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Abstract

Fast tool servo (FTS) freeform machining is an important manufacturing technology for generation of
ultra precision freeform or structured surfaces. However, it faces problems of insufficient stiffness
with large depth of cut.

This paper will introduce an analytical model to reveal how much positioning errors are caused by the
added sensor noises in acceleration feedback control and how the acceleration feedback technique
changes the closed loop stiffness. It will compare the measured positioning error spectrum with those
predicted by the model under different acceleration gains. It will further verify the proposed stiffness
model through frequency response tests. Through the designed cutting trials the dynamic stiffness is
found to be significantly improved by 5.6 folds within the acceleration sensor bandwidth, while the
stiffness deteriorates at frequencies beyond the band width due to the low-pass characteristics in the
acceleration loop. Finally, the effectiveness of the control approach in freeform machining several

typical freeform ultra precision surfaces is demonstrated.
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Figure 1: An accleration feedback controlled FTSr
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