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In presented paper results of comparative studies into the roughness
(very significant tribological factor) of surfaces after cutting using the AWIM
method were presented. Cutting was performed on samples made of three
materials: quenched and tampered alloy steel (1.2080), plastic (polyamide
PA6) and mineral material (syenite). Variable parameters in the cutting pro-
cess included: jet pressure and feed. As a result of measurements involving
selected roughness parameters (Ra, Rz and Rq). It was discovered that the
majority of variable factors had a significant effect on the cut surface
roughness. It was also demonstrated that the contact method measurements
cannot be performed with regard to plastics because the results are characte-
rised by a very great scatter of results values, making them unreliable.

1. Introduction. Cutting is operation very often existing in modern
manufacturing processes. This process can be performed on a wide range of
materials: from technical (metals, plastics) through mineral materials and
derivative materials (rocks, ceramics) to biological materials (wood, straw,
organic tissue). Cutting is applied at various stages of the production process
and so the requirements concerning characteristics of cut surfaces are varied:
different requirements will apply to cutting not followed by further opera-
tions or treatment and yet different to cutting followed by further treatment.

Investigations presented in the paper involve a cutting method
which uses a concentrated jet of water and abrasive material (AWJM) — the
method that is developing rapidly due to its advantages [1, 2], but still
defined as non-conventional treatment [3, 4].

The main aim of the investigations was to verify to what extent para-
meters of cutting using the AWJM method affect surface layer, especially
the geometrical structure of cut surfaces of elements made of material
having very different features: steel, plastic and mineral material. Surface
roughness is one of the most important features of surface layer, therefore
selected roughness parameters are taken as the measure for cutting results
assessment.

2. Object and range of investigations. Experiments concern to cutting
samples with a rectangular cross-section (b x /) 30 x 10 mm, made of three
different materials:

— very popular tool steel, numbered 1.2080, symbol acc. to Euro-
pean Standard: X210Cr12, quenched and tampered to 43 HRC;
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— polyamide plastic, marked PA-6;

— syenite.

Used in investigations materials have strength feature quite differ.
The main reason of such choice was need to determine the some roughness
parameters obtained by abrasive-water jet cutting with defined parameters.
Cutting operations were realized using abrasive-water contour machine,
made of PR China marked DWJFB 1313. As independent variables in pre-
sented investigations following quantities were accepted:

— pressure of working fluid: p =200, 250 MPa,

— feed rate: f= 64, 80 and 96 mm/min.

According to references, e.g. [5, 6], these factors essentially inf-
luences cutting surfaces features.

Fluid jet consists mixture of water and Garnet abrasive, mesh 80;
nozzle diameter was 1.016 mm. During machining the cutting head was 2 mm
from upper machined surface.

Results of cutting process were evaluated on the base of measu-
rements of below mentioned three chosen roughness parameters:

— R, — arithmetic mean of profile deviation from the mean;

— R, — total height of profile;

— R, — quadratic mean of profile deviation from the mean.

Measurements using profilograph Hommelwerke T 2000 were made
in three places: 0,25, 0,50 1 0,75 of b dimension (widthness) on measuring length
(4 mm) situated on the middle of samples thickness 4. As final result average
value of 3 measurements was accepted.

Presented research have initial character, verifying methodic possi-
bilities, so three elements set of roughness parameters, measured by means
of mentioned device one accepted as adequate.

3. Results of experimental investigations. Cutting surface roughness
measurement findings are taken down in below tables. The values of roug-
hness parameters provided in Table 1 refer to the cutting of steel samples
quenched and tempered up to 43 HRC. Based on the analysis of these results
it was appeared that the tested cutting parameters had an effect on the obtai-
ned roughness. It was found that roughness is also higher for greater values of
parameters, e.g. R, parameter increased by 0.61 micrometer, i.e. by almost
30 % (from 2.16 to 2.77 um), where there was a change in the feed rate f°
from 64 to 96 mm/min, i.e. for an increase by 50 %.

The values roughness parameter are also caused by changes of the
jet pressure. At the feed rate f= 64 mm/min, an increase in the pressure p
from 200 to 250 (25 %) resulted in an increase in R, parameter but only by
12 %. At different feed rates, an increase in roughness, expressed in a change
of R, parameter, is even lower (ca. 6 %).
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Table 1 — Values of some roughness parameters of surface cut
by means of AWJM for steel sample

Feed rate f, mm/min
Pressure p, MPa 7 | 20 | %

R, um

200 2,16 2,68 2,77

250 2,42 2,85 2,95
R, ym

200 11,20 11,80 13,17

250 13,29 14,42 15,99
R, um

200 2,74 3,26 3,37

250 3,13 3,59 3,75

Changes found in the geometrical structure of the surface being cut
are described by regression equations which have the following form in the
analysed case — Table 2.

