0,1)", 4p dung cbng thitc (1.4) ta c6 toa dd di€m tdc dong cudi so vdi
hé quy chi€u co sd 1a :
A.Cpyyq + A\ + 8,56y + 30
A-Spp3g T A8 T A5, T35,
dl
1 )

X =

Vidu2:
X4c dinh vi tri va vin t8c cud di€ém tdc dong cudi C cud tay may cé luge dd nhu
hinh v& 4.

on eZ,

|y

Hinh 4
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Ap dung céc cong thitc (1.2) va (1.3) ta c6 cdc ma trén :

[cosp —sinp 0 0 cosg 0 sing 0
sinp cosp 0 0 0 1 0 0
H, = , Hyp= .
0 9. 3.4 —-sing 0 cosq [
0 g < bl 0 0 0 1
[cosr 0 sinr 0
0 1 0 0
H,=| .
—sinr 0 cosr I,
0 0 0 1

cos p.cos(g +r) —sinp cosp.sin(g+r) [,.cosp.sin q—l

Theo (1.5)suyra: H, = o i g

—sin{g +r) 0 cos(q +r)
0 0 0
Vay vi tri diém tdc dong cubi la :
0
X Xp 0
Ye|=Hs|yc| =H, /
3
Ze Ze 3 1 )
, . 0
X =1,.cos p.cos(q +r)+1,.cos p.sing 0
=<y, =1,.sin p.cos(q +r)+1,.sin p.sing = H, i
zo =1;.cos(g +r)+1], +1,.cosq 13

ch =/,.cos p.cos(g+r)+ l,.cos p.sing
= 3y, =1,.sin p.cos(g +r)+ 1,.sin p.sing
|z =1.cos(q+r)+] +1,.cosq

cosp sinp.sin(g+r) [,.sinp.sing

I, +1,.cosq
1

Xg
G day:| y.| 12 toa dd cua diém tdc dong cudi so v6i hé quy chiéu gin chit
Zn 3

trén khau 3.
Ap dung cong thitc (1.6 ) ta ¢6 vén tc di€m tdc dong cudi la :
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ve| . (=L.sin p.sin(q +7) - I,.sin p.sing
Ve=|vi|= p [;.cos p.sin(q +r)+1,.cos p.sing |+
Vi 0
. [f;.cos p.cos(g +r)+1,.cos p.cosq _[15-cos p.cos(q +r)
q[lj.sin p.cos(q +r)+1,.sinp.cosq | +p| I,.sin p.cos(q +r)
~l,.sin(g+r)—1,.sing —1,.sin(q +r)

II. PHUONG PHAP TENSOR QUAY
1. Sé luge vé tensor quay (Xem hinh vé 5) :
Trong h¢ toa d§ Decartes cho dudng thing Os mang vector chi hudng don vi la :

5=(s,,5,,5,). Xét mot diém P dugc x4c dinh bdi vector : D=(Xp,Yp,25).

Khi quay di€m P xung quanh dudng thing Os mot géc ¢ ta dude di€ém Q xic

dinh bdi vector § = (x,, ,,2,).
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Tacé:G= A p (2.1)
Ar = [5 ®5 +(/ -5 ®5)cosg + R(5)sin qp] : dugc goi 14 tensor quay xung quanh
truc Os vdi géc quay la ¢.

| O 14 £:8. | 38 85, g =8 &

VBi:T=10 1 0| , §@F=|ss 53 s , ME)=|s 0 =5} 22)

40 1 3.8, 85 58 -5, s, 0
2. Ap dung trong khao sit dong hoc tay may :
Coi co cdu tay mdy nhu mot chudi dong hd thi chuyén vi cud diém tic dong
cudi cud tay mdy dugc cho bdi phuong trinh sau :
= ; 1 1 r n-1 iy Yk s = =
G( @1 Prsees Purs @) = A [A: [[AT. [Af: p+r,,] +r,,_!]+...]+r2:|+r, (2.3)

Vidu:
Tim biéu thiic toa do cuad di€m tic dong cudi cud tay may cé luge d6 dong nhu
hinh vé 6 .

M

Hinh 6
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Vi cdc kich thudc dong nhu da cho , 4p dung cdng thitc (2.2) cho céc k_hﬁu., ta

a, 0
r,=|d;sina, | , § =|sing,
d;cosa, cosa,
cos @, —Ccosq, sing, sine; sin @,
A: =|cosa;sing, sin® @, +cos’ @, cosp,  sina,cosa,(l-cosg,)|
-sine,sing,  sina,cosa,(l-cosg,) cos’ @, +sin’ ¢, cos ¢,

d=0 Vizl , a,=0 Vi
NaL: g=l  ay=1
lJ
i=190
0

Ap dung céc cong thitc (2.1) va (2.3) suy ra toa do di€m tdc dong cudi cho bdi :
leyys + Lyey, +1ic,

g =| LSy + 1,5y, +1s,

4,

¢, =cos(p,) ,s =sin(gp,)
Véi cdch ky hiéu : {c,, = cos(p, +@,), s, =sin(g, +¢,)

Cia3 = COS(@, + @, +@,), 83 =sin(p, + @, +¢,)

L. KET LUAN

Hién nay c6 khé nhi€u phuong phdp nghién citu dong hoc tay méy,tuy nhién

nhG kha nding dua cdc bai todn vé dang phép tinh ma trin nén hai phuong phdp dugc

trinh bay & trén dugc st dung hitu hiéu nh4t va phd hgp véi xu huéng ting dung may

tinh d€ gidi quyét cdc bai todn .
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SOME METHODS FOR KINEMATICS ANALYSIS OF THE MANIPULATORS
Pham Huy Hoang
ABSTRACT : Manipulator is a kinematic chain including the links which are the rigid bodies
linked to each other by type-5 pairs (such as : revolute pair, prismatic pair).
The homogenous matrix and tensor methods , with their capability of spatial motion description

of rigid bodies, are used to solve very effectively the kinematic analysis problems of

manipulator.
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