Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2015, 7(7):210-215

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Electric dischar ge machining of cryo-treated NiTi alloy by cryo-treated and
untreated copper electrode

Vaibhav Gaikwad®, Vijaykumar S. Jatti’and T. P. Singh?

'Sandip Foundation’s , Sandip Institute of Enginegrand Management (SIEM), Mahiravani, Nashik, Maisatra
State, India
“Symbiosis Institute of Technology (SIT), Symbiasisnational University (SIU), Lavale, Pune, Mahahtra
State, India

ABSTRACT

NiTi alloy is one of the advanced materials whicvén properties such as high specific strength, kagtrosion

resistance, biocompatibility etc. Due to such sigreproperties it is used in the field of aerospaogedical and
defence. These field required high machining accy@nd precision. So machining of these alloysoispossible
with conventional machining hence non-conventionathining processes i.e. electric discharge maolgifEDM)

is implemented to machined these alloy. In thegurestudy effect of cryogenic treatment on NiTikp@ce and
copper electrode is investigated. EDM performan@asares viz. Material removal rate and tool weaterare

evaluated against the variation of gap current,geubn time, pulse off time for different combinadiof workpiece
and tool. It is concluded that cryogenic treatmehNiTi workpiece improves the material removakradlso MRR
and TWR increases with regards to gap current andepon time and declines with regard to pulsdiofé.
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INTRODUCTION

NiTi alloy is a shape memory alloy. This alloy exité in two different phases. High temperature phascalled as
austenite and low temperature phase is called aems#e. This alloy has properties such as higti§ip strength,
high corrosion resistance, biocompatibility etc.e3é& alloys are mainly having application in fielfd needical,
defense, space. Due to such wide application maxchof these alloy required high accuracy and ienifor these
application. Such high accuracy can’t be obtaingddnventional machining hence non-conventional hiraeg
such as electric discharge machining is used fesethalloy. Gil et alconducted a research on wear reduction of
aluminum electrode by cryogenic treatment in eedischarge machine, deep cryogenic treatmentipithcess of
enhancing the material properties in which matésialubjected to -188. Cryogenic treatment improves the crystal
structure, relieves the residual stresses and wagrthe electrical property. Taguchi’'s desigrotthogonal array is
being used to conduction of the experiment and #reycarried out on hot die steel (AISI H11) anth@hium as a
tool material. The result of experiments suggeshed electrode wear is significantly reduces bypdegyogenic
treatment as compared with the untreated electijddle Khan et al.conducted a researcn machining
characteristics of EDM with the effect of tool patg, in general tool is at the negative pole amfkapiece is at
positive pole this is called direct polarity, batthis research tool is kept at positive pole amdkwpiece is at the
negative pole this is called reverse polarity.His research copper is being used as tool magmihisteel of grade
28 is used as a work piece with spark erosion sikaflushing fluid. A 3 factorial design is being used for
conduction of the experiments. The study states direct polarity is suitable for lower tool weand higher
material removal but on the other hand reverseripplgive better surface finish as compared to etipolarity. As
that of reverse polarity, direct polarity givesimés less TWR and 10 times more MRR [2]. Ghargl.estadied
about optimization of EDM process with trianguléaped electrode on EN-19 steel. They have considaetrol
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parameters as concentration of micro nickel powgeak current, angle of triangular electrode, deygle.
Response surface method is being implemented éooptimization of data. On doing experiments thayehfound
that peak current and concentration of powder aved to be most significant parameters. They hdse faund
that performance of PMEDM has found to be bettanthonventional EDM and also they have found that t
maximum MRR and minimum TWR are found at 4.34A enty 72% duty cycle, 3.60gms/l powder concentration
130 degree tool angle [3]. Ram et al. conductedsaarch on effect of cryogenic treatment on thekvpiece
material of EDM process with commercially availaBlBM oil. Cryogenic is the heat treatment procebictv helps
in enhancing the material property. This researd@iniy deals with the effect of EDM process parameie
cryogenically treated and non- treated work pideB31).The values of these EDM process parametéeiisg
decided by Taguchi’'s method. MINITAB software isizg used for developing the empirical relation oRHN,
TWR, Surface Roughness and analysis of the daten Enis they come to know that MRR increase in easbunt
and surface finish has been improved for most ef lével [4]. Jatti and Singh studied the effectcofogenic
treatment on NiTi. Experimentally they found thhéite is increase in electrical conductivity of wadce. They
also noted that material removal rate increasedripggenic treatment [5[Guu et al. studied the effect of rotating
workpiece on electric discharge machine performaneasure. In this work workpiece material used & D2
tool steel with copper as tool electrode. It isaoded from this research work that MRR improvekénas that of
conventional EDM. The rotation of tool improves thiew of dielectric hence it results in improved ®RRand
surface finish [6].Todkar et al. conducted a research on effect aofatitn on EDM processes for this research a
separate vibrating unit is being designed for giiow frequency oscillation on workpiece. Electrgnat is used
as actuator in this setup. Workpiece and tool usedhis research study is WC of grade MG18 andysten
respectively with FINA ELF EDM 3 oil. From this theome to know that there is continuous suction @unthping
action of fluid which leads to improve the flushiogndition and results in removing the debris fritn® machined
surface which improves the MRR. Vibration assistrmiEDM also leads for improving the surface fingftmicro
hole and reduction in the wear rate of tool. Fotimeo side it was noted that very high frequencypléitode are
unsuitable for accuracy and surface quality of mieoles [7]. Manjaiah et al. made a review on nonventional
machining of SMA. According to this material rembvate improves with increasing the current andetels on
melting temperature and thermal conductivity of enai, if thermal conductivity of a material is neothan the
energy transferred to nearby matrix will be incezhg/hich leads to the decreased MRR. MRR increattepulse
on but start decreasing when pulse on crosses dttairc limit this happens because longer pulse eamd to
expansion of plasma channel hence molten mateiibhet able to flow away from machined surfaceeetively
due to lesser amount of plasma energy to exploglditiectric fluid, also longer pulse on reduceghergy density.
Material removal rate is found to be more in caksetary electrode due to centrifugal action andifiee polarity
electrode shows the higher values of both MRR dkaseTWR [8]. From the literature review it wasufal that not
much research carried out on NiTi alloys. This gtagals with the study of effect of cryogenic treatnt on
machining of NiTi and copper electrode. This stadéins at to study the performance measure of EDMmaerial
removal rate and tool wear rate by varying the @sses parameter on cryo treated NiTi and untrddi€dby
untreated and cryo treated copper electrode.

