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Abstract The performance of cutting tools can be drastically
affected by cutting edge preparation i.e. the presence of a
radius and/or a chamfer and their dimensions can alter cutting
forces and temperature and, consequently, tool life as well as
the surface quality of the machined component. The aim of
this work is to investigate the machinability of AISI 4140 steel
hardened to 40 HRC and 50 HRC when turning with coated
tungsten carbide inserts with various microgeometries
(brushed edges with distinct slopes). The following aspects
were considered: cutting force components, cutting tempera-
ture and machined surface roughness. In comparison with the
published literature, the novelty of the present work is related
to the investigation of the machinability of a hardened steel by
applying a large variety of customized non-commercial cut-
ting edge geometries. Differently from other studies, the paper
presents experimental results for temperature in the contact
zone employing different cutting edge geometries.
Moreover, in order to explain the results, an analysis of tool-
workpiece contact zone is carried out for each edge geometry.
The results indicated that cutting edge microgeometry affects

mainly the feed and passive force components, while the cut-
ting force, specific energy and cutting temperature are not
drastically altered. Finally, no clear relationship between
microgeometry and machined surface roughness was noticed,
although irregular marks on the roughness profile were found
when sharp edges were used (suggesting edge chipping) and
evidence of side flow was noted when rounded edges were
tested.

Keywords Turning .HardenedAISI4140steel .Cuttingedge
preparation . Cutting force . Cutting temperature . Surface
roughness

1 Introduction

Although hardness, toughness and chemical affinity with the
work material are critical aspects to be considered when
selecting the most appropriate cutting tool for a given opera-
tion, the influence of cutting edge geometry cannot be
disregarded, irrespectively of the work material properties
and operation severity. For instance, in spite of their low hard-
ness, the elevated ductility of aluminium alloys demands the
usage of cutting tools with a highly positive rake angle. In
contrast, a negative rake angle is crucial for the successful
machining of grey cast irons due to their fragile nature.
Furthermore, changes in tool geometry can drastically act up-
on cutting forces and temperature, which in turn will restrict
tool life and the quality of the machined component, thus
affecting production costs. However, for a given cutting edge
geometry, substantial improvements on the outputs of the op-
eration can be obtained by changing its microgeometry i.e. its
cutting edge preparation. More specifically, the association of
proper microgeometry with micro-grained tungsten carbide
has allowed the application of this tool grade to turning of
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steels with moderately high hardness, area previously domi-
nated by polycrystalline cubic boron nitride (PcBN) and
alumina-based ceramics.

Since de advent of PcBN tooling in the 1970s, the machin-
ability of hardened steels has been extensively investigated
aiming at replace cylindrical grinding and although the
tightest dimensional and geometric tolerances attainable by
grinding have not been obtained using single point cutting
tools, substantial benefits have been achieved concerning the
surface integrity of turned hardened steels. Benlahmidi et al.
[1] investigated the influence of the cutting parameters on the
machinability of hardened AISI H11 steel (40–50 HRC) sub-
jected to turning with PcBN tools and noticed that surface
roughness (Rt parameter) decreases with the elevation of cut-
ting speed and workpiece hardness and increases with the
reduction of feed rate, while the influence of depth of cut
was considered negligible. Tang et al. [2] reported that in-
creasing workpiece hardness from 51 to 62 HRC leads to
the elevation of the process forces; however, a further increase
to 65 HRC results in the reduction of the forces, probably
caused by the increase in brittleness and consequent reduction
of the tensile strength of the work material.

In general, hard turning is accomplished employing round
or chamfered cutting edges (or their combination) which are
used; nevertheless, they can be generated through distinct op-
erations such as grinding, brushing and blasting and with par-
ticular features governing their performance. An alternative
technique for edge preparation is presented by Yussefian
et al. [3], who used electrical discharge machining to generate
distinct edge hones and chamfers with the aid of an especially
designed counterface. The results showed narrower scatter in
the dimensions of the edges and longer tool lives in compar-
ison with conventionally prepared cutting edges when facing
annealed AISI 1045 steel with high speed steel tools. A low
cost laser marking equipment was used by Aurich et al. [4] to
generate edge radii ranging from 9 to 47 μm on uncoated
cemented carbide tools applied to face milling of cast iron,
and the findings indicated that longer tool lives and better
machined surface roughness were obtained by the laser round-
ed edges in comparison with a commercial product.
Additionally, the performance of the prepared tools improved
with the dimension of the generated hone radius. Two distinct
approaches for edge honing of tungsten carbide inserts used
for turning of austenitic stainless steel were tested by
Fernández-Abia et al. [5]: blasting of glass microspheres and
drag-grinding, in which the inserts describe a planetary mo-
tion inside an abrasive medium. The inserts were further coat-
ed and the tests indicated that drag-grinding promoted lower
process forces and machined surface roughness together with
a more uniform tool wear.

