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Abstract. Surface quality and energy consumption are two widely studied topics of hard machining. Due
to the increasing need of companies for new, more efficient materials, tools and procedures, their
manufacturers or suppliers have to deliver innovative solutions from time to time. In this study the latest
development of a hard turning insert manufacturer is used in comprehensive machining experiments to
show how the new tool (a wiper insert) behaves compared to its standard counterpart. Based on surface
roughness and machining force measurement and analysis, this efficiency is proved by quantitative
results: the wiper geometry ensures significantly better surface quality, while the energy consumption of
the used machine tool is considerably lower.
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1. INTRODUCTION

The high quality of machined components plays a significant role in the
planning of production process, and can be achieved, among other approaches, by a
comprehensively planned technological process that ensures suitable surface quality
and part accuracy. To remain competitive, the latest innovation must be used in
machining technology, which in the world of machining metallic materials means
new machines, materials, procedures, jigs and tools. In hard turning, cutting tools
are continuously being developed by their manufacturers and a wide range of
applications is covered by various solutions concerning tool materials or geometries

[1].

3D surface roughness analysis is a developing are of qualifying functional
surfaces. The 3D topography parameters provide more information about the
analyzed surface than 2D because of the number of detected points. At the same
time, a wider range of reliable parameters are available [2, 3]. 3D measurement is
not so efficient than the 2D one but it is widely applied by high-tech companies [4].

The 3D analysis can also provide information about the effectiveness of the applied
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cutting procedure [5]. Not only the innovative variants of turning and grinding [6-8]
but also relative new technologies have been analyzed recently by topography
studies, such as additive techniques [9, 10] or precision milling [11].

Cutting force analysis provides the basis for rough estimation about the
energy consumption of a machine tool. Numerous studies have been published in
precision hard machining [12, 13] and within that, hard turning topics; and the
majority of them focus on the efficiency of the technology [14, 15], the surface
integrity [16, 17] and part accuracy [18], the prediction of tool life or physical
phenomena of the cutting process [19-21]. Many of the studies focus on the
appropriate selection of technological data [22-24].

In this study the results of a machining experiment are introduced. The
roughness of the machined cylindrical surfaces and the machining forces were
measured and analyzed. The machining was carried out by standard insert and then
by its wiper counterpart. The goal was to determine whether the wiper insert
provides lower energy consumption due to the lower cutting forces and favorable
surface quality due to the lower values of surface roughness. For the force
measurement the cutting force (F¢), passive force (Fp) and feed force (Fr) were
analyzed. For the roughness measurement the arithmetic mean height (Sa) 3D
topography parameter was analyzed.

2. EXPERIMENTAL METHOD

In the machining experiment 18 external cylindrical surfaces (S1 — S18) with
diameter 60 mm were hard turned by two variants (standard and wiper) of a turning
insert type 4NC-CNGA 12048. The machined material was case hardened 16MnCr5
steel, the applied machine tool was a hard machining centre type EMAG VSC 400
DDS. The hard turning experiment was carried out dry. In the experiment the depth-
of-cut (ap) was fixed at 0.2 mm; the cutting speed (v¢) and the feed rate (f) were
varied. The experimental plan and the applied technological data are demonstrated
in Table 1.

Table 1. Experimental plan

cutting speed, vc [m/min]
feed rate,
Insert
f[mmirev] | 120 180 240
0.04 S1 S7 S13
Standard
0.12 S2 S8 S14
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0.2 S3 S9 S15
0.04 S4 S10 S16
Wiper 0.12 S5 S11 S17
0.2 S6 S12 S18

For the force measurement, a 3-channel dynamometer, type Kistler 5011 was
used. After acquisition, the data were processed by the MATLAB software.

After machining, the surfaces were scanned by a 3D topography measuring
and analyzing equipment type ALTISURF 520. The applied sensor was a confocal
chromatic one type CL2 of which resolution is 0.012 pm in zand 1 pm in x and y
directions. The evaluated area of each surface was 2 x 2 mm, which resulted in 2
million detected points. The applied cut-off lengths were 0.08; 0.25; and 0.8 mm
according to the specifications of 1SO 25178. The raw data were processed and
analyzed by the software Altimet Premium and Origin Lab.

The material was case hardened before machining, the microstructure of it
was martensitic with HRC hardness 60—63.

