THE EFFECT OF DIFFERENT ADDITIONAL
WIRES ON THE MICROSTRUCTURE AND
MECHANICAL PROPERTIES OF AISI 304L AND
AlS| 430 STAINLESS STEELS COMBINED WITH
TIG WELDING

2017
M. Sc. Thesis
Mechanical Engineering

MURAD AYAD M. DEBESKI



THE EFFECT OF DIFFERENT ADDITIONAL WIRES ON THE
MICROSTRUCTURE AND MECHANICAL PROPERTIES OF AISI 304L
AND AISI 430 STAINLESS STEELS COMBINED WITH TIG WELDING

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES OF
KARABUK UNIVERSITY

BY

MURAD AYAD M. DEBESKI

IN CHAPTERIAL FULFILLMENT OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE IN
DECHAPTERMENT OF
MECHANICAL ENGINEERING

December 2017



I certify that in my opinion the thesis submitted by Murad Ayad M. DEBESKI titled
“THE EFFECT OF DIFFERENT ADDITIONAL WIRES ON THE
MICROSTRUCTURE AND MECHANICAL PROPERTIES OF AISI 304L AND
AISI 430 STAINLESS STEELS COMBINED WITH TIG WELDING” is fully

adequate in scope and in quality as a thesis for the degree of Master of Science.

Assist. Prof. Dr. Harun CUG
Thesis Advisor, Department of Mechanical Engineering

This thesis is accepted by the examining committee with a unanimous vote in the

Department of Computer Engineering as a master thesis. December 12, 2017

Examining Committee Members (Institutions) Signature

Chairman: Assoc. Prof. Dr. Fatih HAYAT (KBU)

Member : Assist. Prof. Dr. Harun CUG (KBU)

Member : Assist. Prof. Dr. Hanifi CINICI (GU)

55 55 | wnsind ZRT

The degree of Master of Science by the thesis submitted is approved by the
Administrative Board of the Graduate School of Natural and Applied Sciences,
Karabiik University.

Prof. Dr. Filiz ERSOZ " C/V‘/Y
Head of Graduate School of Natural and Applied Sciences

ii




“I declare that all the information within this thesis has been gathered and presented
in accordance with academic regulations and ethical principles and | have according
to the requirements of these regulations and principles cited all those which do not

originate in this work as well.”

Murad Ayad DEBESKI



ABSTRACT

M. Sc. Thesis

THE EFFECT OF DIFFERENT ADDITIONAL WIRES ON THE
MICROSTRUCTURE AND MECHANICAL PROPERTIES OF AISI 304L
AND AISI 430 STAINLESS STEELS COMBINED WITH TIG WELDING

Murad Ayad M. DEBESKI

Karabiik University
Graduate School of Natural and Applied Sciences

The Department of Mechanical Engineering

Thesis Advisor:
Assist. Prof. Dr. Harun CUG
December 2017, 70 pages

The increase in the diversity of developing industrial materials requires the use of
different materials where different characteristics are required and the combination of
materials with different properties. Ferritic stainless steels, heat resistant instruments,
turbine blades, heat exchangers and boiler pipes etc., which are the most used stainless
steels in the industry, austenitic stainless steels can find themselves in areas such as
coal and petroleum industries where high intergranular corrosion resistance is required
and parts that are difficult to heat treat. Although different metals can be welded in
many ways, it is an advantageous way to obtain high quality welds with TIG weld,
smooth surface and excellent welds. In this study, the most commonly used AISI 304L
austenitic stainless steel and AISI 430 ferritic stainless steel materials in the stainless
steel group were combined by TIG welding methods. During the assembly, three
additional wires, ER308, ER309 and ER347, were used. After joining these two
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different stainless steel with different additive metals, tensile, impact and
microhardness tests were performed on the joined materials to determine the effects

on the weld zone, and microstructure studies were carried out.

Key Words : TIG welding method, ferritic and austenitic stainless steels,
microstructure, mechanical properties.
Science Code : 914.1.092



OZET

Yiiksek Lisans Tezi

TIG KAYNAGI iLE BIRLESTIRILMIS AISI 304L VE AISI 430
PASLANMAZ CELIKLERIN MIKROYAPI VE MEKANIK
OZELLIKLERINE FARKLI ILAVE TELLERIN ETKISI

Murad Ayad M. DEBESKI

Karabiik Universitesi
Fen Bilimleri Enstitiisii

Makine Miihendisligi Anabilim Dah

Tez Danmismani:
Yrd. Dog. Dr. Harun CUG
Aralik 2017, 70 sayfa

Gelisen endiistride malzeme ¢esitliliginde artig, farkli 6zelliklerin gerekli oldugu
yerlerde farkli malzemelerin kullanilmasini ve farkli 6zelliklere sahip malzemelerin
kombinasyonunu gerektirmektedir. Endistride en ¢ok kullanilan paslanmaz
celiklerden olan ferritik paslanmaz celikler, 1s1ya dayanikli alet, tiirbin kanatlari, 1s1
degistirici ve kazan borular1 vs. gibi bir¢ok alanda kullanim imkan1 bulurken, dstenitik
paslanmaz celikler ise yiiksek taneler arasi korozyon direncine ihtiya¢ duyulan komiir
ve petrol endiistrisi ve 1s1l islem uygulamasi zor olan pargalar gibi alanlarda
kendilerine yer bulabilmektedirler. Farkli metallerin kaynagi birgok yontemle yapilsa
da TIG kaynagi, diizgiin ylizeyli ve milkemmel kaynaklara sahip yiiksek kaliteli
kaynaklar elde edilmede avantajli bir yontemdir. Bu calismada, paslanmaz gelik
grubunda en ¢ok kullanilan AISI 304L 0Ostenitik paslanmaz ¢elik ve AISI 430 ferritik

paslanmaz celik malzemeler TIG kaynak yontemleriyle birlestirilmistir. Birlestirme
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sirasinda ER308, ER309 ve ER347 kalite olmak tizere ti¢ farkli ilave tel kullanilmistir.
Bu iki farkli paslanmaz celigin farkli ilave metaller ile birlestirilmesi islemi sonrasinda
kaynak bolgesi lizerindeki etkileri belirlemek i¢in, birlestirilen malzemeler {lizerinde
cekme, darbe ve mikro sertlik testleri yapilmistir, mikroyap1 incelemeleri

gerceklestirilmistir.

Anahtar Kelimeler : TIG kaynak yontemi, ferritik ve Ostenitik paslanmaz ¢elikler,

mikroyapi, mekanik 6zellikler.

Bilim Kodu : 914.1.092
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CHAPTER 1

INTRODUCTION

It is very difficult to establish a date at which anything in engineering can be said to
be truly invented. All electric fusion welding can be classified as arc welding but, as
near as can be established, TIG welding originated in the USA, probably before 1939
where it was used mainly to facilitate the then rather difficult process of welding
aluminum. As the less dense than air inert gas helium occurred naturally in the USA
and was readily and cheaply available, it was used as an inert shield to prevent undue

oxidation of the aluminum during melt down. It was known as the Heliarc process.

TIG welding appears to have become commercially available in the UK and Europe
after development by BOC around 1948. However, helium was (and still is) very
expensive in Europe so BOC turned to argon (an inert gas denser than air) which was
produced by BOC as a by-product of air liquefaction for oxygen production. BOC
continued to develop both gas and equipment and put on the market a commercial TIG
welding process known as Argonarc; argon having certain advantages over helium,
other than cost. In passing, it should be mentioned that both the Heliarc and Argonarc
methods operated on AC at that time because the arc acted as an electrical rectifier.
However, the DC component of the welding current caused dirty welds with oxides
entrapped in the weld bead. To counteract this so-called rectifier, manufacturers in the
USA used an extremely high voltage with a high frequency (HF) spark injector. This
system was only partially effective in cleaning the weld and caused considerable radio

frequency interference (RFI).

BOC's method eliminated the DC component by using a suppressor, a large capacitor
connected in series with the arc, which gave excellent results for DC welding of
aluminum but still gave some RFI. Use of argon as a shielding gas gave many

advantages over helium, not least of which was a reduction in arc voltage to below 20



V. Argon also gave a smoother and much less fierce arc and cost was about 30% the
cost of helium.

BOC also developed a surge injection system for arc starting and main- tenancy in
which the original spark injection was used in short bursts for starting only and,
because of this, HF and RFI were considerably reduced but not eliminated.

A useful application of the Argon-arc process at that time was for arc spot welding of
thin sheet metals. It soon became obvious that DC TIG welding was highly suitable
for joining most bright rolled steels, and particularly for many grades of stainless steel
up to about 1.6 mm (1/16 in) thickness. A special spot welding gun was designed and
introduced giving the facility to apply pressure and make welds from one side only
where access was restricted. Development of high efficiency resistance spot welding
systems seems now largely to have phased out the TIG spot welding process although
it is still to be found, often using the same hard-wearing original equipment which was
being sold up to the mid 1960s.

It is probably true to say that the most extensive current use of TIG is in seam welding
of stainless steels, where the DC mode is usually most suitable (precision TIG welding
is almost exclusively DC). Aluminum, apart from a few suitable alloys, is still almost
exclusively welded using AC, so many combined AC/DC sets have been developed.
The efficiency of such units is well illustrated by the fact that many 25-30-year-old
TIG sets are still in use today, some of these not even having open -gap automatic arc
strike but relying on the skill of an operator briefly to touch down and retract the
electrode from the workpiece to initiate an arc before the electrode tip is deformed
(touch start). Ever since its inception, equipment and consumables e.g. gas, wire, filler
rods, etc. have been refined and improved although the basic principles of TIG welding
have remained unchanged. A wide range of inert gas mixes has become available
together with many varied alloyed tungsten electrodes. Power sources, mainly through
advanced electronics, have become lighter, more accurate, and have greatly improved
arc stability. This has enabled an increase in the use of TIG welding to be made,

particularly for ultra -low current and precision applications. Control of weld



sequences and programs by computer or microcomputer is now widely used and

development in this field is still continuing [1].

