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Abstract - Cryogenic treatment is the known process for 
improving the life of tool materials. The effect of cryogenic 
treatment on the material is at the micro structural level. 
This paper reports the optimization in the performance of 
the HSS tool after cryogenic treatment. The comparison 
between the performance of cryogenically treated and 
untreated tool was done in turning of mild steel (SAE 
1018). The full factorial technique has been used for the 
design of experiment. From the results, it can be seen that 
the cryogenically treated Tool bit exhibit better 
performance based on the surface roughness of the work 
specimen. 
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I. INTRODUCTION 
The high speed steel (HSS) is the one of the most commonly 
used tool material in conventional machines like conventional 
lathes etc. It is superior to the older high carbon steel tools 
used extensively through the 1940s in that it can withstand 
higher temperatures without losing its temper (hardness). In 
recent years, interests have been increased in the analysis of 
low temperature effects on the tool materials microstructure 
and their performance. K. Vadivel et al. [1] studied the effect 
of cryogenic treatment on the performance of coated carbide 
inserts when compared with untreated ones. They found that 
the cryogenic treated insert shows less surface roughness (up 
to 22.35%) as compared to the untreated inserts also the 
cryogenically treated inserts shows less power consumption ( 
up to 25% ) compared to untreated inserts. Nikhil R. Dhar et 
al. [2] uses the cryogenic cooling while turning and found an 
increase in surface finishing, accuracy and and found less 
wear of inserts. 
   
 A.Y.L. Yong et al. [3] studied the effect of cryogenic 
treatment on the tungsten carbide tool. The comparison was 
done between cryogenically treated and untreated tool by 
turning the medium carbon steel. The flank wear was 
observed for both kind of tool after turning in continuous and 
intermittent way. They found that the cryogenic treated tool 
gives better performance also it lose their superior properties 

by turning continuously. Paolo Baldissera et al.[4] studied the 
effect of using different sequence of  operations (DCT, case 
hardening, tempering ) and soaking time period on 18nicrMo5 
steel. They found that the different sequence and soaking 
times have  
different effect on properties. Hardness increases in 
cryogenically treated groups. 
V leskovsek [5] et al. compares the wear behavior of vacuum 
heat treated ESRAISIM2 HSS is compared with same 
material which vacuum heat treated with a deep cryogenic 
treatment at -196°c.For this eight specimen of HSS are taken 
and then tampered at 4 different temperatures. The first four 
are only heat treated followed by double tempering each 
specimen at different temperature. The second group of 4 
specimens is heat treated with cryogenic treatment and then 
tempered. Each specimen tempered at different temperature of 
500, 540, 550,660°c.The Rockwell hardness and fracture 
toughness is founded of all eight specimens. In terms of these 
two properties wear resistance or behavior is related. It is 
observed that the wear behavior does not depend on a single 
property but on proper combination of both properties. There 
is increase in wear resistance with CT. The wear resistance 
increase with increasing tempering temperature.  
Flavio J da silva[6] et al. studied the high speed steel which is 
cryogenically treated after quenching and tempering. After 
treatment 3 cycles tempering is done at +196°c. These treated 
tools are compared with untreated ones. Firstly laboratory test 
(micro structural and hardness test) test performed. Secondly 
Brandsma rapid facing test is performed which consist of 
facing of steel disk until tool wear or tool failure and dia. of 
facing is measured up to tool failure point. Then in sliding 
abrasion test, Cylinders of HSS steel were tested for wear on 
pinion-disc abrasion test by applying load. The mass variation 
before and after test gives amount of wear occurs. Then in 
Twist drills of HSS both treated and untreated used to drill in 
steel bar. Number of holes before end of tool life gives 
comparison. It is found that there is no major effect on 
hardness by CT. In facing test the CT tool shows longer life 
when feed is constant at all rpm. But when feed rate is 0.157 
then the CT shows negative results. The CT increase the 
performance of drills gain observed up to 342%. 

The detailed literature on HSS tool reveals that the 
surface roughness of work specimen was not considered in the 
performance analysis of cryogenically treated cutting tool bits. 

http://en.wikipedia.org/wiki/Plain-carbon_steel
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Hence in this paper the study on the optimization of the HSS 
tool bit after cryogenic treatment is done on the basis of 
surface roughness by turning of mild steel(SAE1018).  

