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ABSTRACT

It was found that conventional cooling techniques, which include flood coolant techniques, tend to be detrimental to tool life. This is due to the
inability for the coolant to reach the cutting edge at such high cutting speeds. Moreover, conventional cutting fluids cause environmental and health
problems. The disposal of them becomes important environmental and economic issues to be considered by machining industry, because the disposal
cost is very expensive. Therefore, new methods of cooling, such as minimum quantity lubrication, solid lubricants and cryogenic cooling have now
been used in extending tool life. Another very recent newcomer in the search for extending tool life is the cryogenic treatment of cutting tools.
Cryogenic technology on the whole is not a new process, and has been used on several types of materials including plastics and composites to
improve their performance in their various applications. The cryogenic treatment improves the properties of the tool material. In the present
experimental investigation, study the machining performance of cryogenic carbide as a tool and AISIH13 material as work piece using environment
of Nitrogen. The experimental results reveal that using cryogenic technology has effects on Cutting forces and Tool wear.

Keywords: Nitrogen gas, cryogenic carbide tool, tool wear, cutting forces.

1. INTRODUCTION

THE CRYOGENIC TREATMENT IMPROVES THE PROPERTIES OF THE TOOL MATERIAL. THE CRYOGENIC TREATMENT
IMPROVES TOOL WEAR RESISTANCE, SURFACE FINISH OF WORK PIECE MATERIAL AND REDUCES CUTTING FORCES.
THE IMPROVEMENT IN TOOL WEAR RESISTANCE MAY BE DUE TO PRECIPITATION AND DISTRIBUTIONS OF THE
H-PHASE PARTICLES AFTER CRYOGENIC TREATMENT. THE CRYOGENICALLY TREATED TOOLS PERFORM BETTER
WHILE PERFORMING INTERMITTENT CUTTING OPERATIONS. GENERALLY, LONGER MACHINING TIMES DIMINISH
ANY BENEFICIAL EFFECT OF TOOL LIFE THAT CRYOGENIC TREATMENT BRINGS ABOUT. CRYOGENICALLY TREATED
TOOLS PERFORM BETTER WHEN THE TOOL TEMPERATURE IS KEPT LOW. THEIR EFFECTIVENESS CAN BE EXTENDED
IF COOLANTS OR SUITABLE METHODS OF COOLING ARE USED TO KEEP THE TOOL TEMPERATURES LOW.
TRADITIONALLY, HIGH TEMPERATURE IN CUTTING ZONE HAS BEEN CONTROLLED BY USING CUTTING FLUIDS. BUT,
CONVENTIONAL CUTTING FLUIDS CAUSE ENVIRONMENTAL POLLUTION, HEALTH PROBLEMS AND HIGH DISPOSAL
COSTS. REGULATIONS HAVE BEEN FORCING MANUFACTURERS TO REDUCE OR ELIMINATE THE AMOUNT OF WASTES.
AS TECHNOLOGY IMPROVES AND CUTTING SPEEDS IN MACHINING ARE INCREASED, IT WAS FOUND THAT
CONVENTIONAL COOLING TECHNIQUES, WHICH INCLUDE FLOOD COOLANT TECHNIQUES, TEND TO BE
DETRIMENTAL TO TOOL LIFE. THIS IS DUE TO THERMAL SHOCKS, AS WELL AS THE INABILITY FOR THE COOLANT TO

REACH THE CUTTING EDGE AT SUCH HIGH CUTTING SPEEDS.