3. RESULTS OF FORCE MEASUREMENT AND SURFACE
TOPOGRAPHY ANALYSIS

The three components of the machining force were analyzed separately:
cutting, feed and passive force. All three of them showed significant differences
when the feed rate or the tool geometry were varied. Varying the cutting speed
resulted in only a slight difference in the force components. The F. cutting force
values varied between 41.9 and 142.7 N and between 37.7 and 122.7 N when the
standard or wiper insert was used, respectively. The force values slightly decreased
with the increase of cutting speed. The percentage difference between two
consecutive cutting speed values changed by 0.3-6.4%. The F values increased by
the increase of the feed rate. When the standard insert was used, two consecutive
force component values changed by 44-126%; and when the wiper insert was used,
these changes varied between 41 and 107%. This means that the F. force component
ranges were closer to each other when the machining was carried out by wiper insert.

In Fig. 1 the F¢ values are demonstrated. At the applied cutting speed levels
the F¢ values decreased by 4.5-15.9% when the wiper insert was used compared to
the results of the standard insert. The decreases were more emphasized at higher feed
rates: 14-15.9%. This means that lower cutting forces can be reached with the wiper
insert compared to the standard tool geometry.
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The F, passive force values varied between 70.3 and 163.1 N and between
65.2 and 126.3 N when the standard or wiper insert was used, respectively. The force
values slightly decreased with the increase of cutting speed. The percentage
difference between two consecutive cutting speed values changed by 0.2—7.3%. The
Fp values increased with the increase of the feed rate. When the standard insert was
used, two consecutive force component values were changed by 28—-69%; and when
the wiper insert was used, these changes varied between 24 and 48%.

v, = 120 m/min v, = 180 m/min V. = 240 m/min
160
140 -15.4%
120
. 100
Z
= 80
T
60
40
20
= 0 Standard Wiper Standard Wiper Standard Wiper
£ |00.04 43.8 41.9 43.7 395 41.9 37.7
g 00.12 99.0 85.4 93.6 80.3 90.4 78.0
— |m0.2 142.7 122.7 136.7 115.6 130.6 109.7

Figure 1. Cutting force (Fc) values of hard turning

In Fig. 2 the F, values are demonstrated. At the applied cutting speed levels
the F, values decreased by 7.2-23.9% when the wiper insert was used compared to
the results of the standard insert. The decreases were more emphasized at higher feed
rates: 20.7-23.9%. This means that compared to the standard tool geometry, lower
cutting forces occur when the wiper insert is used. Compared to the F. cutting force
component values; the F, passive force values are significantly higher, which is one
of the main characteristics of hard turning. The reason for this is the negative rake
angle designed for hard turning inserts.
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Ve =120 m/min V. = 180 m/min v, = 240 m/min
160
140
120
100
Z
~ 80
[N
60
40
20
0
= Standard Wiper Standard Wiper Standard Wiper
£ |00.04 74.6 68.6 72.7 65.4 70.3 65.2
E @0.12 126.2 101.2 118.2 94.8 113.6 92.7
« |m0.2 163.1 126.3 154.7 117.7 1454 115.3

Figure 2. Passive force (Fp) values of hard turning

The F; feed force values varied between 24.4 and 50.5 N and between 18.2
and 37.3 N when the standard or wiper insert was used, respectively. The force
values slightly decreased with the increase of cutting speed. The percentage
difference between two consecutive cutting speed values changed by 0.2-15.3%.
The F¢ values increased with the increase of the feed rate. When the standard insert
was used, two consecutive force component values changed by 14-56%; and when
the wiper insert was used, these changes varied between 12 and 47%.

In Fig. 3 the F¢ values are demonstrated. At the applied cutting speed levels
the F+ values decreased by 22.3-33% when the wiper insert was used compared to
the results of the standard insert. The decreases were more emphasized at the middle
feed rate (f = 0.12 mm/rev) than in the cases of the lowest and the highest cutting
speed levels (120 and 240 m/min): 32.6 and 33%, respectively; and was 32.9% lower
at the highest feed rate (f = 0.2 mm/rev) in the case of the 180 mm/rev cutting speed
level. This also means that lower cutting forces can be achieved with the wiper insert
than with the standard tool geometry. Compared to the F. and F, force component
values; the Fs feed force values are significantly lower.

