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coolant jet in machining of 42Cr Mo4 steel by uncoated
carbide inserts. They have dealt with an experimental
investigation on the effect of high pressure coolant on
temperature, tool wear, surface roughness and dimensional
deviation. Nalbant Muammer et.al [3] studied on Effect of
cryogenic cooling in milling process of AISI 304 stainless
steel. The effects of cryogenic cooling on cutting forces in the
milling process of AISI 304 stainless steel were investigated.
Cryogenic cooling and cutting speed are found to be effective
on cutting forces. Cutting forces and torque in cryogenic
milling are higher than those in dry milling. Cutting force is
increased as the cutting speed is increased. Sancheza L [4]
studied on a Cryogenic machining as an alternative turning
process of normalized and hardened AISI 52100 bearing steel.
This article presents the results of turning hardened and
normalized bearing steel AISI 52100 (DIN 100Cr6),
comparing conventional flood and dry with cryogenic
machining .Turning results show drastic improvements in tool
lifetime (up to 370%) for cryogenic machining of normalized
bearing steel 100Cr6 and reduction of thermal residual stress
inducements in case of hardened bearing steel 100Cr6, while
tool life is also extended. Bermingham, 2011 studied on new
observations on tool life, cutting forces and chip morphology
in cryogenic machining Ti-6Al-4V. Liquid nitrogen is a safe,
clean, non-toxic coolant that requires no expensive disposal
and can substantially improve tool life. Cryogenic coolant is
effective in extracting heat from the cutting zone [5-6]. As
many have reported, cryogenic cooling has great
technological and economic potential. Some state that
technique is profitable compared to more common cooling
methods while others have doubts. Every case is individual
and needs to be analyzed separately. The success of applying
cryogenic cooling is highly depending on many parameters
such as workpiece material, cutting tool material, the design
of the tool and process parameters. In machining processes of
hard-to-machine materials, usually the cooling is aimed
directly to the cutting zone while for ductile material the
cooling is sometimes directed to the material. The great
majority of presented and reported results about machining
cryogenic cooling have been positive in terms of tool life,
wear development and surface finish.

1.0 INTRODUCTION
The cutting conditions in metal cutting can be improved by
the use of cutting fluids, acting both as a coolant and a
lubricant. Different types of cooling methods are used to
overcome temperature rise. Among them, the use of emulsion
fluid is the most popular cooling method, mainly because of
economy and ease of use. However, the main problem with
the coolant is that it doesn‘t reach the real area. They fail to
reduce temperature in cutting zone because they cannot
penetrate proper into the tool chip interface. Therefore, the
extensive heat generated from the tool chip interface
evaporates the coolant before it reaches the cutting area.
Hence heat generated during machining is not removed and is
one of the main cause of the reduction in tool life. The tool
failure, poor surface finish and less dimensional accuracy are
associated due to this high cutting temperature in cutting zone.
Further conventional fluid also creates environmental and
disposal problems. Therefore to overcome this problems, a
new cooling approach is investigated i.e., cryogenic cooling,
in which the liquid nitrogen (LN2) is used as a cutting fluid in
the machining operation. This work especially, focusses on
the effect of cryogenic coolants on machining characteristics.
Earlier, much work is investigated using LN2 as the coolant to
reduce cutting temperature, tool wear, surface roughness and
cutting forces-Bartley firstly investigated the cryogenic
machining using liquid CO2 as the coolant in the year 1953.
Dhar and kamaruzzaman discussed the beneficial effects of
cryogenic cooling in machining, they conduct an experiment
on cryogenic cooling and proved that the cryogenic cooling
helps to reduce the cutting temperature in tool work interface
and maintain the cutting edge sharp, which results in better
tool life, surface finish and higher dimensional accuracy as
compared to dry and wet machining. The major disadvantage
of using LN2 is that it increases the overall machining cost
and it precools the workpiece, which increases the workpiece
hardness of material during machining. This results into
increases the cutting forces and abrasion to the tool. To
eliminate this problem, the LN2 is prevent from workpiece
and only directly applied on the tool rake face.
In this present work, a new type of cooling approach is used
i.e. cryogenic machining in which the liquid nitrogen is used
as a coolant. The experiment investigation done by
Hongshane et.al [1] on cryogenic cooling of titanium alloy Ti6Al-4V. The study finds that the combination of these two
micro nozzles provide the most effective cooling while using
liquid nitrogen flow rate. Their work shows that tool life
increases up to 5 times the state of the machining
Kamruzzman et.al [2] studied on the effect of high pressure

2. EXPERIMENTAL DETAILS
The Test pieces of Mild Steel and Tool Steel with 30mm
diameter and 200 mm length are selected for the experimental
investigation. Experiments are carried out on an HMT lathe
shown in Fig 1, under dry and cryogenic cooling conditions.
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The machine is fitted with a dynamometer to mesasure the
cutting forces. Dynamometer is interfaced to a comupter to
catputre the dara and store it in the system.

