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Abstract. The demand for parts and components with adequateerties and durability has become a challenge to
their manufacturers worldwide. For companies instkector, ensuring success in the market meansotogte the
efficient production of high quality products wildequate mechanical properties. Moreover, it issue to find that
the literature specially dedicated to publish reésuh the cutting process segment, has devotedativiely intense
attention to how to cut hardened materials, esgbclardened steels. The focus has been to regjanding process
applied after heat treatments for processes thattasls with defined geometry cutting edges sudhraing. It is very
known the use of cemented carbides to producenguittols. It is relatively known, as well, thatglkind of material is
cut before the sinterization process incidencegyrtmduce special tools or specific kind of partsjahhwill be sintered
later. What is not very known is to cut cementedbidas to produce special kind of parts used whigih hardness
and high compression resistance is demanded. Viefy common to use the grinding process to finismented
carbide parts. What is not common is to finishesiatl cemented carbide parts by the use of turninggss. So, it was
possible identifying a gap in the literature andsifaund that recent research does not focus orcéngented carbide
turning process and its benefits when compared With grinding process to produce samples of thiserrs.
Therefore, strive for high excellence with prodotiools and cutting parameters can be a competitifferentiator
for many companies in each market. So, the questianarises is the following: “is hard turning pcess more
efficient compared to the grinding process useg@rtmuce cemented carbide samples?” To answer théstipn the
authors prepared an experience to be developechap $loor of an industry that choose not to be tded. The
results obtained include specific quality of a miagtg surface but also roundness. As the grindingcpss was
already optimized, the cutting conditions for tbigeration was taken that in use, as to say, nodjnig conditions
were parameterized.
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1. INTRODUCTION

Producers of machined components and manufactwedsgare continually challenged to reduce costyong
quality and minimize setup times in order to remedmpetitive. To be excellent in terms of productimachining
processes can be a competitive differentiator ifttesed cemented carbide manufacturing companigsh % the case
with grinding where the traditional operations ilwe expensive machinery and generally have longuf@turing
cycles, costly support equipment, and lengthy sdtoes, especially to grind sintered cemented darbiThese
applications often require new ideas and differ@ethods as a hard turning process which is be$brpsed with
appropriately lathes and tools. The successful maah performance is affected by work material pdigs. The
properties as well as the characteristics of woaltemials are assessed in terms of “machinabilitytijch indicates the
relative ease with which a material can be machumgdg a proper cutting tool and the process paensieThe most
common criteria to assess the machinability areefopower, specific cutting force, tool life, toekar and surface
roughness. According to Groover (1996) although reechinability refers to work materials, the penfiance of
machining depends upon several variables suchtasgparameters, tooling and machining operations.

To the best of the knowledge of the authors, theeefew studies examining benefits and impactsaod kurning in
cemented carbide. Further, no systematic studies haen reported to analyze the effects of propasameters on
machinability and the advantages compared withdgmon process. Hence, an attempt has been madésipdper to
assess the machinability characteristics in terfrgrinding and hard turning process using diamaralst for sintered
cemented carbide parts relate to the total operatiterms of part quality and surface roughness.

2. LITERATURE REVIEW

According to Koniget al. (1993) the hard turning technique is new and tlamagement of this process is still
limited. For more than a decade, use of hard tgrhas been increasing in a range of industrialiegjidns. Precision
finish turning has the potential to replace grigdin some applications. The cutting operation istegler by the
parameters, (cutting speed)a, (depth of cut) andl (feed rate).
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According to Moreet al. (2006) PCBN (polycrystalline cubic boron nitride)the material most commonly used in
tools for hardened steel turning applications dui's high hardness, wear resistance and thertahllisy (Moreet al,
2006). Diamond tool is widely used in tooling intlys where it is applied on materials, which are tward to be
machined with conventional techniques.

As a definition, hard turning process is the effexfinish turning of hardened materials 45HRc arenwith single
point turning tools. Through or case hardened steplto 64 HRc, even finish sintered tungsten darbip to 68 HRc
have been successfully turned on lathes. Accorir@liveiraet al. (2009) parts with hardness exceeding 45 HRC can
be machined by hard turning, which provides surfamgghness, dimensional and shape tolerances sitnilthose
achieved in grinding.