The most commonly used topography parameter, the arithmetic mean height
(Sa), was analyzed to obtain information about the connection between that and the
introduced force components. S, values varied between 0.07 and 1.34 um. Although
these values resulted from an experiment where the applicability ranges of two
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technological parameters (v and f) were set, technological parameters that result in
lower topography values are recommended in precision finish operations.

Vv, = 120 m/min vV, = 180 m/min vV, = 240 m/min
160
140
120
= 100 -26.8 % -32.9% -26.0 %
E" 80 -32.6 % -23.4% -33.0%
60 |-24.1% -22.3% -25.3%
40
20
= 0 Standard Wiper Standard Wiper Standard Wiper
g 0.04 28.9 219 25.5 19.8 244 18.2
E 0.12 44.0 29.7 38.1 29.2 38.1 25.5
— [m0.2 50.5 37.0 48.8 32.7 43.4 321

Figure 3. Feed force (Fr) values of hard turning

In many of the cases the S, values decreased slightly with the increase of
cutting speed; however, this technological parameter cannot be the basis of Sa
minimization. At the same time, the S, values decreased significantly with the
decrease of feed rate. When the feed rate decreased from the highest (0.2 mm/rev)
to the lowest (0.04 mm/rev) value, the S, values decreased by 90-93% and by 64—
81% when the standard or wiper insert were used, respectively.

In Fig. 4 the S, values are given. In most of the cases the S, values decreased
when the wiper insert was applied. At the 0.2 mm/rev feed rate this decrease was
between 67 and 74% and at 1.12 mm/rev between 69 and 74%. At the lowest feed
rate (0.04 mm/rev) the decrease was between 13 and 46% for the two higher cutting
speeds; however, at the lowest (120 m/min) a 50% decrease was obtained for the S,
value.

In Figs. 5 and 6 the connections between the S, topography values and the
force components are demonstrated. When the standard insert was used, the S, values
formed well-separated areas based on the feed rates. At the same time, similar areas
can be observed for the different force components. It can be stated that the lowest
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Sa values can be reached at 0.04 mm/rev feed rate and at this level, all the force
components are minimal (Fig. 5).

15

Ve = 120 m/min

Vv, = 180 m/min

vV, = 240 m/min

10 67%
= -714%
=
[1:3
1%}
0.5
I @
00 wll
= ) Standard Wiper Standard Wiper Standard Wiper
£ |D0.04| 0.106 0.160 0.132 0.071 0.093 0.081
g @0.12| 0.586 0.176 0.568 0.175 0.546 0.140
< [mo2 | 1342 0.441 1321 0.369 1.336 0352

Figure 4. Arithmetic mean height (Sa) values of hard turned surfaces

When the wiper insert was used, such clear areas cannot be designated (Fig.
6). The S, values can be separated clearly only at the highest feed rate, but the F,
and F¢ values are nearly identical at this level. The most easily separable area for the
force components is that belonging to the lowest feed rate; however, in this case the
Sa values form an overlapping set with values belonging to the middle feed rate. This
means that the technological parameter-based planning strategy is not as obvious as
when using the standard insert. Similar results were found by Nagy [25].
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Figure 5. Connections between the Savalues and the force components when standard insert
was applied
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Figure 6. Connections between the Sa values and the force components when wiper insert
was applied

Apart from the not perfectly clear technological data-based area designation,
it can also be stated that the use of the wiper insert leads to significantly lower
machining forces and the technological parameter values that result in the lowest
force values also provide the lowest S, values. This means that high-quality surfaces
can be machined using low machining forces, i.e. energy consumption is reduced.

4. CONCLUSIONS

In the introduced machining experiments, where two variants of a cutting
insert (standard and wiper) were compared, the technological parameter values v
and f were varied in the ranges recommended by the tool manufacturer. The
following findings were obtained. The lowest cutting force (Fc), passive force (Fp)
and feed force (Fs) values were obtained at the highest cutting speed (240 m/min)
and the lowest feed rate (0.04 mm/rev) when the depth-of-cut was fixed. The lowest
Sa topography values (lower than 0.1 um) were obtained at the lowest feed rate and
at 180 and 240 m/min cutting speeds. These results are valid in the analyzed
technological data ranges.
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BixTop Momnsrap, ['eprens Cabo, MimkomnsIl, YTopImH

