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Abstract—Thisresearchpaperclarifyaboutanexamination 
ofmy venture is to assess the impact 
ofdifferentintensitytherapyprocessonmechanicalpropert
iesandmachinabilityofmaterial.Apparatussteel D3 is my 
material and CBN embed instrument 
isutilizedformachiningprocedureonCNCmachine.Correl
ationbetweenharshnesswhencustomaryintensitytherapy
process,andwhencryogenictherapyprocessarelaidoutinsu
btleties,Similarlyapparatuswearandchipmorphologywhe
nregularintensitytherapyprocessandcryogenictherapypr
ocessareadditionallysettledexhaustively.Consequenceof
mechanicalpropertiesafterheattreatmentcycle,  for  
example,  hardness  and  
strengthofmaterialincrementsubsequenttoplayingoutthe
convectionalheattreatmentprocessandcryogenictreatme
ntprocessonmaterialhowevermechanicalproperties 
acquired after traditional intensity 
therapyprocessarelessgreatascontrastwithmechanicalpr
opertiesgotaftercryogenictherapyprocess.Instrument 
wear and chip morphology estimated 
withvariousworkingvariables.These  
functioningelements arecutting velocity, feedrate, 
profundity  ofcut and other significant variables and so 
on and feedrate are taken from 0.1 to 0.3 mm per 
insurgency 
andcuttingpaceistakenfrom100to200rpmyetprofundityof
cutiskeptsteadythatis0.3mm.Toexaminetheapparatuswe
arandchipmorphology,checkingelectronmicroscopy(SE
M)procedureisutilizedandthislargenumberofaftereffects
ofhardware wear and chip morphology are taken at 
50,100,150,300,500timesamplification.What'smore,mitut
oyo  surface  unpleasantness  analyzer  is  utilizedto 
quantify the harshness of hardware steel D3 
whentreatment  process.  Reaction  surface  strategy  
methodisutilizedtodecideidealsittingofexploratoryvariab
leswhichproduceidealworthofreactionwheretrialesteema
recutting  pace  and  feed  
rate.Aftertheintensitytherapy,microstructureofhardwar
esteelD3likewiseestimated. 

Keywords:mechanicalproperties,scanningelectronmicr
oscopy(SEM),steelD3,cryogenictreatment,conventional 
heat. 

 
1. INTRODUCTION 

In heat treatment process, many cycle are utilized 
individually,forexample,warminginteraction,tougheningproces
s,cooling cycle and solidifying process and so on some 
timeanother kind of treatment process is utilized in heat 
treatmentprocesswhichoneiscryogenictreatment,sometimecryo
genicinteractionfillinasextracycleandsometimecryogeniccycle
workindependently.Cryogenictreatmentprocess is most recent 
treatment cycle of material in whichmaterial is cooled to 
extremely low temperature up to 77K 
andmanygasesareutilizedincryogenictreatmentcycle,forexampl
e, nitrogen, oxygen, neon, hydrogen, helium, carbonpass on 
oxide and so on nitrogen gas is most generally 
utilizedincryogenictreatmentprocesssincenitrogengascanreacht
o 
- 196 °C (77K) however in the event that we need 
temperatureupto-268ºC(5K)neongasisutilized on the 
groundsthat5Ktemperaturecan'tbegetbyutilizationofnitrogenga
s.Cryogenictreatment processassuageinner 
pressure/inwardbreak of material. 

 
ApparatussteelislikewiseorderedontheessentialofAmericaniro
nandsteelorganization(AISI,forexample,watersolidifyinginstru
mentsteel,hotworkdevicesteel,shockopposeinstrumentsteel,oil
solidifyinginstrumentsteel,tungstenrapidapparatus steel, 
chromiumbasedinstrumentsteel,molybdenum instrumentsteel 
and so on. Device  steelD3 is ordered by AISI framework 
which is chromium 
hotworkapparatussteel,UNS(boundtogethernumberingframew
ork)numberofhardwaresteelD3isT20813whichhas0.35%C,5%
Cr,1%V,1.5%Mo.thecharacterizationarrangementofAISI 
orchestrateapparatus steel in 
variousgatheringsinlightofthetraitofhardwarelikeintensitythera
py,applicationandalloying.Eachsortofhardware 
steelhasdifferentmechanical,warmandelectricalproperties.Prop
erties of hardware steel principally rely on a compoundwhich 
is higher in apparatus steel .And device steel 
propertiespitifullyrelyonanamalgamwhichisleastinapparatusst
eel. 