The increase in the types of materials used in today's industry necessitates the use of
different metals and different connections in places where different properties are
required and in particular the economic factors have become increasingly important in
recent years, necessitating the combination of materials with different properties.
Although the source of different metals is usually made by solid state welding

methods, it can be done with electric arc, TIG and MIG welding methods.

Among these welding methods, the TIG welding is a welding method in which the
heat energy required for welding is protected by a tungsten electrode and inert gas
supplied by an arc formed between the workpiece and a nozzle surrounding the
welding region. In this welding method, high quality welds with smooth surface and

perfect welds can be obtained.

In this study, AISI 304L austenitic stainless steel and AISI 430 ferritic stainless steel
materials, which are most widely used in the stainless steel group, are combined by
TIG welding methods. Three different filler materials were used during assembly,
ER308, ER309 and ER347 quality. In order to determine the effects on the weld zone,
tensile, impact and microhardness tests were performed on the joined materials, and

microstructure studies were performed on the welded joints.



CHAPTER 2

LITERATURE REVIEW

Of all the welding processes Tungsten Inert Gas (TIG) welding is one of the most
versatile. Since its inception, it has been improved and refined in terms of equipment,

consumables and application and is capable of still further improvements [1].

In this thesis intends this to be a practical on TIG containing advice on such items as
power sources, ancillary components, torches, gases, electrodes, fixtures and heat
sinks, etc. In short, an extensive guide to its use. The thesis sets out to explain in clear
language the various processes, equipment and associated terminology without
reaching into the worlds of advanced electronics or metallurgy [2,3].

Some of the information provided may be obvious to experienced welders. However,
it is hoped that even for experts some useful extra knowledge will be gained from
reading the thesis which in most cases gives the author's considered opinions on the

subject; not necessarily in agreement with other peoples views [4-6].

Certain passages in this thesis have been quoted almost verbatim from literature
supplied by some of the companies listed. This is not for any reason other than that the
passages quoted are definitive and could not significantly be improved to any great
extent, as the basic TIG welding principles still apply. Also, some extra tabulated
information has been included, as such data can often be difficult to find for someone

not totally involved in a particular industry, e.g. pipeline welding and pipe sizes [6-8].



CHAPTER 3

GENERAL INFORMATION ABOUT STEELS

3.1. STEELS

Steels are alloys of iron and other elements, primarily carbon, widely used in
construction and other applications because of their high tensile strengths and low
costs. Carbon, other elements, and inclusions within iron act as hardening agents that
prevent the movement of dislocations that otherwise occur in the crystal lattices of iron

atoms. Figure 3.1 shows steel classification chart [2].

Steels = Fe + C where (C $2.14%) |

I 1 [ I
Non Alloy Steels = Alloy Steel
(Plain Carbon) Steels

g N Low Alloy | Severaltypes Si,
Low Carbon JAE <5% Si-Mn, etc

C < 0.3% )
Cr-Mo
Medium Carbon Medium Alloy
> 0.3%<C<0.5% 2 s%s SAE <10% { Cr-Mo-V |

{ Ni (cryogenic)

High Carbon

05%sC<1% | —> Ni (Maraging)
- High Alloy s/ X ; 1
N Ultra High Carbon —3 SAE > 10% “?| Cr-Ni (Stainless Steel Cr212%)
1.0%sCs1.7% [ 1
—> Mn (Hadfield)

Mild Steel: Non Alloy and low cabon steel with C from 0.16 10 0.29%, which is used in 85% of all steel apgiications in the ]
world

Figure 3.1. Steel classification chart [2].

There are few iron-carbon alloys in the construction that contain elements from
steelmaking methods such as manganese, silicon, sulfur and phosphorus. They are also
known as manufacturing steels because of their use in the building and manufacturing

industries.



All properties of carbon steels are directly related to their structure, depending on the
amount of carbon they contain. With increased carbon content, ductility (% elongation
and% section shrinkage) and impact resistance properties decrease while the hardness,
yield and tensile strength of steels increase. The increase in the amount of carbon
(depending on these properties) plays a role in reducing the plastic deformation
capabilities of steels. However, as a very important and effective element in the
martensitic transformation, it makes it possible for the steels to be hardened by the
mechanism we call water quenching. The increase in the amount of carbon has an
adverse effect on the ability of the steel to absorb water and weldability. Varying the
amount of alloying elements, their formation in the steel either as solute elements, or
as precipitated phases, retards the movement of those dislocations that make iron
comparatively ductile and weak, and thus controls qualities such as the hardness,
ductility, and tensile strength of the resulting steel. Steel's strength compared to pure
iron is only possible at the expense of ductility, of which iron has an excess. Although
steel had been produced in bloomer furnaces for thousands of years, steel's use
expanded extensively after more efficient production methods were devised in the 17th
century for blister steel and then crucible steel. With the invention of the Bessemer
process in the mid-19th century, a new era of mass-produced steel began. This was
followed by Siemens-Martin process and then Gilchrist-Thomas process that refined
the quality of steel. With their introductions, mild steel replaced wrought iron. Figure

3.2 show Fe-Fe3C diagrams in which steels and cast-iron parts can be seen [3].

Further refinements in the process, such as basic oxygen steelmaking (BOS), largely
replaced earlier methods by further lowering the cost of production and increasing the
quality of the metal. Today, steel is one of the most common materials in the world,
with more than 1.3 billion tons produced annually. It is a major component in
buildings, infrastructure, tools, ships, automobiles, machines, appliances, and

weapons.
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Figure 3.2. Fe-Fe3C phase diagrams.
Modern steel is generally identified by various grades defined by assorted standards
organizations according to the American Iron and Steel Institute (AISI), steels can be

broadly categorized into four groups based on their chemical compositions:

Carbon Steels

Alloy Steels

Tool Steels

Stainless Steel

3.1.1. Carbon Steels

Carbon steels contain trace amounts of alloying elements and account for 90% of total
steel production. Carbon steels can be further categorized into three groups depending

on their carbon content;



e Low Carbon Steels/Mild Steels contain up to 0.3% carbon
e Medium Carbon Steels contain 0.3 — 0.6% carbon

e High Carbon Steels contain more than 0.6% carbon [3].

3.1.2. Alloy Steels

They are steels whose composition exceeds the ratios specified in plain carbon steels
or contains one or more of the other alloying elements in their own right. Steels which
do not exceed 5% of alloying elements in the composition are of low alloy, steels
exceeding 5% are high alloy steels [3].

3.1.3. Tool Steels

Tool steels are noble steels used for processing and shaping materials. The use of tool
steels, which have 8% of total steel production, increases every year shows.
Classification of steel materials as tool steel is only for the purpose of use. It is not
possible to classify or limit chemical compositions in tool steels, such as other steel
groups, because the chemical composition can vary widely and can intersect with other
steel groups. For this reason, steels of the same chemical composition (production
methods) changes can have different properties, so that materials with the same

chemical composition in different areas of use can be named with different names [3].

3.1.4. Stainless Steels

Stainless steels are generally preferred due to their excellent corrosion resistance. In
their chemical composition, steels having at least 12% chromium are called "stainless
steel”. Stainless steels are widely used in the food, pharmaceutical, chemical and

petrochemical industries.

Stainless steels have not been discovered in recent years. In 1822, Faraday showed that
there was an alloy that was highly resistant to atmospheric oxidation when chromium
was added to the iron. In 1838, Mallet discovered that chromium steels appear

corrosion-resistant properties in some environments. Until the late 19th century,



chrome steels were only used for hot sulfuric acid containers. In 1904, Monnartz found
that the addition of chrome-added steels to the oxidizing atmosphere made the
passivating property more pronounced. It proved that the corrosion resistance of these
metals came from the passive layer formed on the metal surface [3]. However, the
formation of passive filming is not sufficient for the alloys to be resistant to corrosion
in all environments. One of the ways to make stainless steels more resilient is to
increase the proportion of the main alloying elements such as chromium and nickel to

reduce carbon content [4].

The resistance to corrosion and staining of the stainless steel makes it an ideal and
indispensable material because stainless steel is commercially cheaper in a wide range
of applications, cheaper than other steels and has a striking appearance. Though there
are a total of more than 150 stainless steel types, 15 of them are very common and very
popular in the market.

Stainless steels are shaped by cold and hot rolling methods in many different ways
such as flat products, plates, rods, wires, pipes, especially petro-chemistry, chemistry,
like other similar steels. Cast parts are widely used in the food industry, in cigarettes,
in surgical equipment’s, in industrial equipment's, in automotive, in the production of
white goods, in constructions and construction elements. One of the areas where
stainless steel is used is the products we have never separated in our everyday life like
jewelry and watches. The most common quality used in jewelry is 316L austenitic
stainless. Stainless steel does not oxidize and darken over time like silver. In addition,

the density of stainless steel is slightly lighter than silver, so it is easier for designers.

The most important feature distinguishing stainless steels from other steels is that the
chromium content is very high (12%). Due to the increased amount of chromium,

oxidation resistance increases at high temperatures.

