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 For every manufacturing industry, materials that are applicable for particular conditions and are of low economy are highly r
Hence various studies are carried out to determine the working conditions for several materials. Here Influence on heat input on the 
microstructure and mechanical properties of a gas tungsten arc welded 316L Stainless Steel (SS) plates is studied. Six differ
are selected from the operating window of the gas tungsten arc welded process and weld bead is made on the plates. These plates are then 
subjected to microstructure evaluations and tensile testing so as to analyze the effect of thermal arc energy on the microstr
mechanical properties of the plates. From this study, it has been inferred that the heat input has significant effect on Ulti
Strength, Hardness and Microstructure on AISI 316L SS GTAW plates.
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INTRODUCTION 
 
  The concept of the project is that by introducing 
the heat and increasing the heat input of any metal its 
microstructure and mechanical properties of the 
metal changes automatically. This heat input can be 
given to the metal by various modes. This heat input 
can vary by changing the current and by calculating 
with voltage that is noted during the heat input. The 
voltage and current which are noted helps in finding 
out the heat input given to the material. After the heat 
input is given the specimens should be prepared 
according to the standard dimension as per the 
standard testing norms and tensile strength can be 
calculated. Now the specimen is machined to the size 
that is required to take the micro hardness, then the 
microstructure of the specimen can be revealed by 
applying the etchants on it and its changes on the 
microstructure and mechanical properties of the 
metal are revealed and the results are analyzed.
 
Scope of the Project: 
 In the present world every manufacturing 
industry has a metallurgical division in order to 
analysis the metals and materials which are used in 
the factory outlet components. This project helps to 
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ABSTRACT 

For every manufacturing industry, materials that are applicable for particular conditions and are of low economy are highly r
out to determine the working conditions for several materials. Here Influence on heat input on the 

microstructure and mechanical properties of a gas tungsten arc welded 316L Stainless Steel (SS) plates is studied. Six differ
m the operating window of the gas tungsten arc welded process and weld bead is made on the plates. These plates are then 

subjected to microstructure evaluations and tensile testing so as to analyze the effect of thermal arc energy on the microstr
mechanical properties of the plates. From this study, it has been inferred that the heat input has significant effect on Ulti
Strength, Hardness and Microstructure on AISI 316L SS GTAW plates.  

316L, Delta ferrite, TIG Welding, Tensile Properties, Microstructure Properties. 

is that by introducing 
the heat and increasing the heat input of any metal its 
microstructure and mechanical properties of the 
metal changes automatically. This heat input can be 
given to the metal by various modes. This heat input 

e current and by calculating 
with voltage that is noted during the heat input. The 
voltage and current which are noted helps in finding 
out the heat input given to the material. After the heat 
input is given the specimens should be prepared 

e standard dimension as per the 
standard testing norms and tensile strength can be 
calculated. Now the specimen is machined to the size 
that is required to take the micro hardness, then the 
microstructure of the specimen can be revealed by 

hants on it and its changes on the 
microstructure and mechanical properties of the 
metal are revealed and the results are analyzed. 

In the present world every manufacturing 
industry has a metallurgical division in order to 

the metals and materials which are used in 
the factory outlet components. This project helps to 

analyze the metals which are used various climatic 
conditions and their variation in the mechanical 
properties like tensile strength, compression and 
hardness of the metal used. This project also helps to 
reveal the variation in the microstructure of the metal 
due to its climatic conditions. This microstructure 
study helps in revealing the dendrites formation and 
grain formation in the metal which helps to 
visualizethe properties like ductility, brittleness, 
malleability etc. which helps to analyze about the 
metal and information about suitable application of 
the metal and helps in gaining the better results for 
those applications. 
 
