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Mechanism and Stability Analysis of Vibration Suppression with
Acceleration Feedback for Flexible Manipulator

Liu Xinjian Ma Hongxu Zhang Peng
(Department of Automatic Control, NU DT, Changsha, 410073)

Abstract End-point acceleration feedback is a kind of simple and efficient method for vibration suppression of flexi—
ble manipulator, but until now the mechanism of vibration suppression and stability is not very clear. The paper has
made a thorough and system atic analysis of the built<4n mechanism and proved its feedback stability. Some correct and
guiding conclusions have been drawn, and also verified experimentally.
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( 1) Fig.1 Onedink flexible manipulator in plane
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Nt) = u(t)
{qm(t) + Whgn(t) = zuu(t) = 0 (2)

, Zn= — a%q?(()), e= 1+ be+ b 3,m= 1,2, ,o
[5]
2
(2) :
X=TX+ PX+ Qut) X,Q R™"'.pT R (3)
’ X(t): [n(t)’ql(t)qu(t)9 ,qn(t)]T,n_,OO
P = diag(0, - «f, - «&&, .w), Q= (Lz, ,z.).T= (0, - 25w, , - 2&uw)"
7§" D) D)
acce = w(l,t) + e(t) (4
U= Kd y(l,t) + 61)] (5
K{t PD 9 2
U= Uy + Ui+ Ui= K,0(t) + KaO(1) + Ko[y(L,1) + 0(1)] (6)
(6)
U= K1+ Kd+ K.+ K,,bzlrmqm+ dezlrmqm+ Kabzlrmqm+ Kazlqg(l)qm (7)
(7
U= U+ U2+ Us (8)
, U= K1+ Kal+ K., U= K,bRq+ KR q+ Ki.bRq,Us= K.®l)q
(Rl) = [q?(l),(l?(l), vqg(l)]7 R: [rl,rz, 7r”]7 q= [‘]1»(]2» 7C]’L]T7 n —
U (3) , :
[l - KiT - KT'"1X + [- KiT - I"]X+ [- K, T - PIX =0 (9
A'=1- K.T- K.I',B'= - Ku«.T-T,C=- K, T- P
1 bR 0 l
, =L 7 o a
Z bZR OIIXI (Rl)
diag[ 1, 1/(eb), ,1/(eb)], (9)
AX+ BX+ CX =0 (10)
K{[,Kp O, B,C ’ A, A det(A)
<0, A< 0 ,
1— K(L - Ka[(n(l)/b"r rl] - Ka[(p(l)/b+ rn]
- Kurl 1— K(zrl[rl+ Q(l)/b] - K{Lrl[rn"r %(Z)/b]
A= n - (11)
- Ka,rn, - Karl[r2+ (Hl)/b] 1_ Karn[rn+ (Q(l)/b]
R(1) ro= - RO m= 1 0
B ” Ka
; , R = [RD, R, RDLR=[r,

r2, ,rn]
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Fig.2 The ex perimental system of flexible manipulator
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Fig.4 The joint trajectory of PD
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Fig.3 The Acceleration response of PD
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Fig.5 The acceleration of one mode feed back Fig. 6 The joint trajectory of one mode
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Fig- 7 The response of only rigid acce- feedback Fig- 8 The joint trajectory for rigid feedback
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