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ABSTRACT 
The primary objective of this research is to find the optimum working condition to reduce tool wear rate in HSS drill bit. 

Cryoprocessing is a supplementary method to conventional heat treatment, since it converts the retained austenite into 

martensite, which is remain after heat treatment and due to martensite formation there is an increase in wear resistance, 

hardness, dimensional stability and reduces tool consumption and hence time extension between the intervals of replacements of 

tools which reduces the down time for the machine tool set up thus leading to cost reductions, which is an significant 

consideration in production. There are certain changes in the properties of HSS drill bit when it is cryogenic treated say like 

increased hardness,wear resistance and tool life. In drilling operation tool wear depends on various factors, but we have 

concentrated on three major factors which we can change(drilling speed, feed rate and tool condition). Using Taguchi’s analysis, 

we have compared untreated HSS drill bit with Cryogenic Treated HSS drill bit. The optimum working condition for a HSS drill bit 

is given by Taguchi’s analysis to us, which shows that the cryogenic Treated tool is better than non-treated tool. 
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INTRODUCTION 
 

A Cryogenic processor is a unit designed to reach ultra-low temperatures (usually around -300°F / -150°C) 
at a slow rate in order to prevent thermal shock to the components being treated. Ed Busch was developed the 
first commercial unit in the late 1960s. The developer of the programmable microprocessor controls allow the 
machines to follow temperature profiles that greatly increased the effectiveness. Some firms make 
cryoprocessors with home computers to define the temperature profile. In an industrial environment, the 
reliability of these computers are greatly in doubt. 

Before programmable controls were added to run the cryogenic processes, the "treatment" process of an 
object was previously done manually by immersing the object in liquid nitrogen. It is the reason for thermal 
shock to occur within an object, resulting in cracks at the arrangement. Modern cryogenic processors measure 
changes in temperature and adjust the input of liquid nitrogen accordingly so that only small fractional 
temperation changes occur over a long period of time. Their temperature measurements and changes are 
condensed into "profiles" that are used to repeat the process in a certain way when treating for similarly grouped 
objects. The general processing cycle for recent cryogenic processors occurs within a three day time gap, with 
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24 hours to reach the optimal bottom temperature of a product, 24 hours to hold at the bottom temperature, and 
24 hours to return to space or room  temperature. Depending on the product, some substances will be heated in 
an oven to even higher temperatures. Some processors are capable of presenting both the negative and positive 
extreme temperatures, separate units  can sometimes produce better results depending upon the application. 

A cryogenic treatment is a process of heat treatment of treating metals to cryogenic temperatures (i.e. Below 
−190 °C (−310 °F)) in order to remove residual stresses and improve wear resistance on steels. In addition to 
seeking improved stress release and stabilization or wear resistance, cryogenic treatment is also sought for its 
ability to improve corrosion resistance by precipitating micro-fine eta carbides, which can be calculated before 
and after in a part using a content. The process has a wide range of applications from industrial tooling to the 
improvement of musical signal transmission. Various benefits of cryogenic treatment include longer part life, a 
smaller amount of failure due to cracking, improved thermal properties, superior electrical properties including 
less electrical resistance, reduced coefficient of friction, less creeps and walk, better flatness, and easier 
machining. 

Cryogenic hardening is a cryogenic treatment process where the material is cooled to approximately 
−185 °C, usually using liquid nitrogen. It can have a intense effect on the mechanical properties of 
definite steels, provided their composition and prior heat treatment are such that they retain some austenite at 
space temperature. It is designed to increase the amount of martensite in the steel crystal arrangement, 
increasing its strength and hardness, sometimes at the cost of toughness. Now, this treatment is being trained 
over high-carbon, tool steels and high-chromium steels to obtain excellent wear resistance. Modern research 
shows that there is a precipitation of fine carbides  (eta carbides) in the matrix during this treatment which 
imparts very high wear resistance to the steels.  

 
Fig. 1: cryogenic plant layout 

 
The transformation from austenite to martensite is mostly accomplished through quenching, but  it is driven 

farther and farther toward completion as temperature decreases. In high-alloy steels such as austenitic stainless 
steel, the onset of conversion can require temperatures much lower than space temperature. More commonly, an 
incomplete transformation occurs in the initial quench, so that cryogenic treatments merely develop the effects 
of previous quenching. However, since martensite is a non-equilibrium stage of the iron-iron carbide phase 
diagram, it has not been exposed that warming the part after the cryogenic treatment results in the re-
transformation of the induced martensite back to austenite or to ferrite plus cementite, negating the hardening 
result. Very little research into this technique has been published in the scientific literature, and the papers 
published to date are inconsistent. The transformation between these phases is instantaneous and not dependent 
upon diffusion and also that this treatment causes more complete hardening rather than moderating extreme 
hardness, both of which make the word "cryogenic tempering" technically incorrect. 

