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ABSTRACT 

In this project we are going to use duplex 

stainless steel as a work material and carbide as a tool 

material. In this method carbide tool is coated with 

TiN.From this project the machinability of duplex 

stainless steel such as Temperature, surface roughness, 

Material Removal Rate(MRR) has been analyzed 

thoroughly.An chart is prepared for the verification of 

different parameter values and ranks were given for the 

different trials for the identification of best process using 

TOPSIS method. 

STEEL 

Iron and the most common iron alloy, steel, are 

from a corrosion viewpoint relatively poor materials  

since they rust in air, corrode in acids and scale in  

furnace atmospheres. In spite of this there is a group of 

iron-base alloys, the iron-chromium-nickel alloys known 

as stainless steels, which do not rust in sea water, are 

resistant to concentrated acids and which do not scale at 

temperatures up to 1100°C. It is this largely unique 

universal usefulness, in combination with good 

mechanical properties and manufacturing characteristics, 

which gives the stainless steels their raison d'être and 

makes them an indispensable tool for the designer. The 

usage of stainless steel is small compared with that of 

carbon steels but exhibits a steady growth, in contrast to 

the constructional steels. Stainless steels as a group is 

perhaps more heterogeneous than the constructional 

steels, and their properties are in many cases relatively 

unfamiliar to the designer. 

STAINLESS STEEL 

Stainless steel is primarily when corrosion or 

oxidation are a problem. The function that they perform 

cannot be duplicated by other materials for their cost. 

Over 50 years ago, it was discovered that a minimum of 

12%  chromium  would  impart  corrosion  and oxidation 

 
resistance to steel. Hence the definition  “Stainless 

Steels”, are those ferrous alloys that contain a minimum 

of 12% chromium for corrosion resistance. This 

development was the start of a family of alloys which has 

enabled the advancement and growth of chemical 

processing and power generating systems  upon  which 

our technological society is based. 

AUSTENITIC GRADES 

Austenitic grades are those alloys which are 

commonly in use for stainless applications. The  

austenitic grades are not magnetic. The most common 

austenitic alloys are iron- chromium-nickel steels and are 

widely known as the 300 series. The austenitic stainless 

steels, because of their high chromium and  nickel 

content, are the most corrosion resistant of the stainless 

group providing unusually fine mechanical properties. 

 

Fig 1.1. Austenitic grades 

MARTENSITIC GRADES 

Martensitic grades were developed in order to 

provide   a   group   of   stainless   alloys   that   would be 
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corrosion resistant and hardenable by heat treating. The 

martensitic grades are straight chromium steels 

containing no nickel. They are magnetic and can be 

hardened by heat treating. 

 

Fig 1.2. Martensitic grades 

FERRITIC GRADES 

Ferritic grades have been developed to provide 

a group of stainless steel to resist corro- sion and 

oxidation, while being highly resistant to stress corrosion 

cracking. These steels are magnetic but cannot be 

hardened or strengthened by heat treatment. They can be 

cold worked and softened by annealing. 

 

Fig 1.3. Ferritic grades 

DUPLEX  STAINLESS  STEEL 

Duplex stainless steels are called “duplex” 

because they have a two-phase microstructure consisting 

of grains of ferritic and austenitic stainless steel. The 

picture shows the yellow austenitic phase as “islands” 

surrounded by the blue ferritic phase. When duplex 

stainless steel is melted it solidifies from the liquid phase 

to a completely ferritic structure. As the material cools to 

room   temperature,   about   half   of   the   ferritic grains 

transform to austenitic grains (“islands”). The result is a 

microstructure of roughly 50% austenite and 50% ferrite. 

 
 

Fig 1.4 .Duplex stainless steel microstructure 

THE EFFECTS OF THE ALLOYING 

ELEMENTS 

The alloying elements each have a specific 

effect on the properties of the steel. It is the combined 

effect of all the alloying elements and, to some extent,  

the impurities that determine the property profile of a 

certain steel grade. In order to understand why different 

grades have different compositions a brief overview of 

the alloying elements and their effects on the structure 

and properties may be helpful. The effects of the alloying 

elements on some of the important materials properties 

will be discussed in more detail in the subsequent 

sections. It should also be noted that the effect of the 

alloying elements differs in some aspects between the 

hardenable   and   the   non-hardenable   stainless   steels. 

 

 
 

DRILLING 

 

Drilling is a cutting process that  uses  a drill  

bit to cut a hole of circular cross-section in solid 

materials. The drill bit is usually a rotary cutting tool, 

often multipoint. The bit is pressed against the workpiece 

and  rotated  at   rates   from   hundreds   to   thousands   

of revolutions  per  minute.  This  forces  the cutting edge 
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against the workpiece, cutting off chips (swarf) from the 

hole as it is drilled.In rock drilling, the hole is usually not 

made through a circular cutting motion, though the bit is 

usually rotated. Instead, the hole is usually made by 

hammering a drill bit into the hole with quickly repeated 

short movements. The hammering action can be 

performed from outside of the hole (top-hammer drill) or 

within the hole (down-the-hole drill, DTH). Drills used 

for horizontal drilling are called drifter drills. 