THE REVIEW OF LITERATURE ALSO INDICATED THAT APPLICATION OF GASES AS A CUTTING FLUID REDUCES THE
CUTTING ZONE TEMPERATURE VERY EFFECTIVELY. GASES ARE POLLUTION-FREE, ECO-FRIENDLY AND ARE GOOD
COOLANT AND LUBRICANT. THE APPLICATION OF GASES PRODUCED LOWER CUTTING FORCE, IMPROVES THE
ROUGHNESS OF THE FINISHED SURFACE, AND REDUCES THE TOOL WEAR. THESE EFFECTS CAUSED THE LOWEST
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CUTTING FORCE IN CARBON DIOXIDE GAS APPLICATION AS COMPARED TO OTHER GASES. THE NITROGEN GAS
SUITABLY DECREASED THE CUTTING TEMPERATURE, AND IMPROVED THE CONTACT CONDITIONS AT CHIP-TOOL
INTERFACES. NITROGEN GAS FORMED A FILM ON TOOL SURFACE, CHIP EASILY MOVED AWAY FROM TOOL FACE AND
LOWER FRICTION OCCURRED IN TOOL-WORK PIECE-CHIP INTERFACE. THE CUTTING FORCE AND TOOL WEAR WERE
REDUCED AND ROUGHNESS OF THE FINISHED SURFACE WAS IMPROVED. NITROGEN GAS ALSO HELPED IN TIGHTER
CHIP CURL AND SHORTER CONTACT LENGTHS COMPARED TO THE AMBIENT TEMPERATURE ENVIRONMENTS. IT IS
INVESTIGATED THE EFFECT OF CRYOGENIC TREATMENT ON THE MECHANICAL AND MAGNETIC PROPERTIES OF
WC-8WT. % CO CEMENTED CARBIDES AND SHOWED THAT CRYOGENIC TREATMENT ENHANCES HARDNESS,
COMPRESSION STRENGTH, WEAR RESISTANCE AND FATIGUE RESISTANCE, WHILE THE BENDING STRENGTH AND
TOUGHNESS ARE NOT CHANGED. THE CHANGE OF THE MECHANICAL PROPERTIES HIGHLY DEPENDS ON THE
SOAKING TIME. THE CRYOGENIC TREATMENT IMPROVES TOOL WEAR RESISTANCE, SURFACE FINISH OF WORK PIECE
MATERIAL AND REDUCES CUTTING FORCES [1]. DEEP CRYOGENIC TREATMENT HAS VARIOUS ADVANTAGES LIKE
INCREASE IN WEAR RESISTANCE, REDUCED RESIDUAL STRESSES; INCREASE IN HARDNESS, FATIGUE RESISTANCE,
TOUGHNESS IMPARTED BY TRANSFORMATION OF RETAINED AUSTENITE TO MARTEN SITE, PRECIPITATION OF
CARBIDES, ETA-CARBIDE FORMATION, PERFECT DISTRIBUTED/HOMOGENOUS CRYSTAL STRUCTURE, BETTER
THERMAL CONDUCTIVITY, AND REDUCED CHEMICAL DEGRADATION. THIS TECHNOLOGY IS AN ECO-FRIENDLY,
NONTOXIC, AND NON EXPLOSIVE [2].

IN THIS WORK AIMS TO STUDY THE PERFORMANCE OF THE CRYOGENIC TREATMENT ON THE CARBIDE TOOLS
(SHALLOW CRYOGENIC TREATED AND DEEP CRYOGENIC TREATED) COMPARED TO THE UNTREATED TOOL FOR
MACHINING THE AISI 1020 BRIGHT ROD (WORK PIECE). FROM THAT MACHINING, THE TOOL WEAR AND SURFACE
ROUGHNESS VALUES OF THE WORK PIECE MATERIAL WAS DETERMINED. AT THE SAME TIME CUTTING ZONE
TEMPERATURE AND CHIP FORMATION METHODOLOGY WERE OBSERVED. FROM THE TOOL WEAR TESTS DEEP
CRYOGENICALLY TREATED TOOL REVEALED THE LESS AMOUNT OF WEIGHT LOSS (10MG). THE REASON BEHIND
THAT, THE FORMATION OF 11 PHASE PARTICLES PRECIPITATED ON THE CARBIDE INSERTS AFTER THE CRYOGENIC
TREATMENT. THE SEM IMAGES AND EDX IMAGES SHOWS THE FORMATION OF FINE GRAINS[3]. THE TOOL LIFE OF
DEEP CRYOGENIC TREATED COATED CEMENTED TUNGSTEN CARBIDE CUTTING TOOL INSERTS WAS LARGER BY A
FACTOR OF 1.27 (27% INCREASE) WHEN COMPARED TO UNTREATED INSERTS. [4]. THE MAIN CUTTING FORCES FOR
THE DEEP CRYOGENIC TREATED INSERTS WERE LESSER BY 11% WHEN COMPARED TO UNTREATED INSERTS FOR
CUTTING SPEEDS IN THE RANGE BETWEEN 200 AND 350M/MIN.

2. PROBLEM FORMULATION

The review of literature clearly indicated the new cutting tool materials like high-performance ceramics, cubic
boron nitride, coated carbides, cryogenically carbide have been greatly improved machining of several engineering
materials, even in some case of difficult-to-cut metals. The rising of temperature during cutting processes
negatively affects tool life. It also adversely changes machine parts quality, such as dimensional accuracy and
surface quality. High temperature in cutting zone has been traditionally tried to control by using cutting fluids. The

coolant effect reduces temperature in cutting zone and the lubrication action decreases cutting forces. Thus the

256|Page Online ISSN: 2456-883X Website: www.ajast.net



-&’ Asian Journal of Applied Science and Technology (AJAST)
AST (Peer Reviewed Quarterly International Journal) Volume 2, Issue 4, Pages 255-263, Oct-Dec 2018

EXCELLENCE THROUGH RESEARCH

friction coefficient between tool and chip becomes lower in comparison to dry machining. However, as technology
improves and cutting speeds in machining are increased, it was found that conventional cooling techniques, which
include flood coolant techniques, tend to be detrimental to tool life. This is due to the inability for the coolant to
reach the cutting edge at such high cutting speeds. Therefore, new methods of cooling, such as minimum guantity
lubrication, solid lubricants and cryogenic cooling have now been used in extending tool life. The cryogenic
treatment improves the properties of the tool material. The cryogenic treatment improves tool wear resistance,
surface finish of work piece material and reduces cutting forces. The improvement in tool wear resistance may be
due to precipitation and distributions of the n-phase particles after cryogenic treatment. The cryogenically treated

tools perform better while performing intermittent cutting operations.