II. MATERAL AND METHODS 
The Cryogenic treatment  
The details of cryogenic treatment performed at Institute of 
auto parts, Ludhiana on HSS M35 tool bit are given as:- 
The cryogenic treatment is accomplished on one of the tools 
according to standard cycle at Institute of Auto Parts, 
Ludhiana.  

• Lowering of chamber temperature from room temperature to - 
63.3°C in a period of 60 mins. 

• Maintaining the temperature at - 63.3°C for 30 min  
• Lowering the temperature to - 101.11°C in a period of 30 min  
• Maintaining the temperature at - 101.11°C for 60 min  
• Lowering the temperature to - 156.66° C in a period of 90 min  
• Maintaining the temperature at - 156.66° C for 60 min  
• Lowering the temperature to - 195.55° C in a period of 30 min  
• Maintaining the temperature at - 195.55° C for 12 h  
• Heating to room temperature (1 hr. average) 

Tool material 
The tool material that was selected for making the single point 
cutting tool was according to the recommendations provided 
by Miranda tools ltd. The Miranda tools are available in 
market. Two tool bits was purchased of HSS M35 S100 which 
is heat treated by manufacturer. The chemical composition of 
the HSS M35 S100 is given in the table 1 

Table 1: Chemical composition of tool material 
% age of 

C Cr Mo W Co V 
1.2 4.1 5.0 6.4 4.8 1.9 

 
 Work material 
 The Mild steel was selected as work material. The SAE1018 
grade of mild steel was purchased as needed form market. Te 
SAE 1018 mild steel has large number of applications like for 
making nut and bolts etc. The spectrography test of material 
was conducted at Rand D centre for Bicycle and Sewing 
machine Ludhiana, Punjab, India (test report of the same may 
be produced if required). The chemical composition of the 
work material is given in table 2 
 

Table 2: Chemical composition of work material 
 

% age of 

C Mn P S Si 

0.17 0.66 0.03 0.015 0.19 
 

Experimental works 
The experimental work carried out in GST industries, 
Rampura phull, is explained in this chapter. The details of 
machine tool used, work specimen, cutting tool and its 
geometry and various cutting parameters used while 
experiment are represented in table 3. 

Table 3 Experimental conditions 

 
Machine 
 
 
 
 
 
Work specimen 
material 
 
 
Cutting tool 
used 
 
Cutting 
parameters 
                

Model 2005 KWALITY 
machinery export 6 feet full 
Norton  with 3 phase motor of 
1hp rotating at 1440 rpm 
 
SAE 1018 mild steel ( C-0.17%, 
Mn-0.66%, P-0.03%, Si- 0.19%, 
S-0.015% 
 
HSS single point cutting tool 
(M35) 
 
Cutting speeds 
Feed rate 
Depth of cut 
 
 

The turning operation is carried out on the work specimens 
using cryogenically treated and untreated HSS tool bits. For 
this the work specimen material was cut down by power saw 
according to the desired size. The each specimen was of 
diameter 25.4mm with length 150 mm, from which 100mm of 
length was machined. The cutting tools were prepared 
according to the recommended tool geometry instructions by 
Miranda tools ltd. and by carrying out the trial runs. The 
selected geometry of tool bits is given in table 4. 

Table 4 shows the tool geometry 
ANGLES VALUES 

End cutting edge angle 15º 

Side cutting edge angle 15º 

Side relief  angle 9º 
Side rake angle 11º 

Back rake angle 11º 

End relief angle 9º 

Nose radius 0.5mm 

 
The tools were prepared at R and D centre for Bicycle and 
Sewing machine Ludhiana, Punjab, India which was further 
tested on tool maker microscope. For experiment three 
machining parameter were selected which influence the 
surface roughness of the work specimen. The upper and lower 
level of the parameters was carefully selected according to the 
given instructions of Miranda tool ltd. And by carrying out the 
trial runs so that the turning should not be defective.  
The upper and lower values of the parameters are given as. 
Cutting speed = 360-430 rpm, feed rate = 0.6-0.1 mm/rev., 
depth of cut = 0.2-0.4 mm. All remaining variables kept 
constant. A design matrix was developed to conduct the eight 
trials runs of 23 full factorial designs.  
The experiments were conducted by varying different 
combinations as per design matrix. The complete a set of eight 
trials were repeated four times three times for the 
cryogenically treated tool for determining the variance of 
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optimization parameter and also for t variance of adequacy for 
the model. Experiments were conducted by varying the 
different combinations ac per design matrix.  
The surface roughness of the work specimens were measured 
by using the Mitutoyo SJ-210 surf tester along with the test 
reports. The figure of Mitutoyo SJ – 210 surf tester is shown 
in figure 1 
 