In an ideal scenario grinding processes would baimhted, since the economic point of view is netryw
productive and extremely expensive. However, maaryspneed be finished after heat treatment intyfpis of process,
due to their employment. Historically, the hardnding process is done by grinding with grinding ellse either in
roughing or finishing. To replace this process, tiaed turning has to be able to generate geomatdtracy and
surface quality compatible with the grinding. Sostadies have demonstrated the capability of thd haning process
to produce surface finish and dimensional accuthatcan replace the grinding, especially for speets. Abrécet al.
(1995) produced steel parts with a surface roughegeal to Ra = 0.14mm turning parts as a H13 8t E62100.

According to Navas (2008) in hard turning procégsdominant factor is the thermal effect, whichegates tensile
stresses at the surface due to higher toughnebg aemented carbide, thus, it is not difficulttoderstand why some
of the limitations of this type of work concern tbutting tools. As Fig. 1, the ideal cutting toalist be at the top right
with higher resistance and the CVD appears as iarofiir this application. According to Navas (2008)e precision
and rigidity of the machines are also an imporkayt of success of this process.
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Figure 1. Cutting tool materials.

It is known that the tools have been improved sd the hard turning could become a viable prodess. to the
sharp negative rake angle tools used for machiningardened materials appear high cutting forcdsyTrequire
adequate rigidity of the machine tool, power in #pendle, damping characteristics and precisiomovement and
positioning of the axes. Modern machine tools dmeady incorporating the latest technologies susmachine-based
polymer composites, reducing the number of attactinpoints, hydrostatic guides, among other devekam
Electronically the development of numerical cordrohore capable also significantly influenced theusacy of
machine tools.

3. METHOD

In order to meet the policy of confidentiality afformation in business object case study, the poames and
their respective products have been modified is study. In addition, the company is called “XYZhe company
XYZ is a multinational company tool maker. It igeoup based in high-tech engineering and standstivt pioneering
markets it serves through a combination of leadiompanies in their segments, always in search Xoelence of
products and services offered to its customerspamthers through research, development, designufaeturing and
marketing of high technology. It works in partnepshvith research centers in the U.S. and abroadpumaging
technological and educational initiatives.

The method applied during this work was experimleantd was developed completely in shop floor.

The work material selected for the current studwy i$2% Co tungsten cemented carbide used as sariples
chemical composition, mechanical and physical priigseis given Tab. 1. The microstructure of matledsed in the
present investigation is shown in Fig. 3.

The preliminary investigations carried out reveatledt the chemical vapor deposition diamond (CVDiting
tools have showed a higher wear resistance fomdrghining of tungsten cemented carbide, thereftieEanond tools
were used for a hard turning under the followingditons: cutting speed 10 and 30 m/min; feed faid and 0.20
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mm/rev and two different depth of cut 0.25 and Ona@. Figure 2 show the geometrical details for ardind tool
applied under dry condition with these paramet&s.a comparison, a cylindrical grinder Ferdimat U-&ith a
diamond grinding wheel D91 was applied with thddeing parameters: cutting speed 1780 m/min; fezte 60

mm/rev and depth of cut 0.10 mm.
4.76%0.05

R0, 3+0.02 1.6

Figure 2. Geometrical details for the CVDD tool kgxqb.

A conventional hard turning process and a prodaagionding process were applied over cylindricageis of the
same series of cemented carbide to remove 1 miodk smetal. The 66 mm diameter and 101 mm lengttk\peeces
were used for the experimentation. From each madhirar a slice was obtained from which the analysis done. An
aspect of the sample used for a test is showngn4riThe experimental work was carried out ongh higidity Okuma
LB300 CNC lathe, equipped with 22 kW spindle powad maximum main spindle speed of 5000 RPM. Thibid.a
has a good performance in the shop floor and Hhiufetsiral rigidity.

Table 1. Chemical composition, mechanical and mlaygiroperties of the sample.