 
Heat treatment process is the cycle by which we change 
thepropertiesofmaterialbychangethepreciousstone 
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constructionofmaterial,(forexample,changethe FCC  toBCC 
and so on) or we can say that we can acquire 
wantpropertiesofmaterialbyutilizationofintensitytherapyproces
s. Heat treatment process comprise of some cycle, 
forexample,warminginteraction,fulltougheningprocess,recrysta
llizationstrengthening,stresshelptempering,spheroidizationtem
pering,coolingprocess,surfacesolidifying,casesolidifying,work
solidifyingprocess,treating,normalizingandsoonandheattreatme
ntinteractioncaninfluence the whole work piece or just Surface 
or some 
districtinmaterialreliesontheintensitytherapyinteractionandbou
ndaryutilized in heat therapyprocess. 
Various sorts of intensity therapy process are practically 
samesince all intensity therapy process requires the warming 
andcooling process. However, contrast is recognized by pace 
ofwarming and cooling. Heat treatment process is for the 
mostpart threestage process: 

• Stage 1 - heat the metal(sample) to the 
cravingtemperatureandguaranteetheuniformtemp
erature 

• Stage 2 - hold the metal at high temperature 
foradequatetime spanasperprerequisite 

• Stage3-coolthemetaltoroomtemperature 
 

all kind of hardware steel are utilized in right put which 
relyupon properties of hardware steel and properties of 
hardwaresteel rely on the sythesis of compounds in device 
steel so wecan say that properties of hardware steel rely on the 
piece ofcombinations accordingly we can  say that when we 
changethe creation of hardware steel then  properties of 
hardwaresteel will likewise change and subsequently by 
changing thearrangement of hardware steel we can acquire the 
longingpropertiesofhardwaresteelPropertiesofhardwaresteelad
ditionally rely upon the gem design of hardware steel so 
wecanlikewisechangethepropertiesofhardwaresteelbyutilizing 
the different sort of intensity therapy process sinceheat 
therapy process change the precious stone construction 
ofmaterial,forexample,gemdesignofsteelinironcarbonoutline 
change from face focus cubic (FCC) to body focuscubic 
(BCC)  during cooling of y-austenite at eutectoid pointiniron 
carbongraph. 

 
InthisreviewpapersectionIcontainsthe  
introduction,sectionIIcontains the literature review details, 
sectionIIIcontains the details types of heat treatment process, 
section 
IVdescribetheCryogenictreatment,sectionVprovideMachining 
of metals, section VIprovide Machining of toolsteel.Section 
VII provideChip morphology; section 
VIIIprovideResults,sectionVIIIprovideconclusionofthisresearc
hpaper. 

 
2. RELATEDWORK 

2.1GENERAL 
Writing audit is most significant part for any scientists 
sincewriting surveys show the how much review are acquired 
byanalystspriortobeginningtheundertaking.Inanymetalcuttingc
ycle,cuttingactivityisrelatedwithshearstrengthof 

