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Extensive Tracking Performance Analysis of Classical feedback
control for XY Stage ballscrew drive system
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Abstract. Performance analysis m term of identifying the system's tramsient response, stzbility
and system's dynamical behawior m contrel system design iz undemizbly 2 must process. Thers
zre several ways i which 2 system can be snalvred. An example of well Imown techniques are
using time domain and frequency domazin zpproach. This paper is focused on the fundamental
aspect of analysizs of classical feedback contreller m frequency domam of XY milling table
ballserew drive system. The contreller used for the system i3 the basic PID controller usmg
Maflzb SISOTOOL praphical user mterface. For this case the frequency response function
(FEF) of the system iz used istead of usmg estimated model of transfer function to represent the
real system. Result in simulation shows that after proper tuning of the controller, the system has
been  successfully being controlled zccordmply. In zddimon, the result zlse fulfill the set
requirement of frequency domam smzlysiz m terms of the required gam and phzse margm the
requited meximum pesk sensitivity mmd complimentsry semzitivity function and the reguired
stability.

1 Introduction

Accuraey and precizion is decisive i machining process. However, the presence of distuirbance
forces leads to maccuracy in positioning and tracking [3]. A good example of disturbance force
that greatly affects tracking performance i cutting forces. Cutting foree exist m namre of the
millmg process and smply cemnot be zvoided 2s it 13 generated from the contzet betwesn the
cutting toel and the work piece Eslpzljin mand Schmid [3] mention that cutting foree is
mfluenced by the millng parsmeters such as the depth of cut and spindle speed. In litersture,
problem regardimg cutting force i milling process have been studied extensively and many
controllers have been propesed and wvalidated. Quits 2 number of technigues have been mtroduced
and recorded m [2], [3] and [7] usmg different techmiques such as cascede PP mverse-model-
based disturbance chserver znd repetitive controller.

The classical PID controller is extensively kmown i many mdustrizl applications such as
temperature contrel of refrigerator [3] and zir conditionimg system [6]. Itz flexibility allowed
benefits from the advances of technelegy. It is the combination of PI and PD contreller which can
mprove both steady state error and tramsient response [7]. This paper i3 orgamized as follows.
Section 2 describes the experimentz] setup. Section 3 discusses the design of PID controller.
Section 4 describes the performance malysis i frequency domazm. Section 5 summarizes the
mzin conclusions of this paper.

2 Experimental Setup

The considersd system setup iz 2 ball serew drive XY millng tzble 23 shown m figure 1. The XY
millmg tzble iz produced by Googel Tech and it conmsists of two zxes which are x and v ames.
EBoth axes zre driven by one Panasemie MSMD 022G1U A C. serve motor and equipped with an
mcremental enceder for positioning measurement respectively. The resolution of the encoder is
0.0003 mm' pulse. The length of the milling table for both axes 15 300mm respectively. Two limit



