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ABSTRACT  15 
 16 
Hard turning is an advanced method of surface finishing. There is an effort to substitute 
conventional solution to finishing hardened steels - grinding by turning with tool with defined 
geometry. This technology has many advantages, e. g. possibility to machine free form 
surfaces, several operations performed on one set-up, another lathe is not needed (can be 
used the same as used for soft turning), low machine tool investment, coolants not needed 
(in most cases), so it is environmentally friendly machining. Very important is to monitor 
surface integrity, when dealing with surface layers after finishing operation.  
This paper is a part of the experimental study dealing with complex surface integrity 
evaluation after hard turning. This document deals with hard turning of the hardened steel 
100Cr6 by differently shaped ceramic tools. Structural changes including phase composition, 
elongation (lattice) and crystallites of the surface layers after hard turning by Wiper and 
conventional geometry were studied. For the evaluation of the surface layers was used X – 
ray diffraction. Cutting tool wear was measured and its influence on observed surface 
parameters was evaluated as well. 
 
SAMPLE ABSTRACT: 
 
Aims:  The aim of this paper is to achieve information about surface and sub-surface layers 
after hard turning by mixed ceramic tool with different geometry – Wiper and conventional 
and to compare achieved results to find out advantages of its use. Second aim is to obtain 
graphs of the influence of the tool wear on the surface structural changes.   
Study design:   The experiment on hard turning was carried out with differently shaped 
mixed ceramic tools.    
Place and Duration of Study:  Slovak University of Technology in Bratislava, Faculty of 
Materials Science and Technology, Institute of Production Technologies and Institute of 
Materials Science, between November 2013 and May 2014. 
Methodology:  In the case of cutting tool wear and structural changes measurement this 
experiment was carried out on two different workpiece sizes – 1. 125 mm long cylinder to 
achieve cutting tool wear, 2. 10 mm long rings for structural changes. Microscopy for cutting 
tool wear measurement and X – ray diffraction for structural changes measurement was 
used. Cutting tool wear was represented by VB parameter and structural changes were 
represented by structural phase content, crystallites and lattice.  
Results:  Information about structural phase contents was achieved. There are some 
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differences between surface and sub-surface layers after hard turning by mixed ceramic tool. 
Surface layer consists of more austenite phase than sub-surface layers.  But there were not 
very big differences between used cutting tool geometry and its influence on the cutting tool 
wear. Both geometries were used more than 40 minutes till the flank wear parameter VB 
reached to 0.25 mm. The thickness of the surface heat influenced layer depends on the 
cutting tool wear and it is influenced by the cutting tool geometry – application of the Wiper 
geometry leads to thinner “white layer”.  
Conclusion:  It is very important to take into consideration cutting tool geometry when 
dealing with surface integrity after hard turning. But all achieved results depend on the used 
cutting parameters, cutting tool material, workpiece material, cutting force components, 
machine stiffness in specific experiments.  
 17 
Keywords: Hard turning, Wiper and conventional geometry, structural changes, austenite, 18 
martensite  19 
 20 
 21 
1. INTRODUCTION  22 
 23 

Hard machining is a recent technology that can be defined as the operation of a 24 
workpiece that has a hardness value typically in the 45-70 HRC range, using directly tools 25 
with geometrically defined cutting edges. Hard machining presents several advantages when 26 
compared with the traditional methodology based on finish-grinding operations after heat 27 
treatment of workpieces [1]. 28 

Specific problem of hard machining is a white layer formation. The austenite temperature 29 
of the workpiece material in the contact zone is reached during extremely short time of 30 
approximately 0. 1 ms and structural changes must be expected [2].  31 

 According to [3] white layers consist of over 60% of austenite, which is non-etching white 32 
component in contrast to the dark martensite scoring. Due to this fact, it is suggested [4] that 33 
the term “white layer” is misleading and it is proposed to distinguish two groups of this 34 
structure´s appearance in micrographs. 35 

Many different authors deal with machining of hard materials with different cutting 36 
materials and measurement of surface integrity – especially 2D and 3D surface roughness 37 
parameters [5], tool flank wear of ceramic wiper inserts represented by VB parameter [6], 38 
using ANOVA analysis for evaluation of the influence of the cutting tool shape on the 39 
achieved surface roughness parameters [7] .  40 

    Those publications demonstrate the impact and significance of use of wiper cutting tool 41 
geometry in hard turning when dealing with surface roughness, cutting tool wear, cutting 42 
force components. This article deals with different subjects of use of differently shaped 43 
cutting tool in relation to surface structure.  44 
 45 
2. EXPERIMENTAL INVESTIGATION 46 
 47 
   During the experiment, samples of 100Cr6 with Rockwell hardness 60±1 HRC were turned 48 
by the mixed ceramic cutting tool (Al2O3 + TiC) with two different geometries – Wiper and 49 
conventional made by Sandvik Coromant. 50 
   Cutting conditions used in this experiment were established in accordance with the 51 
manufacturer's recommendations: 52 

- cutting speed vc = 100 m/min, 53 
- depth of cut ap = 0.25 mm, 54 
- feed f = 0.3 mm/ rev. 55 
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 57 