workpiece.Highershearstrengthfosterthehighercuttingpower at 
different part of material and instrument thusly 
weselectthebestcuttingcondition formachiningofanymetal. 
B. Podgornik, I. Paulin, B. Zajec, S. Jacobson, V. 
Leskovsek[3]:Materialutilizedinthisstudywasahighexhaustions
trength cold work steel with lower C and high W and 
Cocontent. To analyze the adequacy of DTC on break 
sturdinessand burden conveying limit, two more instrument 
prepareswere utilized to be specific high C and V substance 
cold 
workdevicesteelandonerapidsteel.Afterexamplesweremachine
d, they were vacuum heat treated utilizing nitrogengas at a 
strain of 5 bar. To assess the impact of vacuum 
heattreatmentthreearrangementsofvacuumheattreatmentcondit
ions,bringingaboutvarioushardnessandbreakstrengthmixeswer
eutilizedandjoinedwithprofoundcryogenictreatment. 
Following ends were made by this review: 1) 
ifthereshouldariseanoccurrenceof low carbon cold-
workdevicesteel(A1),DCTbringsaboutincrediblyfurtherdevelo
pedcracksturdinesswhilekeepingupwithhighhardness. Then 
again, for high C cold-work instrument steelDCT makes a 
negative difference, while for rapid steel, 
DCTmakesbasicallynodifference.2)DCTproduces  
betterneedleslikemartensiteandmartensiticchangejoinedbyplas
tic twisting of essential martensite might be the 
purposeforthesuperiorpropertyofA1steel.ModificationinKIc/H
RCproportioninfluenceswearobstructionofcold-workdevice 
steel. Hardness is the principal boundary 
influencingroughwearopposition.3)Forthesituationofburdenco
nveying limit, hardness is the main boundary. To get 
greatloadcarrying limit, hardness over 64 HRC is expected, 
with 
abreaksturdinessofnorthof10MPam1/2givingfurtherimprovem
ent. 
M. Perez, C. Rodriguez, F. J. Belzunce [4]: Hardness, 
strength,anddurabilityofH13steelsubmittedtovariousintensityth
erapies, including cryogenic therapies, were tried in 
theirexplorationworkandtheoutcomeswere made senseof  
inlight of changes in microstructure. Examples were exposed 
tovarious extinguished and tempered medicines. Four 
uniquewarm medicines were applied called TT1, TT2, TT3 
and 
TT4.Theyreasonedthatelasticityandhardnesshavescarcelychang
ed for the four applied warm medicines. Then again,there is a 
constructive outcome of the cryogenic medicines onthe break  
strength of the prepares. TT2 (gas) and TT4 (oil)give 
separately 22.5% and 24% augmentation connected withtheir 
comparing medicines without cryogenic stage, TT1 andTT3. 
Extinguishing media likewise impacted the durability 
ofthesteel.Becauseoftheimpactofthecoolingrate:oilextinguishin
ghashigherdurabilitythangasextinguishing.Extinguishedandtem
peredH13steelhasamartensiticmicrostructurewithverymuchscat
teredandfinelydisseminatedcarbides.SEMexaminationpresume
dthatcryogenics create high inner pressure express that enacts 
thecarbide nucleationintheprimaryperiods of treating. 
Thisoutcomes in a lot better and equitably circulated 
precipitationwhich likewiseleadstoa martensitewith 
lesscarbon. 
MarcosPerez,FranciscoJavierBelzunce[7]:Cryogenictreatment
wasdoneonH13apparatussteelutilizedforhot 
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fashioning passes on, consequently deciding its 
mechanicalproperties ductile, hardness and crack durability 
tests. Thispaper makes sense of the exhibition of four 
different intensitytherapies applied to H13. Two extinguishing 
media (gas andoil) and the impacts of a cryogenic stage were 
considered. Oilextinguishingbycryogenic 
treatmentwasdoneasthe bestoneamong each of the four 
medicines. The mechanical propertiesof the H13 steel were 
estimated by malleable, hardness andbreak tests. They 
reasoned that cryogenic treatment eminentlyfurther develops 
the break sturdiness of H13 steel. 
Cryogenicwithgasandoilextinguishingproduces22.5%and24%
separatelyexpansionindurabilitywhencontrastedwithwithoutcr
yogenic.Soextinguishingmediumadditionallyinfluencesitsstren
gth.Profoundcryogenicmedicinesdiminishtheheldaustenite 
content inH13steel. 
DSenthilKumar,IRajendran[5]:Effectofcryogenictreatment on 
the wear opposition property of En 19 steel 
wasexamined.Additionally,anexaminationontheimpactofDCT(
- 196 °C , 24 h), SCT (- 80 °C, 5 h) and CHT was finished 
bydry sliding wear test. Dry sliding wear test for low 
stackingand high stacking was noticed. The microstructures of 
CHT,SCT and DCT tests were concentrated by SEM. They 
havepresumed that both DCT and SCT advance the change of 
heldaustenitetomartensite,inthismannercausingacriticalexpans
ioninwearobstruction.Wearobstructionwasexpanded by 
118.38% for SCT tests and 214.94% for DCTwhen contrasted 
with CHT tests. Also, the expansion in wearobstruction of 
DCT tests is 44.39% concerning SCT tests. Theleast 
coefficient of contact is gotten in DCT tests treated at -
196°Cfor24hr. 