Stainless steels are classified in five groups according to their microstructure at room

temperature:



e Austenitic Stainless Steels
e Ferritic Stainless Steels

e Martensitic Stainless Steels
e Duplex Stainless steel

e Precipitation Hardened Stainless Steels

3.1.4.1. Ferritic Stainless Steels

Ferritic stainless steels generally do not contain nickel. It is a stainless steel base
containing high chromium (between 10.5% and 30%), molybdenum, titanium
vanadium, carbide builder and ferritic steady breaking alloy elements. Thanks to their
high chromium content, they provide a very high corrosion resistance to ferritic
stainless steels. Ferritic stainless steels, which have mechanical and physical properties
close to those of other similar carbon steels, are magnetic in contrast to austenitics.
Due to their low carbon content they are not heat-treated and can be easily shaped.

The only heat treatment applied to such steels is annealing. The most commonly
known ferritic qualities are AIS1430 and 442. Ferritic stainless steels are volume based
cubic [3].

3.1.4.2. Austenitic Stainless Steels

The AISI 300 series or austenitic stainless steels account for approximately 60% of the
total stainless-steel production in the world. A maximum of 0.15% carbon and a
minimum of 16% chromium contain sufficient amount of nickel and / or manganese
to stabilize the austenitic build up from very low temperatures to the melting
temperature. The most well known type is steel, which is 18/10 (304 quality) known

as stainless steel, containing 18% chromium and 8% nickel.

AISI 316L contains 12-25% chromium, 8-25% and 2.2% molybdenum in the
composition. They are used in chlorinated environments where AISI 304 is inadequate.
Steels known as "super-austenitic™ stainless steels, such as AL-6XN and 254SMO,

exhibit high molybdenum (> 6%) and a high stress corrosion resistance with nitrogen
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additives and high nickel. The high alloy content of the "super-austenitic" causes the
costs to increase significantly. For this reason, a similar performance can be obtained
from ferritic or duplex stainless steel groups at a lower cost. The most commonly
known austenitic qualities are AISI 304 and 316. Austenitic stainless steels can easily
be cold-formed. Because of these properties, it can be used as interior and exterior
architectural by making it into sheet and sheet [4].

Austenitic chrome nickel stainless steels are most commonly used in stainless steels
containing 12-25% Cr and 8-25% Ni in their composition. The sum of chromium,
nickel and manganese in austenitic stainless steels is 24% or more. Typically the
chromium content is 16% or more. Chromium provides oxidation and corrosion
resistance, while nickel and manganese ensure that the austenite phase is stable even
at room temperature, despite high cooling rates. Crystal structures are surface-centered
cubic [4].

3.1.4.3. Martensitic Stainless Steels

Martensitic stainless steels are similar to ferritic steels and similar to low alloy, high
strength steels or carbon steels.

However, due to the excess carbon depletion it contains, it can be hardened by heat
treatment, such as carbon steels, and its strength can be increased. Basic alloying
elements: chromium from 12% to 15%, molybdenum from 0.2% to 1.0% and carbon
from 0.1% to 1.2%. Except for several martensitic grades, nickel is not included in the
content. Martensitic stainless steels are magnetic. Depending on the increased carbon
content, hardening and strength increases, toughness and ductility decrease.
Depending on the high carbon content and other alloying elements, they can be
hardened by heat treatment up to 60 HRC. After heat treatment called tempering or
tempering, the most appropriate corrosion resistance is reached after the stress
relieving process. Compared to ferritic and austenitic grades, corrosion resistance is
slightly lower than martensitic grades. Machinability and formability are high.
Depending on the alloying elements and ratios they contain, there may be a small

amount of residual austenite phase in the constructions. It is also used as a tool steel.

11



The application area is very wide. The crystal structures are the volume central cubic
tetragon.

3.1.4.4. Duplex Stainless Steels

Duplex stainless steels contain high chromium (18-28%) and medium nickel (4.5-8%).
The amount of nickel is at most 8%, and it is insufficient to make the whole internal
structure austenitic. The biaxial microstructure is obtained by tempering the steel at
1000-1050 °C and then rapidly cooling it. Duplex stainless steels have a higher
strength than austenitic stainless steels. The most important limiting feature of duplex
stainless steels is that they become brittle at high and very low temperatures. The most
widely known duplex stainless steel is of AISI 2205 quality. Requires higher power
for cold forming. It is generally used in chemical apparatus manufacturing, treatment
plants, heat exchangers, petrochemical and paper industries and marine technologies.
The crystal structures consist of a volume center cubic ferrite and a surface centered
cubic austenite phase. The disadvantage of duplex stainless steels is; (HAZ) ferrite-
austenite balance in favor of ferrite due to the weakening of the pitting corrosion
resistance and the brittleness resulting from thermal aging limits the operating
temperatures to 260-300 °C.

3.1.4.5. Precipitation Hardening (PH) Stainless Steels

Also called "aged hardened stainless steels”. Precipitation stainless steels mainly
contain chrome and nickel. It is a type of stainless steel that combines the properties
of both martensitic and austenitic qualities in a proper manner. Like martensitic
stainless steels, they have high resistance to heat treatment and corrosion resistance
like austenitic qualities. The hardening is achieved by the addition of one or more
alloying elements such as copper, aluminum, titanium, niobium and molybdenum. The
most commonly known quality in this group is 17-4 PH. This quality is also known as
AISI 630. This grade, which takes its name from 17% chromium and 4% nickel
content, also contains 4% copper and 0.3% niobium [4].
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3.1.5. Stainless Steel Usage Areas

Stainless steel is used in our homes, in our cities and in the industry. This product has

been given a fan below;

At home:

Cutlery, meals and other tableware
Kitchen sinks

In pots and pans

In the oven and barbecues

Garden equipment and furniture’s

In the city:

Bus stops, telephone clubs and another street furniture
On building facades
Elevators and escalators

Subway, train and station infrastructure

Industry:

In food products and pharmaceutical production equipment
Drinking and wastewater treatment equipment and equipment
Chemical and petrochemical plants

Automotive and aircraft engines components

It is used in fuel and chemical tankers [3].
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CHAPTER 4

TUNGSTEN INERT GAS (T1G) WELDING

The TIG arc welding is also referred to as the "Argon-Arc" welding, since argon gas
is often used as the shielding gas. In the TIG arc welding method, which is an electric
arc welding method, the heat required for welding is provided by the electric arc
formed between a non-melting tungsten electrode and the workpiece. The arc zone is
often protected by sending argon gas. It is decided whether or not to use the welding
additional metal according to the base metal to be welded. This method was developed
in the US in 1940-1944 for the welding of light metal alloys such as aluminum and
magnesium, especially in the aerospace industry, and helium gas, which was obtained

in abundance from natural gas weldings in the United States at that time, was used.

Current Cable

Direction of Travel
Water Inlet and Outlet

Pipes for Torch Cooling
Gas Shielding
Nozzle Gas Pipe

Collet for Holding Electrode

Tungsten Electrode
Gaseous Shield

Ari— Copper Backing Plate

Work Plece

Filler Wire
Filler Wire
Guide

Figure 4.1. The TIG welding process.

The TIG arc welding method has found wide application range in the industry. In this
welding method, the welder does not have much work. It is similar to the method of
welding with acetylene, but the flame is different but the heat produced by the electric

arc, there is no flammable gas and burning. It can be used at the welding of some
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special steel materials, but it is mostly made by this method at every position of non-
ferrous metals. TIG, which is much more successful at the welding of fine metals, is

also used at the welding of medium thickness metals.

In the TIG arc welding, the arc and welded joint can be easily seen by the welder. The
slag layer does not come into effect and there is no problem of slag cleaning and slag
remnants. TIG arc welding has become increasingly important and it is presently
antagonistic as a welding method that can be applied in space, aviation, food,

automotive sectors [2, 7, 8].

The TIG arc welding method is seamlessly applied in combination with steel, stainless
steel, nickel alloys, copper alloys, titanium alloys, aluminum and magnesium alloys.
These materials are frequently used in maintenance and repair works, automotive
industry, shipbuilding industry, aircraft and space industry, chemical industry, metal

manufacturing industry, food industry, pipelines, boilers and pressure vessels.

4.1. FOUNDATION OF TIG WELDING

The foundation of the process is schematically represented in Figure 4.2.

Eloctrode holder  Rogulator with flowmeter

Figure 4.2. Foundation of TIG Welding.
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A plasma arc is created between electrode tip and work piece to be welded by power
source machine. Ignition pulse is produced with power source with a high frequency
generator that is large up to several MHz. The frequency and voltage generates strong
electrical interference around welding cell. The electrical energy is converted to

thermal energy that provides to melt base and the filler material.

Depends on the material; base metal surface temperature is 1430 °C to 2230 °C Since
the high temperature exists on the welding pool, it tends to react with oxygen and
creates oxidation on the surface of the base metal. In order to prevent oxidation gas
shielding is applied into the process [3, 9].

The shielding gas is fed into the gas nozzle at a preset flow rate. Also, the shielding

gas is useful to prevent overheating of the welding torch.

4.1.1. Characteristic of the Arc

When an arc is to be formed between the tungsten electrode and the part, this space
must be made electrically conductive. Thanks to the high temperature generated during
arc ignition, the shielding gas becomes electrically conductive. In the TIG welding
method, ignition of the arc while starting welding is one of the important subjects, the
methods applied in this matter are; the most important advantage of the ignition by
touching the applied electrode only in direct current operation is the simplicity and no
additional equipment is needed in the welding current generator. Particularly
disadvantages are the contamination of the electrode tip in pure tungsten electrodes

and the method of tungsten conduction to the workpiece.

In this way, tungsten residues may occur in the weld metal during ignition. The
electrode is alloyed and thus the arc becomes unstable. The copper can be avoided
from tungsten residues by igniting it on an auxiliary plate. This method is only possible

in direct current.