Nominal Chemical Composition
Cobalt 12.00%
Tantalum Carbide 0.20%
Nominal Physical Properties
Hardness ASTM B-294 89.6 Ra
Density ASTM B-311 14.3 g/cc
Transverse Rupture Strenght ASTM B-406 595,000 psii
Fracture Tougness ASTM B771-87 13.2 MP&.m
Wear ASTM G-65 7.0 mi
Compressive Strength 640,000 psi
Grain Size 2um

Figure 3. Microstructure (1500x).

Figure 4. Sample used: 66mm x 101mm.

The cutting speed/f) and feed ratef were selected as the machining parameters anciges of the parameters
were identified through the preliminary experimefftao levels for cutting speed (10 and 30 m/mirg &mo levels for
feed rate (0.15 and 0.20 mm/rev) were selected fard turning process. Two different depth of(egt, 0.25 and 0.50
mm under dry machining has been employed througtieutstudy. Indicated in Fig. 5 are the output meament
details. The eight trials based on full factorialsign (FFD) of experiments were planned accordinlylbntgomery
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(2003). The layout plan as per FFD for the presemstigation is given in Tab. 2. The trials weaadomized to avoid
the error creeping into the system. The machinargmeters employed are summarized in Tab. 2.

Table 2. Hard Turning Parameters and Grinding Parars and Full Factorial Design

Hard Turning Process
Machining Parameters -1 1 Factorial Design
f (mm/rev) | a, (mm) Ve (M/min)
Feed Ratef] 0.15 0.20 -1 -1 -1
1 -1 -1
-1 1 -1
Depth Cut &) 0.25 0.50 1 1 -1
-1 -1 1
1 -1 1
Cutting Speedw) 10 30 -1 1 1
1 1 1
N = —

Ny — —

| S [———>—]
Direction

Feed | - Machining Time (hour)
Direction - Surface roughness (Ra)
t—f l—/ - Roundness (um)

S I
:
v

Figure 5. Obtaining the samples, machining proeeslsoutput expected analysis

The Mitutoyo SJ-401 Rugosimeter was employed tosueathe surface roughness parameters such ametiith
average surface roughness (Ra). The acquisitiosudfce roughness was made by a output of hardnturind
grinding process. Each trial was repeated twicethadiverage of two measurements is the respohse. Vdhe surface
roughness of the work materials was measured w@&hrn cut off value. The roughness was measurédoaequally
spaced locations around the circumference of thek wiwces and the average was taken as the proegssnse. The
temperature of environment for both measures wast?AC. For the roundness analysis, the Mahr Talyidou
Circularimeter was employed and the acquisitiorestilts followed the same procedures as above.

4. RESULTS AND DISCUSSIONS

The various combinations of the cutting regime paters Y., f anda,) are used for specific correlations as shown
in Tab. 3. Such correlations have already beeeddst roughness and roundness measurements.

Table 3. Roughness and roundness output as adaraitthe experimental plan for Hard Turning.

Parameters Criteria / Values
Codified Values Actual Values Roughness Roundness

Test | X | Xo | X3 f 3 Ve | Ra | Ra | Raaerage | G | G | Caverage

1 -1 -1 -1 0.15| 0.25 100 024 0.2 0.23 0/76 0J75 760.

2 1 -1 -1 0.20| 0.25 10 1.16 1.19 1.17 0/80 082 10.8

3 -1 1 -1 0.15| 0.50 10  0.33 0.29 0.31 115 1413 417

4 1 1 -1 0.20| 0.50 10 1.73 1.7p 1.72 122 122 1.22

5 -1 -1 1 0.15| 0.25| 30 0.19 0.1B 0.18 0/72 0fr2 20.7

6 1 -1 1 0.20| 0.25] 30 1.04 1.0 1.05 0{75 077 0.76

7 -1 1 1 0.15| 0.50 30| 0.2 0.2p 0.27 112 1411 1.12

8 1 1 0.20| 0.50] 30 1.56 1.5p 1.54 118 1/16 1.17
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It is seen from this Tab. 3 that the roughnessghly sensitive to feed rate variations. Furthbe bbwest value of
roughness can be identified with lower feed ratd depth of cut, however, with the highest cuttipmpesd. The
magnitude of cutting speed is similar to depth éobait smaller as compared to feed rate for roursdaralysis. In the
other side, the roundness is much more sensitideth of cut, probably due to vibration or excessiutting effort.