Laser-textured patterns were produced on the rake face of
tungsten carbide inserts used for turning of AISI 4340 steel
hardened to 55 HRC [6]. In order to reduce friction, the

cavities were filled with a solid lubricant (CaF2) prior to the
turning tests and the influence of five texture parameters (dis-
tance from the cutting edge, area width, pitch, diameter and
depth of the cavities) on process forces was investigated. The
findings indicated that pitch distance presented the most sig-
nificant influence on process forces; however, significant in-
teraction was observed between distance from the edge, area
width and pitch distance.

In their classic work, Thiele and Melkote [7] investigated
hard turning of a bearing steel using PcBN tooling with dis-
tinct microgeometries: commercially available (nominal radi-
us of 25.4 μm), intermediate honed edges (radii ranging from
to 76.2 to 127 μm), large honed edges (101.6–152.4 μm) and
chamfered edges (114.3 μm × 17o). The findings indicated
that statistically significant changes in the cutting force were
observed for extreme values of edge hones (the larger the
radius, the higher the cutting force), while the thrust force
(resultant of the passive and feed forces) increased with edge
radius. Edge preparation was found to be more influential on
the thrust force than feed rate and as far as the surface rough-
ness (Ra parameter) is concerned, its value increased with
hone radius, although the influence of the latter decreased with
the elevation of workpiece hardness. The influence of the
cutting edge radius (ranging from 100 to 1200 μm) on tool
wear and process forces when turning a case-hardened steel
with PcBN tools was carried out by Meyer et al. [8], who
noticed that the flank wear rate decreased with the elevation
of edge radius, presenting little variation for edge radii above
400 μm. In contrast, the passive force increased remarkably
with edge radius followed by the cutting force, while the feed
force was much less affected.

Chinchanikar and Choudhury [9] proposed a model to pre-
dict the process force evolution with tool wear when hard
turning AISI 4340 steel (35 and 45HRC) with coated tungsten
carbide inserts and found that a satisfactory agreement be-
tween the experimental and modelled values was obtained
for gradual flank wear values below 0.2 mm; however, the
difference between both approaches increased as tool wear
progressed, probably owing to the influence of cutting edge
chipping.

A comparison between the performances of chamfered
(0.1 mm × 25°) and honed (rβ = 20 μm) PcBN tools in or-
thogonal cutting of hardened hot work die steel was carried
out by Özel [10], who noted that higher process forces were
recorded when cutting with the chamfered tool due to the
decrease in the effective rake angle. In contrast, finite element
simulations indicated that higher temperatures in the tool-chip
interface were found using the honed tool. Similarly, Denkena
et al. [11] studied the effect of edge honing (based on the
cutting edge segments on the flank and rake faces, Sα and
Sγ, respectively) on the normalized resultant force F’z
(N/mm) and temperature near the cutting edge of cemented
tungsten carbide tools in orthogonal cutting of AISI 1045
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medium carbon steel. The results showed that neither the nor-
malized resultant force nor the cutting edge temperature were
affected by changes in the value of Sγ, whereas the elevation
of Sα led to higher normalized resultant force. Kurt and Seker
[12] investigated the influence of the chamfer angle on the
cutting and passive forces in hard turning of a bearing steel
using PcBN tools and noted that both the cutting and passive
force components were elevated when the chamfer angle in-
creased from 0° to 30°. Moreover, the passive force was more
affected than the cutting force.

As far as the effect of edge geometry on tool wear is con-
cerned, Chen et al. [13] compared the tool lives of honed and
chamfered PcBN tools when turning a hardened tool steel and
noticed that longer tool life was obtained employing the latter
microgeometry. Moreover, while abrasion was the principal
wear mechanism observed on chamfered tools, the life of
honed tools was limited by abrasion at lower feed rate and
by catastrophic failure at higher feed rate. Interestingly, higher
temperatures were numerically estimated at the cutting edge
when the chamfered tool was used, probably due to the larger
workpiece stagnation zone (chip speed close to zero), which
could act as a protective layer and prevent tool wear. Similar
results concerned with the life of mixed alumina tools in hard
turning of a tool steel were reported by Davoudinejad and
Noordin [14], who also noticed that lower surface roughness
was obtained using a chamfered tool, although the honed in-
sert provided a more steady roughness behaviour with the
evolution of tool wear.

