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Ultra-precision Turning Alignment Error Compensation Technology in
Multi-axis Simultaneous Operations

YUAN Jiabin GUO Xipeng LI Rong YIN Shaohui”
National Engineering Research Center for Efficient Grinding, Hunan University, Changsha,410082

Abstract: To address the issues of ineffective compensation for aspheric machining figure errors,
an XZB three-axis ultra-precision machining method was proposed. The impact of errors in tool align-
ment, tool radius and the deviation of tool tip relative to the B-axis rotation center on workpiece sur-
face accuracy was analyzed, and the corresponding compensation methods were presented. Turning
experiments of nickel-plated convex aspherical workpieces were conducted. Figure errors of the work-
pieces were reduceed from 0.6774 pm to 0.0749 pm, with the XZB three-axis linked turning method.
Experimental results show that the XZB three-axis linked turning process significantly improves the
surface shape accuracy and surface quality of small-diameter aspherical surfaces, compared with the
X7 two-axis linked turning method.
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Fig.1 Physical drawing of the machine tool
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Fig.2 Schematic diagram of XZ two-axis simultaneous

single-point turning
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Fig.3 Schematic of the effect of tool Y-axis eccentricity

on workpiece surface shape
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Fig.4 Schematic diagram of positive Y deviation error of

tool alignment
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Fig.5 Schematic diagram of the X deviation error of

the tool center
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Fig.6 The influence of X deviation error of the

tool center
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Fig.8 Schematic diagram of turning tool radius error
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aligned with the B-axis center
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Fig.17 Schematic diagram for Z-center error

of the turning tool
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Tab.1 Aspheric coefficient of turning
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Tab.2 Turning data table
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Fig.19 XZ two-axis linkage machining surface form

accuracy results
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Fig.20 XZB three-axis linkage machining surface

form accuracy results
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Fig.21 The Ra value of the workpiece surface for
different turning methods
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