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ABSTRACT

The paper analyses the effect of technological parameters of turning (v_ and f) on the
2D surface roughness parameters of aluminium alloys. Turning was carried out with

SVIBL 2525 M11 shank tool, with VCGT 110302FN-25P insert, dedicated for ma-
chining light alloys. Three aluminium alloy types were examined in the study: 7075,
2024, 6082. The present study is focused on selected 2D surface texture parameters,
and concludes that feed exerts considerable impact on the surface quality. Simultane-
ously, the findings of the study indicate that from the technological perspective the
change of cutting speed v, does not impact the quality of the machined surface.
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INTRODUCTION

Aluminium alloys constitute a modern struc-
tural material, which finds application in various
branches of the machinery industry. Their wide
applicability results from favourable properties
and low density. Major physical properties of
aluminium alloys relevant from the viewpoint of
machining are: low Young’s module, high ther-
mal expansion and conductivity [18].

Machinability of aluminium alloys is de-
pendent on their chemical composition and their
(thermal-treatment dependent) structure. The sili-
con (Si) content in Al alloys cannot exceed 10%,
as beyond this point the machinability of the al-
loy is diminished due to considerable tool wear.
Surface roughness may be altered by several fac-
tors: type of workpiece material, tool quality, tool
coating, technological parameters. Among tech-
nological parameters of milling this is the value
of feed f that affects the surface roughness to the
greatest extent, cutting speed v_ is less relevant,
whereas the axial depth of cut a_constitutes the
least important element [9]. Aluminium alloys
which yield to plastic working are subject to the
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general rule applied to subtractive machining,
i.e. the higher the strength and hardness of an al-
loy, the better the quality of machined surface.
In aluminium cast alloys it is the microstructure
of a given alloy that plays a pivotal role. Hard
elements in soft matrix may be torn or cleft out
during machining, which in turn leads to decreas-
ing the surface quality. In turning of aluminium
alloys, except for suitable tool geometry (y < 30°,
a < 10°), it is critical to control chip breaking or
curling. The latter is possible when applying a dry
machining with cool air, using the system devised
by Ceterazit (Austria), which by blowing com-
pressed air enables dry machining of Al alloys.
An aluminium alloy AIMg1Si, which is duc-
tile, hard and subjected to forge rolling to im-
part strength, is an example of a material which
demonstrates poor machinability. In turning with
carbide inserts controlled breaking or curling of
chips may not occur. The effectiveness of the pro-
cess may be improved by applying a polycrystal-
line diamond tool (PCD), chip breaker plate or
bevel with a negative tool rake angle y, which
cause that the chip is broken at shorter intervals,
hence their evacuation from the cutting zone is
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facilitated [11]. Tool manufacturers [19] suggest
that Al alloys should be machined at the cutting
speed v, = 2500 m/min. However, recent surge
in manufacturing process efficiency and devel-
opments in the field of high performance cutting
exert considerable and growing pressure on the
quality and performance of cutting tools.

The suitability of a cutting tool for a particular
application may be always expressed by whether
the tool provides good workpiece surface finish.
Frequently, the condition of the surface after ma-
chining is final and has a direct impact on the per-
formance of a given element. Therefore, machining
processes determine the desired geometry of work
surfaces and of the surface layer of machinery and
devices. In certain conditions it may be impossible
to carry out machining operations without the use
of cutting fluid, hence it is critical to specify opti-
mal cutting conditions considering the amount and
method of supplying the fluid. Increasing flow of
fluid may improve surface roughness properties of
a workpiece [2]. High-speed CNC machine tools
ascertain that the surface of the workpiece is within
the standards of dimensional and shape accuracy.
Owing to incessant progress of tool materials, tool
cutting edge inserts, and optimisation of tool coat-
ings contribute to improving quality of the surface
layer subjected to turning [6, 8]. In addition, ad-
herence to rules of good metrological practice is
of great importance at an every stage of measure-
ment, from the selection of measuring instruments,
through checking and calibration of profilometer,
to the actual measurement and analysis of results
to ensure correct and credible measurement of sur-
face topography [14].

