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Abstract

For cost effective machining it is necessary toniilg and quantify changes in tool material machdni
characteristicsCryoprocessing, a supplementary process to corweatiheat treatment, involves deep-
freezing of materials at cryogenic temperaturesribance the mechanical and physical properties.eXbeution
of cryoprocessing on cutting tool materials incesagvear resistance, hardness, and dimensionalitgtatid
reduces tool consumption and down time for the inactool set up, thus leading to cost reductidiee present
research paper reviews the machining characteyisifctool material with cryogenic treatment for usttial
applications.
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1. Introduction

Tools wears constantly, when are being used in faatwring, cutting and forming processes [1]. Witte
advancement in metal machining and cutting oparatib is necessary to identify and quantify chanigeshe
microstructure of metal alloys used in metal cgftend shaping processes [2]. There are numbereafntient
processes used for different metals which cauga tbebehave differently under different conditig8 However,
the mechanism of microstructure changes in alloydeu various treatments, are not yet fully undemstfl].
Change in microstructure effects on tool life undertain treatments [4]. Empirical studies have destrated that
the life of cutting tools like high speed steel §JSand tungsten carbide (WC) can be increased ¥iygenic
treatment [5]. Reducing tool wear is important grigus manufacturing processes in order to incréasklife
which in turns reduces cost of production [6]. Efiiciency of the tool depends upon the time forichhit is used
for cutting or in other words, longer is the cugtitime, better is its performance. However, while tvear of the
cutting edge gradually increases, the precisionthadjuality of the surface finish of the work petecreases [7].
Sooner or later, the tool has to be changed oetlso that a fresh edge can be used. The lifedfnaecutting tool
is consequently an important economic factor, angahuge competition among cutting tool producets The
tools have to withstand high temperature and stdesigg cutting, and have to absorb cutting forpesduced
during machining [1]. Also tool material must berrmsion resistant and chemically inert towards ek piece
material [7]. Moreover, the metal working industhigmands not only a long tool life, but also trytngncrease the
limits of the tools still further, as higher andghéer cutting speeds are required for high speechimiag which
causes decrease in cycle time and increase in @iodu[8]. The two most commonly used tool materiare
coated/uncoated carbides and HSS [9]. With these passibilities and because of the strong competitithe
cutting tool industry is highly interested in fumdental research about the wear of these matenialgdier to gain a
better understanding of the mechanisms leadinige@éstruction of the cutting edge and to find waygrolong the
life-time of the tools [2].

1.1 Cryogenic treatment

Cryogenic treatment may be oversimplified into agass of chilling a part down to relatively neasalbte zero
and maintaining that condition until the materiakttold-soaked [10]. The temperature is then alioeeise until
ambient equilibrium is reached [11-13]. The partyrtteen be subjected to a normal tempering rehé&htugh this
step is not always included in the process. Theptexity of the process involves determining andiewahg the
proper duration for the cooling, soaking and wagnaycles [14-16]. It is here that developments amputer
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modeling and controls have placed cryogenic tempgedn the cutting edge of metal treatment. Menglet
conducted an experiment on alloy tool steel witmposition 1.44C, 0.3Si, 0.4Mn, 12.2Cr, 0.84Mo, ®/48.022P
and 0.008S and compare the results after coldhezet(223K) and after cryogenic treatment (93K)e Thyogenic
treatment results show 110 to 600% improvement. Wéar rate shows a minimum at the sliding speetl bf and
1.63 m/s for specimens without and with cryogereéatment, respectively [13]. Singh, highlightect thee tool life

of a single point cutting tool has been increasg@®3% & amount of material removed in single settof tool

increased from 321.78 gm to 1392.30 gm after applgryogenic treatment to cutting tool [7].

The process is based on a predetermined thermbg tyat involves cooling of the tools/parts in angetely
controlled cryogenic chamber [15]. The materiakliswly cooled to -300°F and ‘soaked’ at that degm@genic
temperature for 20-40 hours. The material is thbowad to return very slowly to ambient temperatufde
complete cryogenic cycle can take up to 70-75 hearsomplete [16-18]. This procedure of precisaiyteolled
temperature profiles avoids any possibility of thal shock and thermal stress that is experienceshvehtool or
part is subjected to abrupt or extreme temperathemges. In this process liquid nitrogen is used esfrigerant
[19-20].

