
Proceedings of the 11th euspen International Conference – Como – May 2011

Shape Accuracy and Burr Formation during Micromilling

of Titanium

D. Biermann, J. Schlenker
Institute of Machining Technology, Technische Universität Dortmund, Germany

schlenker@isf.de

Abstract

The objective of the presented study is to prevent burr formation and to enhance the

shape accuracy by adapting the process of micromilling titanium grade 1 and

TiAl6V4 using cutter diameters of one millimeter and less. The transfer from macro

to micro dimension is analyzed with the main focus on tool diameter and shape

accuracy.

1 Introduction

Micromilling is considered to be a suitable technique for the cost-efficient

manufacturing of microstructured parts in small or medium batch sizes, such as molds

for micromolding processes. A downscaling of the milling process into micro

dimensions leads to new challenges, like increasing tool deflection or increasing

influence of the minimum undeformed chip thickness. Titanium and titanium alloys

offer a high potential for applications in many fields since they show favorable

physical and mechanical properties, such as low density and high corrosion resistance

[1]. However, titanium and titanium alloys are part of the group of materials that are

difficult to machine due to their low thermal conductivity, low young´s modulus, and

high yield strength, thus, causing high thermal and mechanical loads on the cutting

tool. There are already many publications dealing with the machining of these

materials in macroscale [2]. The presented analyses are based on previous studies,

which compare the milling of TiAl6V4, Titanium Grade 1, Inconel 718, and cold

work steel 90MnCrV8 [3,4]. These studies examine the process forces and generated

surface qualities. Optimal parameters for milling titanium are investigated to generate

a good surface quality and reduce tool wear. Especially for microstuctured

components, a high shape accuracy, including only minor burr formation, is required.

The latter is, specifically in microscale, not acceptable in many application areas. In
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general, burrs are defined as an undesirable offcut of material [5]. The generated burr

has to be removed by an additional procedure, which, in some cases, is very

expensive or not at all feasible.

2 Experiments

For the investigations, workpieces with the dimensions 30 x 40 x 10 mm were used.

Small webs (width b = 0.2 mm) were micromilled using cutter diameters d of 1 mm,

0.5 mm, and 0.2 mm to identify the main influence factors and technological

correlations. The machined materials were titanium grade 1 and TiAl6V4 with

hardnesses of 159 HV 0.02 and with 382 HV 0.02, respectively. The process

parameters (feed per tooth 0.005-0.024 x d, cutting speed 30-100 m/min and depth of

cut 0.005-0.5 x d) were varied, and the number of experiments was reduced to 16 for

each tool-material combination by applying design of experiments. The machining-

strategies were up milling and down milling, whereas the tested lubrication

conditions were dry, minimum quantity, flood, and dipping lubrication.

The machined webs showed a high dimensional deviation due to tool and workpiece

deflection. The comparison of this overmeasure is used as the evaluation basis for this

study. The quantification of the burr height, which is produced when micromilling

titanium grade 1 and TiAl6V4, was made more difficult by the development of

pseudo chips. In the chipping zone, weldings between chip and burr occur due to high

thermal load. Here, the evaluation basis is the maximum burr height.

3 Results and discussion

3.1 Parameters

The influence of the cutting speed vc, feed per tooth fz, and depth of cut ap on the burr

formation was analyzed. It could be determined that an increasing cutting speed

complicates the evacuation of the chips. Thereby, the axial slots got plugged and the

workpiece deflection increased. However, this effect depends on the material

properties. An increasing ductility results in increased plugging. An influence of the

cutting speed and feed on the burr formation could not be detected.
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3.2 Machining strategies

First, the results with regard to the different machining strategies with different tool

diameters were analyzed. An increasing tendency for burr formation at the end of

each slot could be observed during up milling. This is shown in Figure 1.

Figure 1: Influence of the machining strategy; left: shape accuracy, right: burr
formation

This is caused by the engagement conditions since the thinnest part of the comma-

shaped chip was located on the web wall during tool exit when up milling. These exit

conditions impede the chip separation and, thus, lead to strong burr formation.

Furthermore, the web is deformed due to the unfavorable engagement conditions that

are characterized by squeezing and friction caused by ploughing effects.

3.3 Lubrication systems

Four lubrication systems were compared: dry, minimum quantity lubrication, flood

lubrication, and dip lubrication. These systems are depicted in Figure 2.

Figure 2: Investigated lubrication systems
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An enhanced shape accuracy and reduced burr formation results from using any

lubrication system compared to dry conditions. This is caused by the improved chip

evacuation and engagement conditions due to decreasing friction between tool and

workpiece. However, no significant influence of the quantity of lubrication could be

recognized, except for dip lubrication, which results in a wider web.

4 Conclusions

For a maximal shape accuracy and minimal burr formation when machining titanium

grade 1 and Ti6Al4V using cemented-carbide end mills of diameters 1 mm, 0.5 mm,

and 0.2 mm, up milling is recommended. However, burr formation cannot be

eliminated completely. A depth of cut (above the minimum undeformed chip

thickness) of about ap = 15 µm is suggested. The application of a lubrication system

leads to enhanced shape accuracy and reduced burr formation. Dip lubrication is very

effective. Nevertheless, fluid kinematics should be considered with regard to their

effect on thin structures.
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