DRILL BITS 

 
Drill bits are cutting tools used to remove 

material to create holes, almost always of circular cross- 

section. Drill bits come in many sizes and shape and can 

create different kinds of holes in many different 

materials. 

 

 

Table 1.1. Cryogenic Fluids 

Drill bits come in standard sizes, described in 

the drill bit sizes article. A comprehensive drill bit and 

tap   size   chart lists metric and imperial sized   drill  bits 

 

TOPSIS 

 

 

 
TOPSIS is one of the famous classical Multi- 

alongside the required screw tap sizes. There are also 

certain specialized drill bits that can create holes with a 

non-circular cross-section. While the term drill may refer 

to either a drilling machine or a drill bit for use in a 

drilling   machine.   In   this   article,   for   clarity, drill  

bit or bit is used throughout to refer to a bit for use in a 

drilling machine, and drill refers always to a drilling 

machine. 

CRYOGENIC COOLANT 

In physics cryogenics is the study of the 

production and behaviour of materials at very low 

temperatures.Cryogenic coolant is the coolant whose 

temperature is below 0 degree celcius.It is not well 

defined at what point on the tempetature scale 

refrigeration ends and cryogenics begins, But scientists 

assume a gas to be cryogenic if it can be liquefied at or 

below -150°C 

CRYOGENIC FLUIDS 

Cryogenic fluids contains very low 

temperatures and they were mostly use for cooling 

purposes and used as coolant in many machining 

processes.Some cryogenic coolant with their boiling 

points can be given as follows 

Criteria Decision Making (MCDM) method, which was 

initiated for the first time by Hwang and Yoon that shall 

be used with both normal numbers and fuzzy numbers. 

Further more, TOPSIS is more applicable in 

that limited subjective input is required from decision 

makers. The only subjective input required is weights. 

The TOPSIS procedure is shown in Figure in five main 

steps. 



 

All Rights Reserved © 2017 IJARTET  

Dij

�=1

2

 

 
800 0.06 48 79.1 

1000 0.02 20 85.5 

1000 0.04 40 83.5 

1000 0.06 60 80.2 

1200 0.02 24 78.1 

1200 0.04 48 80.1 

1200 0.06 72 79.3 

 

 
Table 5.1. Temperature Readings 

FORMULAS USED 

i. Material removal rate(MRR)= 
�� 

� 
4 

 

 
 

diameter(mm) 

rate(mm/min) 

mm3/min  
 

Where, 

 

 

 
D – Drill 

 

 

F – Feed 

 

 

 
Fig1.15. Procedure of TOPSIS method 

EXPERIMENTATION PROCESS 

DRILLING OF HOLES 

ii. Normalized   Material   Removal  Rate,N- 

NMRR = 

��

 


���
� 

iii. Normalized Temperature,N-Temp 

=                                              
���� ��� 

� �
� 

A 10 mm cabide tool is fixed on the vertical 

drilling machine and also the work piece duples steel 

2205.Then  the  holes  were  made  in  the  work  piece as 

marked and the coolant is applied manually on the    tool. 

iv. Normalized Surface Roughness,N-Ra 

=  
�� 

�� �
� 

    �−
 

v. Closeness coefficient value,Ci = 
�� 
 

�++�−
 

 

Thus the required nine holes were drilled by changing the 
 

Where, 

�� �� 

speed and feed values as required. 

MEASUREMENT OF TEMPERATURE 

The temperature measurement is carried out by 

means of a thermocouple respective holes were made   in 

the  work  piece  to   place  the   thermocouple   and    the 

ideal distance 

ideal distance 

vi. D 
+ 

=  �
 

 

 

 

 

 

 
(�+ − � 

Dij
+- Positive 

 
- -Negative 

 

 
)2 

temperature is measured 

COLLECTION OF CHIPS 

Chips were collected for every drill made and 

they were placed in different packs for the further testing. 

READINGS 

ij  �=1 

 

 

 

 
 

=(Ralow,MRRhigh,Templow) 
 

vii. Dij
-  

=       �
 

�� 

 

Where, 

S+ 

 

 
(�− − ��� )

2
 

Where, 

s- = 

(Rahigh,MRRlow,Temphigh) 

Speed Feed Feed mm/min Temp 

800 0.02 16 70.5 

800 0.04 32 70.2 
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RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
CONCLUSION 

The following conclusions can be drawn from the results 

i. The drilling parameters of Duplex stainless  

steel 2205 was studied and their surface 

roughness,Material Removal rate (MRR) were 

calculated. 

ii. The  calculation  were  made  by  following the 

TOPSIS method of decision making to find out 

the best one is found by using ranking in 

TOPSIS method. 

iii. The usage of Cyogenic coolant increases the 

tool life by reducing the temperature during 

drilling process 
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