The review of literature indicated that cryogenic treatment has been acknowledged as a means of extending the life
of carbide insert but no study has been reported in open literature regarding the effect of gases as a coolant on the
performance of cryogenically treated carbide insert in turning. So, the present work is based on some experimental
investigation on the effect of nitrogen gas on the performance of cryogenically treated carbide in turning. The
experiments were performed at different input parameters i.e. cutting speed, feed and depth of cut and compared
with dry machining. The effect of these parameters on cutting forces and tool wear were evaluated as per Taguchi
design.

3.EXPERIMENTAL SET-UP
In the experimental investigation, we used the AISIH13 material as the work piece material and carbide as the tool
material. In Experimental investigation, Dry and Nitrogen gas are used as varying parameters to evaluate the

machining performance

Figure No: 1 Photographic view of the experimental set up

The photographic view of the experimental set up is shown in Fig. 1. For this experimentation a high power rigid
lathe of HMT (LB-17 model) was used.
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3.1. Dynamometer
The cutting force was measured by using a dynamometer for each machining condition. The photographic view of
the dynamometer is shown in Fig. 2.

Figure NO: 2
3.2. Metallurgical Microscope

The flank wear was measured using metallurgical microscope (YUCON Japan). The photographic view of
metallurgical microscope is shown in the fig. 3.

i
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_

Figure No: 3

4. WORK PIECE AND TOOL USED

A material used in this experimental investigation is AISIH13. Tool used in this experiment is carbide. Carbide
material consists of atoms of nitrogen and boron, was produced in the early 1970s by high pressure, high
temperature processing. It has high hardness and high thermal conductivity. It has much higher tensile strength as

compared to diamond. It is chemically inert so it can be used as a substitute for diamond for machining steel.

5. GASES USED

The Nitrogen gas is used in this investigation. Nitrogen gas is used to compare its effectiveness with dry
environment.
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6. SET-UP AND EXPERIMENTAL PROCEDURE
To fulfill the objectives of present work, experiments were performed on

AISIH13 steel by cryogenically carbide under both dry and gaseous cooling environments. For this
experimentation a high power rigid lathe of HMT (LB-17 model) was used. The cutting tools were purchased from
Mitsubishi, India. The carbide cutting tools were treated cryogenically. Carbide cutting tool inserts are available in

many different tool geometries and material grades.

For cooling and lubrication, nitrogen gas was used. These gases were impinged from a mild steel nozzle having
diameter 1.40mm. The pressure of nitrogen and carbon dioxide gases has been kept at 3 bars. The material selected

for the experiment was AISIH13 steel having diameter 75mm and length 730mm.

The response parameters analyzed were cutting force and tool wear. The cutting force was measured by using a
dynamometer for each machining condition. The tool was attached on dynamometer and static calibration of the
system was completed before experiment. The flank wear was measured using metallurgical microscope (YUCON
Japan). The effect of input parameters on cutting force and tool wear were evaluated as per Taguchi design, using
L27 orthogonal array.

Tablel.Input machining parameter

S. No. Factor Level-1 Level-2
A: Cutting speed
1 28 49
(m/min)
B: Feed
2 0.050 0.063
(mm/rev)
C: Depth of cut
3 0.5 1
(mm)

D: Environment ]
4 ] Dry Nitrogen gas
(Catagorial factor)

Table2. Experimental observations

Exp. A: B: C: Depth D: Response-1 Response-2
No. | Cutting Feed of Cut Environment Cutting forces Tool wear
Speed | (mm/rev) (mm) (kgf) (mm)m((m)
(m/min)
1 28 0.05 0.5 Dry 32.7 0.319
2 28 0.05 1 N2 38.7 0.327
3 28 0.063 0.5 N2 26.8 0.346
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4 28 0.063 15 Dry 46.7 0.357
5 28 0.075 1 Dry 45.2 0.354
6 28 0.075 15 N2 47.3 0.388
7 49 0.05 0.5 N2 26.9 0.361
8 49 0.05 15 Dry 36.5 0.399
9 49 0.063 1 Dry 35.2 0.402
10 49 0.063 15 N2 45 0.376
11 49 0.075 0.5 Dry 32.5 0.361
12 49 0.075 1 N2 35.8 0.37
13 63 0.05 1 Dry 28.2 0.398
14 63 0.05 15 N2 33.5 0.411
15 63 0.063 0.5 Dry 30.7 0.356
16 63 0.063 1 N2 29.2 0.36
17 63 0.075 0.5 N2 25.1 0.378
18 63 0.075 15 Dry 38.5 0.453

