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Abstract: The paper deals with detailed study of neglected zone situated on upper area of cut created by hydro-abrasive cutting. In order of
detailed study was provided an experiments where was experimentally produced samples under various conditions defined by conditions for
design of experiments. Surfaces on samples have been analyzed by non-contact commercial profilometer MicroProf FRT. Surface roughness
of surfaces from stainless steel AISI 304 have been quantified by surface roughness profile parameters Ra, Rq and Rz which have been
obtained by Gwyddion software from 27 depth traces. The results have been statistically evaluated. This presented work is a preliminary
detailed study of neglected upper zones. Results obtained in the experimental part of the work, will serve as an important basis for further

experimental research.
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1. Introduction

Currently the mechanism of the hydro-abrasive jet cutting is not
still understood as evidenced in new research reports of [1], [2],
[9], [10], [11], [17]. The great lacks in that field are irregularities of
the surface created by hydro-abrasive jet in neglected initial zone.
The aim of our work is to carry out a comprehensive view of the
surface topography in the initial zone created by hydro-abrasive
cutting, classification of the shortcomings of classical (contact) the
method of evaluation of the quality of the surface in the zone where
the first contact with the material, confirmation of the existence of
initial zone and their further study. The present work has been
created in collaboration with company DRC PreSov, Ltd., where
experimental samples were made. Measurements of surface profile
parameters Ra, Rq and Rz has been made at Technical University of
Brno.

2. Related and previous works

Surface topography created by AWJ of relatively thick material
consists of a smooth upper zone and a striated, wavy lower zone
(Fig. 1). Authors [3], [5] [11], [12], [14], [15] divide the surface,
which is generated by AWJ on the mechanism of removal in the
cutting mechanism and deformation mechanism.
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Fig. 1. Dependence of surface profile parameter Ra on depth of
surface measured by means of contact and optical profilometer.

According research report published by [3] is a typical surface
topography created by AWJ characteristic differences in horizontal
bands. Authors [3] introduced the topography divided into three
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areas: the initial zone, smooth and rough zone. The shape of the cut
walls depends on the front spreading of WJ and AWJ from the
upper to the lower side (Fig. 2). This is an image of the changes in
the mechanism of disintegration. All the authors were concerned
about the physical-mechanical aspects of the interaction of
disintegration energy accumulated by the hydro-abrasive jet with
the mechanical structure of the material. They divide these cutting
walls into an upside qualitative smooth cut and the part of the cut
deformation beginning from the critical depth (Fig. 1). Unevenness
of the upper part of the cut is considered as microscopic, mostly
unevenness at the roughness level. Unevenness in the lower part of
the cut is already macroscopic with the presence of grooves and
slots on the surface, mostly at the waviness level. According to
preliminary our study by using the contact profilometer the
initiation zone [4] with a rather great roughness could not be
completely detected and localized.
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Fig. 2. Division of surface topograph (meal i-6AI—4V) [].

On the contrary, results gained by an optical profilometer
MicroProf (FRT), reported in studies by [13], [15], [16], show that
more detailed information on the initiation zone can be provided.
From the theoretical point of view, this entry region is of
importance to the subsequent clarification of a mechanism of
material removal and the explanation of AWJ-material interaction
in this initiation zone. From the made analyses and from the
obtained data on surface topography, a mechanism of formation of
the surface topography, which is, as a matter of fact, a memory of



machining technology and also a witness to properties of the
material machined, may be deduced. For the reason of mechanical
flexibility, and thus the ability of AWJ tool to accommodate itself
to material properties, this tool is very suitable for theoretical
analyses. It is possible to say that in terms of newly developed
science disciplines of technological inheritance, a profounder
analysis of the process of surface layer origin can be carried out.
Author [4] divide generated surfaces from the point of view of the
removal mechanism into those with the removal mechanism of
cutting character and those with the removal mechanism of
deformation character. According to the literature [4], [7], the
topography formed is divided into the initiation zone (which is,
however, neglected by the majority of authors), the smooth zone
and the rough zone (Fig. 2). In our opinion, in the framework of
objectivity of the explanation of mechanism of origin of newly
generated surface topography, the initiation zone cannot be
ignored, because it evidences the first contact with a disintegration
tool, which is here a high-energy jet of the mixture of water, air and
abrasive. Whenever two machined surfaces come in contact with
AWIJ tool another the quality of the mating parts plays an important
role in the performance and wear of the machined parts.