Fig 2: Liquid Nitrogen

Vessels containing liquid nitrogen can condense oxygen from
air. The liquid in such a vessel becomes increasingly enriched
in oxygen (boiling point 90 K; −183 °C; −298 °F) as the
nitrogen evaporates, and can cause violent oxidation of
organic material. In this experiment the liquid nitrogen is
stored in Dewar and dispensed through stainless steel
dispenser as shown in Fig 2 it is manually poured on to the
component during machining as shown in Figure 3. A sample
of machined pieces are shown in Fig 4.

Fig 1: Experimental setup
Fig 3: Application of liquid Nitrogen during machining
The optical Emission Spectrometer is used to find out the
chemical composition of the above materials and presented in
table 1 and table 2.

Table 1: Chemical Composition of mild steel
C
0.17%

Si
0.20%

Mn
0.54%

P
0.16%

Fe
98.7%

Table2: Chemical Composition of Tool steel
Cr
0.17%

Mn
0.20%

P
0.54%

S
0.16%

V
1.0%

Mo
0.9%

Si
0.3%
Fig 4: Machined pieces
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Hardness of the materials are tested by using viker’s hardness
tester machine. The hardness of mild steel is found to be 167
and tool steel is found to be 748.

lathe machine and studied. The cutting forces which are
generated while machining the material are first determined
by the lathe tool dynamometer and later using the PC
interfacing device the values are transferred to the computer.
Using the values a graph showing the different cutting forces
is generated by the computer. Using the graphs the cutting
forces are noted by taking highest peak for the respective
force. The force v/s time plots for mild steel and tool
specimens at various speed are presented in in fig. 5
and Fig 6.

3. RESULTS AND DISCUSSION
The work pieces are produced for dry machining using normal
coolant. Keeping the depth of cut and feed constant, different
speeds are employed to study the behaviour of forces with
time. The dry machining of both specimens is done by taking
variable speed for every 5cm length of work piece. The force
vs time graphs are noted from computer aided HMT NH22

(a)

(b)

(c)

(d)
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Fig 5: Force v/s time graph for mild steel at feed =0.04mm/rev and depth of cut =0.5mm (a) speed 192rpm, dry machining (b)
speed 192rpm, cryogenic machining (c ) speed 420 rpm, dry machining (d) speed 420rpm, cryogenic machining (e) speed 550
rpm, dry machining (f) speed 550 rpm, cryogenic machining (g) speed 715 rpm, dry machining (h) speed 715 rpm, cryogenic
machining

At f=0.04mm/rev and DOC=0.5mm, it is observed that the cutting force is being reduced by 19.3 % in liquid nitrogen machining
of tool steel at 192 rpm, 27.2% at 420 rpm, and 21.8 % at 550 rpm and 25% at 715 rpm And the tool is observed to be sharp in
LN2 machining
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(h)
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Fig 6: Force v/s time graphs for tool steel at feed =0.04mm/rev and depth of cut =0.2mm (a) speed 105rpm, dry machining (b)
speed 105 rpm, cryogenic machining (c ) speed 192 rpm, dry machining (d) speed 192rpm, cryogenic machining (e) speed 420
rpm, dry machining (f) speed 420 rpm, cryogenic machining (g) speed 550 rpm, dry machining (h) speed 550 rpm, cryogenic
machining
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At f=0.04mm/rev and DOC=0.2mm, it is observed that the
cutting force is being reduced by 36.25% in liquid nitrogen
machining of tool steel at 105 rpm, 37.5% at 192 rpm, and
25% at 420 rpm and 550 rpm And the tool is observed to be
sharp in LN2 machining

CONCLUSIONS
The following are the conclusions drawn from the present
work


Using the Liquid Nitrogen as coolant is affordable in
the case of machining of tool steel as it reduces the
temperature at the cutting area which is a major
reason for the difficulty of machining tool steel but it
may not be a good idea in case of machining the
Mild Steel and some grades of steel.



The cutting force for mild steel when liquid nitrogen
is used as coolant is reduced by 23.2% and that of
tool steel the cutting force is being reduced by
30.93% . Thus we conclude that forces are being
reduced with the usage of liquid nitrogen as coolant.
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