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Abstract

This paper addresses the problem of identifying the stiffness of multiple fixed joints in a machine
tool when experimental conditions are limited. The study considers a seven-component machine
tool made up of the bed, column, headstock, spindle, cutting tool, saddle, and worktable, and it pre-
sents a virtual identification method for equivalent joint stiffness based on sensitivity screening.
Along the main load-transfer path, four key fixed interfaces are selected: the bed-column joint, the
column-headstock joint, the bed-saddle joint, and the saddle-worktable joint. In the high-fidelity
reference model, each interface is described by a four-point distributed spring system with stiffness
in three directions. In the reduced-order identification model, each key interface is represented by
lumped equivalent translational stiffness parameters in three orthogonal directions. The parame-
ter updating process uses both modal frequencies and the relative displacement response between
the tool tip and the worktable. The results show that, after identification, the reduced-order model
agrees more closely with the reference model in low-order natural frequencies and major resonant
responses. This result indicates that the proposed method can capture, in a clear and effective way,
the dominant influence of key fixed joints on the overall dynamic behavior of the machine tool.
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Figure 1. Schematic diagram of the seven-component machine tool and the four
key fixed connection surfaces
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Figure 2. Schematic diagram of high-fidelity benchmark model and low-dimensional
identification model
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Table 1. Definition and initial range of key joint surface parameters
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Figure 3. Joint ANSYS-MATLAB Identifi-
cation Flowchart
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Table 2. Material properties of the seven components
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Table 3. Comparison table of the first 6 modal frequencies
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Figure 4. Typical vibration patterns of the first 6 orders of the benchmark model
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