FRACTAL DIMENSION CHANGING WITHIN FINISHING SURFACES PROCESSES OF SPIRAL DRILLS after VACUUM ION-PLASMA COATINGS
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Finishing processes for spiral drills of steel P6M5 influence application of vacuum ion-plasma coatings on the fractal dimension of the post-operative grinding, sandblasting, polishing and ultrasonic treatment. Coating leads to an increase in fractal dimension of the surface at all steps of finishing treatments.

In the modern mechanical engineering is a growing use of the tool with vacuum ion-plasma coating, which is designed for the manufacture of many technological processes [1, 2, 3]. However, the development of new technologies of material processing is not possible without the search for new methods to evaluate their properties, which include micro-surfaces. A particularly relevant issue in this area causing the vacuum ion-plasma coatings. 

Widely used  traditional characteristics of surface roughness, such as the mean deviation, the maximum height of roughness, the average step roughness profile, etc. [4] allow to estimate only the amplitude characteristics of the formation of micro relief surfaces. In doing so, the internal structure of the object, usually ignored, and the processes of education institutions and their interaction among themselves and with the external environment reaction averaging integral parameters. Despite the successful use of the traditional characteristics of roughness, does require new approaches for assessing the properties of micro relief surfaces that would reflect the development and formation of the surface structure [5].

One solution to these problems is the use of the main provisions of the theory of fractals, which are dealt with in several works [6, 7]. As an additional characteristic micro relief surface is proposed to use the so-called fractal dimension, which assesses the degree of fragmentation, self-elevation.

The aim of this work is to determine the influence of finishing processing and application of vacuum ion-plasma coatings on the surface fractal dimension. 

To achieve this goal it is necessary to solve the following problem: on the basis of the technological process of finishing the processing of spiral drills of high-speed steels to determine the parameters of the fractal dimension of surfaces at each stage of processing.

Experimental studies were carried out on the spiral drill diameter of 14 mm of steel P6M5 (GOST 10902-77). The process further finishing treatment of spiral drills with vacuum ion-plasma coatings consist of the following operations:

- Grinding operations, which were carried out on semi-automatic grinding machine model 3E653 with lubricating coolant made from concentrate UNIZOR-M.

- Sandblasting, for which the device was used for sandblasting axial cutting tool. As an abrasive material used quartz sand particle size of 400 microns, the length of processing 20. 

- Polishing, this performed using a polishing machine for axial cutting tools. The treatment had felt circle with GOI paste, with rotation speed 3000 rpm. 

- Degreasing and cleaning, which are conducted on an installation for the integrated processing of ultrasonic axial cutting  tools UZG 3-4 with magneto generator transducers ICP 2,5-18. As a treatment solution in the bath solution using the following composition: tri nitrite phosphate Technical - 30-40 g / l soda ash Tech 20-30 g / l, surface active agent RP-7 or OP-10 - 3.5 g / liter. The temperature of 50-60 º C. The solution 

- Application of vacuum ion-plasma coatings TiN, which used to install NNV 6.6-I1. The total thickness of the coating layers 12 - 6 microns.
For pictures and studying the state of the surface using metallographic microscope Neophot 2. Implementation of the fractal analysis of surfaces of spiral drills conducted with the help of a software product Fractal 3.4.7.2009 (Japan), which produces fractal evaluation of the surface on its image.

After each stage of processing carried out causing the vacuum ion-plasma coatings TiN. This produced a definition of fractal dimension, without coating and with coating (fig. 1). As can be seen from photographs of surfaces after the coating of micro geometry survived. 

For a given value of fractal dimension (fig. 1) The graphs of changes in operations of the technological process of finishing treatment before coating and after application. 
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Figure 1 - Type of surface (× 100) and the corresponding fractal dimension of surfaces drills at various stages of finishing processing
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Figure 2 - Influence of the initial state of the surface and the coating on the fractal dimension of micro relief surfaces for finishing operations of combination treatment of spiral drills

As shown in fig. 2 coating leads to an increase in fractal dimension. It also shows that regardless of the initial state of the surface fractal dimension, after the coating has approximately the same level as distinct from the surface without the coating, where the tendency towards the reduction of fractal dimension. And the biggest change in fractal dimension observed after ultrasound treatment, which is used for cleaning the surface and should not have a mechanical influence on the surface.

However, as shown by the images of surfaces (fig. 1) ultrasonic treatment leads to some changes micro geometry surface, which is not possible to measure by traditional methods. 

Thus, the obtained results allow to evaluate the influence of different treatments on the formation of microrelief surfaces using the characteristic evaluation of fractal dimension. This characteristic is very important in terms of frequency analysis and micro-structured surface and allows further assess the quality of the surface along with the traditional methods of measurement.
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