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2
, [ 10] Q n .G 0
(Q) Q X, Y (Q), [X.,Y]
g Levi Civita I
Q . X, Y (Q) , X:Y = xYV+ X
Lewis Murray”’4]
Q _
due(t)=— gradV(e(t)) + . u'(t)Ya(e(t)), (1)
, g ,u fu:{u:[o, T] R™ T> 0 u
v D 0 (1) 7Q
v(t) = Z(v(1)) = gudV(v())+ (1) Ya'(v(1)), (2)
, Z, I , grad phit Y}jﬂ Q gradV
Y, TQ , TQ (x', a0, o), Yt =
Ya(q)( / vi),a: 1, ,m,gradVlif
(2) [1]
(2
1.1 (1) (¢, u), u U,c:[0, T] Q Q
(e, u) TQ (2)
q0 Q. ( qo, Oqo) TqOQa Oqo q0 U Q qo ,
L
Sgor={s 01 (1 (ew Lo0T),
c(0)= 04.c(t) U  o(T) Tf
c/€[0/(q0, T)= ch«é](qo, t)
1.2 () q 0Q ( LCA), T> 0
o 0 U 0< ¢ T,-k0(qo, t) )
q 0 ) (LCA)
() q 0Q ( STLCC), q Q
T>0 qgo Q U 0< ¢ T, qo
Ko(q0. t) qo Q
(STLCC)
1.3 (1) s qi, q2 Q, (1) (c, u)

c(0)= q1, ¢(T)= q2 c(0)= ¢(T)=10
(D, : (2), { Z,— gradV™, V', yl,;f}
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, Lewis  Murra 341
,Monforte[s]
2
doe(t)= Ka(t) - gradV(e(t)) + ﬂu”(t)Ya(c(t)), (3)
Ki< 0 [10] (3) TQ
v(t) = Z(v(1) = gudV(v(0)+ Ka (v(0)+  u'(0) Ya'(o(1)), (4)
Liouville R TQ (xl, 2", o), = Ui(/ Ui)
, [3] [4]
(3)
rQ Z(TQ) : TQ Z(1Q)
0, To(Z(TQ)), Vo (TQ) T, 0, , T 0
Z(1Q). ; ToTQ  To(Z(TQ)) Vo (TQ) T«Q TiQ
, (4) 0,
Yy = {Yl, , Ym}, Vv = {Zﬁ, , grad V' q/ " v =
{Zﬁ Ki - gradV™ o/t Sym(v) @ ,Lie(v) @
Diww )(v)= X(v)1 X Lie(v ) & Lie(v ) :
(4) Lie(v ) Lie(v) R
Lie(w) 2] = Z.[ eradV"] = - gadV'™,
[,y =y , grad V', Y 7. Liouville
(I/ 2
; [3] [4] [4] 4.9,

DIE(Zl , gradVIm, ") (Oq)

Die Z . grad Vi a ) (Oq)
2

2.1 q Q,
Dtie(v)(0q)

DIE(W) (Oq)
2.2

Vo (TQ) = (D iy ()™

TQ = (DieEmy {wmay)(q)

V0TQ = (DS {emay)(g))"

TQ = ( DTy {emary ()
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Dy = span{Zg— gradVM, @/hft , Doy = span{Z,— grathft+ Ka ,yhﬁ
D= D-1y+ [Dee=1),Dk-1)], Dk)= Dee=1)+ [Dee-1),Dee-1)], k2 ,
k7, Dery(0q) = Dry(0q) ;

D¢ )(0g) = DTz gratv™ o) (q)

D¢ )(0g) = DTz gav™k, 9™ (q) = Dixerw )(q)

