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ABSTRACT 

Input Shaping is a feedforward technology whose reliability to improve the dynamic response 

of linear systems described by Ordinary Differential Equations (ODEs) and particle oriented 

models has been exhaustively proved. This work examines the issue of Input Shaping for 

multibody oscillatory systems whose dynamics is described by differential algebraic 

equations (DAEs).   

Keywords: walking lifts, DAEs, velocity projection method, R-matrix, multibody system 

eigenvalues. 

 

INTRODUCTION 

A walking lift whose payloads hung by both sides of the drum have been chosen as show 

case, this multibody plus multimode system exhibits nonlinear dynamics. Firstly the 

constraint equations corresponding to the drum and the loads traveling up and down have 

been formulated. Thus the Jacobian corresponding to those constraint equations has been 

carried out as the basis to synthesize the customary DAEs. The resulting DAEs in the 

dependent variables have been converted into ODEs expressed in independent variables. The 

state-space jacobian matrix is obtained by numerically integration a motion closed to the 

equilibrium position. This allows to carry out the eigenvalues of such matrix i.e. the flexible 

modes of the multibody system analytically.  

 

RESULTS AND CONCLUSIONS 

To verify the reliability of such modes of vibration the time response corresponding to the 

local axis orientation of each link was collected. Thus the FFT of the time signals allows the 

estimation of the natural frequencies associated to the flexible modes that agree with the 

previous analytical estimation. Input Shapers were calculated for those multimodes of 

vibration by convolving specified insensitive IS-shapers for each mode. 

Several comparisons are presented for the shaped and unshaped responses using the 

multibody model plus a real world hardware set-up. In both cases Input Shaping a type of 

Finite Impulse Response (FIR) Filtering performs well. However the difficulties to prove this 

statement dealing with the multibody model have been overcome by this novel work in the 

field. 
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