Finite element modelling was employed by Khalili and
Safaei [15] to simulate orthogonal cutting of a low alloy steel
using chamfered cemented carbide tools. The presence of a
stagnation zone in the cutting edge was identified; however, a
larger degree of straining was noted in the lower region of the
flank face not protected by the stagnation zone, which could
lead to accelerated flank wear rates. Similar work was carried
out by Denkena et al. [16], though focused on honed tools.

The findings suggested that the size of the stagnation zone
increased with edge radius and was larger for symmetrically
rounded than for asymmetrically rounded edges. Furthermore,
in the latter case, the influence of Sα (cutting edge segment on
the flank face) was much larger than the influence of Sγ (cut-
ting edge segment on the rake face), considered negligible.
Consequently, the feed force increased significantly with Sα
and was not affected by Sγ and the location of the maximum
cutting temperature shifted to either the flank face or to the
rake face with the respective increase in Sα or Sγ.

Denkena and Biermann [17] report that investigations con-
cerned with the influence of cutting edge preparation have
received considerable attention over the last years, with a dra-
matic increase in the number of published papers since 2002.
Nevertheless, the authors state that several questions regarding
the integrity of the tool and cutting performance remain unan-
swered. Within this scenario, this work offers a more compre-
hensive approach in which the relationships between cutting
force components, cutting temperature and machined surface
finish are addressed when turning AISI 4140 steel with two
levels of hardness and employing micro-grained tungsten car-
bide inserts with a wide range of microgeometries.

2 Experimental procedure

Bars of AISI 4140 low alloy high strength steel (diameter of
75 mm and length of 300 mm) were quenched and tempered
to reach two levels of hardness: 40 ± 1 HRC and 50 ± 1 HRC.
Tungsten carbide inserts ISO grade H20 and geometry SNMN
120408 were used as cutting tools and the selected
microgeometries were produced through brushing with a
KUKA KR16 industrial robot using 240 mesh SiC brushes.
After brushing, the inserts received a TiAlN coating layer by
physical vapour deposition. As material removal during
brushing corresponds to a force-linked operation, the

Fig. 1 a Brushing setup, b
experimental setup for cutting
forces measurement and c
microgeometry parameters and
selected Sα and Sγ values

Int J Adv Manuf Technol (2017) 90:2557–2565 2559



following parameters (Fig. 1a) should be set through an itera-
tive process in order to achieve the correct edge geometry:
brush rotation (n), penetration depth (az), feed speed (vf) and
inclination angle (ϕ). Each insert edge was prepared by two
steps: material removal with positive brush rotation direction
(brushing at the rake face–adjustment of Sγ) and material re-
moval with negative brush rotation direction (brushing at the
flank face–adjustment of Sα). The applied parameters are
shown in Table 1.

Continuous dry turning tests were performed on a CNC
lathe at constant cutting speed and depth of cut (90 m/min
and 0.5 mm, respectively) and using two levels of feed rate
(0.15 and 0.30 mm/rev). During the trials, the three compo-
nents of the resultant force were measured with a Kistler pie-
zoelectric dynamometer model 9121 connected to a National
Instruments acquisition board model BNC 2110. The temper-
ature of the chip at the rake face was measured with a Raytec
Marathon MM2ML infrared pyrometer (emissivity adjusted
to 0.76 at a temperature of 300 °C). Finally, average roughness
(Ra) of the machined surface was measured with a Taylor

Hobson Form Talysurf 50 roughness metre set to a cut-off of
0.80 mm. Measurements of process forces, cutting tempera-
ture and surface roughness were carried out along a workpiece
length of 20 mm. Fresh cutting tools were always used in
order to avoid the influence of tool wear on the investigated
outputs. Two replicates were conducted for each cutting con-
dition and the average value was used to plot the
graphs.Figure 1a shows the experimental setup for brushing,
Fig. 1b shows the experimental setup for cutting forces mea-
surement and Fig. 1c presents the microgeometry parameters
as well as the selected Sα and Sγ values.