(Z, — gadV™)(0) = - gradV™(0, ), (Z,— gradV"™+ Ka )(0,) = -
orad V'™ (0,), . Dy(04) = De1y(0y) [Z,— gradV'"+ Ka , V'] = [ 2,
— grad V", Y - K¥i" . [Dw. D] Dey [Dey,Diy] Doy
Diiy(0g) = Dery(0q), [ Deky, Deky]  Dekery [Diw, Dewy] Dy k
E+ 1 , gradV]iﬁ, Y]iiﬂ Z,
[8] 8 )
, (4) (2
[3] [ 4] , Z(TQ) Lie(Z, -
grad V') Lie(Sym(y (gt} )) L Cul. V)
Crn(®. V)( 3 [4) Tie(Sm( {gadV}))
Col V. V)(g) 0,  Crnl 0,
Vite) 0, 2.2 , (3)
2.1 (3), Croe(Y, V) qg @ Q . G,
Vitq) = T, ; q (LCA)
(3) , [ 8] LCA
(4 Smcc @ = {Zy— grad "+ Kg ™
{XO,XI, Xn} B B= [By, By
Bi= [Bi, Bij. i= 1,2 B {XO,XI, ,Xm}
Bi, B , = 1,2 Bi !
{xo,xl, X B , i {1, 2, m} ol B) . «(B)
.. i(B) X B , B B (B)
= (B P Y . J(P) Y, P P
(P)= i(P) 1 i m, (P) , P ., ., P
, [3] [4] (D
STLCC : (3)  STLCC
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(4) g @ LCA (4) g @ ST, (
{ 7.~ grad Vi K, g Sussmann ): { 7 - srad Py Ky g
B 0, B R _
’ S { 7, - gnad Pl g i ’ ,
{(7,- graaV'™s K, 0/ Monforte'" . SILCC {(z.4"
, {Zj+ Ki ,y™ ,
2.1 { Z,— grad Vhﬂ, Yy li% Sussmann s
() 0 - {Zy— arad Vi 4 Ky, o/t i B, 0,
i { Z - gadV" /" o - { Z, - gradV"+ Ky ,ry“@ k
R_
() { Z, - gradV"+ Ka ™ k c. 0, ,
{Zﬁ - grad V'™ ¢/ k Vv = {Zy — gradV™+ K, | (y“f}
k R_
() { Z, - gradV™, q/“? k .0, , @
- {Zy— grad V" + Ky ,rg?ﬁ} k R
() 1 B, (B) =1,
2 B, (B)=2 (B) =3 [V [ 7, -
gradvliﬁ_l_ Kd , Yllﬁ]] [ , Y%iﬁ]: _ Y%ift, ’[ Y%iﬂ,[Zj— gl“adVliﬂ+ Kd , Y%iﬁ]] — [Yliiﬁ,
[Z, - gradV™ Y] { Z — erad V", Yﬁ”} Sussmann | [V 7, -
grad Vliﬂ_l_ Ka’ , Yim]](()q) — [Y%iﬂ,[Zﬁ— grad Vlift, Yflﬁ]](Oq) {Zy_ grad Vﬁﬁ, (ylift
2 R _ ’ . [Z - gad Vlift’ Yliift] Y}iﬂ
v = {Zy— grad V™ + Ko, ™ 2 .. () k
3
k , k+ 1 v = {Zﬁ— erad V™ + Ku |
0/} k+ 1 B B Z,- gradV"+ Kqg |
., B Bi, B, Z,— grad V" :
K, , i {La im). oBy= ofB)-
, i(B2)= i(B) . B> v = {Zy— erad V" + Ku ,fy“@ k
B, Z, - grad Vi"+ K, | ,
, Z,— grad V" , Ka . B
{ 7 - grad M g i 1 { 7 - grad V™, qjm} i
B, ., B v =4z~ gad+ ki ") k
{ Z,— grad yi @/“ﬁ Sussmann ,
()
. () ) ) ()

2.2 Q (3, q¢ 0.



831

() CuwVi(g)= 1,0, Symy {gadV})(q) B
B R _ . ¢ STICC
( .
{7,- gradv™ o/ ( J . Z(TQ) ,
o {grad?) () 11 ( B 4
2.1 2.1 {Zy— grad Vi Ky ,(lj“ﬂ Sussmann s ()
: (STLC), ()
, ()
: (1) LCA STLCC (3)
: (3)  LCA STLCC

(8]

(9]

[ 10]

e(ye(t) == gradV(e(t) )+ u'(t) Yol c(1)),
) , Levi Civita

A.J. van der Schaft , Twente ( )
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Configuration Controllability for Non Zero
Potential Mechanical Control Systems
With Dissipation

KANG Jian ling, WANG Hong’, YE Hua wen’
(1.Department of Applied Mathem atics, Donghua University, Shanghai 200051, P. R. China;
2. College of Mathem atics and the PMC Key Laboratory ME of China,
Nankai University , Tianjin 300071, P. R. China;
3. Department of Automatic Control, Northwest Polytechnical University,
Xi an 710072,P.R.China)

Abstract: Within the affine connedion framework of Lagrangian control systems, based on the re-
sults of Sussmann on controllability of general affine control systems defined on a finite_dimensiona
manifold, a computable sufficient condition of configuraion controllability for the simple mechanica
control systems was extended to the case of systems with strictly dissipative energy terms of linear
isotropic nature, and a sufficient conditon of equilibrium controllability for the systems was also giv
en, where Lagrangian is kinetic energy minus potential energy. Lie bracketting of vector fields in con-
trollable Lie algebra, and the symmetric product associated with Levi_Civita connediion show virtues
in the discussion. Liouville vector field simplified the computation of controllable Lie algebra for the
systems, although the terms of potential energy complicated the study of configuration controllability.

Key words: mechanics, controllability; affine connedion; symmetric product; isotropic dissipation