Objectives of the Project: 
 The main objectives of the project is when the 
heat input is given to the metal by welding process, 
the mechanical properties like tensile strength, micro 
hardness and microstructure of the metal changes. 
Grade 316L is the standard molybdenum
grade, second in importance to 304 amongst the 
austenitic stainless steels. The molybdenum gives 
316Lbetter overall corrosion resistant properties than 
Grade 304, particularly higher resistance to pitting 
and crevice corrosion in chloride environments. It 
has excellent forming and welding characteristics. It 
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The main objectives of the project is when the 
heat input is given to the metal by welding process, 
the mechanical properties like tensile strength, micro 
hardness and microstructure of the metal changes. 
Grade 316L is the standard molybdenum-bearing 
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Grade 304, particularly higher resistance to pitting 
and crevice corrosion in chloride environments. It 
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is readily brake or roll formed into a variety of parts 
for applications in the industrial, architectural, and 
transportation fields. Grade 316L also has 
outstanding welding characteristics. This heat input 
can be given to themetal by various modes. This heat 
input can vary by changing the current and by 
calculating with voltage that is noted during the heat 
input. The voltage and current which are noted helps 
in finding out the heat input given to the material. 
After the heat input is given the specimens should be 
prepared according to the standard dimension as per 
the standard testing norms and tensile strength can be 
calculated. Now the specimen is machined to the size 
that is required to take the micro hardness, then the 
microstructure of the specimen can be revealed by 
applying the etchants on it and its changes on the 
microstructure and mechanical properties of the 
metal are revealed and the results are analyzed. This 
microstructure study helps in revealing the dendrites 
formation and grain formation in the metal which 
helps to visualizethe properties like ductility, 
brittleness, malleability etc. These changes can be 
reveled and analyzed by using the tensile test 
machine, Vickers hardness tester and optical 
microscope and the results are analyzed and studied. 
From this study to show the impact of the heat input 
on the micro structure and the mechanical properties 
of the metal.    
 
Chronology: 
 For 316L Stainless Steel the heat input is given 
by GTAW process. Gas tungsten arc welding 
(GTAW), also known as tungsten inert gas (TIG) 
welding, is an arc welding process that uses a non-
consumable tungsten electrode to produce the weld. 
The weld area is protected from atmospheric 
contamination by a shielding gas (usually an inert 
gas such as argon), and a filler metal is normally 
used, though some welds, known as autogenously 
welds, do not require it. A constant-current welding 
power supply produces energy which is conducted 
across the arc through a column of highly ionized gas 
and metal vapors known as plasma. GTAW is most 
commonly used to weld thin sections of stainless 
steel and non-ferrous metals such as aluminum, 
magnesium, and copper alloys. The process grants 
the operator greater control over the weld than 
competing procedures such as shielded metal arc 
welding and gas metal arc welding, allowing for 
stronger, higher quality welds. However, GTAW is 
comparatively more complex and difficult to master, 
and furthermore, it is significantly slower than most 
other welding techniques. A related process, plasma 
arc welding, uses a slightly different welding torch to 
create a more focused welding arc and as a result is 
often automated GTAW process can be well suits for 
Austenitic Stainless steel to get a quality weld. Heat 
input can be calculated by using current and voltage. 
Heat input increase on increase the current. Heat 

input is a relative measure of the energy transferred 
per unit length of weld. It is an important 
characteristic because, like preheat and inter pass 
temperature, it influences the cooling rate, which 
may affect the mechanical properties and 
metallurgical structure of the weld and the parental 
metal zone. For tensile test must be done on the 
machine with the capacity of400 KN and the 
specimens should be prepared as per the Indian 
Standard and Micro hardness test can be taken in the 
Vickers hardness Testing machine and for the micro 
hardness the specimen should be machined such that 
it fits on the vice of the machine. Now for the 
microstructure study the etchant used for the 
microstructure study is Marble’s Reagent, and it 
should be prepared as mentioned above and it should 
be applied on the specimens by immersing it in the 
solution. Now the micro structure can be revealed 
and the results are analyzed by using the microscope 
with the magnificent lens of 100x and 200x. By 
using this type magnificent glass, grows of the 
dendrites, grain pattern can be revealed. which helps 
to visualize the properties like ductility, brittleness, 
malleability etc. These property study of the material 
helps to find the right application that the material fix 
and the appropriate results can be gained. 
 
