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Table 1 Cutting Parameters
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Spindle Speed n[r.p.s|

Fig.1 Cutting Force of End Milling Fig.2 Cutting Parameters
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High efficiency and intelligence in production have been demanded in recent years. In particular,
improving accuracy and reducing machining time are important in production. In order to realize these
improvements, it is important to suppress the deformation of the machine tool. One approach is to
increase the main spindle speeds and feed rates, but this requires control of the end milling system and
measurement of the cutting forces. To control the end milling system, we need to equip the machine tool
with various sensors, an actuator and a computer. It is also important to construct a control system
that is adaptable to abnormal vibrations and disturbances by the cutting forces and cutting heat. Many
papers have proposed suitable control methods on the cutting forces but there are few papers that have
proposed a suitable control system design.

In this study, we try to control an end milling machine to achieve a constant cutting force. We construct
a machining model by identification of an end milling control system, and compare the performance of
two controllers that are the PID controller and Model Reference Adaptive Controller (MRAC) in the
system. Results show that the MRAC has good performance compared with the PID controller, in terms

of reduced cutting heat and compensated nonlinear characteristics.