Literature in the field of surface roughness
analysis after machining predominantly deals
with 2D surface profile analysis, due to attainable
cutting speeds (determined by d and n__ ). It
has been shown that in machining of aluminium
alloy 7075 it possible to apply high cutting speeds
v, (up to 1700 m/min and higher) without com-
promising the quality of the machined surface.
Surface roughness parameters that are frequently
under analysis in research papers, Ra and Rz, do
not exceed the level of approximately 2um and
10pm at any cutting speed. Increase in feed results
in linear increase in the surface roughness param-
eters, which is in accordance with the common
theoretical relationship expressed by Rz=f*/8r
[18]. It may be inferred that surface quality will
improve when cutting is carried out with a suit-
able PCD tool.

A great deal of the body of literature is devot-
ed to the issues of selection and optimisation of
turning parameters with a view to improving the
economic and technological effects of machining.
In this respect, researchers indicate the potential
of polycrystalline diamond tools (PCD) in e.g.
machining the surface of pistons, which are made
of Al cast eutectic and hypereutectic Al-Si alloy.
Hard and abrasive Si particles may contribute to
significant tool wear. In the analysed case, the op-
timum parameters for the machine cutting were
established at v =610m/min, a < I mm [17].

Built-up edge (BUE) and tool wear are pa-
rameters that are in focus of numerous analy-
ses of turning with coated cemented carbide
tools (Kennametal SNG 433-K68, y=5°, y =15°,
A.=5°). Our tests evaluated machinability of three
aluminium alloys: 2024, 6061, 7075; and em-
ployed maximum cutting speed v =245m/min.
In experimental observations typical tool-chip
interaction zones were noted; these are defined
by different friction conditions, and are referred
to as seizure (I and 1) and sliding [1]. The mutual
relation between the occurrence of built-up layer
and the quality of machined surface has been the
subject of investigations in the literature. One
analysis was devoted to dry machining of UNS
A9 2024 (Al-Cu) and UNS A9 7050 (Al-Zn), the
maximum cutting speed amounted to v =170 m/
min, and the process was carried out with the cut-
ting tool equipped with coated cemented carbide
inserts (SECO, DCMTI11T308-F2 HX), with
and without TiN coating. Consequently, it was
observed that Ra is inseparably connected with
the machined length L (< 175 mm), i.e. with in-
creasing L, the value of Ra decreased. The latter
showed a similar reaction when BUE increased
[4]. Other frequently analysed parameters in-
clude: axial depth of cut, feed, cutting speed or
corner radius. In dry machining of 2030-T4 alloy
the highest impact on the surface quality exerted
feed and axial depth of cut [7].

Numerous studies have proven that surface
topography is critical to the performance of ma-
chine elements. There exist practical methods for
the improvement of technological and practical
quality of a workpiece by means of finishing op-
erations. This discussion was based on both 2D
surface roughness parameters and stercometric
properties of surface roughness 3D, which de-
termine the applicability of turning. Dimensional
tolerance and shape accuracy are both of great
importance in engineering design, however, the
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relationship between the performance of surface
and its geometry, constituting an element of geo-
metrical structure of the surface (GSS), is valued
as highly. Geometrical structure of the surface af-
fects numerous performance related properties,
e.g.: fatigue strength, wear strength, corrosion re-
sistance, contact strength, resistance of flow, wa-
ter-tightness of joints. Metrology of stereometric
properties of surface roughness enables predic-
tion of surface behaviour of a given element, or
in cooperation with other parts and the degree to
which a given element fulfils the designed func-
tions in operation. According to Polish technical
nomenclature, this combines the technological
and performance quality of an element [3].

A number of studies in the recent years have
undertaken the problem of modelling the machin-
ing process with the application of suitable mod-
els (mathematical analytic methods) and com-
puter systems (Statistica, Matlab) which employ
e.g. artificial neural networks when the process is
highly complicated and it is considerably difficult
to apply suitable mathematical formulas [5, 13].
Nevertheless, correct formulation of models re-
quires detailed input data, which will provide an
accurate description of an analysed process.