Material used: 
ASTM A 240 / SAE 316L Stainless Steel: 
 Type 316L is austenitic chromium nickel 
stainless steel containing molybdenum. This addition 
increases general corrosion resistance, improves 
Resistance to pitting from chloride ion solutions, and 
provides increased Strength at elevated temperatures. 
Properties are similar to those of Type 304 Except 
that this alloy is somewhat stronger at elevated 
temperatures.Corrosion resistance is improved, 
particularly against sulphuric, hydrochloric, acetic, 
formic and tartaric acids; acid sulphates and alkaline 
chlorides. A stainless steel type 1.4401 is known as 
grades 316L.Grade 316L is an austenitic grade 
second only to 304 in commercial importance. 316L 
stainless steel contains an addition of molybdenum 
that gives it improved corrosion resistance. This 
isparticularly apparent for pitting and crevice 
corrosion in chloride environments. 
 The austenitic structure of 316L stainless steel 
gives excellent toughness, even at cryogenic 
temperatures. 
 
4.2.4 Mechanical Properties: 
Tensile Strength             - 485 MPa 
Compression Strength    - 170 MPa 
Proof Stress 0.2 %          - 170 MPa 
Elongation                      - 40 % 
Rockwell Hardness        - 95 
Vickers Hardness           - 195 
Brinell hardness             - 217 
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4.2.3 Chemical Composition: 
 

Elements Percentage 
Iron 68.32% 

Carbon 0.013% 
Silicon 0.169% 

Manganese 1.687% 
Phosphorous 0.014% 

Sulphur 0.015% 
Chromium 16.69% 

Molybdenum 2.304% 
Nickel 10.25% 
Copper 0.421% 

Niobium 0.015% 
Titanium 0.005% 
Vanadium 0.098% 

 
Physical Properties: 
Density                               8.00 g/cm3 
Melting Point                     1375-1400°C 
Modulus of Elasticity        193 GPa 
Electrical Resistivity         0.074x10-6 Ω.m 
Thermal Conductivity       16.3 W/m.K at 100°C 
Thermal Expansion           15.9x10-6 /K at 100°C 
 
Varying Heat Input For Welding: 
 In arc welding, energy is transferred from the 
welding electrode to the base metal by an electric 
arc. When the welder starts the arc, both the base 
metal and the filler metal are melted to create the 
weld. This melting is possible because a sufficient 
amount of power (energy transferred per unit time) 
and energy density is supplied to the electrode. Heat 
input is a relative measure of the energy transferred 
per unit length of weld. It is an important 
characteristic because, like preheat and inter pass 
temperature, it influences the cooling rate, which 
may affect the mechanical properties and 
metallurgical structure of the weld and the HAZ.   
Heat input is typically calculated as the ratio of the 
power (i.e., voltage x current) to the velocity of the 
heat source (i.e., the arc). 
Where, 
H = heat input (kJ/in or kJ/mm) 
E = arc voltage (volts) 
I = current (amps) 
 This equation is useful for comparing different 
welding procedures for a given welding process. 
However, heat input is not necessarily applicable for 
comparing different processes (e.g., SMAW and 
GMAW), unless additional data are available such as 
the heat transfer efficiency.  Heat input cannot be 
measured directly. It can, however, be calculated 
from the measured values of arc voltage, current and 
travel speed. Varying the heat input typically 
willaffect the material properties in the weld. An 
arrow pointed up designates that the 
propertyincreases as heat input increases. An arrow 
pointed down, designates that the property decreases 
as heat input increases. Next to the arrow is the 
approximate amount that propertychanged from the 
minimum to maximum value of heat input tested. 
Other than notch toughness, all of the mechanical 
properties show a monotonic relationship to heat 

input, that is, the mechanical property only increases 
or decreases with increasing heat input. Notch 
toughness, however, increases slightly and then 
drops significantly as heat input increases. 
 