 
3. Typesofheattreatmentprocess 
3.1. Annealing 
Overallstrengtheningprocessisutilizedtofreetheinnerpressure 
from material and mellow the material then make themore 
malleable and refine the design of grains. 
Strengtheningprocess is inverse of solidifying process which 
comprise ofwarming of metal to explicit temperature and 
afterward holdthe metal at that temperature for adequate time 
span, then 
coolthemetaltoroomtemperature,coolingrateandcoolingstrateg
y rely on the which kinds of properties in metal weneed. For 
example, if we need to make the increasingly morepliable the 
material then cooling rate should be extremely lowas well as 
the other way around. In strengthening process,some metal 
are cooled in heater and some other metal arecooled 
coveringin cinders. 

 
3.2. Normalizing 
Normalizingistheheattreatmenttypewhichisusedforferrousmeta
lsonly.Normalizingislessdiffersfromannealing.Innormalizing,
weheatthemetaltohightemperature in furnace then remove 
from furnace and thencool in air. The aim of normalizing and 
annealing is almostsamebecausebothannealingandnormalizing 
areusedtorelieve the internal stress of metal and increase the 
ductility 
ofmetalbutannealingincreasethemoreductilityofmetalas 

comparetonormalizing.Lowcarbonsteelcannotbenormalized. 
 

3.3. QuenchingorHardening 
In hardening, metals are heated to slightly above the 
criticaltemperature(fromironcarbondiagram)andthencooledrap
idly in water, oil, brine etc. hardening process increase 
thehardness, brittleness and strength of metal but decrease 
theductility of metal. Hardness, brittleness and strength of 
hardenmetal depend mainly upon the cooling rate of heated 
metal.Hardness of metal can be increase by hardening process 
andby addition of carbon in metal .In general hardness of 
lowcarbon steel increase by addition of carbon while hardness 
ofhighcarbonsteelincreasebyhardeningprocess. 

 
3.4. Tempering 
Normally, Tempering is performed after quenching 
becausemetal after quenching occurs very hard and gain some 
internalstress then to decrease the hardness of metal and 
relieve 
theinternalstress,temperingisused.Ingeneraltemperingprocess 
metal is heated to its lower critical temperature andthen held 
for sufficient time period and then normally cool inair. The 
main aim of tempering occurs to increase the ductilityof 
metal, to reduce the hardness and strength of metal and 
toobtainthedesirephysicalproperties.Tempering  alwaysfollow 
the quenching. For soften the steel after 
quenching,temperingisused.Temperingisdifferfromquenching,
hardening,annealingbecauseinthesealltechnique  (otherthan 
tempering) metal is heated to upper critical 
temperaturewhileintempering,metalisheatedtolowercriticaltem
perature. Amount of hardness lost in tempering 
dependuponthe temperatureat whichmetal isheated. 

 
3.5. Casehardening 
Case hardening also knows as surface hardening because 
casehardening is mainly used to increase the hardness of 
metal’ssurface and Case hardening also increase the wear 
resistanceofmetal’ssurface.Typesofcasehardeningareflamehar
dening,cyaniding,carburizing,nitridingetc. 

 
3.5.1. Carburizing 
Carburizing is type of case hardening which is used for 
lowcarbon material. In carburizing process, metal is heated 
andthen heated metal is put in carbon monoxide atmosphere 
duetowhichcarbonatom penetrateintothesurfaceof metal,depth 
of penetration depend upon the soaking period 
thereforehardness and wear resistance increase but strength, 
brittleness,ductility,toughnessof coreofmetal donotchange. 