Turning processes rely to a considerable ex-
tent on error compensation of CNC lathe probes,
as it plays a decisive role in dimensional accu-
racy of a workpiece. Particular procedures of
compensation may be matched with given toler-
ance classes, especially for elements produced in
classes IT5 and IT6. The compensation procedure
may contribute to reducing tool wear (of tools ap-
plied in the compensation procedure), particular-
ly when the tools are used in the production plan
after the measurements [16].

CNC lathes find application when workpieces
of intricate geometry are machined. Their char-
acteristic technological flexibility makes it pos-
sible to adjust the machine easily and quickly to
a subsequent technological task. Even machining
complicated profiles of solids of revolution does

Object of the
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parameters

Fig. 1. General plan and object of the study
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not require applying additional instrumentation.
Constant modernisation of control systems, de-
velopments in the design of machine tools and
improvements in the lathe modules of CAM soft-
ware all contribute to extending the capabilities
of CNC lathes in manufacturing of an ever-wider
range of products [10].

METHODOLOGY AND AIM OF STUDY

Three types of aluminium alloys for plastic
working analysed in the study belong to the group
of precipitation hardened alloys. They represent
three alloy groups: group 2xxx (Al-Cu and Al-
Cu-Mg alloys), group 6xxx (Al-Mg-Si alloys)
and group 7xxx (Al-Zn-Mg and Al-Zn-Mg-Cu al-
loys). The analysed types of alloys (7075-T6511,
2024-T3511, 6082-T651) and the general plan of
the study are shown in Figure 1.

The process of turning, to which each of the
alloys was subjected in the study, was performed
on the DMG MORI CTX450 CNC turning ma-
chine with Sinumerik 840D digital NC system.
Turning was carried out with SVIBL 2525 M11
shank tool with VCGT 110302FN-25P insert of
corner radius r =2 mm, dedicated for machining
light alloys. Machining process was conducted
at constant depth of cut a =1 mm, and chang-
ing range of other technological parameters:
=0.05+0.15 mm/rev., v =700+900 m/min. Cut-
ting fluid was supplied throughout the cutting
process. The machined length was equal to L =
15 mm. Surface roughness was measured by
means of Hommel Tester T1000 profilograph,
and each measurement was repeated ten times.
The study analysed selected 2D surface rough-
ness parameters detailed in the standard PN-EN
ISO 4287:1999 [20]. The primary objective of
the study was to conduct comparative analysis of
different type aluminium alloys within the same
material group, and yet of distinct mechanical and
physical properties.

TEST RESULTS AND ANALYSIS

Bar charts in Figures 2+7 show changes of
surface roughness parameters (Ra, Rz, Rt, Rp,
RSm) as a results of change of cutting speed v,
and feed f.

Change of cutting speed v,

Figure 2 shows the response of Ra and Rz
surface roughness parameters to the change of
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Fig. 2. The effect of cutting speed v, change on surface roughness parameters:
a) Ra, b) Rz (f=0.11 mm/rev., ap=1 mm)
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Fig. 3. The effect of cutting speed v_ change on surface roughness parameters:
a) Rt, b) Rp (f=0.11 mm/rev., a=1 mm)

cutting speed v . Figure 2 indicates that Ra and
Rz are manifest negligible change at different
cutting speeds, and the recorded values remain
with the limit of Ra= 1.5um and Rz=5.9-6.5 pm.
Slightly lower values of Rz were observed in
7075 alloy (5.89-6.23 um). It may be considered
that the insignificant changes in the Ra and Rz
are irrelevant from the perspective of technology.
In order to evaluate the significance of differenc-
es suitable relevance tests should be conducted
(verification of the hypothesis of equality of vari-
ances and of average). It may be that increasing
the cutting speed, and consequently the efficien-
cy of machining, will not result in the decrease of
final surface quality.

