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The cutting force signal has traditionally served as a reference in conducting the monitoring studies using a variety of
sensors to identify the cutting phenomena. There have been continuing studies on how to monitor the cutting force
indirectly. It is because it is easier to access when considering an application to the actual machining site. This paper
discusses a method of indirectly monitoring the cutting force using the feed drive current to analyze the change in the trend
of the cutting force over the lapse of machining time. This enables the analysis of the cutting force by separating it in the X
and Y axes of the machining plane. To increase the discrimination of the signal related to the actual cutting phenomenon
from the feed drive current signal, a bandpass filter was applied based on the tooth passing frequency. The relationship
between the feed drive current and the cutting force analyzed from the machining signal of actual machining conditions
was applied to convert the feed drive current into the cutting force. It has been verified through experiments that the cutting
load can be estimated with markedly high accuracy as a physical quantity of force from the feed motor current.
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NOMENCLATURE F, = Resistance force

d = Diameter of ball screw

= Measured torque 0 = Lead angle

Tyiy = Measured torque in air-cutting

P = Work
K, = Torque constant
i = Current
i = Current in air-cutting
J, = Equivalent inertia 1. N2
Q = Angular velocity
7 = Friction torque 47} ARIE)Y Alehel] Azl opel A 2 AL 2 gl &
= Cutting torque uhE 34 FEN] UM AAselor s A5 F skt
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Table 1 Doosan nx550011 feed axis servo motor specifications
(Fanuc aiF 22/3000-B)

Parameter Value Unit
Continuous torque
(At low speed) 22:0 Nm
Maximum speed 3,000 m’!
Torque constant 1.2 Nm/A (rms)
Static friction 1.2 Nm
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Fig. 1 Photo and structure of the machine tool used in the
experiments (Doosan nx55001I)
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Fig. 2 Device installation and schematic diagram for experiments
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Fig. 3 Schematic diagram of ball screw
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Fig. 4 Current of the feed motors when X-axis motor is rotating and
Y-axis motor has remained stationary
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Fig. 6 Tool paths for experimentations
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(b) Machined sample

(a) Tool path

Fig. 9 The tool path and machined result of ISO10791-7 M1 80 test
specimen
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Fig. 12 Relationship between the cutting force and the current
(1,273 rpm, Feed rate 254.6 mm/min)
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