Figure 1 Samples used for experiment 58 

Table 1 Chemical composition of workpiece material 59 

100Cr6 Cr C Si Mn P S Ni Cu Mo 

Wt (%) 0,98 – 
1,05 

1,40 – 
1,65 

0,15 – 
0,35 

0,25 – 
0,45 

≤ 
0,027 

≤ 
0,02 0,23 ≤ 

0,25 
≤ 
0,1 

 60 
Structural changes of surface layers were observed depending on tool wear. Experiment 61 
was performed as follows – 10 times continuous turning of the workpiece with a length of 62 
125 mm by the sharp, subsequently turning of short rings (Figure 1) – measurement of the 63 
cutting tool wear – repeating hard turning until the cutting tool chipping (Figure 2). 64 

 65 

Figure 2 Plan of experiment 66 

Those rings were used for structural changes measurement, which was carried out on the 67 
multipurpose diffractometer PANalytical Empyrean with X-ray ceramic lamp as a source of 68 
radiation. Step of goniometer is 0,0001°. 69 
 70 
3. RESULTS AND DISCUSSION 71 
 72 
Achieved results lead to confirmation of the theoretical knowledge of the influence of the 73 
cutting time on the tool life (Figure 4). The critical value of VB (flank wear) was determined 74 
as 0.25 mm.  75 

There are pictures of critical value of tool wear for conventional and Wiper inserts in the 76 
Figure 3.  77 
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Figure 3 Pictures of critical value of tool wear fo r Wiper (left) and conventional  (right)  
inserts  

 78 

 79 

Figure 4 Graph of the cutting tool wear dependency on cutting time 80 

There is a chart of the influence of the cutting time on the tool wear represented by the VB 81 
criterion (flank wear). Use of Wiper geometry in hard turning in comparison to conventional 82 
geometry did not demonstrate differences in tool life. There was an assumption that Wiper 83 
geometry will be worn faster because of its longer minor cutting edge, higher temperatures 84 
caused by the longer contact zone between workpiece surface and cutting tool. It was not 85 
confirmed. This may be due the fact that cutting tool life is inversely proportional to the 86 
cutting conditions, which were the same for both geometries in this experiment.   87 

Surface structural changes were monitored as well. It was represented by measuring of the 88 
phase composition, elongation (lattice) and crystallites. Two different measuring techniques 89 
were used. GONIO, which provides information about the material in deeper subsurface 90 
layers and GI, which is used for evaluation of the surface layer (in our case about 1 µm).  91 

The basic aspect of surface integrity in hard turning is rapid heating of the surface layers and 92 
consequently it´s fast cooling. It is very similar process as quenching, except that in hard 93 
turning is heating only a thin surface layer and the heat is removed with cold core.  94 

Today we know that the temperature in hard turning normally exceeds the austenitizing 95 
temperature. When the surface is cooling from this temperature, this sharp decrease below 96 
the recrystallization temperature could lead to the secondary hardening, ie creating the 97 
martensitic structure with some austenite content. 98 
 99 
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Austenite structure is subsequently blocked by martensite needles that are generated when 100 
cooling as it was mentioned before.  101 

It appears that the proportion of austenite in the structure depends on the size of the flank 102 
wear, represented by the VB parameter (Fig. 5). Larger VB leads to higher temperature in 103 
the contact zone between the workpiece and the tool and higher temperatures penetrate 104 
deeper in the machined sub-surface.  Significantly it is seen at small tilts (GI method), 105 
because the thickness of the white layer is smaller than the penetration depth of the X-ray 106 
method GONIO. 107 

 

 
Figure 5 Structural changes in dependency with flan k wear VB (GI – surface layer, 
GONIO – sub-surface layer)  
 108 
In this thin surface layer is increasingly blocked residual austenite, because of the increasing 109 
effect of cooling speed – it is seen when using both geometries. The GONIO method doesn´t 110 
significantly expressed this fact. 111 
 112 
It is obvious, that using Wiper geometry the cutting edge is in the contact with machined 113 
surface two or more times. When using conventional geometry and higher feeds the surface 114 
state is determined by the size of the contact zone and cutting conditions. Machined surface 115 
gets again into the contact with minor cutting edge of Wiper cutting tool and the cooling 116 
process is interrupted (decelerated). The result is a smaller austenite content in the surface 117 
– it is visible in the GI method, but even more the phenomenon is manifested in the case of 118 
GONIO techniques. It appears that this effect rather affects deeper layers below the surface 119 
in the range of X-ray penetration depth (GONIO) and less it occurs in layers close to the 120 
surface. 121 
 122 
For the highest wear value (ie after about 40 minutes of cut) is the difference between the 123 
cutting tools not so much caused by the geometry, but it has to do with the fact that as the 124 
cutting edge of conventional geometry remains intact, there the Wiper geometry occurred 125 
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cutting edge fracture. Although the fracture leads to the optical VB increase, but the real 126 
contact zone, which is responsible for the surface integrity is smaller – partially removed by 127 
the refraction and therefore the austenite content decreases instead of its increase.  128 
 129 
In addition to structural analysis, the crystallite size was evaluated (Fig. 6). 130 
 131 