Cryogenic processing is not a substitute for hesdtinent, but rather an extension of the heatiggehching /
tempering cycle. In most instances the cryogenidecys followed by a heat tempering procedure [Rdnody
described an expedited process for the cryogepmtrtrent of metal-containing material, preferablyaimath of
liquid nitrogen, to improve shock ability, wear iy stability and hardness of at least the swefat the article.
Kamody does not appreciate the advantages of témgpend, if necessary, re-tempering the treateitlarat
elevated temperatures [20]. As all alloys do natehihe same chemical constituents, the temperiogepiure varies
according to the materials chemical compositioarrtial history and/or a tools particular serviceli@agion [22].
Figure 1 shows the schematic of cryogenic equipment [R3(omprises of an insulated box, one motor with a
circulating fan, one thermocouple to measure tiyeganic temperature inside the box connected tngérature
controller and programmer, a liquid nitrogen tankl a solenoid valve for the gas inlet.

Solencid valye-——]

— Themocouple

otor and gas
=71 circulation FAaM

(585 axif
Figure 1: Schematic of cryogenic equipment [23]

Figure 2 shows typical cryogenic cycle used forustdal application [2]. Cooling rate is one of thmost critical
parameter, which must not exceed 20-30C°/h in otdgprevent the rupture of the components becafigheo
cooling stresses. The ramp down time is 9 hourtemperature of =184 C° is achieved in 9 hours. rAfaenping
down to (-184 C°), material is soaked at this munimtemperature for 18 hours. It is again broughtaithe room
temperature in 9 hours known as the ramp up terhperalhe total duration of the cryogenic treatmisrabout 36
hours. After the material is cryogenic treateds itempered to 150 C°. The temperature of 150 @tlgeved in 1.5
hours and it is kept at this temperature for 4 Bolihe material is brought back to room temperatutbe next 1.5
hours. The total duration of tempering cycle isonits. Tempering is done in order to remove thesse® developed
during cryogenic cooling. The total duration of ieyogenic-tempering cycle is 43 hours. Tools ag@genically
treated in accordance with A’ S M Standard.
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Figure 2: Time Vs Temperature for cryogenic cy@g [

1.2 Microstructure Changes
Two main changes in the microstructure of the steelir as a result of cryogenic treatment [2, Hlede changes
are the principal reasons for the dramatic improaeinin wear resistance.

* Retained Austenite
Retained austenite is a softer grain structure ydvpmesent after heat treatment. By applying crgag&eatment,
retained austenite is transformed into the hanthere durable grain structure - martensite. The eapigretained
austenite in a material after heat treating mayadéiigh as 50 % or as low as 3 %. Figure 3 showsatbmic
structure of austenite crystal and martensite atyst

Okon Aloms
@®Possible locations for carbon atoms

Figure 3: Atomic structure of Austenite crystalftfiend Martensite crystal (right) [2]

The amount depends on the heat treating operatbrtten accuracy of the heat treating equipment. gy
treatment simply continues the conversion initiatgd heat treatment, whereby almost 100 % of thaimed
austenite is converted to martensite. As greatesuamts of retained austenite are transformed, arat wesistant
martensite is increased, the material obtains &mnoiform hardness.

¢ FineCarbide Precipitates
Fine ‘neta’ carbide particles (precipitates) arerfed during the long cryogenic soak (chromium abgbj tungsten
carbide, etc., depending upon the alloying elemientise steel). These are in addition to the laggebide particles
present before cryogenic treatment. These findgbestor "fillers”, along with the larger particle®rm a denser,
more coherent and much tougher matrix in the netevlany researchers and scientists have done btk on
cryogenic treatment [10-22]. Some literature dathdates that wear resistance of several metalsaloys increase
significantly after being subjected to subzero @el0°C) temperatures. The results are beneficiadézreasing
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machining cost and depending on the applicatiocrelsse in tool life depends upon the material caitipa, size
and weight of material, and cryogenic cycle usethstreatment. Reports of 92—-817% increases inlit@s after
they have being treated 6196C are found.

Molinari et al. applied deep cryogenic treatmenttwm different cold work tool steels, X155CrMoV1zinhd
X110CrMoV82. The effect is more pronounced when Dsy@le is carried out immediately after quenchiD@T
mainly enhance destabilization of martensite, biyvating carbon clustering and transition carbidecipitation
[12]. Zhu et al. [24] investigated the effect onahanical properties and microstructure of Fe-CriNeo-C- Co
alloy after quenching in liquid nitrogen for 24 Krhe result shows that hardness increased by 1-2 HRd
compressive strength decreased slightly after @ymgtreatment. The increase in hardness is atéibto the
transformation from austenite to martensite anccipitate of the very tiny carbidg-Fe2C.The decrease in
compressive strength is caused by residual stress.