MOPIBHAHHSA TEOMETPII PI)KYUOI'O IHCTPYMEHTY HA OCHOBI
CHJI PI3BAHHS I IOPCTKOCTI TOYEHUX ITOBEPXOHb

AHoTauis. VYV mokapuiii  00pobyi 3aeapmosanux cmanei  pidxcydi  iHCMpYMeHmu  NOCMIUHO
PO3POOIAIOMBCA iX BUPOOHUKAMU, | WUPOKULL CHEKMP 3ACMOCYBAHHS OXONTIOEMbCS PISHUMU PIUEHHAMU,
WO CMOCYIOMbCsL IHCMPYMEHMAIbHUX Mamepianie abo eeomempii. ¥ ybomy docniodicenti npedcmagieni
pe3yibmamuy  eKchepumenmy 3 Mexauiunoi o06pobku. Bumiprosaru ma amanizyeanu wopcmxicno
00pOONIOBAHUX YUTTHOPUYHUX NOBEPXOHb MaA 3yCculis 00pobku. Mexaniuna o6pobka 30ilicHi08anACs
CIMAaHOapmHo0 8CMABKOI0, a NOMIM ii aHano2om nicisi 00600Ku. Mema noaseana 8 momy, wo6
BUBHAUUMIL, YU 300e3neUye 6CMAGKA Nicis 00B00KU MEHULE eHeP2OCNONCUBAHH 30 PAXYHOK MEHUUX CUT
DI3aHHA MA CNPUAMAUGY AKICMb NOBEPXHI 304 PAXYHOK HUDICUUX 3HAYEHb WOpcmKocmi noeepxui. Jlns
eumipioganis cunu Oynu npoananizoeani cuna pisanna (Fe), nacusna cuna (Fy) i cuna nooaui (Fy). [Ansa
BUMIPIOBAHHA — wiopcmkocmi  6yn0  npoananizoeano napamemp 3D monoepaii  cepednvozo
apupmemuunozo 3navenns eucomu (Sa). Jns UMIpIOGAHHA CUTU BUKOPUCIOBYBABCS 3-X KAHATbHULL
ounamomemp muny Kistler 5011. Ilicna ompumanus, oani 6yau oopobaeni npoepamuum 3adesnevyeHHam
Matlab. ITicas mexaniunoi 0b6pobru nosepxui Gyau giockanosani 3a donomozoro 3D obraonanns ons
sumipiosanns ma ananizy monozgpagii muny Altisurf 520. 3acmocosanuii cencop 6ye kongoxanrvhum
xpomamuunum muny CL2, po3oinbna 30amuicms axko2o cmanosums 0,012 mxmy z ma 1 MkM y Hanpsmkax
x may. Oyinena niowja KoX*CHOI NoBepxXHi cmanosuna 2 X 2 Mm, wjo npu3eeno 00 2 MiH 6UAEIEHUX MOYOK.
3acmocosana dosaicuna 3pizy cmanosuna 0,08; 0.25; i 0,8 mm 32i0n0 3i cneyuixayismu ISO 25178.
Heobpobneni oani Oynu 0bpodaeni ma npoananizosawi npoepamuum sabesnedennam Altimet Premium ma
Origin Lab. Mamepian neped mexaniunoro o6pobkoto 6ye 3a2apmosanutl, MiKpoCmpyKmypa 1io2o oyna
mapmencumnoio 3 meepdicmio HRC 60-63. Byamu ompumani nacmynui pesymvmamu. Haiinuoicui
suauenns cunu pisauna (Fg), nacuenoi cunu (Fp) i cunu nooaui (Fy) 6ynu ompumani npu naiubinvuii
weuokocmi pisanns (240 m/xe) i natinuosicuitl wieuokocmi nooadi (0,04 mm/06) npu gixcosanii enubumni
pizanns. Hatinuocui  3nauenns monoepaii' Sa (nuoicue 0,1 mxm) Oyau ompumani npu naumeHwit
weuokocmi nooaui i npu weuokocmax pizanns 180 i 240 m/xe. Li pesyrvmamu cnpaeeonusi 6
AHANI308AHUX 0iANA30HAX MEXHONIOTUHUX OAHUX.

Kitio4oBi citoBa: perveg nosepxui; cuna pizanns; scopcmie moxaphe oopoonensi.
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