A new ignition technique is also ignited by the raised arc. In this method, the tungsten

electrode, which is loaded with very low current intensity, is in contact with the part.
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Therefore, there is no tungsten residue at the ignition point. First, the electrode is raised
a little and a weak arc is burned, then the current intensity is adjusted to the full power

by means of a special switch in the control unit.

In ignition with both direct current and high frequency used in alternating current
applications, the high voltage arc ionizes the gas between the electrode and the
workpiece and the welding arc occurs immediately. This event is repeated every cycle
in the alternating current. In the ignition of the arc with a high voltage impulse, a high
voltage current impulse ionizes the gas between the electrode and the workpiece when
the electrode is brought close to the workpiece, thereby providing a welding arc. This
method is usually used in automatic TIG welding equipment which is welding with
direct current. There are systems that use TIG, plasma and laser welding methods or
plasma cutting machines with a constant voltage welding machine to control the arc
voltage change between the torch and the workpiece and to keep the arc length
constant. Welding current generators used in the TIG method are constant currents,
such as those used in arc welding with a shielded electrode, and special current
generators falling with another definition. Fixed current welding current generators
have a falling type voltamper characteristic, so that the current can remain constant
when the arc length changes. Variations in the current are very small, depending on
the arc voltage variations in the welding operation range in a volts-amp curve with a

large gradient [6].

Current Type DCEN DCEP AC (Balanced)
Electrode Polarity Negative Positive

< <
Electron and S 2, & -

Y - \°° -

lon Flow N 4:' e‘%%‘ é e‘%o,
Penetration ! ; - ! \3/!
Characteristics
Oxide Cleaning Yes-Once Every
Action No Yes Half Cycle
Heat Balance In 70% At Work End 30% At Work End 50% At Work End
The Arc (Approx.) 30% At Electrode End 70% At Electrode End  50% At Electrode End
Penetration Deep; Narrow Shallow; Wide Medium
Electrode Excellent Poor Good
Capacity 1/8" (3.2mm) 400 A 1/4" (6.4mm) 120 A 1/8" (3.2mm) 225 A

Figure 4.3. Three different polarities in GTAW.
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Figure 4.3 shows schematically the movements of the load carriers in the background.
The electrons are displaced towards the cathodic anchor, where the impactor produces
heat. ions move in the opposite direction. However, the kinetic energy of the ions can
only be applied to the surface of the welding substrate when the electrode is the anode
and the cathode is also the cathode. However, the cleaning effect in this way is
significantly lower because the positive polarity of the electrode is strongly heated,

weakening the current intensity [10].

The use of an alternating current results in a good average of this condition. The change
in the polarity allows the oxide layer to break down (cathodic cleaning) when the
electrode is positive and to cool again when the electrode is negative. This is why the
two half waves are called the cleaning half-wave and the cooling half-wave. In this
context, a significant increase in the shelf-life of the bath surface and sufficient
cleansing of the oxide from the shelf is achieved [10].

When the main metal is melted, the oxide layer on the surface, which is considerably
higher than the melting point of aluminum, remains unmelted. Since there is no debris
in the TIG welding, the oxide layer must be removed by the action of the arc. The
disadvantage of this connection is the excessive heating of the electrode due to the fact
that a large part of the generated heat is turned on in the electrode. The way to solve
the problem of heating in the aluminum welding is to use an alternating current arc.
During half cycles where the electrode is positive the oxide is scattered out of the
molten aluminum. During negative half-cycles, the electrode cools while generating
heat in the welding chamber. In this way uniform distribution of heat is provided and
the electrode is inhibited in some measure. Usually a tungsten sphere melts at the tip
of the electrode [10].

4.2. ADVANTAGES AND LIMITATIONS

4.2.1. Advantages of GTAW Include

e |t does not form slag and does not require cleaning.

e No additional metal is required at all times.
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e It can be welded in every direction.

e Perfect temperature control at the welding of fine parts, heat source and
additional metal can be controlled separately.

e The arc and welded joints are visible.

e Itis possible to send as many metal inserts as requested in the welding housing
[11].

4.2.2. Limitations of GTAW Include

e The welding speed is slow.

e The tungsten electrode gets dirty.

e Low fill ratio. Therefore, time and cost are excessive.

e Particles from the tungsten electrode can enter the source chamber

e Less economical than consumable electrode arc welding for thick sections
greater than 9.5 mm (3/8 in.) [12, 13].

4.3. APPLICATIONS

TIG welding can be used to weld many metal and metal alloys. Examples include all
carbon-containing metals, steel alloys, stainless steels, heat-resistant alloys, bright

metals, aluminum, nickel, titanium and zirconium alloys.

It is difficult to weld lead and zinc. The low melting temperature of these metals makes
it extremely difficult to control the process. Steels and other metals allow high
temperature process control. Welding can also be done using multiple passes and
additional metal. Other welding methods should generally be preferred over 6 mm
thick. However, it can also be used as a welding of thick parts with the multi-pass
method. The positions of the electrode and additional metal in the manual T1G welding
are given below. The arc heads are first moved in both the torch and the weld metal at
the angle and positions shown, without additional metal or additional metal. During
metal addition, care must be taken to ensure that the protective atmosphere does not
dissipate and that the torch is added to the metal and not contaminated.
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Figure 4.4. Some applications on TIG welding.

4.4. BASIC TIG WELDING REQUIREMENTS

The basic requirements for all TIG welding processes are similar, i.e. a power source,
a hand held or machine manipulated torch, a pressurized supply of a suitable inert gas
from cylinders or bulk containers and cables of the correct size to conduct welding

current from the power source to the torch, Figure.4.5 [1].
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Figure 4.5. Basic TIG welding requirements.

4.4.1. Torches

Welding torches are an element developed to fulfill the tasks of transmitting the current
from the current wire to the electrode and delivering the protective gas over the
welding chamber in order to be able to form the electric arc required for welding
between the workpiece and the end tungsten electrode. Generally, torches are divided
into two main groups as air-cooled and water-cooled. Cooling in air-cooled torches is
carried out by means of air on the outside of the torche and by protective gas flowing
on the inside, therefore they are also referred to as gas-cooled torches. These are
lightweight torches with less current than 200 amps, easier to manipulate and cheaper

than water cooled ones.

They are only suitable for welding thin parts with the limitation of current capacities.
The angle between the tungsten electrode and the torch stalk, defined as the head angle,
is normally 120 °, with perpendicular torches with this angle of 90 °, pen torches with

180 ° and rotary torch torches with adjustable tip angle.
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Figure 4.7. The Basic pieces of welding TIG Torch.

Pen-type torches are so named because they look like a lead pencil, and while they use
it, they are held down like pencil writing with the head down. These are torches that
can be used in places where other species can not enter. Because they are light and

easy to manipulate, they are especially preferred by manufacturers using thin sheets.

A very common use of these torches is in the airplane industry, particularly in the
combustion chambers and other parts of jet engines, where such torches provide a great
deal of manipulation in the recording and welding of the sleeves. Rotary cap torches
resemble pen torches in form, in which the torch nozzle and electrode holder are
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connected to the handle in spherical joints, in which the torch angle is altered to enlarge
the handle and enlarge the torso universality.

TURGETEM INERT

ELECTRODE GAS N WELD I NG
CURREMT
CABLE

WATER IN
WATER OUT

}IhEHTGAS ouT

Figure 4.8. Torch design since the inception of the commercial TIG process.

Water-cooled torches are produced up to 1000 ampere current capacity as standard
with the condition to be used with water-cooled metallic gas nozzles at high current
intensities; only such torches are used in automatic T1G welding systems. If the sealing
gaskets are broken, the water vaporizes during operation and the protective gaskets

break the quality of the mixed gaskets, causing pores and cracks.

4.4.2. Electrodes

The most important difference between the TIG welding method and other electric arc
welding methods is that the additional welding metal is not supplied by the electrode
and the electrode only assumes the role of arc forming; in which tungsten, whose
melting temperature is around 3500 °C, is selected as the electrode material. In
addition to its high melting temperature, tungsten is a very strong electron emitter,
which emits a strong electron current in the arc column and ionizes the atoms in the

arc column to ensure arc stability.

In today's industry, tungsten (99.5% W) in commercial purity and electrodes alloyed
with thorium, zirconium and lanthanum are used. In practice, it is possible to collect

the TIG welding electrodes under three groups: pure tungsten electrodes, alloyed
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electrodes and striped electrodes. TIG welding electrodes are classified according to
their composition in AWS A5.12 and DIN 32528 and color codes are used to easily

distinguish them from each other [1].

Table 4.1. TIG electrode current carrying capacity.

Diameter, mm DCEN or DCSP DCSP or AC Popular sizes
Current capacity, A | Current capacity, A

0.25 Upto5 N/A

0.5 Up to 15 N/A v
1.0 15-50 Upto 20 v
1.6 50-100 20-50 v
2.0 50-150 50-100 v
2.4 50-200 50-150

3.2 200-300 150-200 v
4.8 250-400 200-300 v
6.4 400-600 300-400 v

Table 4.2. Nominal weight of standard length tungsten electrodes.