Various heat inputs employed to weld the specimens: 
Tensile test: 
 Specimens per heat input combinations were 
machined out from the plate as mentioned in the 
diagram. The specimens were machined at the 
required dimensions so that the specimens can be 
performed in the tensile test. Each tensile specimen 
size was prepared in accordance with IS 1608: 2005 
as illustrated. The specimens were tested on 
Universal Testing Machine and Extensometer.   
 This machine is provided with the Extensometer 
such that this extensometer has a dial and pointer and 
helps to measure the tensile load, yield load and 
helps to find the elongation of the metal at the 
various load conditions. The specimens should be 
machined as illustrated below in order to perform a 
tensile test in the machine. 
 
Micro Hardness Test: 
 Micro hardness is also called as Vickers 
hardness test. First the specimen should be cleaned 
and polished such that it helps to perform the test 
successfully. Now the specimens who have to 
undergone the test should be cut into small pieces 
which help to perform the other activates easily. The 
Vickers (HV) test was developed in England is 1925 
and was formally known as the Diamond Pyramid 
Hardness (DPH) test. 
 The Vickers test has two distinct force ranges, 
micro (10g to 1000g) and macro (1kg to 100kg), to 
cover all testing requirements. The indenter is the 
same for both ranges therefore Vickers hardness 
values are continuous over the total range of 
hardness for metals (typically HV100 to HV1000). 
With the exception of test forces below 200g, 
Vickers values are generally considered test force 
independent. In other words, if the material tested is 
uniform, the Vickers values will be the same if tested 
using a 500g force or a 50kg force. Below 200g, 
caution must be used when trying to compare results. 
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S.NO CURRENT (AMPER
1. 65
2. 75
3. 85
4. 95
5. 105
6. 115

 
Microstructure Studies: 
 The specimens who have to undergo the micro 
structure studies have to be prepared, the specimen 
should be surface finished and polished. First the 
specimens should be grinded in order to get a smooth 
surface by surface finish process. Any classification 
of the numerous processes used to cut a section, then 
to prepare the cut surface suitably for metallographic 
examination, inevitably is arbitrary and arguable. 
One convenient system, however, is to classify the 
processes as machining, grinding and abrasion, or 
polishing. Machining involves the use of tools 
having cutting edges of controlled shape, as in 
conventional machine shop practice. 
processes, the abrasive particles are forced into a flat 
surface of a comparatively soft material where they 
are held as an array similar to that in a coated 
abrasive product. The objective is to produce a bright 
mirror like, or secularly reflecting, surface, 
commonly referred to as a polished surface.After the 
specimen is prepared using abrasive papers and 
polishing machine the specimens should be properly 
etched in order to get a required microstructures of 
the 316L SS specimens. The etchant used for the 
etching process is Marble’s Reagent. The preparation 
of this reagent is stated below. 
1. Copper Sulphate10 g 
2. Hydrochloric Acid      50 ml 
3. Distilled Water           50 ml 
 First the copper sulphate is weighed in weighing 
machine for accurate measure of 10 grams and taken 
in a beaker. Then the 50 ml HCL is taken in a 
 
Results of vickers hardness test: 
 

 
 The hardness strength of all beads made using 
different heat input conditions has been evaluated. In 
each condition six specimens were tested and the 
corresponding Vickers hardness number (VHN) is 
found.It can be seen that the hardness number is high 
for parent metal region and reduces gradually 
Results of microstructure study: 
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should be surface finished and polished. First the 
specimens should be grinded in order to get a smooth 
surface by surface finish process. Any classification 
of the numerous processes used to cut a section, then 

cut surface suitably for metallographic 
examination, inevitably is arbitrary and arguable. 
One convenient system, however, is to classify the 
processes as machining, grinding and abrasion, or 
polishing. Machining involves the use of tools 

ges of controlled shape, as in 
p practice. In still other 

processes, the abrasive particles are forced into a flat 
surface of a comparatively soft material where they 
are held as an array similar to that in a coated 

