
International Conference on Precision Engineering and Sustainable Manufacturing (PRESM2022)  FG3 

  
  

Cutting Force, Temperature, Tool Wear and 
Machined Surface Alteration in Micro-milling 

of Laser-melting Ti-6Al-4V/Ti Composites 
  
  
  

Chunliang Kuo1,#, Pinxian Ye1, Shiyu Jiang1

1 Department of Mechanical Engineering, National Taiwan University of Science & Technology, Taiwan
# Corresponding Author / E-mail: chunliang.kuo@mail.ntust.edu.tw

  
KEYWORDS : Laser-melting composites, Micro-milling, Modelling, Tool wear, Statistical analysis, Surface integrity

  
  

Selective laser melting process has been prevalently used in prototyping and manufacturing of components with 
complex geometry, for the advantages of shortening production processes, decreasing in-process circle time and 
hence reducing manufacturing costs. Nonetheless, the accuracy levels of the controlled laid-up tolerances has not 
been accepted for the transiting fitments in the precision assemblies. In particular, while components are produced 
by laser melting of metallic powders bonding to the heterogeneous substrate under preferable laid-up configurations, 
mechanical performances are altered and strengthened due to the inconsistent heat transfer on planes and the high 
cooling rate in layers respectively. As a result, the successive post machining processes are necessitated for either 
retaining the satisfied surface integrity or the required dimensional accuracy. This study investigates the size effects 
of micro-milling in machining of laser-melting composite materials (Ti-6Al-4V/CP01 Ti), in association with the 
established cutting force models and verified with experimental results in the approaches of statistical methods and 
power spectrum analysis. While analysing the relationship between feed rate and tool edge radius of the micro mills, 
the critical conditions of chip formation mechanism driven by shearing and ploughing actions can be suggested and 
identified. In the design of experiments, the operated feed rates (5R11;15 μm/tooth) were to correlate with the 
corresponding cutting mechanisms in the stagnation zone of the chip flow models. Whereas the controlled cutting 
speeds (30R11;80 m/min) were used to explain the stress concentration effects and the associated shear strain rates. 
When the cutting tests are conducted on the laid-up surfaces in which present the laser-molten zone (Ti-6Al-4V), 
transition of fusion zone (Ti-6Al-4V/CP01 Ti) and substrate zone (CP01 Ti), the objectives of cutting force, cutting 
temperature, tool wear and alterations of the edge geometry are recorded and evaluated. The experimental results 
show that increasing cutting speed can reduce cutting forces and cutting temperatures in the laser molten zone. 
Whereas reducing feed rate can reduce cutting forces in the fusion zone. In the substrate zone, both the feed rate and 
cutting speed have significant effects on the cutting temperatures. In comparisons with the established statistical 
models, the accuracy of the cutting force can be obtained with appreciable precision level (R2~87%). The underlying 
mechanisms of the cutting forces, tool wear and alterations in the machined surface integrity which are interacting 
with the cutting conditions, are all reviewed and discussed in detail. 
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Fig. 1 Power spectrum analysis of cutting forces in micro-milling on the selective laser melting zone, fusion zone, substrate zone, with a 

cutting speed of 30 m/min and a feed rate of 5 μm/tooth
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