Standard diameters Nominal weight per electrode in grams for
standard lengths of
mm 75 mm 150 mm 175 mm
1.0 1.1 2.3 2.7
1.2 1.6 3.3 3.8
1.5 2.6 5.1 6.0
1.6 2.4 5.8 7.0
2.0 4.5 9.1 10.6
2.4 6.5 13.1 15.3
3.0 10.2 20.5 23.9
3.2 11.7 23.3 27.2
4.0 18.2 36.4 42
4.8 26.2 52 61
5.0 28.4 57 66
6.0 41 81 95
6.4 47 93 109
7.0 56 111 130
8.0 73 145 170
10.0 114 227 256
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Those longer than seven inches are only used in mechanized and automatic welding
methods. In practice, the electrode diameter should be selected taking into
consideration the maximum current loading capacity of the electrode. As this value is
approached, the heat density of the arc increases and a weld seam with a stiffer arc and

penetration higher than the stitch height can be obtained.
4.4.2.1. Identification of Electrode Type

Electrodes are identified by color and a DIN standard has assigned a color code.
However, some of the colors, particularly orange and the pinks and reds (marked*) are
often difficult to distinguish one from the other, so be very careful when a particular
type must be used. Table 4.3 shows the col- ours suggested in the DIN standard which,

however, is not as yet universally accepted.
The attempt to color code electrodes by a standard is an excellent idea but for this to

become universally used some acceptable international standard should also be

assigned to the various colors to avoid confusion [1].

\

X

N

Figure 4.9. Electrodes are identified by color and a DIN standard.
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Table 4.3. Electrode data to DIN 32528 specification.

General use Composition % DIN Mal\ﬁt(a)rlal Color
AC Tungsten, pure W 2.6005 Green
AC and DC Tungsten + 1 thorium WT10 2.6022 Yellow
DC Tungsten + 2 thorium WT20 2.6026 Red*
DC Tungsten + 3 thorium WT30 2.6030 Lilac
DC Tungsten + 4 thorium WT40 2.6036 Orange*
AC Tungsten + 0.8 W28 | 26062 White
zirconium
DC Tungsten + 1.0 WL10 | 2.6010 Black
lanthanum
DC Tungsten + 1.0 cerium | WC10 -- Pink*
DC Tungsten + 2.0 cerium WC20 -- Grey

* color not easy to distinguish.

Table 4.4. Electrode uses and performance.

TYPEOFTUNGSTEN COLOR USES AND PREFORMANGE

Provides good arc stability for AC welding. Reasonably good
resistance to contamination. Lowest current carrying capacity. Least
expensive. Maintains a balled end.

Ceriated Orange Similar performance to thoriated tungsten. Easy arc starting, good arc
Ce0O2 stability, long life. Possible replacement for thoriated.
1.8% t0 2.2%

Thoriated Easier arc starting. Higher current capacity. Greater arc stability. High
ThO2 resistance to weld pool contamination. Difficult to maintain balled end
1.7%t02.2% on AC.

Lanthanated Similar performance to thoriated tungsten. Easy arc starting, good arc
La203 stability, long life, high current capacity. Possible replacement for
1.3%1t01.7% thoriated.

Zirconiated Excellent for AC welding due to favorable retention of balled end, high
Zr02 resistance to contamination, and good arc starting. Preferred when
0.15% to 0.40% tungsten contamination of weld is intolerable.
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4.4.3. Shielding Gas Types and Mixtures

In the TIG welding, helium was initially used and then argon gas was used. Both gases
are single-atom and inert gas. For this reason, they do not join with other elements;
they are colorless and odorless and do not burn. Helium gas is heavier than air while
argon is heavier. Therefore, helium is volatile and the ability to maintain is low.
However, argon protects molten metal better because it is heavier than air. Where

higher current intensities are required, helium gas is used to provide higher arc voltage.

The argon gas used in the welding of light metals and alloys must be very pure. Factors
such as water vapor, oxygen and nitrogen that may be present in it reduce the quality
of the welding. Argon gas is transported at 150-180 atmospheres pressure and in tubes
containing 6 to 9 m® of gas. The ionization energy of the helium is very high (24.5 eV)
and therefore requires a long arc length. This increases the arc tension.

Increasing the amount of heat applied to the weld will affect the formation of the weld

and the behavior of the weld in the following way:

e Penetration, typical argon finger loses form and stitch widths

e No pretreatment is required or is applied in very small quantities
e Welding speed increases.

e A hot and well-drained welded base is obtained.

e Welding scar is not calm; TIG welding is difficult to ignite in alternating current.

On the various gases now follow: Argon and Helium.

4.4.3.1. Argon

The reduction of heat input after low arc voltage gives a great advantage in manual
welding of 1.5 mm dense parts. The effect of cleaning in the welding of materials
covered with a refractory oxide layer such as aluminum and its alloys is more intense.
The ignition of the back is much easier. The arc is calmer and more airy. Provides

more effective protection with less protective gas because it is heavier than air. Even
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though the gas consumption is high in the vertical and ceiling welds, the weld can be
easily dominated by the smaller weld bands resulting from the lack of heat input.
Increasing the speed of automatic welding causes pore formation. Better results are
obtained at the welding of different metals [14, 15].

Gas shield

Arc f

\ l’
Work ‘ \ ',\ Bead / | |

.- J .\. 7, |: | : : “
v i ‘ ‘ AN/
In argon In hellum
(@) ()

Figure 4.10. Arc shape using: a) Argon, b) Helium.

A range of argon mixes is available combined with hydrogen additions of between | -
5%. These gases concentrate the arc and can increase welding speed but they are more
often used to give a better appearance to the finished weld. Hydrogen is classed as a
reducing gas. It should be noted that inclusion of hydrogen can give rise to weld
porosity, so the rule here is to use the lowest ratio of hydrogen to argon consistent with
a good weld both for strength and appearance, Table 4.5. Your gas supplier will assist
with the choice of mix [1, 16, 17].

4.4.3.2. Helium

Helium is an ideal shielding gas but more expensive in the UK and Europe and not
therefore so widely used, in particular for hand welding. Its ionization potential is 24.5
electron volts, with excellent thermal conductivity, and it gives deeper penetration than
argon for a given current and arc gap. Figure 4.14 shows the general TIG arc forms

obtained with argon and helium when used for mechanized welding.
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The higher arc voltage resulting from the higher arc voltage gives better results at the
welding of thicker parts with high thermal conductivity materials. The high heat input
and high welding speed create a narrower HAZ and as a result, the mechanical
properties of the welded joint improve. Thus, the impact and self-attraction are
reduced. Since it is much lighter than air, the resulting shielding gas consumption is
high and the gas stream from the torch tube is sensitive to air movements.

Table 4.5. Shielding gases for various metals.

. Low | Stain . L Copper
Gas mix % Mild alloy | less Nickel | Aluminium and Remarks
steels alloys and alloys
steels | steels alloys
grc;n;rr]ng;c!;gg * * F * General use
. ' Fine
o R N N
g ' welding
Ar 75/He 25 * * * B x
Very
Ar 70/He 30 * * F * X % suitable for
Ar 50/He 50 = % * * * * g luminium
Ar 99/ H:1 * *
Ar98.5/H215 * *
Ar 98/ H22 * * * Not for use
Ar 97/ H23 * * with
martensitic
Ar 95/ H25 * *
Special Ar / Hz * *
mixes
Commercial * * * Not for use
He 99.993 with any
Ar/N * steel

In automatic welding processes, formation of pores and combustion notches in high
welding speeds can be controlled. In automatic welding processes, formation of pores
and combustion notches in high welding speeds can be controlled. Lighter than air, it
provides better protection for finisher ceiling welds and is therefore suitable for use as
a base [18, 19].
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4.4.3.3. Back Purging

The finish of the underside of a weld bead is as important as the top surface and can

be improved by back purging using the same gas as that flowing through the torch [1].

Small bore pipe
perforated to
diffuse gas

Figure 4.11. Back purging.

Argon Leaking ¥om Purge Dam ';:,“92"“,3 Acgon Leaking ¥om Puge Dam

Figure 4.12. Back purging using the same gas as that flowing through the torch.
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WHY PURGE?

NON PURGED P::;:D
WEELD WITH HFT®
PRODUCTS
Figure 4.13. Why Back purging use.
4.5. CABLES

In general, the only independent cable used in TIG welding is the current return (earth)
and by far the best for this purpose is stranded copper, covered with a natural or
synthetic rubber (rather than plastic) which will remain flexible over a wide
temperature range. Use good quality cable from a reputable manufacturer and keep to
the maximum current capacity stated. Always ensure that the connectors at both ends
are tight and will not work loose in use. Keep cables as clean as possible and away

from possible damage by welders' boots, fork lift trucks or heavy components.
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* Arc Set Optional

RWIJFC-2D
Remote Foot Control
TIG torch as Standard
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Figure 4.14. Some of the most popular cables are used in welding TIG.

4.6. TIG WELDING POWER SOURCES

The power source is the heart of all welding systems; reliability, accuracy and long life
being the desirable characteristics governing the selection of a set. Price does, of
course, enter into the choice but with TIG power sources, as with any
electromechanical device, you get what you pay for. When considering purchase, pay
great attention to duty cycle, spares availability and the speed with which servicing
can be obtained if required. In small workshops, there is seldom a back-up set, so

choose wisely.
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Figure 4.15. TIG welding power sources.

The power source must convert mains electricity, with its inherent variations, into as
stable a welding current as possible. It does this by using a transformer to reduce mains
voltage and proportionally increase current through the secondary windings and

convert this to welding current using a rectifier.

Modern power sources are much lighter and less bulky through use of solid state
electronics, efficient cooling and modern materials such as plastics and light alloys in
their construction. It is generally considered that the four main basic types are as

follows:
4.6.1. Type 1 Transistor Series Regulator Power Sources - Dc Only
These use power transistors for current regulation, with analogue control from a low

current signal. They are low in efficiency but give accurate and very stable control of
the welding current and provide pulsing with varying waveforms and frequency [1].
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Figure 4.16. TIG welding machine with full main fittings.

