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Abstract−− Servocontrol loops are an important 
component in the control architecture of machine 
tools. Such loops manage the axes based on require-
ments of velocity, position, and acceleration. The 
success of modeling and control techniques applied 
to this level sets the basis for production of parts 
with high quality as well as cycle time reduction. 

First, an introduction is presented for the three 
mayor control levels: adaptive control, interpolation, 
and servocontrol level. The drives and transmission 
components for traditional machine tools as well as 
for precision machines are discussed; including com-
pareison between systems, such as linear versus 
rotational electric actuators. Then, relevant control 
techniques, such as Zero Phase Error Tracking 
Control (ZPETC) and Cross Coupling Control 
(CCC), are presented with experimental results. 
After that, modern control strategies to mitigate the 
effect of nonlinearities, model uncertainties, and per-
turbations are studied. Furthermore, the problem of 
High Speed Machining (HSM) is also reviewed. In 
addition, precision control for precision machining is 
examined.  At the end, the future tendency of Open 
Architecture Systems (OAS) that allows the 
implementation of any control strategy in machine 
tools is presented. 

Finally, it is included a summary on: electric and 
mechanical components, control strategies, precision 
machining, high speed machining, and a discussion 
on why new control techniques are not available in 
commercially machine tools.  

Keywords − machine tools, servo control, tracking 
control, contour error, open architecture systems. 

I. INTRODUCTION 
Machine tools are an important part of many 
manufacturing processes with a growing demand of part 
quality and cost reduction. To achieve these objectives 
and given a shortage of expert manufacturing equipment 
operators over the past decade, machine tools have 
incorporated technology to automatize the process 
(Liang et al., 2004). The introduction of the first 
Computer Numerical Control (CNC) machine was in 
the early 1970’s, when most of the digital hardware 
from the Numerical Controlled (NC) machine was 
replaced by a dedicated computer. 

The control architecture of a modern machine tool 
can be divided in three levels: servocontrol, interpola-

tion, and adaptive control, as Figure 1 shows (Koren, 
1997).  

Adaptive control sets the programmed parameters 
(feeds and speeds) in order to pursue a given criterion or 
to minimize a given cost function using measured or 
predicted output process variables (force, power, and 
surface roughness among others). The two most used 
adaptive control strategies are Adaptive Control 
Optimization (ACO) and Adaptive Control with 
Constrain (ACC) (Sathyanarayanan, 1986). Different 
sensors and signal processing techniques can be applied 
to the online study of surface integrity, dimensional 
accuracy, tool conditioning and chatter detection (Liang 
et al., 2004). Furthermore, different control techniques 
for machining force control, chatter suppression, burr 
and chip formation, cutting temperature and tool 
conditioning were reported in Liang et al. (2004). 
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Figure 1: Machine Tools Control and Monitoring - General 
Scheme (Koren, 1997). 

The interpolator level sets the coordinated move-
ments among the axes of motion in order to achieve the 
tool trajectory. The desired trajectory is divided in 
discrete points using a given criterion at the interpola-
tion level and then the command for each axis is 
generated. The interpolation level can be classified as 
Linear Interpolation, Circular Interpolation, and 
Complex Surface Interpolation. Real Time Curve 
Interpolation, such as Geometric Adaptive Control 
(GAC), is used when the tool trajectory is on-line 
adapted to compensate for possible geometric errors, as 
the ones induced by tool deflection (Koren, 1997)  

Servocontrol loops control the axes of the machine 
based on requirements of velocity, position and 