7. RESULTS & DISCUSSION

7.1 Effect of cutting forces

The cutting force found decreased with the increase in speed. This was due to decrease in the co-efficient of friction
at the tool-chip interface on the rake face and an increase in shear angle. In case of gases application, the lowest

cutting force was achieved by using carbon dioxide gas as a cutting fluid as compared to nitrogen gas and dry

turning.
Interaction Plot ([data means) for Means
L] LN 11 p.o7a
C ullng
1 - ] wpeed
] - —— 2
Cuth d — - = e -
22 4 witing mpem - --.--.._ :
"ol
23
ced
l ap | —=— n.o3m
- a —B— DR
S, = 0.073
£e Fuwd : -
iy —
24
Dcpth
7 ef eut
= e m — 0.2
32 4 - . — — Owpth of cut —— . ;
- -
"'_‘—‘——._,_\_\_\_\_\_:: F____F__—H
24 T . ! . : :
i 45 (31 - o e

Fig 4: Interaction plot for means for cutting forces (smaller is better)

7.2 Effect on Tool Wear
The cutting speed, feed, depth of cut and environment have considerable effect on tool wear as shown in main
effects plot for means of tool wear in Figure. Interaction plots for mean tool wear are shown in the Figure. Flank

wear is the most important tool wear occurring in machining operation. The flank wear is primarily attributed to
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rubbing of the tool along the mechanical surfaces, causing abrasive, diffusive and adhesive wear mechanisms and
also high temperature, which affect the tool material properties as well as the work piece surface. The main effect
plots for means for tool wear (Figure) show that the tool wear increased frequently with the increase in depth of cut.
This was due to high quantity of material removed, which had flown over the tool tip at higher depth of cut. The
strength of the tool was also reduced because high cutting temperature was produced due to increase in the rate of
plastic deformation. The tool wear increased with the increase in cutting speed because quick shearing took place at
higher cutting speed result higher cutting temperature. As a result the strength of the tool was reduced and flank
wear increased rapidly. In case of gases application, the lowest tool wear was achieved by using Nitrogen gas as a

cutting fluid as compared to dry turning.

Interaction Plot (data means) for Means
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Fig 5: Interaction plot for means for tool wear (smaller is better)

This was due to more cooling and lubrication effect produced by the use of nitrogen gas which reduced the
coefficient of friction at the interface of the tool and chip over the rake face. The cooling effect produced by the
nitrogen gas appears to be more effective in reducing tool wear at comparatively higher cutting speed. It was
probably due to the reason that at lower cutting speeds, the temperature of the tool tip may never be high enough
compared to ambient temperature to cause the noticeable positive effect of the coolant. It is apparent that the
cooling effect produced by gases neutralized the adverse effect of possible higher tool chip interface temperatures
during machining.

This reduction in the temperature thus helped in restricting flank wear of the cutting inserts. The tool wear for dry
machining and nitrogen gas application were close. This was due to machining at atmospheric conditions and
atmosphere contains more than 70% of nitrogen gas. Also, the cooling effect was increased by the flow of nitrogen
gas in cutting zone and this would provide reduction in tool wear as compared to dry machining. The highest tool
wear was observed in dry machining as compared with nitrogen environment in each machining parameter. The
interaction plots (Figure) show the interaction between cutting speed and feed, cutting speed and depth of cut, feed

and depth of cut.

261|Page Online ISSN: 2456-883X Website: www.ajast.net



-&' Asian Journal of Applied Science and Technology (AJAST)
ST (Peer Reviewed Quarterly International Journal) Volume 2, Issue 4, Pages 255-263, Oct-Dec 2018

EXCELLENCE THROUGH RESEARCH

8. CONCLUSIONS
In the present research work, an attempt has been made to study the effect of nitrogen and carbon dioxide gases on

the performance of cryogenically Carbide insert in turning AISIH13 steel. The results were compared with dry
turning. The following conclusions are drawn.

Application of gases has reduced the tool wear and cutting force when compared with dry machining.

Depth of cut has the maximum influence under all machining conditions.

Cryogenically carbide tool performs better by using nitrogen gas as compared to dry turning environment.

The cutting forces increased with increase in depth of cut and feed and decreased as speed increased.

The flank wear increased with increase in depth of cut, cutting speed and feed
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