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摘 要 

 I

 摘 要 

随着金属切削技术的快速发展与进步，对切削加工的要求也越来越高。硬

质合金刀具作为现代切削加工中的一种先进刀具，在金属切削加工中扮演着重

要的角色。而刀片作为刀具的重要组成部分，其结构对切削性能有决定性影响。

早期对切削的研究通常是从理论、经验和试验入手，后期有限元思想和计算机

技术的发展应用，使得有限元分析成为研究切削加工强有力的手段。 

本论文运用有限元方法系统分析了硬质合金可转位刀片的切削机理及工

艺。深入研究了硬质合金可转位刀片切削过程中的切削力、切削热、切屑形态、

刀片磨损和表面粗糙度等问题。为安全高效切削 45 钢时，确定合理的切削参数

提供了科学的依据。 

论文的主要研究内容如下： 

1、以金属切削理论和有限元理论为基础，重点分析了材料本构方程对切削

过程的影响，在此基础上对 DEFORM 和 AdvantEdge FEM 软件的应用进行了介

绍。 

2、基于经典切削力模型运用DEFORM软件分析了二维切削模型下钝圆刃、

倒棱刃等不同刃口形状对切削力、切削温度、磨损量的影响，并将有限元结果

与理论值进行了比较。 

3、运用 AdvantEdge FEM 软件建立了三维切削模型，分析了不同切削参数

对切削力的影响。建立初级数据库，并将有限元分析结果放入数据表中以便查

验。通过切削试验得到不同切削参数下的切削力，和有限元模拟值进行对比。

对加工过程中产生的切屑进行收集，分析影响锯齿形切屑形成的因素。 

4、通过刀片的磨损试验，研究硬质合金可转位刀片切削过程中磨损形态以

及主要失效形式，分析磨损对切削性能的影响，通过有限元仿真得出不同裂纹

状态对应力强度因子大小的影响并进一步得出裂纹扩展轨迹规律。通过建立了

粗糙度分析软件对已加工表面粗糙度进行评价，揭示影响表面粗糙度的主要因

素。  

 

关键词：硬质合金可转位刀片；金属切削；有限元仿真；粗糙度；磨损
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Abstract 

 III

Abstract 

With the rapid development of metal cutting technology and progress, there is a 

high demanding for machining. Indexable hard alloy cutting tools play an important 

role in the metal cutting processing. Indexable hard alloy cutting tools with high 

hardness, wear resistance and a series of excellent properties, are widely used in 

machining. Early researches on cutting are usually studied with theory and 

experiment methods and the comprehensive study of machining has been researched 

which due to the use of finite element method and computer technology.  

This paper systematically analyzes the cutting mechanism of indexable hard 

alloy cutting tools and process, in-depth studies the cutting process of indexable 

hard alloy tool cutting force, cutting heat, chip morphology, blade wear, the surface 

roughness. For cutting 45 steel safely, the suitable cutting parameters are provided as 

the scientific basis. 

The main content of the paper are shown as follows: 

1. Based on the metal cutting and finite element theory, analysis the material 

constitutive equation on the influence of the cutting process and introduces the 

secondary development application of DEFORM and AdvantEdge software. 

2. Based on the classic cutting force in 2D model, analyzes the influences of 

blunt blade edge and chamfering blade edge on the cutting force, cutting 

temperature, the amount of wear and tear, and the finite element results are 

compared with the theoretical value.  

3. Cutting 3D model was established by using AdvantEdge FEM software, the 

influence of different cutting parameters on cutting force are analyzed, and the finite 

element analysis results can be checked in the data table. The cutting force with 

different cutting parameters was obtained, to compare with the finite element 

simulation value. Collect the chip after cutting experiment, and analyze the chip 

morphology from the macro and micro aspects. 

4. Based on tool wear test, study the tool wear of indexable hard alloy cutting 
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and the main failure form, analyze the effect of wear and tear on cutting 

performance, and through the calculation of the influence of different crack state of 

stress intensity factor, then the law of crack propagation path are obtained. By 

establishing the roughness analysis software for the processing to evaluate the 

surface roughness, reveal the main factors which affecting the surface roughness. 

 

Keywords： Indexable hard alloy cutting tools; Metal cutting; Finite element 

simulation; Roughness; Wear and tear 
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