 
3.5.2. Cyaniding 
Cyaniding is also types of case hardening process. 
Cyanidingisthefastandmoreefficientprocessthanother  
casehardeningprocess.Hardnessobtainbycyanidingoccurshighe
st than hardness obtain by other case hardening process.In 
cyaniding, metal is heated and then dipped in cyanide 
bathafterthatmetalisrinsed toremovetheresidualcyanide. 
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3.5.3. Nitriding 
Thistypeofcasehardeningprocessalsoincreasesurfacehardness 
which is mostly used for low carbon steel, in thisprocess 
metal is heated in furnace which has an ammonia 
gasatmosphere.Noquenchingisrequired.Inthisprocessnitrogend
iffuseinthesurfaceofmetalduetowhichhardnessincrease. 

 
3.5.4. Flamehardening 
Flame hardening process is other process of case hardening 
inwhich heating torch is used to heat the surface of metal 
andheatingtorchproduceoxyacetyleneflamewhichheatthemetal
surfacetocriticaltemperatureandthenquicklyquenchedbysprayo
fwaterandcoldthemetalsurface,properties of core of metal do 
not change. Flame hardeningprocess can be manually control, 
mechanically control andautomatically controlprocess. 

 
3.5.5. Agingoragehardening 
Agehardeningalsoknownasprecipitationhardeningorparticle 
hardening which is used to increase yield and tensileof non 
ferrous metal such as nickel, titanium, magnesium 
andstainlesssteeletc. 

 
3.5.6. Inductionhardening 
Inductionhardeningistypeofcasehardeningprocessinwhichmeta
lsareheatedbyelectromagneticinduction andafter that 
quenched, used for electrically conductive materialandmany 
steel toincrease thesurface properties. 

 
4. Cryogenictreatment 
Cryogenictreatmentmodifiesthepropertiesofmetalbyuseof 
cryogenic temperature and change the crystal structure 
ofmaterial. Cryogenic treatment process works on third law 
ofthermodynamics.Thermodynamicsthirdlawstatesthatentropy
atabsolutezerotemperatureiszero,cryogenictreatment follow 
this principle for relieving the stresses inmaterial. In 
cryogenic treatment, material is subjected to verylow 
temperature for long time period. Cryogenic treatment 
donotsubstitutetheheattreatmentprocess,itisadditionalprocess 
for tool steel. Hardness of Most of material does notchange by 
use of cryogenic treatment therefore we need toTempering 
before cryogenic treatment to gain toughness 
andhardnessofmaterialanditaffecttheentirematerial. 

 
4.1. Classificationofcryogenictreatment 
Cryogenictreatmentprocessismainlydividedintotwopartswhich
depend onthetemperature such as 

 Shallowcryogenictreatment(SCT) 

 Deepcryogenictreatment(DCT) 

 
Inshallowcryogenictreatment,toolsteelkeepatalmost190Ktemp
erature then brings to room temperature while in 
deepcryogenicTreatment,toolsteelkeepatalmost70Ktemperatur
ethenbringstoroomtemperature.Duringtheconventional heat 
treatment, we cool the materials till 
roomtemperatureandthensomeausteniteleaveinmaterial.Then 

this retained austenite is transferred into martensite by 
usecryogenictreatment. 
Liquefied gases are used in cryogenic treatment such as 
liquidneon, liquid nitrogen, liquid helium etc. nitrogen gas is 
mostwidely used in cryogenic treatment and easy purchasable 
intheworld. 
Boilingtemperatureofgasesusedincryogenic(cryogens) 

 
4.2. Cryogeniccycle 
I. RAMP DOWN: - Temperature of material brings down to -
180ºC(93K)torelievethethermalshockingofmaterial. 

II. SOAK:- Insoaksegment,keeps 
thematerialforhugintervaloftime.Insoakingsegment,crystalstru
ctureofmaterialchangeatveryslowerratethereforekeepsthemater
ialinverylowtemperaturefor12to15hoursincryogenicfurnace. 