The results for a grinding process were checkeditavimg the current process used and its resuliofihness
and roundness are 0.19 Ra and 0.70 um as showvigd.i6 and 7 respectively. However, the total cyoiee was 1.5

hours instead of 0.5 hours for a hard turning pssce
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Figure 6. Roundness measure output for a current Figure 7. Roughness measure output

grinding process

The 3D surface graphs for cutting speed, feedaatkdepth of cut with respect to roughness arespted in Fig.
8, 9 and 10. As seen from Fig. 8 the variationoofghness with the cutting conditions is linear fouhd to be increase
with feed rate for a given value of depth of cutirtRer, the roughness decrease with increase itnguspeed
particularly at lower feed rates as seen from E@.

It is also observed that the roughness is almastnisitive to cutting speed variations and depttugfas seen from
Fig. 9 and the roughness is lower mainly when #edfrate is under control. It is worth mentionirerehthat, the
roughness will be small at a combination of highting speed and lower feed rates and depth of cut

L) DY
Lart) e

Figure 8. Response surface plot showing the effect Figure 9. Response surface plot showing the effect
depth of cut and feed rate for Roughness. cutting speed and depth of cut for
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Roughness.

Lashy ey

Figure 10. Response surface plot showing the effiect Figure 11. Response surface plot showing the effiect
cutting speed and feed rate for Roughness. depth of cut and feed rate for Roundness.

Figure 12. Response surface plot showing the effiect Figure 13. Response surface plot showing the effiect
cutting speed and depth of cut for Roundness. cutting speed and feed rate for Roundness.

The results of roundness are shown in Fig. 11,ntR18 for the cutting parameters in the samplediestu As seen
from 3D surface graphs the variation of roundnei$is thie cutting conditions is also linear.

Figure 11 show that the depth of cut parametertigredluences of roundness. In an opposite wag, ititrease of
feed rate results in no influence in the outpuuFé 12 reinforces the 3D graph showed in Fig.rid &so shows that
the roundness is almost insensitive to cutting gdpBagure 13 shows that there are no large intenfeg parameters of
cutting speed and feed on the roundness.

In addition to the analysis, an attempt has alssnbmade in this research to study the formatiochif. The
knowledge of chip forming process is required talenstand the accuracy and condition of the machsethce of
desired component.

Figure 14 indicates the aspect of chip obtaineceundy condition as a function of parameters dunmagchining
with chemical vapor deposition diamond (CVDD) audtinsert.
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Figure 14V, = 30 m/min;f = 0.15 mm/rev and, = 0.25 mm.

The chips were obtained throughout the test andodstrate the effect of cutting conditions. The sdochips
were produced at lower cutting speeds. Furtherchiie breaking was seen at both cutting speeds.

5. CONCLUSIONS

The objective of our study was to compare the gnigjghrocess to hard turning process applied to oéedecarbide
samples. The present experimental process dedigh@tmachinability study on 12% Co cemented carlicchining
with chemical vapor deposition diamond (CVDD) augtitool. The interaction effects of cutting speed &ed rate on
various aspects of machinability such as arithmestierage surface roughness and the experimentspleameed as per
full factorial design (FFD) and used as a comparibetween grinding and hard turning process. Fod harning
process and taking in consideration experimentalltg, the surface roughness increases with feedanany value of
cutting speed. Therefore, the surface roughnesiglidy sensitive to feed rate variations, insteadydindrical grinding
process. However, using adequate parameters waibleo® produce samples of 0.18 Ra surface average

The roundness results are about 0.72 um averaghstighally, the total machining time for a grindimprocess
was 1.5 hours, instead of 0.5 hours for a similaméter and length using the hard turning procesbs @itting
parameters used. According to the study abovebdier combination for surface roughness and roesslnvas the
following parameters: cutting speed 30 m/min; feateé 0.15 mm/rev and depth of cut 0.25 mm.

Hard turning lathes has many of the same capa&silds cylindrical grinding, but the major benafitdiard turning
process were: faster cycle times, four to six timiggher stock removal rates, inside and outsidéufea on a single
machine using different inserts.

It was possible to conclude that the hard turnifhgiotered cemented carbide was found more progerttian
grinding at least for the conditions adopted inghesent work.
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