2. Case Study on M achining Cost Reduction of Crank Shaft

The study was conducted for crank shaft machirafigr deep cryogenic treatment of tools. The stoidlights
20%- 22% increase in tool life. Further cost penponent is decreased up to 14.75% [2]. There aeenfiachining
operation of crank shaft (Figure 4).

Facing &Centering

|| CNC Rough & Finishing turning | [ U Drilling N Face Milling

v

Keyway Milling

Figure 4: Machining process flow of crank shaft [2]

» Effect of cryogenic treatment on wear rate of carbideinsertsused for CNC machining
Table 1 shows tool life of various tools used iarkshaft machining. It has been observed that thighincrease in
cutting speed from 250 m/min to 290 m/min, flankaw@creases. Untreated inserts and cryogenicetleaserts
shows same trend. Initially flank wear of both typs inserts is same but with increase in produactio near the
end of tool life, cryogenic treated inserts has lgsnk wear as compare to untreated inserts.

Table 1: Tool life of various tools used in cramia& machining [2]

Operation Tool Tool Life % Increasein
Before Treatment Aft_?:eC;trryr]()e%?nlc tool Life
HSS centre o
Facing & Drill 175 pcs/edge 200 pcs/edge 14.2%
Centering Clarb|de 375 pcs/edge 425 pcs/edge 13%
nsert
Carbide 0
Insert 65 pcs/edge 73 pcs/edge 12.3%
CNC Turning Clirslgge 90pcs/edge 110 pcs/edge 22.2%
Carbide o
Insert 80 pcs/edge 84 pcs/edge 5%

U Dirilling Clﬁrstgge 175 pcs/edge 205 pcs/edge 17.1%
Face Milling Clirslgge 220 pcs/edge 255 pcs/edge 15.9%
Keyway | isscutter] 1600 pes 1920 pes 20%

Milling
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Effect of cryogenic treatment on cost per component of crank shaft

Average Production of crank shaft per month = 2080 pcs
Cost saving per component = Machining cost befoye teatment - Machining cost after cryo treatment

= (8.3- 2.03) = 0.35 Rs (INR)

Total saving per month = 87,500 Rs (INR)
Table 2 shows effect of cryogenic treatment on rimaiet) cost per component

Table 2: Machining cost per component

Operation Tool Cost per Component (Rs)
Before Treatment After cryogenic
treatment
HSS centre
Facing & Drill 0344 0.2561
Centring Carbide
Insert 0.116 0.098
Carbide 0.417 0.259
Insert
CNC Turning lel‘gg'ge 0.417 0.172
Carbide 0.201 0.183
Insert
U Drilling Clﬁ]‘;';'ge 0.35 0.29
Face Milling Carbice 0.286 0.23
Key way HSS cutter 0.667 0.544
Milling
Total = Rs2.38RAN Rs 2.03(INR)

Conclusions
Following are the conclusions for the study:

Cryogenic treatment improves mechanical propetiles wear resistance, toughness and resistance to
fatigue cracking. This is due to the, transfornmatid retained austenite into stable martensite. diese
transformation leads to the increase in densitgistocations and vacancies which in turns enhahee t
diffusion coefficient of carbon. This microstruatuevolution induces the precipitation of very toarbides
during the cryogenic treatment.

For WC tools, cryogenic treatment effects on colbéider which in turns enhance tool life [24]. The
precipitations ofn phase at sub zero temperature might have imprdvediank wear. The different
cryogenic cycle might have affected the amountsdistibutions of these carbides and appeared ¥e ha
altered some of the properties of carbide tools.

Cryoprocessing, if properly employed, can provimificant improvement in both productivity and guot
quality and hence overall machining economy even@svering the additional cost of cryoprocessing.

Overall, cryoprocessing has significant favorabRuence on the performance of cutting tool steeid
carbides. Hence, cryoprocessing is a good alteenédir having productivity enhancement.

The improvement in wear resistance and hardnessybyprocessing is attributed to the combined efééct
conversion of retained austenite to martensite @edipitation ofn-carbides in case of tool steels. The
phenomenon responsible for improved wear resistancarbide cutting tools is the combined effect
of increased number gfphase particles and increase in bounding strerfdimders used.

Cryoprocessing is an inexpensive one-time permareatment affecting the entire section of theimgittool
unlike coatings; therefore, similar lives can bpested after each regrinding of tools.

Overall, cryoprocessing has significant favorabRuence on the performance of cutting tool steeid
carbides. Hence, cryoprocessing is a good alteenédr having productivity enhancement.
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