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Admittance Model-Based Nanodynamic Control of Diamond
Turning Machine
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ABSTRACT

The control of diamond turning is usually achieved through a laser-interferometer feedback of slide posi-
tion. The limitation of this control scheme is that the feedback signal does not account for additional
dynamics of the tool post and the material removal process. If the tool post is rigid and the material
removal process is relatively static, then such a non—collocated position feedback control scheme may sur-
fice. However, as the accuracy requirement gets tighter and desired surface contours become more complex,
the need for a direct tool-tip sensing becomes inevitable. The physical constraints of the machining process
prohibit any reasonable implementation of a tool-tip motion measurement. It is proposed that the mea-
sured force normal to the face of the workpiece can be filtered through an appropriate admittance transfer
function to result in the estimated depth of cut. This can be compared to the desired depth of cut to
generate the adjustment control action in addition to position feedback control. In this work, the design
methodology on the admittance model-based control with a conventional controller is presented. The recur-
sive least-squares algorithm with forgetting factor is proposed to identify the parameters and update the
cutting process in real time. The normal cutting forces are measured to identify the cutting dynamics in the
real diamond turning process using the precision dynamometer. Based on the parameter estimation of cut-
ting dynamics and the admittance model-based nanodynamic control scheme, simulation results are shown.

Key Words: Diamond Turning Machine (te]o}2= B'd #A]91), Admittance Model (1=rElA 2d),
Nanodynamic Control (239 A% A|9]), Modulation (E%), System Identification (A28 &%)
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Fig. 3 Overlapping cutting
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Table 1. Specification of apparatus and instruments

Model

Apparatus

Digmond Turning Machine RTH Nano Form 300

Dynamometer KISTLER 92578
KISTLER Multi Channel
Charge Amp, Charge Amp. 5019A
FFT Analyzer Hp 35670A
=& 7] kegami PM-930A

£ d7ol A4l 48 F4EAL Table 29
e,

Table 2. Basic set of cutting conditions

Material : Copper Cutting Speed : 774mn/sec

Starting Radius of
Workpiece © 45 mm

Spindle Speed : 17.2 mps

Cutting Depth : 6 m Feed Rate : 100 /m / sec

Infeed Rate : 58 m / rev | Tool Radius : 0.8 mm

Residual force { F )

Overlapping factor : 0.98
008 N

d : 174 time step

Table 29] itzdoA nlA AN S33o 24
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Fig. 7 Diagram of all the instrumentation for the cutting
experiments and data acquisition.
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