Figure 3 shows the response of Rt and Rp
surface roughness parameters to the change of
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Fig. 4. The effect of cutting speed v, change on RSm sur-
face roughness parameter (f=0.11 mnvrev., a =1 mm)

cutting speed v_. It was concluded that for Rt
and Rp parameters, the change expressed in nu-
meric values was similar, regardless of change of
cutting speed v_. The value of Rt was within ap-
proximately 6.2—7 pm, whereas Rp =3.8—4.3 um.
In the case of the former parameter, its highest
values were recorded for 2024 alloy.

Figure 4 shows the response of RSm surface
roughness parameter to the change of cutting
speed v_. We shows that the change of cutting
speed v_in the analysed range does not affect the
average value of RSm parameter, which remains
at a constant 100 um, throughout the range of
cutting speeds.

Change of feed f

Figure 5 shows the response of Ra and Rz sur-
face roughness parameters to the change of feed f.
Distinct reaction of Ra and Rz parameters to the
change of feed was observed. Their values rise
with the increase in f, which confirms theoretical
knowledge. The values of the parameters in ques-
tion are: Ra~ 0.3-3.1 um and Rz= 2.1-14 um. As
in the case with the change of cutting speed v,
slightly lower values of Rz are observed for 7075
alloy (2.1-12.8 um).

Figure 6 shows the response of Rt and Rp sur-
face roughness parameters to the change of feed f.
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Fig. 5. The effect of feed change on surface roughness parameters: a) Ra, b) Rz (v =800 m/min, ap=1 mm)

J AL 2024 MAL 7075 M Al 6082
E ‘
005 007 009 011 0,13 0,15

f [mm/rev]

Al 202 WAL 7075 M Al 6082
16
E 8
2 4 -
o s aa lii
005 007 009 011 0,13 0,15
f [mm/rev]

Fig. 6. The effect of feed change on surface roughness parameters: a) Rt, b) Rp (v =800 m/min, a =1 mm)

We shows that Rt and Rp react strongly to the change
in feed f. Their average values increase with the in-
crease in feed and amount to: Rt= 2.4-14.7 pm and
Rp= 1.2-10.3 pm. For alloy 7075, both parameters
demonstrate slightly lower average values.

Figure 7 shows the response of RSm surface
roughness parameter to the change of feed f. It
was observed that increased values of the stan-
dard deviation for the RSm surface roughness
parameter appear for the range of feed =0.05—
0.07 mm/rev. From lower scatter of the param-
eter values we may infer a better stability of the
process (lower standard deviation as a measure of
the scatter of results). For the stable range of feed
=0.09-0.15 mm/rev. the average value of RSm
was within approximately 80—-130 pm.

CONCLUSIONS

Aluminium alloys analysed in this study be-
long to a group of precipitation hardened alloys
for plastic working. These types of alloys repre-
sent three groups of heat-hardened alloys.

The analysis of cutting parameters for the
represented types of aluminium alloys indicates
the critical role of correct selection of technologi-
cal parameters of cutting. The tests and measure-
ments performed in the present study may be con-
cluded by the following general observations:
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*  The results of the study indicate that there were
no significant differences between the quality of
surface of three analysed alloys, despite differ-
ent mechanical parameters of alloys in question.

Cutting speed v_at constant feed f does not
exert a considerable effect on the surface
roughness parameters.

* Increasing feed f results in a significant in-
crease in the surface roughness parameters,
due to increased surface profile.

High cutting speeds (v, <900 m/min) may be
employed without compromising the quality
of machined surface.

»  All three analysed aluminium alloys manifest
similar average surface roughness parameters
after turning.

WAl 2024 AL.7075 WAL 6082
120
‘E 80
2
0
007 009 0,11 0,13
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Fig. 7. The effect of feed change on RSm surface
roughness parameter (v, =800 m/min, a=l1 mm)
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An in-depth analysis of the effect of tech-
nological parameters of turning on particular
parameters of surface roughness should include
statistical analysis and analysis of 3D surface
roughness parameters.
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