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a b s t r a c t

Machine-tool axis dynamics is an important factor that has influence in the machining finishing and

interferes with wear machine and actuators. The parameters that describe this dynamics are: position,

speed, acceleration, and jerk; these parameters are useful to make decisions on the trajectory planning,

control, and machine performance. The contribution of this work is the development of a dynamics

reconstruction method that consists of a combination of finite differences and a filter based on the

application of discrete wavelet transform, where Daubechies function basis is used. The method

objective is to obtain the dynamics parameter from a machine-tool axis, starting from an encoder for a

sensorless approach. Results of the simulations and experimentation applied to computerized

numerical control (CNC) lathe show the efficiency of the method, since the axis dynamics

reconstruction of the machine tool is achieved by processing the position signal generated from the

encoder.

& 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Dynamics is an important aspect that should be considered in
control processes related with computerized numerical control
(CNC) machine tools and robots [1], because it interferes directly
with the system performance and can generate unwanted
vibrations, large peaks of jerk, or shoddy machining [2]. Ramesh
et al. [3] emphasized that the performance of axis dynamics is
essential to achieve high precision in machine tools. Gao et al. [4]
state that an inherent problem in inertial positioning systems is
the growth of error measured in speed and position. Such
measurements are essential for understanding the dynamics in
a machine of parallel kinematics and for improving the machining
process performance. On the other hand, the dynamics in
machining processes depends on several factors that are related
to the machining information, machine, workpiece, and cutting
parameters [5]. One of the most important factors is the
machining information, which involves trajectory generation that
is translated into references for the axis handled by servomotors
ll rights reserved.
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and its corresponding dynamics represented by the parameters of
position, speed, acceleration, and jerk. The importance of
measuring these parameters consists of taking control and
corrective actions that influence several aspects of machining,
for example piece finishing touches, vibrations, and machine
abrasion, saturation in the servoamplifiers, and even G code
modifications. Erkorkmaz and Wong [6] presented their research
in which they needed to monitor speed and position for
performing their proposed identification technique, based on the
introduction of test G code, where the objective is to establish
some parameters of speed and maximum acceleration/decelera-
tion for the machining process without disconnecting the control
loop or interpolator. Lin et al. [2] show the importance of
measuring jerk, in which they stress the necessity of appropriate
trajectory planning in CNC systems; however, there no measure-
ment or physical reconstruction of the parameters of acceleration
and jerk, only approximations. Wan et al. [7] proposed a unified
framework of error evaluation and adjustment in machining
where, based on error prediction of the dynamics, they improve
the machining performance; however, they conclude that on-line
monitoring of the dynamics parameter will further improve their
methodology. Kono et al. [8] developed a high-precision machin-
ing by measurement and compensation of motion error, where
they predicted the geometric errors and compensate the dynamics
errors with the aid of laser position sensors.
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