III. RAMP UP: - In ramp up segment, temperature of 
materialbringstoroomtemperaturein6to8hours.Rampupisimpor
tantincryogenicbecausewhenweincreasethetemperature of 
material with fast rate then some cracks 
takeplacethereforetemperatureofmaterialincreasewithveryslow 
rate. 

IV. TEMPER RAMP UP: - In tempering ramp up 
segment,increase the temperature of material above the 
atmospherictemperature over sufficient time period. 
Tempering process isvery important for ferrous material. 
Cryogenic 
temperatureconvertstheallretainedausteniteintomartensiteduet
ostrengthandbrittlenessincrease.Sometimebrittlenessofmateria
lhighlyincreasethereforetemperingprocessisusedtodecrease the 
brittleness 

V. TEMPER HOLD: - In this section of cryogenic 
treatment,hold the material at elevated temperature but below 
the 
lowercriticaltemperature.Holdthematerialforatelevatedtemper
ature for 3 to hours to ensure the same temperature inentire 
material. Holding timedepends upon the mass andthickness of 
material. Some time more than one temperingprocessisusedto 
obtainthe desire properties. 

 
Cryogenic treatment process is the new technique to 
increasethehardness,toughness,strengthandmechanicalproperti
esofmaterial more than all same properties increase by 
conventionheattreatmentprocessbutcryogenictreatmenthasone
problemmeanscryogenictreatmentisverycostlyascompared to 
conventional heat treatment. And conventionaltreatment has 
one problem, some amount of austenite 
retainsinheatedmaterialandthisproblemisremovedbycryogenic. 

 
5. Machiningofmetals 
Machiningprocesshasdifferenttypesof definition but  
inshorttermwecansaythatmachiningprocessistheprocessbywhi
ch we remove the excess material from original object byhelp 
of different types of machine to obtain the desire shapeand 
size of an object. And this manufactured object can beused in 
different places to obtain the useful work. When 
weperformthemachiningprocessonanyworkpiecetoremove 
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the excess material from any object then broad type of 
tools,machines,equipment,workpiece,cuttingfluidandotherreq
uired objects are used. During machining process, someterms 
arise such as cutting force, heat generation, shear 
plane,cutting speed, depth of cut, feed rate, metal removal 
rate, 
chipvelocity,shearvelocity,frictionbetweencuttingtoolandwork
piece.Alltermedusedinmachiningprocessareimportant to know 
before perform the machining operationand these all termed 
have affect on each other such as whenwe increase the depth 
of cut then cutting form also increase ,when we increase the 
rake angle then cutting force decreaseetc. In machining 
process, selection of cutting tool mainlydepends upon the 
hardness of workpiece and second factor iscuttingspeed. 

 
 

Figure:1orthogonalmachining 
 

5.1. Someimportantpoints 
 CUTTINGSPEED:Cuttingspeedismotionofcuttingtoo

l,cuttingspeedtakeplaceineverymachining process. Its 
unit takes in meter per minutenormally. 

 FEEDRATE:Feedratenormallytakeplaceinturningope
ration,motionofcuttingtoolinonerevolutioniscalledfee
drate.Itsunitoccursmillimeter perrevolution. 

 DEPTH OF CUT: Depth of cutting tool in 
workpieceiscalleddepthofcut.Accordingtohowmuch
material is to be remove from workpiece , we set 
thedepth of cut. 

 SHEARVELOCITY:Velocityofchiprelative  
totoolface iscalledshear velocity. 

 METALREMOVALRATE:Amountofmaterialremov
edperminuteiscalledmetalremovalrate. 

 RELIEF ANGLE: Angle between flank of tool 
andmachinedsurfaceofworkpieceiscalledreliefangle. 

 KNIFEANGLE:Anglebetweenfaceandflanksurface 
of cutting tool is called knife angle of cuttingangle. 

 RAKEANGLE:Anglebetweenfaceoftoolandlineperpe
ndicularto surfaceofworkpiece. 