Hardening need not be due to martensitic conversion, but can also be accomplished by cold working at 
cryogenic temperatures. The defects introduced by plastic deformation at these low temperatures are often quite 
different from the dislocations that usually form at room temperature, and produce material changes that in some 
ways resemble the effects of shock hardening. As this process is more effective than traditional cold work, it 
serves mainly as a theoretical test bed for more economical processes such as explosive forging. 
 
II. Experimental Analysis: 

The CNC vertical milling center and drill tool Dynamometers are used to done the Experimental work. 
Thrust force and torque values are obtained for various parameters like drilling speed, tool condition and feed 
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rate. Intially the drill tool dynamometer is fixed in the CNC vertical milling center, then the aluminum plate of 
length 100 mm and width 50 mm is placed above the dynamometer. Drilling operation is carried on the 
aluminum plate by varying the parameters of feed rate, speed and tool condition, in order to determine thrust 
force and torque.  

 

 
 
Fig. 2: Drilling process on plate 

 
Two shear quartz for Fx and Fy – and one pressure quartz – for Fz – incorporated in a single case constitute 

a three component sensor. Four of these 3-component sensors are installed between a base plate and a top plate 
below high preload and attached in parallel. Model output in drill tool dynamometer is shown in fig.3 

 

 
 
Fig. 3: Drill tool dynamometer display 
 
A. Output Graph For Various Conditions: 

In this experimental work we have 12 conditions and each the condition have three trails. By this totally we have 
36 output graphs. The maximum value in the graph is noted as a final value for the exacting condition. Fx value 
denote the torque value and Fy value denote thrust face value. 
 
 Condition [500, 0.5, CT] 
Trail 1: 

 
Torque: Max= 40.14 Nm 

 
Thrust force: Max=42.92 N 
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Trail 2: 

 
Torque:Max=44.60Nm 

 
Thrust force: Max= 44.79 N 

Trail 3: 

 
Torque: Max= 44.72 Nm 

 
Thrust force: Max= 42.40 N 

Fig. 4:  
 
B. Calculated Values For Torque And Thrust Force: 

Obtained result of torque, thrust force and surface roughness for various conditions are tabulated below. 
 
Table 1 Values for torque and thrust force 

S.No 
Tool condition (speed, feed rate 
mm/rev,CT/NT) 

Torque Nm Thrust force N 

T
O

2 

T
O

2 

T
O

3 

T
H

1 

T
H

2 

T
H

3 

1. 500 0.05 CT 40.14 44.6 44.72 42.92 44.79 42.35 

2. 500 0.08 CT 49.1 44.63 49.1 45.64 43.30 46.71 

3. 500 0.05 NT 57.99 53.53 57.99 50.92 49.05 51.65 

4. 500 0.08 NT 58.82 57.99 62.45 63.12 61.05 60.59 

5. 700 0.05 CT 49.07 57.99 49.07 47.25 46.9 50.12 

6. 700 0.08 CT 53.52 49.07 49.1 57.11 55.23 54.22 

7. 700 0.05 NT 57.99 57.99 62.45 63.09 61.55 60.24 

8. 700 0.08 NT 62.45 66.91 62.45 68.97 62.25 68.09 

9. 900 0.05 CT 62.50 53.54 49.07 51.24 52.52 50.66 

10. 900 0.08 CT 49.17 44.61 49.07 58.41 56.27 59.86 

11. 900 0.05 NT 62.45 57.98 53.53 65.9 63.44 65.63 

12. 900 0.08 NT 66.91 75.84 75.84 74.29 78.21 76.54 

 
C. Signal Noise Ratio: 

Noise factors are those that are either too hard or uneconomical to control although they may cause 
unwanted variation in performances. It is observed that on target performance usually satisfies the client best, 
and the target lies under an acceptable range of product quality are often inadequate. 
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Formulas for SN ratio:  
Sm: Sum of squares (mean) = (T1+T2+T3) 2 / N 
St: Total sum of squares = (T1)2 + (T2)2 + (T3)2 
Se: Error Sum of squares = St – Sm 

Ve: Error variation (mean square) = Se / (N-1) 
SN: Signal to noise ratio = 10 log [{(1/N) x (Sm-Se) / Ve] 
Calculation of SN ratio for Torque: 
Sm1=(40.14+44.60+44.72)/3 =5586.63 
St1=(40.14)2 + (44.60)2 + (44.72)2 =5600.258 
Se1=13.628 
Ve1=13.628/2 = 6.841 
SN1=10 log [{(1/N) x (Sm-Se) / Ve] 
       =10log[{(1/3) (5586.63-13.628)} /6.841]=24.33 
SN1 is the SN ratio of torque for cryogenic treated drill at drilling speed 500 RPM and feed rate 0.05 mm 

per revolution. 
Similarly SN2, SN2, SN3……SN12 has been calculated for torque. 
First four signal noise values are calculated for the speed  500 rpm. 