EXPERIMENTAL SECTION

In present study NiTi alloy is selected as workpiataterial and electrolytic copper as tool elearddiTi samples
were cut into size af20 mm x 20 mm length and tool electrode of si3emm x 90 mm length. Both the workpiece
and tool are cryo-treated at -185 at cryospace, Pune. Electrical conductivity ofkmiece and tool is obtained
from electrical resistivity testing system. In tlgjap current, pulse on time, pulse off time ardedarExperiments
were carried out on die sink type of electric desgfe machine of make electronic machine tool lichit®igital
weighing balance of model GR 300 with accuracy 0108 being used to measure the weight of workpéwktool
before and after machining also for weighing. FingHluid and gap voltage kept constant i.e. 0.5ckg and 55V
respectively throughout the experiments. Mategahoval rate is calculated using equation (1) antii@ar rate by
equation (2) for all the experimental conditiongjufe 1 and figure 2 shows the EDM experimentaugeand EDM
operation respectively.

MRR= W -W, @)
oxT

W= work piece weight before machining, gm

W,=work piece weight after machining, gm

p = work piece density, gm/cm

T = cycle time, minute (using stop watch)

TWR = T,-T, 2)
pxT
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T,= tool weight before machining, gm
To= tool weight after machining, gm

p = tool electrode density, gm/ém

T = cycle time, minute (using stop watch)

Figure 1 EDM experimental set up Figure 2 EDM operation

RESULTSAND DISCUSSION

This section discuses the effect of EDM processgarpeter on performance measure namely materiavamate
and tool wear rate. Figure 3 and figure 4 showssération of MRR, TWR with regards to gap curreggpectively.
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Figure 3MRR versusgap current

From figure 3 it is noted that as there is incréasgap current MRR also starts increasing. Inaréaggap current
leads to increase spark energy which is directhpprtional to gap current. Spark energy increakessurface
temperature of workpiece which results in increaBHIR. From this study it is concluded that MRR &@se of
treated workpiece and untreated copper electrod®mie as compared to MRR of treated NiTi and takatspper.
MRR is less in case of treated NiTi and treatedoeopelectrode because cryogenic treatment impriheesrystal
structure and as both are cryo treated hence emequyred to remove material is more hence MRRetmbserved
in this case. Figure 4 shows the variation TWR wéhards to gap current. From this study it is ddk&at with rise
in gap current there is rise in TWR.
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Figure4 TWR versusgap current

Increase in gap current raises the TWR. This hapeEtause increased current leads to increase sparfy
which result in increased TWR. It is noted formufig that TWR is less in case of treated NiTi amatied copper
electrode as compared with the treated NiTi anghenp
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Figure 5 MRR versus pulseon time
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Figure 6 TWR versus pulseon time

Figure 5 and figure 6 shows the variation of MRRI &WR with regards to the pulse on time. It is dotk@m the
experimentation that increases in pulse on duratiorease the MRR as well as TWR. This happensusecapark
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energy is function of pulse on time, as increaselfse on time leads to increase spark energy wtashlts in
increased surface temperature of material and coestly the MRR and TWR. It is also observed thaemcryo-
treated workpiece is machined with the treated eompectrode then MRR is improved as compared éoctiio-
treated NiTi and copper. It is also significantiyted that TWR rises with regards to pulse on timeé BWR is more
in case of cryo-treated NiTi and copper. It is agmificantly noted that after 25 ps both MRR anR declines
this happens because increased pulse on resdispiersion of energy hence there is fall in MRR akdR.
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Figure 7 MRR versus pulse off time
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Figure 8 TWR versus pulse off time

Figure 7 and figure 8 shows the variation of MRRI alWR with regards to pulse off time respectivdlyis
observed from the experiment that as pulse off finceeases the MRR and TWR both start declinings hoted
that MRR in case of cryo-treated NiTi and untreatedper is more as compared to cryo-treated NidliGoper. It
is also noted that TWR in case of cryo-treated Niildl cooper is less. The reason behind decreaiMiRR and
TWR with regards to the pulse off time is increapetse off causes the cooling of the surface ofkpigce which
results in reduced MRR and TWR.

CONCLUSION

In the present study meso-scale square holes werkiged on the NiTi workpiece to measure the paréorce
parameter of EDM viz. MRR and TWR. From this stutdig concluded that MRR and TWR both increase#$ wie
respect to pulse on time and gap current but deshlivith respect to the pulse off time. It is alsted that cryogenic
treatment of workpiece improves the MRR of NiTiogll It is also noted that MRR and TWR shows dentjrirend
after 25us.
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