3 Results and discussion

The values for Sα and Sγ before and after coating (assessed
using a GFMMikroCAD scanner) are presented in Fig. 2a, b,
respectively, where it can be noted that accuracy decreases and
scatter increases after coating and with the elevation of Sα and
Sγ. Furthermore, it can be seen that the cutting edges

Fig. 2 Actual values for Sα and
Sγ after brushing and coating

Table 1 Brushing parameters
Sγ
[μm]

Sα
[μm]

First step Second step

n [rpm] az [mm] vf [mm/s] ϕ [°] n [rpm] az [mm] vf [mm/s] ϕ [°]

60 30 2100 0.5 1.0 60 −1200 0.2 5.0 45

30 30 2000 0.5 1.0 47 −1200 0.2 1.0 42

50 50 2000 0.6 1.2 55 −1500 0.5 1.2 35

30 60 1950 0.5 1.0 50 −1750 0.5 1.0 30

100 50 2400 0.5 0.2 60 −1300 0.2 2.0 45

100 100 2300 0.5 0.4 60 −1950 0.5 0.7 35

50 100 2200 0.3 0.9 50 −2200 0.3 0.6 30
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considered sharp possess average Sα and Sγ values of, respec-
tively, 13.1 and 11.6 μm. Table 2 summarizes the experimen-
tal results obtained after the turning tests.

Figure 3 shows the force components obtained when turn-
ing employing different edge geometries at two levels of feed
rate and workpiece hardness. Irrespectively of the
microgeometry, the increment in feed rate for both workpieces
has mainly affected the cutting force (Fc) with an increase of
approximately 25 % due to the larger shear area. This increase
is not proportional to the feed rate elevation due to a nonlinear
decrease in the specific cutting force typically observed when
feed rate is elevated. Considering the greater difficulty in
shearing the work material by all kinds of edge geometries,

an increase in workpiece hardness leads to an increase in the
passive (Fp) and feed (Ff) forces. In general, the passive force
increased nearly 100 %, while the feed force presented an
increase of approximately 50 %. The cutting force remained
approximately constant as workpiece hardness was elevated.

In hard turning, cutting edge rounding is typically applied
in order to reinforce the cutting edge and increase tool life by
avoiding edge chipping. This should lead to a more stable
process and gradual tool wear. However, a decrease in sharp-
ness due to cutting edge preparation causes higher chip defor-
mation and, consequently, higher process forces. Moreover, in
comparison with sharp edges, rounded edges can increase
tool-workpiece contact length and the friction between tool

Table 2 Experimental results

Sγ × Sα
[μm × μm]

Fp [N] Ff [N] Fc [N] Fthr/Fc [–] e [J/mm3] T [°C] Ra [μm]