 
5.2. Typesofcuttingprocess 
Cuttingprocessmainlytwotypes: 
I. Orthogonalcutting 

II. Obliquecutting 
5.2.1:Orthogonalcutting 
Inorthogonalcutting,cuttingedgeoftoolalwaysoccurperpendicul
ar to the cutting speed of tool and direction ofmotionof 
chipalwaysoccurs perpendicular to  the cuttingedge of tool 
and direction of motion of cutting tool. It is 
alsocalledtwodimensionalcuttingbecauseinthiscuttingoperatio
n only two components of force act names are thrustforceand 
cuttingforce. 

 
5.2.2. Obliquecutting 
In oblique cutting, cutting edge of tool inclined at acute 
anglewithdirectionofcuttingspeedandchipflowdirectionhasalso 
inclined angle with normal to cutting tool edge. 
Obliquecutting also known as three dimensional cutting 
because herethree type of cutting force take place which are 
cutting force,thrustforceandradial force. 

 

Figure:2ObliquecuttingA
bovefigureshowtheobliquecutting. 

 
5.3. Typesofmachiningproc 

 Turning 
 Milling 
 Boring 
 Reaming 
 Drilling 

 
5.3.1. Turningoperation 
Before to describe the turning operation, some point 
aboutturning process are needed to know such as head centre, 
deadcentre,toolstool,rotationalspeed,carriage,toolinsert,tool 
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holder,workpiece,depthofcut, feedrate, 
cuttingspeed,thrustforce, feed force, rotational speed and hand 
wheel. Turningoperation can be perform by use of lath 
machine or CNCmachine. Lath machine operate manually 
while CNC 
machineissemiautomaticmachineorsemimanuallycontrolledma
chine DEAD CENTRE: Dead centre is a part of lath 
andCNCmachineinwhichworkpieceholds. 
HEADCENTRE:HeadcentreisalsoapartoflathandCNCmachine
inwhichcuttingtoolholds. 
CARRAIGE:CarriageoflathandCNCmachinedirectthemotiono
fcuttingtool. 
TOOLHOLDER:Toolholderholdthecuttingtool. 
TOOLINSERT:Toolinsertistheedgeofcuttingtool,whichisusedt
oremovetheexcessmaterialformoriginalworkpiece. 

 
6. Machiningoftoolsteel 
Machining (turning operation) of tool steel is very difficult 
ascompare to machining of common material because 
hardnessoftoolsteelisveryhighaboutfrom38HRCto43HRCthere
fore selection of tool is also difficult problem 
becausehardness/strengthoftoolshouldbehigherthanhardness/st
rength of workpiece. Therefore some limited inserttool are 
used for machining the tool steel such as cubic boronnitride 
insert tool and diamond insert tool etc. in machiningoperation 
several parameter areconsidered such as 
cuttingspeed,cuttingedge,cuttingfluidandotherfactorsandthenw
emeasurethewhatiseffectofalltheseparametersonmachining of 
tool steel. In machining process we measure 
thedifferentparameterslikechipmorphology,toolwear,roughnes
s and other important factors. In machining of 
toolsteel,researchersfoundmoremethodologytomachinethetool 
steel but no one satisfied the requirement of 
machiningproperties therefore I decided to find best result of 
machiningprocess to obtain the desire properties of material 
then I willperform the machining operation on material before 
the heattreatment process, after conventional heat treatment 
processand after cryogenic treatment process then I will 
compare 
theallthreeresultobtainbefore,aftertheheattreatmentandcryogen
ic treatment process then I will able to find the 
bestresultofmachiningprocess.Inmachiningoftoolsteel,someti
meworkingfluidisusedorsometimenotuseditdepends upon the 
hardness of material, speed of cutting anddepth of cutting etc. 
different losses take place during 
themachiningoftoolsteelsuchasfrictionallossetc.inthisprojectIf
ocusonroughness,toolwearandchipmorphology. 