4.6.2. Type 2 Switched Transistorized Power Sources - Usually DC Only

Using power transistors with HF switching of the DC supply, these power sources give
similar current control characteristics to Type 1, are more electrically efficient but give

a smaller range of pulsing frequency and waveforms [1].

4.6.3. Type 3 Thyristor (SCR) Power Sources - AC/DC

Transformers are very advanced electronic devices that use thyristors instead of diodes
on the output side. These power supplies provide very good current and welding time
accuracy. It gives AC waveforms and can be used in pulsed mode even though there

is limited pulse frequency response [1].

4.6.4. Type 4 AC rectifier plus inverter power sources - AC/DC

These sets are up and coming in the welding industry, very versatile, light in weight
and can have many add-on features. Very cost effective and small in size with high
efficiency. The response rate is generally lower than transistorized power sources, but
then you can't have everything. Watch future progress in development of these
undoubtedly commercially attractive sets [1].
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Figure 4.17. Electrical circuit of the rectifier current in the welding machine TIG.

4.7. FILLER WIRE AND RODS

Consumable wires or rods for TIG welding are obtainable compatible with most
metals, and manufacturers will, on request, produce small batches of special materials.
Table 4.6 lists a few popular proprietary filler rods sold by the main suppliers to the
trade. The standards referred to are British and American, other countries have

equivalents [1, 20].

For Example: ER308LSI is suitable for joining stainless steels of the 304 types and
308 types. Welding speed is higher than 308 or 308L due to improved weldability of
the weld metal [21, 22].

TGK-08L
N 2.2x1000mm 5k

[Ty

Figure 4.18. Consumable wires or rods for TIG welding.
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Table 4.6. Filler rods for manual TIG welding.

Material welded Rod composition British Nearest Comment or
standard AWS application
Low carbon Deoxidised steel BS 2901 A17 A5.288 Mild and low alloy
steel rod Part 11983 R.60 steels
Medium carbon High strength rod BS 2901 A5.2.88 Also low alloy steels
steel A16 R65
Super steels Mild steel plus some BS 2901 A5.18.79 Excellent for high
aluminium, zirconium  A15 ER 70S8.2 quality root runs
and titanium, also
silicon and manganese
Creep prone Steel alloy plus 1% BS 2901 Ab.28.79 Boiler and superheater
steels chromium and 0.5% A32 ER 80S tubes
molybdenum B.2
Creep prone 2% chromium, BS 2901 A5.28.79 Consult supplier
steels 1% molybdenum A33 ER 90S Automotive and
B.3 aircraft frame tubes
Castiron Plus silicon BS 1453B2 Castiron cladding
and resurfacing
Stainless steels Rods and wires BS 2901 A5.9.81 Consult supplier
containing nickel, part 2 Many variations,
chromium, molybdenum 347 $96 ER 347 particularly for
and other metals in 316 592 ER 316L austenitic steels
various amounts as 308 §92 ER 308L
suitable 308 594 ER 309
Aluminium Zinc free aluminium BS 2901 AS.777 Marine fittings
bronze bronze Part 3 ER-Cu
C13 A1-A2
Aluminium (a) Pure aluminium BS 1453 A5.10.88 Use
(b) + 5% silicon BS 2901 Food and aerospace
(c) + 10% silicon Part 4 ER 1100 Repairs
(d) + 5% magnesium 1050A ER 4043 General purpose
(e) also with larger 4043A ER 4047 Domestic and automotive
proportions of 4047A ER 5356 AiZnMg alloys
silicon and magnesium 5356
5556A Other general purpose

rods are available
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4.8. STATEMENT OF THE PROBLEM

The application of TIG Welding prosses at a global level in the field of oil and gas,
petrochemical and marine fields because of the benefits regarding to productivity and
high efficiency. This research on the development of finite elements that mimic the
performance of longitudinal welds of the pipe lines used to transport natural gas
models focus. The effect of temperature on the behavior of materials transmission is
crucial in the process of welding. In this study, I will change the key variables for the

best mechanical properties of welded connection.
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CHAPTER 5

EXPERIMENTAL STUDY

5.1. MAIN MATERIAL AND WELDING SUPPLEMENTARY METAL

In this study; AISI 304L austenitic stainless steel with good corrosion resistance, high
mechanical properties and good forming ability, and AISI 430 ferritic stainless-steel
due to good corrosion resistance and good mechanical properties. The joining process
was done by TIG welding method, 2mm 308L, 309L, 347L welding wire was used as
additional wire. In order to ensure a good nuance, the sample mouth VV was opened
with a width of 1mm and 60° angle. Table 5.1 show the chemical composition of AISI
304L and AISI 430 stainless steels. Table 5.2 summarizes the chemical composition
of the additional wires used in welding. Tables 5.3 and 5.4 mention the mechanical
properties of AISI 304L and AISI 430 stainless steels.

Table 5. 1. Chemical composition of AISI 304L and AISI 430 stainless steel.

Material C Mn P S Si Cr Ni Fe
AISI 304L | 0.03 2.0 0.045 0.03 0.75 18-20 8-10 | Balance
AIS1430 | 0.12 1.0 0.045 0.03 1.0 16-18 0.75 | Balance

Table 5. 2. Chemical composition of used additional fillers.

Filler C Si Mn Cr Ni Nb Fe
ER308 | <0.03 | 0.30-0.65 | 1.00-2.50 | 19.50-22.00 | 9.00-11.00 - Balance
ER309 | <0.03 | 0.30-0.65 | 1.00-2.50 | 23.00-25.00 | 12.00-14.00 | - Balance
ER347 | <0.08 | 0.30-0.65 | 1.00-2.50 | 19.00-21.50 | 9.00-11.00 | <1.0 | Balance
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Table 5.3. Mechanical and physical properties of AISI 304L and AISI 430.

Properties AISI 304L AISI 430
Breaking strength 485-670 MPa 520 MPa
Tensile strength (0.2%) 200 MPa (min) | 250 MPa (min)
Hardness, Rockwell (HV) 155 165
Thermal Conductivity (W/mk) 15,7 25,1
Melting Range (°C) 1375 - 1450 1425 - 1530

5.2. PRE-RESOURCE PREPARATION AND WELDING OF SAMPLES

For the experimental study, austenitic and ferritic stainless steel materials were
prepared by cutting in dimensions of 250x180x1.5 mm, 60° V welding opening is
opened to samples and pre-welding stainless steel wire brush, oxide, oil etc. cleaned
from the waste. Welding was carried out in the inverter type TIG welding machine at
the welding parameters given in Table 5.4. Coupled stainless steel pairs of different

grades are shown in Figure 5.1.

Table 5.4. Welding Parameters.

Current | Voltage| Gas Flow Filler Electrode Protective
(A) (V) | Rate (It/min) | Diameter (mm) | Diameter (mm) Gas
65 13.5 12 2 2.4 Argon

=

AISI 304L

AISI 430

Figure 5.1. TIG welding of different kinds of stainless steels.
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5.3. SAMPLE PREPARATION FOR MICROSTRUCTURE

The welded specimens were cut with wire erosion and then divided into small pieces
for microstructure work with the help of cutting machine. After the cutting process
samples were taken with cold resin. The samples were sanded in 600, 800, 1000, 1200
mesh abrasive respectively and then polished with felt in 6 microns, 3 microns and 1
micron diamond pie respectively. After polishing process, the furnace is
electrolytically packed in the furnace with oxalic acid - pure water mixture and power
supply (Figure 5.2). The solution was prepared by dissolving 10 g of oxalic acid in 100

ml of purified water.

The power source (+) was exposed to the sample immersed in the prepared solution
and the solution was left in solution with the polar (-) polar acid. The etching process
was applied for 15 seconds at an average current of 2 Amps with 13.8 V DC voltage.
Microstructure images were taken with 200X, 500X, 1000X magnification with the

aid of a microscope in the metallography laboratory after the etching process.

Figure 5.2. Power source 12,4 V DC.

Microstructure examination, tensile, impact notch and hardness measurements of the

samples were carried out after these processes.
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5.4. MICROSTRUCTURE ANALYSIS

The optical microscope images and SEM images of the samples were taken from the
"Nikon Eclipse MA200" optical microscope device and "Carl Zeiss Ultra Plus Gemini

Femme" brand SEM device (Figure 5.3 and Figure 5.4) available from Karabiik
University Iron and Steel Institute Research Laboratories.

Figure 5.3.

wv
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o
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=

Figure 5.4. Carl Zeiss Ultra plus gemini femme SEM analyzer.
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5.5. SAMPLES HARDNESS MEASUREMENTS

The hardness measurement of the test specimens was carried out using the Q250-M
Universal Vickers microhardness tester with the same measurement line from the base
metal and the base metal to the weld metal. A 500 g load was applied to the sinker.

The microhardness device in which the hardness measurement is shown in Figure 5.5.

Figure 5.5. Q250-M Universal microhardness tester

5.6. TENSILE TEST

The specimens for the tensile test were prepared by cutting with wire erosion in two
different sizes according to TS 287 EN 895 / tst T1 standards. These two different
samples are coded as standard A and standard B, respectively (Figure 6 and Figure 7).
The tensile test was carried out at a speed of 0.067 min/mm on a 100 KN MTS 370
Landmark (Fig. 5.8) tester.
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Figure 5.6. Measurements of the samples used in the tensile test (Standard A)
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Figure 5.7. Measurements of the samples used in the tensile test (Standard B).

Figure 5.8. MTS 370 Landmark 100 kN brand towing device.

