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Abstract

This article discusses how to increase the productivity of machining-turning when changing tool geometry and using an
integrated experimental tool that consist from both roughing and finishing in one operation. In the first part there is a brief
overview of the problem., in this part is described the patent file from Escher and Lindl, which consisted in creating a
second tip that aligns the roughness created by the first tip Another solution is Wiper technology, which is now widely
used to ensure maximum surface quality. The second part of this article deals with experimental tests carried out on the
universal lathe SU 50, the workpiece material is 100CrMn6. The first experiment compared the quality of surface, using
an integrated tool for roughing (tip radius: r. = 0,8mm) and finishing (tip radius: r. = 6mm). Results of the experimental
showed improvement in quality of machined surface, but in higher feed rate the quality gradually increased. In the second
experiment, the integrated tool was compared with cutting tool with oblique cutting edge, with rake angle A; = +45°. The
results showed that the quality of machined surface has improved throughout entire feed rate even at higher feed rates
using tool with rake angle As = +45°.
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1. Introduction

Present engineering production is characterized by rising level of automation, the incoming application of new,
generally light and high strength materials that are technologically demanding to process. This results in a significant
impact on the productivity of the production and the quality of the machined surface. Automation has greatly reduced the
lead times and cutting tools manufactures are trying to improve surface quality by varying tool geometry adjustments.
Therefore, the contribution is an example of a proposal for the improvement of technological methods, specifically turning
(81, [7].

The influence of technology on the manufacturing process was dealt by some authors [4], [5], [6], in this paper,
questions are asked about technologies to improve the quality of machined surface at high feed turning, comparing special
tools with differ tool geometry. This comparing will lead to find optimal cutting tool with specific tool geometry for high
feed turning.
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The following two examples are a selection of solutions for improving the quality of the machined surface during
turning when changing tool geometry.

The first solution was submitted by Escher and Lindl [3] according to

Fig. 1. The solution consists in creating another tip that aligns the machined surface created by the first tip. The
position of the second point is defined by the distance (1), where n is an odd positive number. This causes the second
point to reach the largest elevation of the surface formed by the first wedge. The disadvantage of such a solution is the
complicated tip sharpening. There is also uneven wear of both spikes [3].

k=21 (1)

Fig. 1. Tool with two tip radius [3]

One of the other options is a technology which is focused on increasing productivity by adjusting the geometry of the
cutting plate-
Fig. 2. with this it is possible to increase the quality of machined surface by the same displacement [9].
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Fig. 2. Difference between conventional and wiper insert cutting tool nose radius [10], [11]

The principle of Wiper improving the quality of machined surface in the same displacement, its means, that with same
displacement is obtained the twice quality of the surface as well as achieve better different cutting splinters. The service
life of the cutting edges is often improvement due to the reduction in the time in the cut, the consequence leads to cost
savings [1], [2].

Wiper technology has a wide range of applications to ensure maximum productivity. When changing parameters
during cutting are also available alternative Wiper plates which improve the quality of finishing surface and eliminating
expensive grinding operations [9].
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2. Used machine and measuring instrument for roughness measurement

For this experiment, was selected workpiece material 100CrMn6. The machine for performing the experiments was
the Universal lathe SU 50- Fig. 3. To measure the surface roughness, the Mitutoyo Surfest SJ-301 was used- Fig. 4.

Fig. 3. Universal Lathe machine SU 50

Fig. 4. Mitutoyo roughness meter

3. Experimental setup

For these experiments, two tools were selected. The first tool is integrated cutting tool with two nose radius. With this
tool will test the quality of machined surface at higher feed rate. Experimenting conditions: Depth of cut apn = 1 mm, tip
radius ren = 0,8 mm, the finishing tool worked at a depth of cut a,q = 0,2 mm and a tip radius was req = 6 mm.

Second tool is cutting tool with linear cutting edge with rake angle As = &= 45°. This tool will be compared with
integrated cutting tool for purposes of surface quality at higher feed rate.
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3.1. Verification of integrated tool for turning

In Fig, 5. is shown an experimental cutting tool and in Fig. 6. the principle of operation of this tool.

