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ABSTRACT 
This research is to give comparative machining performance of plain and micro-textured AlTiSiN-
coated carbide tools under minimum quantity lubrication (MQL) during turning the AISI 6150 spring 
steel. These were the machinability in terms of tool wear, tool life, cutting temperature, surface finish, 
chip morphology and vibration. The micro-textured tool cut down on wear on the flank and crater 
compared to the plain tool, reduced the cutting temperature, improved the quality and extended the 
tool life of the surface. The texture tools formed chips more uniformly and lower thermal concentration 
was detected for the textured tools, while plain tools formed serrated chips that promoted wear, as 
observed from the results of thermograms. In original formation with texture tools, an economic 
analysis using Gilbert estimate production cost was nearly 9% lower. These enable reduced friction, 
better retention of the lubricant and improved heat dissipation which results in higher performance.  

 
1.  Introduction 

 

Chromium vanadium steel AISI 6150 is extensively used 

as a critical engineering component such as gears, crankshafts 

and connecting rods because of its high strength, good fatigue 

strength and good hardenability [1].  To improve its 
mechanical performance even further, heat treatment processes 

such as austempering and traditional quenching and tempering 

have also been extensively embraced. Austempering is 

especially beneficial among them since it results in the 

development of a bainitic microstructure, which is much more 

beneficial in terms of strength, toughness, and wear resistance 

[2]. Nevertheless, these positive characteristics do not 

eliminate the fact that because of its high strength and ability to 

resist plastic deformation AISI 6150 steel may be considered 

as the difficult-to-machine material. This causes the 

overheating in the cutting area, rapid degradation of the tool, 

and degradation of the surface integrity when using turning 
processes [5]. Though flood cooling methods are considered to 

be effective in lowering cutting temperature, they are related to 

higher operation costs, environmental risks and possible health 

risks to operators. To address these issues, Minimum Quantity 

Lubrication (MQL) has become a viable and environmentally 

friendly alternative, with a tremendous decrease in the amount 

of coolant used and still providing sufficient lubrication and 

cooling effect [6]. Moreover, recent advances in machining 

research have highlighted the importance of surface texturing 

of cutting tools as a novel strategy to improve tribological 

behaviour in the tool chip interface. Micro-texturing of the tool 
surface reduces friction and minimizes tool-chip contact length 

and enables effective retention of lubrication, hence enabling 

enhanced heat dissipation [713]. Also, various texture 

geometries, such as grooves, pits, and hybrid forms have 
shown significant increases in machining performance over 

non-textured tools of the time, so surface texturing presents a 

promising approach to improving machinability and tool life. 

 

2.  Experimental setup 
 

The flow chart illustrating the process of the experiment 

conducted in this study has been provided in Fig. 1. The 

geometry design of the cutting tool was done with the CAD 

software, followed by the micro-textures in the form of spot 

and channel patterns on the rake face of the tool, in a micro-

laser machining process. The ready textured tools and a 

conventional plain tool were then used in turning operations 
under a lathe machine under controlled machining parameters. 

After the machining process, the tools were systematically 

assessed in terms of their performance by employing various 

characterization methods. The roughness of the surface of the 

machined specimens was measured with a roughness tester, 

and the tool wear and the surface morphology were studied 

with an optical microscope and SEM. Moreover, the analysis 

of SEM was conducted in detail to get high-resolution images 

of the plain, spot-textured, and channel-textured tools. The 

machining performance was compared by these observations to 

gain understanding of the impact of micro-texturing on the tool 

behaviour, and machining characteristics. 

 



RP Current Trends In Engineering And Technology 
 

Page | 37  

 

 
Figure 1: Schematic of experimental layout. 

 

 
Figure 2: SEM and EDS under cutting conditions with colour mapping images of wear on rake face. 
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3.  Result analysis 
 

3.1  Tool wear analysis (SEM–EDS) 
 

Figure 2 indicates the relative machining performance of 

plain, spot-textured and channel-textured cutting tools. The 

findings have shown that textured tools would perform better 

compared to the plain tool in terms of less tool wear and better 

surface finish. The channel-textured tool is the best among 

them because of the low level of tool chip contact and low 

friction. This enhancement is explained by the fact that micro-

textures serve as reservoirs of lubricants and traps of debris, 

reducing heat generation and wear. Generally, texturing of 

surfaces can greatly increase the efficiency of machining in 

comparison to traditional tools. 

 

3.2  Analysis on chip morphology 

 

 

 
Figure 3: SEM images of chip morphology and tools working at various conditions and rotating with: (a) non-textured and (b) textured tools. 

 
Table 1: Comparative analysis of chip morphology and deformation characteristics. 

Aspect Conventional (Plain) Tool Textured Tool 

Chip morphology Irregular, coarse, wavy chips Fine, regular, uniform chips 

Serration pattern Non-uniform, large amplitude, irregular pitch Uniform, smaller pitch, reduced amplitude 

Chip thickness Highly variable along length More consistent thickness 

Deformation behaviour Non-uniform deformation with severe plastic instability Controlled deformation with stable shear localization 

Shear bands Non-uniform, irregular spacing Distinct, evenly spaced shear bands 

Chip edges Pronounced serrations and shear lips Smooth chip surfaces 

Thermal effects High heat generation due to friction and adhesion Reduced shear band temperature 

Material flow Inconsistent and unstable Smooth and consistent 

Chip control Poor chip control Improved chip control 

Failure mechanism Tearing and micro-fractures at serration tips Controlled segmentation without tearing 

Surface interaction High friction and adhesion at tool–chip interface Reduced friction due to texturing 

Overall performance Unstable cutting with defects Stable cutting with improved chip formation 

 

4.  Conclusions 
 

The results show that the micro-channel textured inserts 

are easier to machine compared to plain inserts as evidenced by 

less flank and crater wear, longer life, and higher-quality 

surface finish, decreased cutting temperature, and reduced tool 

vibration. 

 Findings include Micro-pit textured inserts are more 

easily machined compared to plain inserts which have lower 

flank and crater wear, longer tool life, improved surface finish, 

reduced cutting temperatures, and reduced tool vibration. 

Textured inserts provide better performance by decreasing 

friction and contact with tool chips, increasing heat dissipation 
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and lubricant retention, improving better chip control, and 

reducing BUE formation. 
Serrated chips with high shear bands result in formation of 

burrs at edges making the tool work interface to be more prone 

to be frictional. Such chip edges may wear the tool at an 

accelerated rate by producing micro-grooves on the flank face 

because of repeated abrasion. 
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