Sharp 205.8 144.0 325.3 0.8 4337.1 535.0 –

60 × 30 282.6 188.8 349.9 1.0 4665.1 572.5 –

30 × 30 245.3 163.8 345.7 0.9 4609.2 608.2 –

40 HRC 100 × 50 309.0 196.6 337.5 1.1 4499.7 523.0 –

f = 0.15 mm 50 × 50 314.0 188.9 351.2 1.0 4682.7 579.8 –

30 × 60 322.8 188.8 351.4 1.1 4684.7 639.0 –

50 × 100 578.2 283.0 400.1 1.6 5334.5 567.5 –

100 × 100 508.2 264.5 383.4 1.5 5112.1 546.3 –

Sharp 257.7 152.0 466.2 0.6 3108.3 474.5 4.0

60 × 30 315.8 171.7 445.1 0.8 2967.4 484.6 4.9

30 × 30 266.0 150.2 436.4 0.7 2909.6 480.2 5.3

40 HRC 100 × 50 414.1 221.5 510.0 0.9 3400.0 456.6 4.6

f = 0.30 mm 50 × 50 349.4 177.1 449.2 0.9 2994.9 502.4 5.0

30 × 60 436.9 202.1 487.0 1.0 3246.9 442.9 4.2

50 × 100 518.6 222.4 489.2 1.2 3261.3 455.0 4.6

100 × 100 633.8 281.2 561.2 1.2 3741.0 486.9 5.4

Sharp 262.2 172.2 393.1 0.8 5241.5 585.0 –

60 × 30 480.1 330.3 424.3 1.4 5656.9 612.5 –

30 × 30 444.1 245.4 385.6 1.3 5141.1 615.0 –

50 HRC 100 × 50 617.8 319.6 341.1 2.0 4547.7 618.8 –

f = 0.15 mm 50 × 50 703.5 355.4 401.6 2.0 5354.7 632.5 –

30 × 60 812.8 401.1 408.5 2.2 5446.7 669.5 –

50 × 100 1415.9 614.1 459.2 3.4 6123.2 570.0 –

100 × 100 1063.8 455.4 392.2 3.0 5229.1 605.0 –

Sharp 492.7 244.8 495.6 1.1 3303.8 535.0 3.3

60 × 30 531.1 267.4 468.6 1.3 3123.7 572.5 4.8

30 × 30 512.9 241.1 459.4 1.2 3062.5 608.2 3.9

50 HRC 100 × 50 704.7 261.6 428.7 1.8 2858.2 523.0 4.9

f = 0.30 mm 50 × 50 672.6 307.3 474.2 1.6 3161.6 579.8 5.0

30 × 60 843.8 328.3 463.0 2.0 3086.5 639.0 4.1

50 × 100 967.9 285.3 389.5 2.6 2596.3 567.5 4.5

100 × 100 1114.0 373.1 466.0 2.5 3106.7 546.3 5.7

Fp passive force, Ff feed force, Fc cutting force, Fthr thrust force, e specific energy, T temperature, Ra average surface roughness
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and workpiece. Though edge preparation enhances edge sta-
bility, such side effects can impair the operation. From the left
to the right side of Fig. 3, there is a reduction in edge sharpness
with a consequent increase of tool-workpiece contact length lk
(observed from the normal plane, see Fig. 4). The bluntness of
the edge makes it harder to penetrate the workpiece material,
causing an increase of both passive and feed forces, which are
more sensitive to changes in microgeometry than the cutting
force. Due to the fact that tool nose radius (rε = 0.8 mm) is
larger than depth of cut (ap = 0.5 mm), the uncut chip thick-
ness decreases towards the tool tip and most of the chip is
formed at the rounded edge at highly negative rake angles;
thus, ploughing becomes dominant. Since the force related to
this phenomenon is projected on the plane perpendicular to
cutting direction, the passive and feed force components are
more affected. Similar results were observed by Meyer et al.

[8], who tested different edge radii, and Kurt and Seker [12],
who varied the angle of chamfered edges.

Higher forces are mainly obtained by employing higher
values of Sα due to a more dramatic increase in the contact
length compared to higher Sγ values. These findings agree
with the results reported by Denkena et al. [11], Denkena
et al. [16] and Basset et al. [18].

The growth rate of the cutting force is not as significant as
that observed for the passive and feed forces, as the former is
mainly related to shearing of the work material. Thus, the
effect of microgeometry on the forces can be better observed
by the analysis of the ratio between the resultant force on the
tool reference plane (thrust force) and the cutting force. High
thrust forces can impair workpiece dimensional tolerances and
therefore must be avoided. An increase in this ratio for blunter
tools can be observed in Fig. 5a. Considering both feed rates,

Fig. 3 Resultant force
components measured for
different edge geometries, feed
rates and workpiece hardness
values

Fig. 4 Tool-workpiece
engagement considering different
edge geometries
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thrust force is higher for the last two microgeometries
(Sα = 100 μm × Sγ = 50 μm and rβ = 100 μm). By increasing
workpiece hardness, however, cutting force is equal or higher
than the thrust force (thrust force/cutting force ≤1) only for the
sharp tool (Fig. 5b) due to the higher material strength. An
increase in feed rate corresponds to an increase in the uncut
chip thickness and, therefore, leads to a reduction of the ratio
between thrust and cutting forces.

Regarding cutting efficiency, specific energy was not al-
tered by microgeometry, see Fig. 6a. As changes in cutting
force with microgeometry are not significant, the uncut chip
thickness does not depend on it and the thrust force does not
affect cutting power; therefore, energy consumption is not
changed by microgeometry. However, increasing workpiece
hardness leads to a slightly higher specific energy, while the
increase in feed rate reduces the specific energy by 25 %, thus
elevating cutting efficiency. These results can be compared
with Fig. 6b, which shows that chip temperature is also ap-
proximately constant for the different edge geometries tested

and increases slightly with workpiece hardness. As most of
the mechanical energy is converted into thermal energy during
cutting, the specific energy can be directly related to heat
generation. Therefore, the evolution of temperature should
comply with the general behaviour of specific energy, as pre-
viously depicted. Discussions focused on cutting efficiency
were not found in the literature, though some authors [10,
13] observed distinct cutting temperatures by simulating the
application of different edge geometries through finite ele-
ment methods. Nevertheless, there is no agreement among
the reported results.