. The objective is to produce a bright 
mirror like, or secularly reflecting, surface, 
commonly referred to as a polished surface.After the 
specimen is prepared using abrasive papers and 
polishing machine the specimens should be properly 

get a required microstructures of 
the 316L SS specimens. The etchant used for the 
etching process is Marble’s Reagent. The preparation 

is weighed in weighing 
machine for accurate measure of 10 grams and taken 
in a beaker. Then the 50 ml HCL is taken in a 

separate beaker and then 50 ml distilled water is 
added to that beaker. Now the copper sulphate is 
added to the beaker which contains HCL and 
Distilled water and stirred well. Now the specimens 
are immersed or swab into the etchant solution, for 
10 to 30 seconds.then a sequence of abrasion 
processes of increasing fineness, followed by a 
sequence of polishing processes o
fineness until the desired surface finish has been 
achieved. Increasing fineness refers to the use of 
finer grades of abrasive to produce finer grooves or 
scratches in the surface.  Now the specimens are 
cleaned and dried and now the specimens
used for the microstructure studies.
 
Results And Discussions 
 
Result Of Tensile Test: 
 The transverse tensile strength of all beads made 
using different heat input conditions has been 
evaluated. Totally six specimens were tested under 
same atmospheric conditions and the tensile test 
result so obtained show that maximum tensile 
strength of 637.5 N/mm2 
specimen made using medium heat input 
combination followed by tensile strength of 609.1 
N/mm2 is possessed by the specimen made us
heat input combinations. Inference obtained from the 
results is that in normal condition the tensile strength 
is found to be 495 N/mm2 and in heat input condition 
the tensile strength is 637.5N/mm

 

The hardness strength of all beads made using 
different heat input conditions has been evaluated. In 
each condition six specimens were tested and the 
corresponding Vickers hardness number (VHN) is 
found.It can be seen that the hardness number is high 

arent metal region and reduces gradually 

towards the Heat Affected Zone and the Weld Metal 
regions. No external cooling was done during 
welding process. Hence cooling was done by 
atmospheric air. This result in slow cooling rate of 
the HAZ and Weld metal regions compared to the 
cooling rate of the parent metal.
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the tensile strength is 637.5N/mm2. 
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in slow cooling rate of 
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 The Microscopic Examination of the six welded 
specimens were done using Optical microscope. The 
Microscopic images show that the material consists 
of Austenite and a small amount of Delta ferrite after 
the welding process. The areas of HAZ and Weld 
metal exhibit delta ferrite due to heat treatment. At 
Low heat input, the formation of delta ferrite initiates 
as it can be seen clearly in the Microscopic images of 
the Weld specimen. As the heat input increases, the 

delta ferrite becomes more and more dense and at a 
certain heat input of 1140 KJ/mm, a fine grain 
structure of delta ferrite can be found in the 
metallographic images. Delta ferrite content can be 
easily calculated using Schaffler diagram or the 
Delong diagram. Both the diagrams use nickel 
equivalent and chromium equivalent to determine the 
delta ferrite content in stainless steels. 

 
Schaffler Diagram: 

 
 
Conclusions: 
• The cooling rate seems to have significant effect 
on tensile property of the weld. The failure in the 
parent material infers that the grain size is finer at the 
fused region. 
• The Weld metal regions are found to possess 
low hardness than the HAZ regions and HAZ regions 
have less hardness than the parent metal regions.  
• From the graph, it is known that the hardness 
values form a ‘V’ shaped curve denoting the 
decrease in hardness towards the weld region from 
the parental region. 
• Hence the heat input provided had a significant 
effect on the delta ferrite content leading to a 
increase in delta ferrite content at the weld region. 
• From this, the reason for increase in tensile 
strength at the weld metal is justified causing the 
material to fail at the parental metal region. 
• AISI 316L is known for its immunity to 
sensitization. Hence the formation of chromium 
carbides or the formation of secondary phase of delta 
ferrite (sigma phase) is highly minimized. 
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