5.7. IMPACT NOTCH EXPERIMENT

The test specimens were subjected to the impact notch test. According to the EN
10045-1 standard of stainless steel assemblies of different grades, the notched
specimens prepared below the standard were tested at 20 °C (RT), 0 °C and -20 °C.
The specimens were tested on the Zwick / Roell RKP450 impact notch device (Figure
5.9).
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Figure 5.9. Zwick / Roell RKP450 impact notch device.
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CHAPTER 6
EXPERIMENTAL RESULTS
6.1. MICROSTRUCTURE RESULTS
The optical microstructure images of the combinations obtained using 304L austenitic

and AISI 430 ferritic stainless steel double TIG welding and different types of

supplementary wire are given in Figures 6.1 to 6.6.

Figure 6.1. Microstructure image obtained by 304L stainless steel of welding zone
combined with ER308 quality additive metal.
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Figure 6.2. Microstructure image obtained by 430 stainless steel of welding zone
combined with ER308 quality additive metal.

Figure 6.3. Microstructure image obtained by 304L stainless steel of welding zone
combined with ER309 quality additive metal.
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Figure 6.4. Microstructure image obtained by 430 stainless steel of welding zone
combined with ER309 quality additive metal.

Figure 6.5. Microstructure image obtained by 304L stainless steel of welding zone
combined with ER347 quality additive metal.
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1000 pm

Figure 6.6. Microstructure image obtained by 430 stainless steel of welding zone
combined with ER347 quality additive metal.

When microstructure images are examined in general; AISI 304L austenitic stainless-
steel microstructure austenite, AISI 430 ferritic stainless steel microstructure ferrite.
Different grades of stainless steel additive wire compositions, fusion and blend-
dependent dilution, differing rates of cooling, are considered to be due to structural
differences [23].

When examined in Figure 6.1 and Figure 6.2, it is seen that the sample weld metal
microstructure joined by ER308 additional wire was formed from the lath ferrite phase,
and the joint appeared to be grain refinement at HAZ microstructure on both ferritic

and austenitic stainless-steel sides.

As can be seen in Figure 6.3 and Figure 6.4, when weld metal images of welded
material pairs were analyzed using ER309L additive metal, the weld metal
microstructure was found to be composed of austenite-type austenite from ferrite grain
boundaries and secondary austenite phase in grains. When the melting band of the
AISI 304L austenitic stainless steel is examined, it appears that a larger HAZ is formed
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compared to the ER308 additive metal. AISI 304L austenitic stainless steel interfacial
transition with weld metal exhibits intertwined condition. It is seen that the welded
joint has been found in the ferritic stainless steel HAZ. The most characteristic feature
of stainless steels is; the growth of the grain in the weld metal and in the HAZ region,
which leads to a decrease in the torsional strength of the weld metal [24]. Normally,
austenitic and ferritic stainless steels have a fine-grained structure. However, ferritic
and duplex stainless steels are particularly prone to grain growth at temperatures above
the As temperature. During welding, HAZ grows in the region where this temperature
is reached. As stated in the literature, the coarse-grained ferrite phase occurs because
there is no secondary austenite phase or precipitates in the part of the HAZ above

which the ferrite solubility is overcome [25-29].

In Figure 6.6, when the microstructure of the sample combined with ER347 additional
wire is examined, it is seen that the weld metal microstructure is in dendritic form and
lath ferrite. Combination of both AISI 304L and AISI 430 stainless steel material is
seen in HAZ as an increase in grain size. The AlISI 304L austenitic stainless-steel side
HAZ melting band exhibits a sharper transition, while the HAZ melting band of the
AISI 430 ferritic stainless steel shows a wider range, while grain shrinkage is seen in
the HAZ.

If the microstructures are evaluated in general, the HAZ maximum grain reduction on
the ferritic stainless-steel side is found with the combination of ER308 of additional
metal and ER309 of additional metal. If the weld metal microstructures are compared,
the weld metal formed with ER308 of additional metal appears to have a ferritic grain
structure. However, the weld metal formed with ER347 of additional metal appears to
be an austenitic structure with a dendritic structure. As a result of the microstructures

it can be hardened with hardness results [28-32].
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Figure 6.7. SEM image and linear EDS analysis from weld interface of 430 stainless
steel part of stainless steels combined with ER308 filler metal.
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Figure 6.8. SEM image and linear EDS analysis from weld interface of 304L stainless
steel part of stainless steels combined with ER308 filler metal.
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Figure 6.9. SEM image and linear EDS analysis from weld interface of 430
stainlesssteel part of stainless steels combined with ER309 filler metal.
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Figure 6.10. SEM image and linear EDS analysis from weld interface of 304L stainless
steel part of stainless steels combined with ER309 filler metal.
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SE MAG: 1000 x

Figure 6.11. SEM image and linear EDS analysis from weld interface of 430 stainless
steel part of stainless steels combined with ER347 filler metal.

Figure 6.12. SEM image and linear EDS analysis from weld interface of 304L stainless
steel part of stainless steels combined with ER347 filler metal.

52



As can be seen from the microstructure and SEM images, coarse grains are observed
in the HAZ near the melting limit of ferritic stainless steel main material. Grain size
increases as the melting limit is approached. No grain refinement was observed on the

austenitic stainless steel side of the welded joint in the HAZ zone.

As can be seen from the images, the ferritic stainless steel side of the joining shows
distinct grain refinement in HAZ, whereas the austenitic stainless side shows more
grain refinement and grain refinement than grain refinement. This is the main reason
why the welded joints are formed from the coarse-grained part on the completely
ferritic stainless side of the splice in the tensile tests.

Due to the joining of two different stainless steel couples, there are different structures
and different chemical compositions in the melting zone in the HAZ region. In order
to observe how this chemical composition changes, a linear EDS analysis was made
from these regions. The results are given in Figure 6.7 to 6.12. Linear EDS analyzes
from the retention zone after the TIG welding process using three different additional
wires yielded mutually accurate results. The fact that the additional metals used in the
welding process generally have an austenitic structure is also reflected in the weld
metal and a harmonization of the chemical composition between the weld metal and
the austenitic base material has been observed. Ferritic stainless steel from its melting
interface towards the ferritic stainless steel part has been found to have a decrease in
nickel content and an increase in the amount of iron required by its chemical

composition.

Overlapping results with this work have been obtained in the work of authors R. Kagar
and S. Giindiiz in the point welding of dissimilar 304L and 430 stainless steel
resistance welds, as well as in the study of TIG, MIG, and implanted electrode welding,
in which Y. Kaya has also done with the same materials, they reported the results. In
both studies, it was found that the grains in the region close to the half-melting point
of the austenitic stainless steel on the austenitic stainless steel side were similar to the
weld metal grains, but grain orientations were not uniform due to the heat complexity
in this region. When the region near the melting point of the half-melting point on the

ferritic stainless steel side of the assembly is examined, it appears that the particles
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formed in this region are not similar to weld metal grains because they are composed

of austenitic supplemental weld metal + ferritic base metal mixture. On the other hand,

it has been observed that there is not a lot of weeping on the austenitic side of the

combination, but a significant increase in the ferritic side of the combination [31,33].
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Figure 6.13. Location of alloys on the Schaeffler diagram.

Creq: Cr% + Mo% + 1.5xSi% + 0.5xNb%

Nieg: Ni% + 30xC% + 0.5xMn%

(6.1)
(6.2)

Table 6.1. Creq and Nieq values of base materials and filler materials to be welded.

AISI 304L | AISI 430 | ER308 | ER309 | ER347
Creq 20,1 18,5 21,75 24,75 22,0
Nieq 10,9 4,85 11,8 14,8 11,8

In the Scheafler diagram, two kinds of materials to be welded and three types of

additional filler materials were identified by finding Creq and Nieq. Since it is a

welding of dissimilar materials and it is a matter of combining with different additional

wires, it is difficult to determine structures and it is difficult to make comments on the

Scheafler diagram.
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6.2. HARDNESS MEASUREMENT RESULTS

The hardness measurement results of the joints obtained by using the TIG welding
method using different additional wires are shown in Figure 6.14, respectively. It is
clear that AISI 430 stainless base metal hardness is higher than AISI 304L stainless
base metal. The difference between the weld metal and HAZ hardness of the joints
obtained with all three additional metals is striking. Weld metal hardness of stainless
steel joints of different grades seems to be higher than hardness at both main metals.
The reason for this increase is the dendritic solidification of stainless steels. The
hardness of AISI304L quality material is measured as 158 HV and the hardness of
AISI1430 quality material is measured as 183 HV.
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Figure 6.14. Stiffness distribution of stainless steel welded joint joined with different
additional filler.

As seen in Figure 6.14, the weld metal and HAZ hardness of the austenitic and ferritic
stainless steel assembly combined with ER308 were found to be higher than the ferritic
stainless steel. It is thought that the cause of this is caused by the increase in favor of

delta ferrite. The weld metal hardness of the samples combined with ER347 additional
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wire is found to be lowest. The chemical composition of the additive metals plays an
active role in the hardness of the weld metal [31].

6.3. TENSILE TEST RESULTS

According to the test results, it was determined that the elongation and tensile strengths
of the assemblies in which ER309 welding additive metal was higher than ER308 and
ER347 weld metal additions, respectively. AISI 304L austenitic stainless steel HAZ
was formed in tensile test specimens at all joints. This is due to the combination of
AISI 304L austenitic stainless steel with higher HAZ hardness and yield strength. It
has been reported that the austenitic stainless steels have a tendency to decrease in
hardness due to grain growth at the weld, and therefore, in the tensile test, the weld
metal is largely out of HAZ [24].
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Figure 6.15. Tensile test results of samples joined by TIG welding method using
different type filler.