Table 2 — Mathematical models obtained for steel samples
for individual pressures

R,=—0215-f2+1,165x |p=250MPa| R,=-0,165f>+0,925 x
x f+1,21; x f+1,66;
_ R,=0,385-f2-0,555 x R,=0,220 - f2+0,470x
p=200MPa xf+ 1137 x [+ 12,60;
R,=-0205-f+1,135 x R,=—0,150 1> +0,910 x
x f+1,81 x f+2,37

Statistical calculations demonstrate that the above equations record
very well observed changes, what is confirmed by the values of correlation
coefficients approximating to 1.0.

Roughness parameters of the polyamide samples surfaces on which
the cutting operation was performed are characterised by a very high scatter of
values. This is confirmed by calculated standard deviation values, e.g. maxi-
mum standard deviation for R, parameter was S = 3.06 (where the average value
of this parameter is R, = 2,87um). Scatter of values for other roughness
parameters measured was also great.

Such characteristics of changes, in particular non-repeatability of
measurement results is probably caused by the roughness parameters mea-
surement method applied. Due to the low hardness of the sample material,
the hard and thin gauging point — stylus — does not slide on the tops of rid-
ges but machines (scratches) them instead. Therefore, rules and limitations
of contact method applicability in roughness measurements should be defi-
ned. Due to the inability to perform roughness measurement using other
methods (non-contact), these results are excluded from further analysis.
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The third structural material used in the study was syenite — mine-
ral material (rock), using e.g. in very precise machine-tools and measure-
ment machines (tables, bodies). The results of measurements presented in
Table 3 indicate that the surface roughness obtained as a result of abrasive-
water jet cutting is similar for all analysed values of parameters.

Table 3 — Results of roughness parameters measurements
of surface cutting by means of AWJM for syenite samples

Feed rate f, mm/min
Pressure p, MPa 7 | 20 | 9%

R, um

200 3,93 3,85 3,78

250 3,87 3,74 3,70
R, pm

200 18,58 18,18 17,98

250 17,44 17,16 17,01
R, um

200 4,92 4,82 4,74

250 4,85 4,69 4,64

Change in feed from 64 to 96 mm/min, i.e. by 50 % results in a
change of the average value of R, parameter from 3.93 to 3.78 um, i.e. its
decrease but only ca. 4 %. Similar situation occurs where jet pressure is changed:
an increase in the value of this process parameter from 200 to 250 MPa
(25 %) results in R, parameter value being decreased from 3.93 to 3.87 um,
i.e. only 1.5 %. Similar relations occur for other roughness parameters ana-
lysed. Observed relations for this material were described by mathematical
models. Their forms are presented in Table 4.

Table 4 — Mathematical models obtained for syenite samples for individual pressures

R,=0,045 - f2—-0,265 x |p =250 MPa|R, = 0,005 - f*— 0,095 x
x f+4,09; x f+4,02;
N R.=0,100 - £ —0,700x R.=0,065 - f*—0,475x
p =200 MPa x f+19,18; x f+17,85;
R,= 0,055 - f>—0,325x R,=0,010-£>~0,130 x
x f+5,12 x f+5,04

It will be easier compare the results obtained for analysed mate-
rials. The analysis indicate that in both analysed cases (steel and syenite)
pressure has a minor influence on the obtained roughness parameter R, but
recorded gradient is greater for the cutting of steel. Other parameters are
very similar in quality. Comparison of the results obtained for two structural
materials very different from each other shows that there are essential dif-
ferences — Fig. 1.
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An increase in steel treatment parameters (feed and pressure) resul-
ted in an increase of rough-ness in cut surfaces, whereas in the case of mineral
material a reverse tendency was observed: greater values of process para-
meters resulted in smaller surface roughness. Such situation may result from
the water and abrasive jet containing mineral grains and so, in the case of
syenite, mineral machines mineral making the hardness of the tool and the
hardness of the machined object similar.
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Fig. 1 — Histograms showing changes in roughness parameters:
R,, R and R, of the steel and syenite samples surfaces being cut
recorded at the jet pressure of a) p =200 MPa, b) p =250 MPa
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As far as the cutting of steel is concerned, the difference in hardness
is greater and therefore the relations between analysed factors are similar to
those in traditional machining. It is assumed that the hardness of the tool
should be larger than that of the machined element by at least 30 HRC.

