Expert spindle design system
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1. Introduction

The spindle is the main mechanical component in machining centers. The spindle shaft
rotates at different speeds and holds a cutter, which machines a material attached to the
machine tool table. The static and dynamic stiffness of the spindle directly affect the
machining productivity and finish quality of the workpieces. The structural properties
of the spindle depend on the dimensions of the shaft, motor, tool holder, bearings, and
the design configuration of the overall spindle assembly. This research considers
spindle component selection and configuration using the proposed expert system based
on the digital knowledge base. The expert system with fuzzy logic is implemented as
the selection system. Eskicioglu et al. [1] developed a rule-based algorithm for the
selection of spindle bearing arrangement using PRO-LOG, which is a programming
language for expert systems. The bearing arrangements are determined by the cutting
operation type, and the required cutting force and life of bearings. Wong and Atkinson
[2] demonstrated a knowledge cell approach for diverse designs. They divided the
knowledge cell into four parts; the Function, Selection, Graphics, and Logic cells.

For design optimization of spindles, Yang [3] conducted static stiffness to optimize a
bearing span using two bearings, and described the methods used to solve the multi-
bearing spans’ optimization method. Taylor et al. [4] developed a program which
optimizes the spindle shaft diameters to minimize the static deflection with a
constrained shaft mass. The Downhill Simplex Method is used to find the optimum
value. Lee and Choi [5] conducted an optimization design in which they minimized the
weight of the rotor-bearing system with the augmented Lagrange multiplier method.
Chen et al. [6] and Nataraj and Ashrafiuon [7] demonstrated the optimization results to
minimize the forces transmitted by the bearings to the supports. Wang and Chang [8]
simulated a spindle-bearing system with a finite element model and 0890-6955/$ - see
front matter q 2004 Published by Elsevier Ltd.

compared it to the experimental results. They concluded that the optimum bearing
spacing for static stiffness does not guarantee an optimum system dynamic stiffness of
the spindle. Hagiu and Gafiranu [9] demonstrated a system in which the bearing preload
of the grinding machine is optimized. Kang et al. [10] conducted static and dynamic
spindle analysis by using an off the shelve FE system with an added rigid disk and non-
linear bearing model. The previous research used only two support bearings, although
practical spindles may use more bearings depending on the machining application. In
addition, most of them optimize design parameters, such as shaft diameter, bearing
span, and bearing preload, to minimize the static deflection. This paper considers more
than two bearings in the spindle model and takes into account the

chatter stability that is totally related to the dynamic properties of the spindle.

The overall expert spindle design system is outlined in Fig. 1. The design of the spindle
with optimized bearing spacing is automated using the requirements set by the



machining application, expert spindle design rules, cutting mechanics, structural
dynamics and chatter stability of
milling process.
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