28 5 Vol 28 No 5

19%6 9 ACTA M ECHAN ICA SN ICA Sept, 1996
I 1
L iapunov )
( , 200030)
L igpunov
L igpunov
,Nakanura ¥
L igpunov ,
, , . N akamu-
ra , ,
1
B 1, Bi (i=2, , n-1) Bn n

1)

1995-07-05 , 1996-01-12



5 : L igpunov 559

n- 1 OJ (j: 21 ’
n) 1
Oc €0,
Oci €i (|: 1; 1
n).
Dlit6=Ho (1)
=1
li, € B i
y H 0 y I]
Ki G, j=1, , n) !
[4] Fig 1 Ann body open chain system
= D Ki(i=1, ,n)
=1
Ki]T = (Sj Ki - (1- (Sj)m[(bji' bij E - bjibij] (2)
Ki=Ji+ ka(bizkE - b bi)
k= 1
mi, Ji (i=1, ,n) B , 0i Kronecker
& B (k=1, 2, 3) p el pux (k=1, 2,
3) 6 P
91= (911, 912, els)T, p1= ([)11,{)12,[)13)T (3)
Oj Bj Bij- 1 9 (j: 2, , n) 0
0= (& ,6)7 (4)
pi Oj & , Bi w e w
w=DAip8 (=1 ,n) (5)
=1
(1) Ho , (=) ,
6+ 306 =0 (8)
0= (8,6, ,0)", J= 02353
: L @
Ji= p-ll[ZAlklkAkJ I[ZAlklkAkJ pi (i= 2 ,n
r=x k=i
Om O Oc¢ Pa ,pn
bij (Il l: 11 1 n) [4]1 (S4] OCn €0 X = (Xl, XZ,

x3)',



560

1996 28
X = ZAoi bin, Ao = HAJ- 1 (0) (8)
i=1 =1
, bin bin €n yAo B € €0
& Y= (Y, U yr) en IS A on
Ae@] A 2i(8) (9)
j=1
8, (9 6, n=7 , x, ¥
e, 8), (9 0.
n> 7 6; n<7
2 Nakamura
Xt, Wf, O 0 (J= 2, , n)
af (J: 11 il n) e ’ e ef
X1= 6- 6, X.= 0 - B¢ (10)
(6) X1, X«
X1=- JX- (1)
A, B 3 n- 1
X-=J"AX1- BX- (12)
L igpunov \Y
V = 'Jz‘(XIAX1+ XiBX ) (13)
\Y; (11, (12)
V=- (QAX1- BX-)'Q'/AX1- BX-) (14)
L iapunov : X1=X-= 0, , (12)
X1, X+ X1, X+ . X1# 0, X«
£0 J'AX1- BX-=0 , . Nakamura
X1= 0 Vv , (12) X.=0



5 : L igpunov 561

b (11) t
' (51
X v a g q
qg= x", VT, g = (x7,¥)7 (15)
X=0 o, A 6 ,
X=- AX (16)
L igpunov \
V = ‘JZ‘XTAX (17
(16)
V =- X'A%X (18)
L igpunov , X=0 , X X

X : 8 t (5)

X = - ZA oi EnZA ij pje (19)
=1 =1
, bin bin e (5) i=n I ,
V= Z;,A o ij (20)
=
(6) (19), (20) a
- ZAoibNinAille - p
C= i= 1
Aoupid +

10 1, Po (22)

Po= (po2, Pz, ,Po), P= (p2,ps ,pPn)

po = Adapi, Pi= ZAoijjrAjipi(i: 2, ,n)
= 1
n- 1=6 (21) (16) X «



562 1996 28
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n- 1< 6 , n- 1> 6 ,
4
,  nh= 4, 'mi1= 1000kg,mz2= ms= 10
kg,ms= 100 kg,J1= 500kg/Mm? Jz2= Js= 5kg/Mm? Js= 50kg/Mm?* 0:02= Im,00:= 004
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Fig 2 Perturbed motion trajectories Fig 3 Angle Trajectories
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THEL IAPUNOV' SM ETHOD FOR THE INVERSE
DY NAM ICSOF A SPACEM ANIPULATOR

L iu Yanzhu Gu Xiaogin
(D eparment d Engineering M echanics, Shanghai J iaotong U niversity, Shanghai 200030, China)

Abstract The inverse dynamics of a gpace manipulator is discussed in this paper. It is
show n that as the result of the nonholonomic behavior of the systam, the L igpunov’'s
method w ith the joint angles asvariables is infeasible in the practice, ow ing to the theoreti-
cal incorrectness and the appearance of dead point in computation ThelL igpunov’ smethod
using the configuration of the payload as variables is suggested, and a numerical exanple
is given The mproved method of path- planning can ensure the asymptotic stability of
themotion of the payload tow ard the desired target

Key words gacemanipulator, multibody dynamics, inverse dynamics, L igpunov’sdirect
m ethod