The effect of microgeometry on the machined surface av-
erage roughness (Ra) can be observed in Fig. 7a. For both
workpiece hardness values, surface roughness presents ap-
proximately the same level (Ra ≅ 4–5 μm), and a clear rela-
tionship with edge geometry is not observed. In contrast,
Thiele andMelkote [7] reported that an increase of edge radius
leads to higher values of surface roughness; however, these
authors noted that the influence of edge radius decreased at

Fig. 5 Ratio between thrust and
cutting force for different edge
geometries and feed rates: a
workpiece hardness of 40 HRC
and b workpiece hardness of 50
HRC

Fig. 6 a Specific energy and b
chip temperature for different
edge geometries, feed rates and
workpiece hardness values
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higher workpiece hardness values, thus supporting the pre-
sented results.

The usage of a sharp edge leads to the lowest roughness
values, while an edge preparation possessing rβ = 100 μm
leads to the highest Ra values. This is associated, respectively,
with the smallest and largest material deformations during
chip formation, demonstrated by the cutting force compo-
nents. A non-smooth roughness profile was generated by the
sharp edge when compared to the profiles obtained using
rounded edges (Fig. 7b), since higher edge chipping of the
sharp tool is responsible for leaving irregular marks on the
machined surface. Similar marks are also observed in the val-
leys of the roughness profile generated by honed cutting
edges, but these can be attributed to the reduced chip thickness
in that region, which causes high material deformation and
consequent side flow, thus impairing workpiece surface, espe-
cially in the case of the material with lower hardness (more
ductile).

4 Conclusion

After conducting continuous dry turning tests on AISI 4140
steel with two levels of hardness (40 HRC and 50 HRC) using
PVD-coated tungsten carbide tools with seven different cut-
ting edge microgeometries (distinct values of both the cutting
edge segment on the flank face—Sα and the cutting edge
segment on the rake face—Sγ) including symmetric
(Sα = Sγ) and asymmetric (Sα ≠ Sγ) edge preparations, the
following conclusions can be drawn:

& Cutting edge preparation affects mainly the passive and
feed forces (Fp and Ff, respectively), which increase with
Sα and Sγ due to the more dominant ploughing effect
caused by blunter tools (greater tool-workpiece contact

length). As a consequence, Fp and Ff recorded for sharp
tools (262 and 172 N, respectively) increased to 1064 and
455 Nwhen tools with Sα = Sγ = 100 μmwere used to turn
AISI 4340 steel hardened to 50 HRC at a feed rate of
0.3 mm. High thrust forces can impair the machined sur-
face quality; however, this damage can be avoided by
applying reduced edge hones. As these force components
did not affect the cutting forced drastically (maximum
variation of 35 % throughout the test programme), varia-
tion of microgeometry did not change the specific energy
and consequently, the chip temperature (maximum value
of T = 669 °C when turning the specimen hardened to 50
HRC at a feed rate of 0.15 mm).

& In general, an increase in feed rate from 0.15 to 0.30 mm
contributes to the reduction of thrust/cutting force ratio
and specific energy, more notably when tools with larger
Sα and Sγ values are used. In contrast, chip temperature
was not substantially affected by the elevation of feed rate,
probably owing to the fact that thicker chips aided to con-
duct the generated heat away from the cutting zone.

& The elevation of workpiece hardness from 40 HRC to 50
HRC led to higher passive and feed forces due to the
increased shear strength of the workmaterial, thus causing
higher temperatures and a slight increase in the specific
energy.

& With regard to the average surface roughness of the
machined surface, values ranging from 3.3 to 5.7 μm
were recorded after turning the specimens at a feed
rate of 0.30 mm without a clear trend indicating the
influence of cutting edge preparation. Due to edge
chipping, irregular marks on the roughness profile
were noticed when a sharp edge was employed.
Marks on the valley of the profile were observed after
turning with rounded edges, this phenomenon being
possibly related to work material side flow.

Fig. 7 a Effect of microgeometry
and workpiece hardness on
average surface roughness
(f = 0.3 mm/rev). b Roughness
profile generated by a sharp and
an edge prepared with rβ = 50 μm
(workpiece hardness of 40 HRC,
f = 0.3 mm/rev)
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