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Displacement Estimation Algorithm of a Spindle Using Acceleration
Data of a Spindle and Displacement Data of a Feed Drive System
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In the existing machine tool field, the focus was on the displacement of the feed system from the viewpoint of the motion
of the machine tool. The displacement of the tool or spindle of a machine tool is useful for developing various functions. In
this study, using the acceleration data of the spindle, we proposed an algorithm that tracked the displacement of the
spindle with respect to the pseudo-step waveform motion. In order to solve the bandwidth problem of the pseudo-step
waveform, the displacement data measured by the motor encoder of the feed system was used. In addition, in order to
solve the drift problem due to double integration, a new drift removal filter was proposed and a displacement estimation
algorithm was implemented. In order to examine the performance and possibility of the proposed spindle displacement
estimation algorithm, it was applied to a gantry-type engraver and its excellent performance was confirmed compared to
other algorithms.
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NOMENCLATURE s = Laplace Operator
Vimoa(t) = Velocity Difference with Estimated Drift Tracking
d.(f) = Estimated Spindle Displacement Removed
dene(r) = Displacement of Moving System Measured by x(t) = Arbitrary Signal with No Drift Tracking Filter
Motor Encoder Applied
doa(f) = Modification Value Using Acceleration of Spindle xy(f) = Signal Filtered by Drift Tracking Filter
Measured by Accelerometer and Displacement of p. = Index for Sigma
Moving System Measured by Motor Encoder k = Parameter related to the Total Number of Filtered
ag(t) = Acceleration Difference between Acceleration of Data, (2k+1)
Spindle Measured by Accelerometer and Double fors1 () = Suggested Drift Tracking Filter
Derivative of Displacement of Moving System At = Sampling Time
Measured by Motor Encoder xg(t) = Signal Filtered by Drift Tracking Filter
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Fig. 1 A proposed concept for estimating the displacement of a
spindle in a machine tool using acceleration data
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Fig. 4 Self-made gantry type engraver and experimental setup
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Fig. 6 Case 1 Integration of the measured spindle acceleration data and estimated velocity by removing drift
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