 
Fig. 1 Surf tester SJ 210 

Mathematical modeling 
The mathematical model was developed by considering the 
observed values of surface roughness. Variance of 
optimization for surface roughness is calculated by taking the 
values of surface roughness from first two sets. The final 
model for the Surface roughness is given in equation 1. 
YSR = 4.6156 - 0.1446 (S) + 0.536 (F) + 0.3508 (DOC) + 
0.1119 (S) (F)  
Where YSR represents the surface roughness, S is the speed of 
chuck, F is the feed given, DOC is the depth of cut. 
Now by taking the values from third set the variance of 
adequacy is calculated for surface roughness from final 
model. The ‘F’ values that were obtained then compared with 
the standard table of Ft at (4, 8 and 0.05). After comparison it 
was found that the model was adequate at 95 % of 
significance level thus justifying the use of assumed 
polynomial. 
 

III. RESULTS & DISCUSSIONS 
 

After performing the turning operation on the work specimens 
the surface roughness of the specimens turned by using 
cryogenically treated and untreated tool bits is measured. The 
surface roughness obtained after turning with cryogenically 
treated tool bit is measured and compared with that which is 
obtained after turning with untreated tool bit. 
  
 Comparison of surface roughness 
 The comparison of surface roughness between cryogenically 
treated and untreated cutting tool bits is shown in figure 2. In 
the experiment it was observed that the cryogenically treated 
bit provide less surface roughness on work specimen as 
compared to untreated tool bit. This is due to the reason that 
the cryogenic treatment imparts higher wear resistance to 
cutting tool bit and help to retain the cutting edge to its shape 
without wear. 
   

 
 
Fig. 2 Comparison of surface roughness of work specimen for eight 
experiments using CT and UT tool bits 
 
Influence of speed on Surface roughness  
From mathematical model for surface roughness, the 
relationship between speed and surface roughness is obtained. 
It is observed that when the speed increases the surface 
roughness decreases as shown by figure 4. 
 
This may be due to the fact that the speed increases, tool 
chattering effect get reduced due to which the surface 
roughness decreases result in better finishing. 
 

 
 

Fig. 3 Influence of speed on Surface roughness 
 
Influence of Feed on Surface roughness. 
From mathematical model for surface roughness, the 
relationship between feed and surface roughness is obtained 
shown in figure 4. It is clear from the figure that with increase 
in feed the surface roughness also increases.This is due to the 
reason that as we increase the feed rate the heat generation 
increases due to more cutting force which in turn increase the 
surface roughness. 
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Fig. 4 Influence of feed on Surface roughness 
 

Influence of Depth of Cut on Surface roughness 
From mathematical model for surface roughness, the 
relationship between feed and surface roughness is obtained 
shown in figure 5. This is obtained that with increase in depth 
of cut the surface roughness also increases. This is due to the 
fact that as the depth of cut increases, the area of contact 
between tool and work piece also increases results in 
increased friction, due to high friction more heat will generate 
and the surface roughness increases. 
 

 
 

Fig. 5 Influence of depth of cut on Surface roughness 
 
Influence of the interaction Speed and Feed on Surface 
roughness 
The figure 7 shows the Contour plot for interactive effect of 
speed and feed on surface roughness. From the figure 6 it is 
clear that by increasing the speed and decreasing the feed the 
surface roughness decreases and surface finishing increases. 
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Fig. 6 shows Contour plot for interactive effect of speed and feed on surface 
roughness. 

CONCLUSION 
The performance of the single point cutting tool gets 
optimized by using the cryogenic treatment as the surface 
finishing improves of the work specimen by turning with 
cryogenically treated tool bit. The HSS tool shows 
improvement in wear resistance after cryogenic treatment 
which increase it performance and life 
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