3. Experimental set up

Roughness profile parameters Ra, Rq and Rz determinated by
means of optical profilometer MicroProf FRT from manufacturer
Fries Research & Technology GmbH, Germany, on a workplace of
Physical engineering institute FSI VUT in Brno [15], [16]. By
three-dimensional contactless and non-destructive measurement
was obtained matrix value of altitude unevenness of surface,
generated by composition of AWIJ technology factors from the
entry zone area of the surface. In the area of AWIJ entry, for the
purpose of identification and analysis of factors influence on
topography of surface to detect an initial zone, was the value of
equidistant distances of particular depth traces from the surface 0.1
mm from to 2,5 mm. In all measurements were realized in 27 depth
traces. Proper measurements were realized in the central zone of
the sample excluding marginal areas of the sample to reach the
most accurate measurements. Each measurement was repeated 8
times to reach statistically the most accurate result.

4. Results and discussion

On the surfaces samples made from aluminium can be clearly
distinguished entrance area, the cut surface and exit area. Created
surfaces and associated irregularities show the specific geometry,
as they are produced by different technological conditions [12].
This zone occurs by degradation of abrasive waterjet on surface
area exposed samples with increasing depth, with the first contact
the abrasive jet with target material. Limit the initiation zone can be
determined by the measured values of Ra, Rq and Rz (Fig. 4).
Incidence of initiation zone is characterized by a sharp increase of
Ra, Rq, Rz (Fig. 4). After overcoming the total resistance of the
material in the initiation zone we see a sharp decline in the Ra, Rq,
Rz, which is caused by the resistance of the material transmitted by
abrasive waterjet. On Fig. 4 depicts the course of the numerical
values of Ra, Rq and Rz 27-deep traces with marked initiating zone
(Fig. 3). Characteristic surfaces in initiating this zone are to be
found in the technology that formed the mechanical effect of
operating abrasive waterjet. According to some authors, not in
terms of objectivity explanations creation mechanism does not
surface with the initiating zone, because in terms of first contact
with AWJ, the characteristics are not influenced by material that
was removed from the wall of machined material. Limits of
initiation zone located in the entrance area are the small features
rounded edges on the surface due to plastic deformation of
material. The graphs below show the detail that at the beginning of
initiating zone are increased the profile roughness parameters Ra,
Rq, and Rz. High values of roughness parameters Ra, Rq and Rz
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causing bridging modulus of elasticity of material and thus its total
resistance material. After overcoming the decline occurs figures
surface roughness profile parameters Ra, Rq and Rz (Fig. 4a, b).
After reaching a critical limit, thus overcoming initiation zone,
which has not been quantified it is already part of abrasive waterjet
collected material from the cutting material. There is a surfeit AWJ
structure and its inner core of a slowdown compared with AWJ.
Peripheral part of AWIJ at this stage contains a high concentration
of grains, which accumulate in the depths of the result of a
slowdown. Due to the local crowding is a relatively smooth surface
creates a trace of where they were recorded a low profile, the
numerical values of roughness parameters Ra, Rq and Rz. In terms
of factor analysis, it can be concluded that the width of the zone
influenced by initiating a specific combination of factors. This
means that the occurrence of the border separating the smooth from
the initial zone and setting its width depends on the hydrodynamic
properties of the instrument, technological factors and material
properties (Fig. 4a, 4b).
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Fig. 3. SEM photographs of entry area obtained, magnification
50x (material aluminium).
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Fig. 4. Behaviour of surface roughness profile parameters Ra,
and Rz in entry zone of the surface (0,1 — 2,5 mm).

5. Conclusions

Till today in scientific circles, and technical practice persist opinion
that with the depth of cut, the higher the numerical values of
parameters Ra, Rq and Rz grows. This finding was due to the fact
that in determining the parameters of roughness profile of the
individual measurements are carried out contact profilometers,
which do not permit a detailed analysis of the entry surface area

Rz [«m]



created abrasive waterjet. Made measurements and their detailed
analysis, however the predominant view corrects. The present work
points to the absence of a deeper analysis of the topography in the
entrance area of the surface where there is initiating zone. For that
reason is given a systematic overview of the technology division
AW]J, in terms of testing technology necessary to analyze in detail.
The knowledge gained will help more effective and easier to fix the
quality for the forthcoming technological practice. It should be
noted that even if there is a functional surface, this zone may have
in the future great importance in terms of diagnosis of the
immediate state of technology and technological process. Its
importance lies in the fact that this part of the surface
characteristics may be directly detectable and may be examined by
the current state of the quality of the surface prepared for the
purpose of automation of technological process and its AWJ
continuous quality control process of disintegration of the material.
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