The average tensile strength of the samples combined with ER308 additional wire was
491,83 MPa and the extension was 5,80%. The tensile strength of the samples
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combined with ER309 additional wire was found to be 538,380 MPa and the extension
was 10,55%. the average tensile strength is 511,43 MPa, and the elongation is 8,52%.
The tensile strength and elongation of the samples combined with ER309 additional
wire were found to be higher than those combined with ER308 and ER347 additional
wire. Under the influence of the welding thermal cycle, the HAZ region has been
formed in this region by the cooling regime and by the thermal diffusivity, decreasing
hardness cracks. The addition of additional austenite-forming chemical compound

supports the results.

Macro photographs of the fracture zones of welded tensile specimens prepared
according to TS 287 EN 895 / tst T1 standards and referred to in the thesis as Standard
A and Standard B are given in Figures 6.16 to 16.21. In macro photographs, the
samples on the left are AISI 304L and the samples on the right are AISI 430 stainless
steel.

AISI 304L ; AlSI 430

Figure 6.16. Macro photographs of the refraction areas of the Standard A welded
tensile specimens combined with ER308 additional wire.
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Figure 6.17. Macro photographs of the refraction areas of the Standard A welded
tensile specimens combined with ER309 additional wire.

AlSI 304L AISI 430

Figure 6.18. Macro photographs of the refraction areas of the Standard A welded
tensile specimens combined with ER347 additional wire.
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AISI 304L

Figure 6.19. Macro photographs of the refraction areas of the Standard B welded
tensile specimens combined with ER308 additional wire.

AISI 304L ' AISI 430

Figure 6.20. Macro photographs of the refraction areas of the Standard B welded
tensile specimens combined with ER309 additional wire.
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AlSI 304L . AlS| 430

Figure 6.21. Macro photographs of the refraction areas of the Standard B welded
tensile specimens combined with ER347 additional wire.

As shown in Figure 6.15 and Figure 6.21, it has been found that peeling in tensile
specimens is usually carried out on the ferritic stainless steel side. It is also seen that
the steel of the braid is in the HAZ. It is thought to be especially in the coarse-grained
region, because this region has a coarse-grained and brittle structure.

The specimens prepared as standard A were found to be scratched on the base metal
side of the ferritic stainless steel. This means that the weld metal and the mechanical
properties of HAZ are higher than the base metal. According to these results, when the
mechanical properties of the welded joint are examined, it can be concluded that it has

succeeded.

It is seen that the HAZ width in the welding process varies in two samples. This is
because of the difference between the heat transfer coefficient and the melting
temperatures. As is known, the Thermal Conductivity of austenitic stainless steels (15,
7 W/mK) is 25.1 W/mK in Ferritic Stainless Steels. Also austenitic stainless steels are
1375 - 1450 "C and ferritic stainless steels are 1425 - 1530 °C. According to this result,
it is expected that the austenitic 304L stainless steel will penetrate more in the weld

metal.
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6.4. IMPACT NOTCH EXPERIMENT RESULTS

The notch-impact experiment was carried out at 20 °C (RT), 0 °C and -20 °C. The

notch-impact test result is shown in Table 6.2 and the post-test images of the impact

notch test specimens are given in Figure 6.22.

Table 6.2. Impact-notch test result table of bonded samples using TIG welding.

. Dimensions Test Nominal Impact Impact
Number| Spgmmgn in notch base | Temperature Energy of | absorbed Toughness

Designation Pendulum | Energy p

(mm) (°O) ) ) (KJIIM?)

1 10,84 904,01
2 ER308 17,06 1422,00
3 17,43 1452,95
Average 15,11 1259,65

4 23,54 1961,73
5 ER309 +20 (RT) 7,50 624,83
6 20,64 1720,10
Average 17,22 1435,55

7 19,69 1640,78
8 ER347 21,6 1800,03
9 15,31 1276,34
Average 18,86 1572,38

10 12,08 1006,64
11 ER308 9,11 759,59
12 7,16 596,76
Average 9,45 787,66

13 21,31 1775,99
14 ER309 1.5x10x8 0 450,33 10,67 889,45
15 7,92 660,06
Average 13,30 1108,50

16 15,86 1322,09
17 ER347 6,91 575,77
18 19,21 1601,35
Average 14,00 1166,40

19 7,92 660,06
20 ER308 3,7 308,44
21 4,84 403,24
Average 5,49 457,25

22 411 342,15
23 ER309 -20 2,42 201,76
24 10,32 860,41
Average 5,61 468,11

25 4,38 581,6
26 ER347 4,46 388,3
27 6,57 447,89
Average 5,13 472,60
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Figure 6.22. Impact-notch test result graphic of bonded samples using TIG welding.

When the results are analyzed, the impact-notched toughness of the samples combined
with ER308, ER 309 and ER347 additive metals in average room temperature was
found to be 125,96 J/cm?, 143,55 J/cm? and 157,23 J/cm?, respectively. The impact-
to-notch shear strengths of the samples combined with ER308, ER309 and ER347
ER309 additive metals, respectively, at 0 °C were found to be 78,76 J/cm?, 110.85
Jlem? and 116.64 J/cm?, respectively. The impact-notched toughness of the samples
combined with ER308, ER309 and ER347. ER309 additive metal on average at -20 °C
was found to be 45.72 J/lcm?, 46.81 J/cm? and 47.26 J/cm?, respectively.

Figure 6.23. Macro images after impact notch test of samples with ER308 coded filler.

"

Room Temperature 0°C -20°C
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AL

Room Temperature 0°C -20 °C

Figure 6.24. Macro images after impact notch test of samples with ER309 coded filler.

¢ 44

-20°C

7
Room Temperature

Figure 6.25. Macro images after impact notch test of samples with ER347 coded filler.

As shown in Figure 6.23, Figure 6.24 and Figure 6.25, no rupture has occurred in all
three parameters at room temperature. It may be said that the impact strength is good.
The joints made at 0 °C indicate that in all three parameters the fracture zones are
realized in a brittle fracture mode by the AISI 304L austenitic stainless steel. The
consolidations made at -20 °C indicate that the fracture zones in all three parameters
are realized in a brittle fracture mode by AISI 430 ferritic stainless steel. The reason
for the fracture is that ferritic stainless steels have low impact strength at low

temperatures.
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CHAPTER 7

RESULTS

7.1. GENERAL RESULTS

The sample weld metal microstructure joined by ER308 additional wire was formed
from the lath ferrite phase, and the joint appeared to be grain refinement at HAZ

microstructure on both ferritic and austenitic stainless-steel sides.

The weld metal images of welded material pairs were analyzed using ER309L additive
metal, the weld metal microstructure was found to be composed of austenite-type

austenite from ferrite grain boundaries and secondary austenite phase in grains.

The microstructure of the sample combined with ER347 additional wire is examined,

it is seen that the weld metal microstructure is in dendritic form and lath ferrite.

The HAZ maximum grain reduction on the ferritic stainless-steel side is found with
the combination of ER308 of additional metal and ER309 of additional metal. If the
weld metal microstructures are compared, the weld metal formed with ER308 of
additional metal appears to have a ferritic grain structure. However, the weld metal
formed with ER347 of additional metal appears to be an austenitic structure with a
dendritic structure. As a result of the microstructures it can be hardened with hardness

results.

As can be seen from the microstructure and SEM images, coarse grains are observed
in the HAZ near the melting limit of ferritic stainless steel main material. Grain size
increases as the melting limit is approached. No grain refinement was observed on the

austenitic stainless steel side of the welded joint in the HAZ zone.
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As can be seen from the images, the ferritic stainless steel side of the joining shows
distinct grain refinement in HAZ, whereas the austenitic stainless side shows more
grain refinement and grain refinement than grain refinement. This is the main reason
why the welded joints are formed from the coarse-grained part on the completely

ferritic stainless side of the splice in the tensile tests.

Itis clear that AISI 430 stainless base metal hardness is higher than AISI 304L stainless
base metal. The difference between the weld metal and HAZ hardness of the joints
obtained with all three additional metals is striking. Weld metal hardness of stainless
steel joints of different grades seems to be higher than hardness at both main metals.

The weld metal and HAZ hardness of the austenitic and ferritic stainless steel assembly
combined with ER308 were found to be higher than the ferritic stainless steel. It is
thought that the cause of this is caused by the increase in favor of delta ferrite. The
weld metal hardness of the samples combined with ER347 additional wire is found to
be lowest. The chemical composition of the additive metals plays an active role in the

hardness of the weld metal.

The average tensile strength of the samples combined with ER308 additional wire was
491,83 MPa and the extension was 5,80%. The tensile strength of the samples
combined with ER309 additional wire was found to be 538,380 MPa and the extension
was 10,55%. the average tensile strength is 511,43 MPa, and the elongation is 8,52%.
The tensile strength and elongation of the samples combined with ER309 additional
wire were found to be higher than those combined with ER308 and ER347 additional
wire. Under the influence of the welding thermal cycle, the HAZ region has been
formed in this region by the cooling regime and by the thermal diffusivity, decreasing
hardness cracks. The addition of additional austenite-forming chemical compound

supports the results.
The specimens prepared as standard A were found to be scratched on the base metal

side of the ferritic stainless steel. This means that the weld metal and the mechanical

properties of HAZ are higher than the base metal. According to these results, when the
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mechanical properties of the welded joint are examined, it can be concluded that it has

succeeded.

The joints made at 0 °C indicate that in all three parameters the fracture zones are
realized in a brittle fracture mode by the AISI 304L austenitic stainless steel. The
consolidations made at -20 °C indicate that the fracture zones in all three parameters
are realized in a brittle fracture mode by AISI 430 ferritic stainless steel. The reason
for the fracture is that ferritic stainless steels have low impact strength at low

temperatures.
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