Fig. 5. Experimental integrated cutting tool

Fig. 6. Scheme of roughing and finishing using integrated cutting tool: v¢ — cutting speed, f — feed rate, ap, — depth of
cut after roughing, aps — depth of cut after finishing, ren — tip radius for roughing, req — tip radius for finishing, Rzn—
surface roughness

From the Fig. 6 is see, that in the first the tip radius for roughing re, we can see on the points of the cutting edge
velocity vectors. The chip wants to get in perpendicular way to cutting edge because the cutting edge has a tip radius. By
counting every single velocity vector we get the outcome of final velocity vector of movement of chip. First tool work is
under the condition of bound rust. The depth of cut of second tip radius ayq is equal or slightly larger than Rz, (apq> Rzn).
In this case, the finishing tool req removes all the roughness created by the first tip radius ren. With the finishing tool, the
direction of the chip is identical with direction of movement of individual elements of chip. This case responds to the
terms of the free cut, because the higher the tip radius is, and then is higher possibility for achieving free cutting conditions.
The results of the experiment are shown in Fig. 7.
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Fig. 7. Experimental results of Rz-f (f) by applying integrated turning
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It can be seen from Fig. 7. that using the experimental tool improves the quality of the machined surface when
finishing. At the lowest displacement, the Rz value do not differ significantly, changing from 0,1 mm. With the increase
in feed rate, surface quality deteriorates using a tool with re, = 0,8 mm, it improves with finishing tip radius req = 6 mm.

From this experiment, using a large tip radius, in this case res = 6 mm, results in a better machined surface at higher
feed rates compared to a smaller tip radius ren = 0,8 mm. It can be argued that the larger the tip radius is, than we are
approaching conditions of free cutting. However, the problem of increasing the tip radius is that leads to reduce the
thickness of the cut layer, which can lead to the oscillation of the technological system.

This problem can be solved by the inclination of the rake angle As. The following chapter compares this tool with an
integrated tool for turning.

3.2. Verification of integrated tool for turning with a linear cutting edge tool with rake angle A,

In this experiment, the same workpiece material and the same technological conditions were used. In Fig. 9. are results
of the experiment. The tool is shown in Fig. 8.
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Fig. 8. Tool with a linear cutting edge with rake angle As =+ 45°
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Fig. 9. Experimental results using a linear cutting edge with rake angle As and a tool with large tip radius r. = 6 mm
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It can be seen from Fig. 9. that when the tool is used r. = 6 mm, the quality of machined surface deteriorates at f = 0,5
mm. Vice versa, when using a linear cutting edge tool with rake angle As = + 45°, quality improvement can be monitored,
especially in the area of higher feed rate.

3.3. Experimental design of integrated turning tool with linear cutting edge

When applying a tool with an extremely large tip radius at a large feed rate, there is a problem that such a tool can not
be used at high depth of cut. There is an increase in the length of the cutting edge in the engagement and the generation
of vibration of the whole technological system- machine, tool and workpiece.

The possibility of solving this problem lies in the application of integrated tool for turning Fig. 10. This tool will work
at a large feed rate and the finishing cutting edge with rake angle As = + 45°will be working in slightly higher depth of cut
than the first cutting edge with smaller tip radius.

@)

|

Fig. 10. Principal scheme of roughing and finishing in one operation, using secondary cutting edge with rake angle As

4. Conclusion

This work analysed the use of an integrated cutting tool for turning, which consisted of two tips. The first tip radius
was smaller and served as a roughing, and the second tip radius was larger. The experiments performed with this tool
pointed to the improvement of the machined surface, but at higher feed rate the quality deteriorated quadratic, which this
can be as negative aspect for high feed turning.

To improve the quality of the machined surface at higher feed rate, for high-shear machining, it is possible to use a
tool with a linear cutting edge with rake angle As = & 45°. The experiments performed with this tool have pointed to
improving the quality of machined surface, especially in the area of higher feed rate.

These experimental tests were performed on a conventional lathe machine, so further experimental testing would be
appropriate on CNC machines and use this kind of tool for other frequently used materials in manufacturing practice.

For future research on improving machined surface using these two tools, it will also be necessary to track the wear
of cutting edges for machining with higher feed rate and to monitor the quality of machined surface at a certain degree of
wear, this allow for precise design of the material for the cutting inserts under given machining conditions on different
materials in manufacturing practice.
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