 
7. Chipmorphology 
Chip morphology is the study of chip formation means 
whichtypes of chips form with different machining condition. 
Theformation of chip depends upon the different factors such 
ascuttingspeed,edgeofcuttingtool,temperatureduringmachinin
g,presenceandabsenceofworkingfluidandhardness of 
workpiece etc. during the machining, differenttypes of chips 
form such as continuous chips, segment chips,serrated chips 
and continuous chips with buildup edge etc.Normally, 
continuous chips with buildup edge and continuousband chips 
form inconventionalmachiningin ductile material 

but serrated chips formation mainly influence due to 
almostevery aspect of machining with high speed such as 
cuttingtemperature, cutting speed, tool wear and machined 
surfacequalityetc.thereforemanyresearchersaretryingtoinvestig
atethechipformationmechanicswithhighspeedmachiningbyuse
ofnumericalvalues. 

 
8. Results 

Theexperimentalresultformeasuringtheroughnessofmachined 
surface of workpiece was tabulated in design matrix.These 
experimental plans were developed for installing 
thequadraticmodelsofRa.Theseresultsobtainedindesignmatrix 
was put in a software which known as design expert.Then 
machining operation were performed at there all valuesof 
input variable, and then output values (surface 
roughness)weremeasuredbyuseofanappropriate  instrument.  
Hereinputvariablearefeedrateandcuttingspeed,thesetwovariable
s were tabulated in design matrix. And then turningoperation 
was performed at each condition and then roughnessof 
machined surface was measured by using the 
roughnesstesterandthentheseallvaluesofroughnessatseveralcon
ditions were put into the design expert software at place 
ofresponse. After putting the input and output values at 
differentconditions simultaneously, ANOVA application 
installed indesign expert is used to analysis of all values then 
grapesgenerate, some grapes are 2D and some grapes are 3D. 
Feedrate and cutting speed are our input variables while 
surfaceroughness is our output variable. Two types of heat 
treatmentare performed on workpiece therefore turning 
operation wasdone on the workpiece before and after the heat 
treatmentprocess. Tabulated in design matrix for feed rate and 
cuttingspeeddonotchangebeforeandaftertheheat  
treatmentprocess but output values of surface roughness 
change 
afterandbeforegenerateintwodimensionalandsomegrapegenerat
e in three dimensional. By help of these grapes we findout the 
optimum result of roughness, feed rate and cuttingspeed. Tool 
wear also measured before and the heat treatmentat these all 
tabulated values in design matrix. After performingturning 
operation without any heat treatment process on rod oftool 
steel D3, average surface roughness (Ra) were measuredby 
using roughness tester. There results obtained and 
inputvaluesaregivenin a table simultaneously. 

 
8.1 Residualplots 
All the figures given below show the residual plots for 
surfaceroughness(Ra) 
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Figure3(b) 
 

Figure3(c) 

Figure 3 
(d)Figure3.Residualplo
ts 

 
In normal plot of residual figure 4.1 (a), all points of result 
arealmost neartothestraight linethereforethis modelis 
anadequate and this plot also shows normal distribution of 
errors.Inplotresidualversuspredictedfigure4.1(b),somepointsare 
away from the straight. In other language we can say 
thatirregularpatterntakeplace and someerrorsare findout. 

 

9. CONCLUSION 

In above study, impact of certain boundaries (profundity 
ofcut, feed rate and cutting pace) on the chip morphology, 
wearofhardware,andsurfaceunpleasantnessare  
examinationwhencryogenicandcustomarytreatmentprocess.He
ncefinishes of this study are given beneath. Some end which 
issame all through all the machining activity i.e machining 
ofmaterial with no intensity therapy, machining of 
cryogenictreated material, and machining of regular intensity 
treatedmaterial. Feed rate and cutting pace both are best 
boundaryduring the machining of hardware steel D3 yet feed 
rate ismore viable than cutting velocity when profundity of 
cut 
iskeptconsistent.Normalsurfaceharshnessincrementwithdeclin
e in cutting velocity and unpleasantness decline 
withspeedupwhilenormalsurfaceharshnessincrementwithexpa
nsion in feed rate and reduction with decline in feed 
ratewhenprofundityofcutiskeptsteady. 
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