
Journal of Mechanics Engineering and Automation 3 (2013) 441-448 

 

Chip Formation in Micro-cutting 

François Ducobu, Edouard Rivière-Lorphèvre and Enrico Filippi 

Machine Design and Production Engineering Department, FPMs (Faculty of Engineering), UMONS (University of Mons), Mons 

B-7000, Belgium 

 
Received: March 29, 2013 / Accepted: April 25, 2013 / Published: July 25, 2013. 
 
Abstract: The miniaturisation context leads to the rise of micro-machining processes. Micro-milling is one of the most flexible and fast 
of them. Although it is based on the same principles as macro-cutting, it is not a simple scaling-down of it. This down-sizing involves 
new phenomena in the chip formation, such as the minimum chip thickness below which no chip is formed. This paper presents a 
review of the current state of the art in this field from an experimental and a numerical point of view. A 2D finite element model is then 
developed to study the influence of the depth of cut on the chip formation. After the model validation in macro-cutting, it highlights the 
phenomena reported in literature and allows to perform a minimum chip thickness estimation. 
 
Key words: Chip formation, micro-cutting, minimum chip thickness, orthogonal cutting, saw-toothed chip, Ti6Al4V. 
 

1. Introduction 

Micro-milling is a micro-manufacturing technology 

by removal of material with a miniature cutting tool. It 

allows to produce pieces and features ranging from 

several mm to several µm, which is very interesting in 

the current context of miniaturization. Micro-milling is 

the most flexible and fastest way to produce complex 

tridimensional micro-forms including sharp edges and 

a good surface finished in many materials: metallic 

alloys, composites, polymers and ceramics [1-2]. Its 

applications are very varied. Micro-injection moulds, 

watch components, optical devices, components for the 

aerospatial, biomedical and electronic industry are a 

few examples. 

The micro-cutting phenomenon is not a direct scaling 

of macro-cutting, although micro-milling is based on 

macro-milling. The down-sizing of the process implies 

some changes in the cutting phenomenon. 

This paper provides the current state of the art of 

chip formation and minimum chip thickness in 

micro-cutting from an experimental and numerical 

point of view. The main differences and difficulties 
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between micro and macro-cutting are presented, as 

well as experimental and numerical work in this field. 

A numerical model is thus developed to study the chip 

formation in micro-cutting. 

The paper is organized as followed: Section 2 deals 

with micro-cutting chip formation; Section 3 presents 

the numerical model; Section 4 is about the model 

validation in macro-cutting; Section 5 presents the 

results in micro-cutting and it ends with the 

conclusions at Section 6. 

2. Chip Formation 

2.1 Minimum Chip Thickness 

The main difference between macro and 

micro-cutting cutting processes concerns the chip 

formation involving the so-called “minimum chip 

thickness” phenomenon [1]. It can be quickly 

explained like this: in micro-cutting the depth of cut 

reduces dramatically and reaches the same order of 

magnitude as the tool edge radius. If it becomes smaller 

than a certain depth, i.e., the minimum chip thickness, 

no chip is formed as shown in Fig. 1. 

Depending on the material, Chae et al. [1] evaluate it 

between 5% and 38% of the tool edge radius. 
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