 
Average SN value: 

For speed 500 RPM 
 = [24.33+25.33+26.82+28.02]/4 = 26.125 
For speed 700 rpm  
= [20.07+25.8563+27.2688+27.8971]/4 = 25.274 
For speed 900 RPM 
 = [18.1211+25.329+22.271+22.997]/4 = 22.179 
Similarly the SN values are determined for feed rate 0.08   &  0.05 and tool condition also. 

 
Average SN value: 

For 0.05 mm/rev feed rate = 23.1533 
For 0.08 mm/rev feed feed rate = 25.9067 
For Cryogenic treated tool condition = 23.180 
For Non-treated tool condition = 25.87 
 

D. Calculated Sn Ratio For Torque & Thrust Force: 
 

Table 2: Calculated SN ratio for torque 

S.No Speed in rpm 
Feed rate in 
rev/mm 

Tool condition 
Average SN ratio 

SN ratio for torque 
SN ratio for Thrust 
force 

1. 500 0.05 CT 24.361 30.61936 
2. 500 0.08 CT 25.338 28.34627 
3. 500 0.05 NT 26.823 31.52306 
4. 500 0.08 NT 28.023 33.19732 
5. 800 0.05 CT 20.077 28.69579 
6. 800 0.08 CT 25.856 31.49684 
7. 800 0.05 NT 27.269 32.70888 
8. 800 0.08 NT 27.897 25.19231 
9. 900 0.05 CT 18.121 34.57238 
10. 900 0.08 CT 25.329 30.16365 
11. 900 0.05 NT 22.272 31.40716 
12. 900 0.08 NT 22.997 31.77814 

 
III. Regression Anaysis: 

We need to minimize the torque value. Hence the optimum condition for minimum torque is 900 rpm 
speed, 0.05 mm/rev feed rate and cryogenic treated tool condition. By using Minitab software we obtain some 
interactions if we look at the graph we will observe that feed rate has the major role in the torque. If we increase 
the feed rate, when the torque value also increased. The speed does not have much effort on torque. Non-treated 
drill tool has high value of torque, cryogenic treated drill bits have a minimum value of torque only. 
 
Regression equation: 

To1 = 37.1 + 0.0218 speed + 54 feed rate. 
To2 = 36.9 + 0.0195 speed + 74 feed rate. 
To3 = 38.3 + 0.0083 speed + 173 feed rate. 
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We need to minimize the thrust force value. Hence the optimum condition for the minimum thrust force  is 
700 rpm speed, 0.08 mm/rev feed rate and cryogenic treated tool condition. Spindle speed 900 rpm have the 
maximum value of SN speed 700 rpm has a minimum SN ratio value.  In tool condition non treated drill bits 
have the maximum value of SN ratio. The minimum value of SN ratio is Cryogenic treated drill bits. In this 
consideration smaller is noted as better. So speed 700 rpm, 0.08 feed rate and cryogenic treated tool is noted as a 
better one. 

Regression equation:  
Th1 = 20.0 + 0.0302 speed + 251 feed rate. 
Th2 = 19.6+0.0327 speed+211 feed rate. 
Th3 = 18.3 + 0.0322 speed + 252 feed rate. 

 
RESULTS AND DICUSSIONS 

 
Thrust force:  

We need to minimize the thrust force value. The optimum condition to reduce the value of thrust is 700 rpm, 0.08 
mm/rev feed rate and cryogenic treated tool condition. In this condition the  thrust force value  is minimized. In tool 
life time thrust force plays a significant role.  Hence we can increase the tool life by using the optimum condition.   
 
Torque:  

To maintain the tool in good condition we are in need to reduce the value of  torque. We find the optimum 
condition to drill aluminum plate by HSS drill bits in this experiment. The optimum condition is 900 rpm speed, 0.05 
mm/rev feed rate and the tool condition are cryogenic treated.The cryogenic treated drill plays a major role to reduce 
the torque and also thrust force. 

We need to complain all the factors in single condition. One particular optimum condition only can make the 
experiment in a better way. Already we discussed about the tool condition. Cryogenic process are extremely required, 
when we need to reduce the thrust force and torque. Speed has a significant role in the output values. At final stage, 
feed  rate  has small impact on torque and thrust force. The final optimum conditions for this experimental work is a 
700 rpm speed, 0.05 mm/rev feed rate and cryogenic treated tool condition. These optimum conditions surely improve 
the tool life. 
 
Conclusion: 

To study the tool performance, drilling operation were performed using cryogenically treated and non-
treated high speed steel drills. Based on this study the following conclusions were drawn. The hardness of the 
High speed steel drill bit is increased in cryogenic treatment. In the HSS drill bits, both the hardness and wear 
resistance increased. Cryogenic treated tool resulted in lesser thrust force and torque. The tool condition had the 
major effect on the thrust force and torque. Feed had the smallest effect on the thrust force and torque. Based on 
the results it was concluded that cryogenic treatment can yield significant improvement in both production rate 
and product quality and hence the overall machining economy offsetting the cost of cryogenic tooling. 
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