 
Figure 6 Crystallite size influe nced by the flank wear VB  

Crystallite size is also controlled by a cooling speed – the higher, the smaller the crystallite 132 
size – in our case it is the dominant effect considering the observed effect. Graphs in the 133 
figure 5 also show that the crystallite size is smaller close to the surface (up to 1 μm) then in 134 
the deeper layers, what is shown by the differences between the GI and GONIO method, in 135 
particular using the Wiper geometry. 136 

When using Wiper geometry the cooling speed is lower therefore the crystallites size is 137 
mostly greater in comparison to conventional geometry. Further, it is shown that minor 138 
cutting edge of Wiper geometry by its repeated loading of the surface leads to the stable 139 
crystallites size and thus with every flank wear value it doesn´t change in contrast to the 140 
conventional geometry, where differences are more pronounced.    141 

A lower cooling speed has also impact in the case of the elongation evaluation (Fig. 7). The 142 
state of workpiece between surface and deeper sub-surface layers is more balanced after 143 
use of Wiper geometry, what is indicated by the elongation values, which are lower for Wiper 144 
geometry and stable for every VB values in contrast to the conventional geometry.   145 
 146 

 
Figure 7 Influence of the flank wear on the elongat ion  
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Comprehensively described experiment shows that the Wiper geometry - thus prolonged 147 
minor cutting edge, which partially suppresses the effect of hardening and partially 148 
eliminates the effect of the sharp heating when passing through the VB, what reduces 149 
differences between the surface and sub-surface layers. These surfaces are better in terms 150 
of functionality after using Wiper geometry. Use of conventional geometry provides greater 151 
voltage and structural gradient compared to Wiper geometry and thus Wiper geometry leads 152 
to attainment of better surface functional properties. 153 

4. CONCLUSION 154 
 155 
The structural analysis showed differences between conventional and Wiper geometry in 156 
terms of content of ferrite and austenite in the surface and subsurface layers. The content of 157 
austenite in the surface layer (about 1 µm) after use of conventional geometry is increasing 158 
according to the wear. At a greater distance from the surface are obtained lower austenite 159 
contents. 160 
Use of Wiper geometry leads to achievement of lower percentage of austenite and it is not 161 
significantly climbing with the tool wear. It is caused by the prolonged minor cutting edge, 162 
which doesn´t allow a quick heating and subsequent fast cooling. On the contrary, longer 163 
contact between the workpiece and cutting tool restricts quick surface cooling. Measured 164 
elongation is talking about a more balanced state between the surface and sub-surface 165 
layers achieved by hard turning with Wiper geometry. 166 
Crystallite size has stable values when using Wiper geometry with development of wear and 167 
this experimental study has also shown that the greater the workpiece temperature, the 168 
smaller crystallite sizes. 169 
 170 
ACKNOWLEDGEMENTS 171 
 172 
This contribution is a part of the GA VEGA project of Ministry of Education, Science, 173 
Research and Sport of the Slovak Republic, No. 1/0477/14 “Research of influence of 174 
selected characteristics of machining process on achieved quality of machined surface and 175 
problem free assembly using high Technologies”. 176 
 177 
COMPETING INTERESTS 178 
 179 
“Authors have declared that no competing interests exist.” 180 
 181 
AUTHORS’ CONTRIBUTIONS 182 
 183 
‘Author A’ and ‘Author B’ designed the study, performed the experimental part and ‘Author C’ 184 
managed the measurement and analyses of the study.  185 
 186 
REFERENCES 187 
 188 
[1] Davim, P. Surface Integrity in Machining. Springer: London; 2010. 189 

[2] Grzesik, W., Kruszynski, B., Ruszaj, A. Surface Integrity of Machined Surfaces. 2010. 190 

[3] Staphenson, DA., Agapiou, JS. Metal Cutting Theory and Practise. Marcel Dekker: New 191 
York, 1997. 192 

[4] Klocke, F., Kratz, H. 2005. Advanced tool edge geometry for high precision hard turning. 193 
Annals of the CIRP. 194 

Available: http://www.sciencedirect.com/science/article/pii/S0007850607600468# 195 



* Tel.: +421 906 068 309 
E-mail address: michaela.samardziova@stuba.sk 

[5] Grzesik, W., Wanat, T. 2006. Hard turning of quenched alloy steel parts using 196 
conventional and wiper ceramic inserts. International Journal of Machine Tools and 197 
Manufacture 46, 1988-1995. 198 

Available: http://www.sciencedirect.com/science/article/pii/S0890695506000137 199 

[6] Ozel, T., Karpat, Y., Figueira, L. and Davim, P. 2007. Modelling of surface finish and tool 200 
flank wear in turning of AISI D2 steel with ceramic wiper inserts, Journal of Materials 201 
Processing Technology, Vol. 189 No. 1-3, pp. 192–198 202 

[7] Elbah, M., Yallese, M. A., Aouici, H., Mabrouki, T., Rigal, J. F. 2013. Comparative 203 
assessment of wiper and conventional ceramic tools on surface roughness in hard 204 
turning AISI 410 steel. Measurement 46 3041-3056. 205 

 206 