Diagrams in Fig. 1 indicate that the roughness of the cut surfaces,
machined with the same parameters, is much greater for syenite than for
steel. Furthermore, it can be seen that the values of all measured parameters
of machined surfaces where the parameters are the same are greater for
mineral material than for steel.

The parameters of cut surfaces roughness make this treatment to be
defined as a roughing one, so it can be assumed that this method of cutting
can be useful with regard to elements of which machined surfaces will be
subject to further treatment. However, the AWJM method is not recom-
mended for surfaces which are not machined after cutting.

4. Summary. On the ground of presented experiments and the ana-
lysis of the selected roughness parameters measurements results obtained
from such experiments, conclusions of practical nature can be formulated.
The most significant of which are as follows:

— abrasive water jet method can be used for the cutting of structural
materials with various chemical compositions and structure — with satis-
factory efficiency,

—roughness level of the cut surface using the AWJM method
defines this method as roughing,

—the contact method cannot be used for measurements of values
describing geometrical structure of cut surfaces in the case of plastics be-
cause its results do not allow comparative analyses to be performed due to
the very great of values of results scatter.

As one said above, the experiments presented in this article have
initial character, so on the base of obtained results one can conclude that the
established aim of research was accomplished.
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MOJEJIOBAHHSA PEXXKUMY JTUHAMIYHOI'O
3YEIVIEHHA-TTPOKOB3YBAHHS
NP KOHTAKTHUX MIKPOIIEPEMIIIEHHAX

"Hlananxo IO.1, ’Padex H, j'Mym,‘z./z A
! Xmenvnuypruii nayionanonuii yuisepcumem (Yxpaina)
Texnonoeiunuii ynisepcumem ¢ Kenvyax (Ionvwa)
Mpupoonuyo-mexnivnuii ynisepcumem 6 Budeowsi (Ionvwa)

3HOIIYBaHHSL MPHU (PPETTHHI-KOPO3ii BHHUKAE MiX KOHTaKTHUMH
JeTasIMU TIPU MAITMX TAHTEHIIATBHUX BiTHOCHHX MEpPEeMIICHHsX. 3HOIIY-
BaHHS U (QPETTUHT 1 PPETTUHT-KOPO3ii 3a3BUYail BilOyBa€THCS Ha CIIOITY-
YEHHX TOBEPXHAX BB 3 HANPECOBAHHMMH HAa HUX IiJIIMITHUKAMH KO-
YeHHs, Ha OCSX 1 CTYNHILIX KOJIC, Ha OMOpax IMOBEPXOHb IPYXKHUH, Ha 3a-
TATHYTHUX CTHKaxX, HAa MOBEPXHSX LIMOHOK i Ma3iB, HAa ONOpax JIBUIYHA, KOPO-
6ok mepenmad. B pesymnprati ppeTTHHr-KOpo3ii BTOMHA MIilHICTh HMOBEPXHIi
3MEHIIY€EThCS B 3—6 pa3iB. OCHOBHUMH KiTbKICHIMH TIOKa3HUKaMHU TEPTS €
cHIIa TepTs 1 KoeimieHT TepTs.

CraBuThCs 33124 BU3HAYCHHS XapaKTEPUCTUK (PPUKLIIHOT B3aeMoii
peasbHOI MOBEPXHI KOHTAKTYy MPH rapMOHIYHOMY 30YIDKEHI OJHOTO 3 TiJL.
JIyist bOTO PO3ALITUMO HEpEeMIllIEHHS TOYOK MPUKOHTAKTHOTO IIapy, sSIKi Ma-
I0Th BINOBIZIHY KOHTAKTHY KOPCTKICTh 1 TEPEMIlllEHHs BChOTO Tijla B IIi-
nomy. Lle macTb 3Mory a/ileKBaTHO OLIHIOBATH PE3YJIbTaTH EKCIIEPUMEHTY Ta
MaTeMaTH4HY MOJIEITb, epea0auuTH MOBEIIHKY KOHTAKTHHUX MTOBEPXOHb, Bijl-
TIOBi/THE 3HOIIYBAaHHS, BTPATH SHEPrii Ta BEJIMYMHM TaHTEHIIATbHUX aedop-
Marriif B koHTakTi [1, 2].

[Nepmi mocmigHAKY, SIKI AKIEHTYBAJIHM yBary Ha AWHAMIKY PEXUMY
3ueTUIeHHsI—TIpoKoB3yBaHHs Oy B.W. Sakmann ta B.G. Rightmire (1948)
y cBoeMy HaykoBoMmy 3BiTi [3]. Ha puc. | mpezacraBieHi opHUTriHAIBHI OCITHIO-
rpamu (peTHHT Tporieccy Ta rictepesucHi merm it P31 mpu amrutity-
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