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摘 要 

I 

摘 要 

随着现代切削技术的发展，对于高效、高精度的可转位刀片的需求越来越迫

切。可转位刀片常采用高硬、超硬材料，对其关键部位刃口的精密磨制是由可转

位刀片周边磨床的五个运动轴联动完成，机床误差对机床加工精度影响显著。为

了提高可转位刀片制造技术，项目组联合合作单位自主研发了五轴可转位刀片周

边数控磨床 2MZK7150，本论文围绕“可转位刀片周边精密磨削误差源研究”课

题，从以下几个方面展开研究： 

1. 基于多体系统理论，建立机床低序体拓扑阵列，通过坐标变换矩阵描述

机床运动轨迹的理想值和实际值之间的偏差，得出可转位刀片周边磨床的机床几

何误差模型。然后，进行机床几何误差的辨识与测量以确定误差模型中的未知量，

提出减小机床几何误差的方案。 

2. 分析主轴系统各模块工作原理，判定热源位置并研究其产热特性，分析

模块间及模块与环境的热传递方式。基于热应力与热弹性理论，阐述主轴系统发

生热变形的机理。 

3. 简化主轴三维模型，对其不同部件实施不同密度的映射网格划分。进行

主轴箱系统热稳态仿真研究，通过对比采样点温度的仿真值与实测值来修正仿真

边界条件，得到温度场分布，然后将温度场作为热载荷施加于有限元结构分析中，

得到热变形场，以此提出减小主轴热误差影响的方案。 

4. 使用经验模态分解对采样温度数据与主轴热误差数据进行预处理，分析

温度采集点与主轴热误差的相关性，利用相关性最高的四个温度采集点对主轴热

误差进行预测。分别建立基于支持向量机（SVM）的主轴热误差的回归预测模

型和时间序列模型，通过计算两个模型权重系数，建立主轴热误差综合预测模型。

通过实验验证，该预测模型的均方误差为 -52.05 10 。 

 

关键词：五轴可转位刀片周边数控磨床；机床几何误差；主轴热误差 
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Abstract 

III 

 

Abstract 

Since the implementation of modern cutting technology, high efficiency and high 

precision indexable inserts is in demand increasingly. Enhaced by superhard meterial, 

indexable inserts usually enganed periphery Grinder for the machining of its key parts. 

Indexable edge grinding machine reduces the machining error by the synthetic 

movement of three rotating shafts and two translational axes. The geometric error and 

thermal error of spindle are the main components of machine error. 

In order to improve indexable blade manufacturing technologyand, the project 

group developed a five axis NC grinding machine for indexable inserts around 

2MZK7150 independently. Focus on five axis geometric error and indexable blade 

grinding machine spindle thermal error analysis research, the mainly work and 

findings of the paper is presented as follow: 

1．Based on the theory of multi-body system, machine tool low order body 

topology array is established; through coordinate transformation to describe the 

deviation between ideal and actual machining trajectory; the geometric error modeling 

of the indexable blade grinding machine is also listed. Then, the geometric errors of 

machine tools are identified and measured to determine the unknown quantities in the 

error model; the errors error compensation method is also presented 

2． This paper analyzes the working principle of each module of the spindle 

system to determines the position of the heat source and studies the thermal 

characteristics of the system. Analyze the heat transfer modes between the modules 

and the environment. Based on the theory of thermal stress and thermoelasticity, the 

principle of thermal deformation of the spindle system is described  

3．Simplify the three-dimensional model of the spindle box, implement the 

different parts of the different density mapping grid. Investigates the thermal steady 

state simulation; simulation boundary conditions and temperature field distribution 

are revised by comparation of simulation values and actual experimental values of the 

sampling points. Restricted the acquired temperature field distribution to the finite 

element structures, the thermal deformation of the model can be achieved. The spindle 

box thermal deformation compensation method is also proposed. 
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4．Empirical Mode Decomposition（EMD） are employed to preprocess the 

sampled data of temperature and thermal error of the spindle data in the actual 

experiment; correlation analysis of temperature acquisition and spindle thermal error 

is presented to find the most influenced parts; four highest temperature acquisition 

point is used to predict the thermal error of the spindle. Based on the Support Vector 

Machine (SVM), the regression prediction model and the time series model of the 

spindle thermal error are established respectively. By calculating the weight 

coefficients of the two models, the prediction model of the thermal error of the 

spindle is established. The experimental results show that the mean square error of the 

prediction model is
-52.05 10 . 

 

Keywords: Indexble Insert Periphery Grinding Machine; geometric error; spindle 

thermal error 
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