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Dynamic Behavior of Feed Drive Systems around Quadrant Changes in Circular Motion

Ryuta SATO, Masaomi TSUTSUMI and Kazuo NAGASHIMA

This paper describes the dynamic behavior of feed drive systems at quadrant changes in circular motion, and then discuss about the
generation model of quadrant glitches, which are often seen on the circular trajectories of NC machine tools. In this paper, the
velocity and acceleration of the axis under circular interpolation motion were precisely measured by means of linear scales and
servo-accelerometers, respectively. The velocity and acceleration at quadrant changes are simulated by a dynamic model which has
two.degrees of freedom. In addition, a friction model is newly proposed by considering the non-linear characteristics of friction force.
From the experimental and simulation results, it is found that the proposed model well expresses the dynamic behavior of the axes,
and that any axis does not stay at zero velocity when the motion direction changes. The Influence of the inertia of the feed drive
mechanisms on quadrant glitches is also discussed through simulation results.

Key words: feed drive system, circular motion, quadrant glitch, mathematical model, friction model
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Feed rate : 3.0 m/min
Radius : 25 mm
Direction : CW

----------------- Experiment
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Fig.5 Circular trajectory at low centripetal acceleration (0.1 m/s?)
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Fig7 Acceleration, velocity and motor torque curves at motion
direction changes (X-axis, Low centripetal acceleration: 0. 1m/s%)
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Fig8 Circular trajectory at high centripetal acceleration (1 m/s?)
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Fig9 Acceleration, velocity and motor terque curves at motion
direction changes (X-axis, High centripetal acceleration: 1 m/s?)
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Fig.10 Block diagram of feed drive system

Table 1 Measurement conditions for acceleration curves in circular

motion
Unit Conditions
Centripetal acceleration | mvs* | 05 | 10 | 10 | 16
Radius mm | 20 10 | 40 | 25
Fecd rate m/min| 60 | 60 | 120 | 120
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Fig.14 Simulation results of accel n curves at motion direction changes and

quadrant glitches under various moment of inertia
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