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ABSTRACT

The present work is an attempt to study the efééctiux (basicity index) on the
tensile strength, Impact strength, micohardnessrasiructure, of high strength low
alloy weld made during the submerged arc weldinge €ffect of different kind of
fluxes by keeping the welding parameters like weddcurrent, welding voltage and
welding speed constant has been evaluated foritfezedit high strength low alloy

weld joints.

The microstructure evolution in these weld joings tbeen studied and attempt has

been made to corelate the macroscopic observaitbrmvicroscopic observation.
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Chapter 1 Introduction

1.1 Welding

The process of joining together two pieces of metathat bonding accompanied by
appreciable interatomic penetration takes plactheit original boundary surfaces.
The boundaries more or less disappear at the \w&altljntegrating crystals develop
across them. Welding is carried out by the useeat br pressure or both and with or
without added metal. There are many types of wgldimcluding Metal Arc,

Submerged Arc, Resistance Butt, Flash, Spot, Sean®eojection.

1.2 History of submerged arc welding

One of the most significant welding processes itegnand widely employed
throughout the world is Submerged Arc welding. @alged Arc was not the first
automatic welding process. Patents dating in @y €1920’s describe automatic
welding processes. It is an elaborate deviseutomatic welding with a continuous
bare wire feed from a reel to the weld zone. Thejue feature defined in this
patent is the use of oscillation of the wire in jbat to be welded. However, as
with a number of other machine patents of the ieraas used with an open arc in
air. Other references note the welds from thigoknprocess contained porosity and
were not suitable for many applications.

One stated that even with an improved version efojben arc in air process, a manual
weld made with covered electrode (SMAW) would bedusiside a vessel to prevent
leaks. Other automatic processes of the time osated rods where the coating was
slit as the weld progressed to allow current tdraesferred at a fixed point from the

work [1].
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1.3 Submerged arc welding

Fig 1.1 Submerged arc welding machine

SAW machine used for the experiments is shown enaihove fig 1.1. The main parts of
the machine are control box panel, electrode wiwige spool and flux hopper. The

welding current, welding voltage and welding speash be regulated, displayed and
preset on the panel of the tractor for the convergeof the operator. The function of inch
wire feeding and withdrawing makes it conveniemttfee welder to preset the operating
position of the welding wire. Control is provided the machine for the movement of the
tractor on the platform. The movement can be maouabn be automatic. There is also
welding head site adjustment function it make tha giove vertically and horizontally.

Main technical parameters of the tractor are ghelow.

Table 1.1: Technical Parameters of Welding Machine

Travel speed 20-600 m/h

Wire feeding rate 0.5 m/min - 2.5 m/min

Wire diameter 2.4 mm -5 mm

Rated current value 800 amp

Rated voltage 110 volts
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Fig 1.2 Submerged arc welding process

Source: www.twi.co.uk

Submerged arc welding (SAW) is a common arc welgiragess shown in fig 1.2. It
requires a continuously fed consumable solid ebeletr The molten weld and the arc
zone are protected from atmospheric contaminatpiding “submerged” under a
blanket of granular fusible flux. When molten, tflex becomes conductive, and
provides a current path between the electrode lamdvbrk. The thick layer of flux
completely covers the molten metal thus prevenspgtter and sparks as well as
suppressing the intense ultraviolet radiation andds. SAW is normally operated in
the automatic or mechanized mode, however, seroiraatic (hand-held) SAW guns

with pressurized or gravity flux feed delivery aneailable.

The submerged arc process is somewhat unusuahirtité welding consumables,
unlike the other fluxed processes of MMA (Manualtaherc welding), comprise

two components, the wire and the flux, that maguggplied separately.

Since both the wire and the flux will have an efffea the weld metal composition,
and hence on the mechanical properties, the wektigineer is faced with choosing

the appropriate wire/flux combination for the apption.

The welding wire is generally of a composition thetches that of the parent metal
and wires are available for the welding of carbowl éow and high alloy steels,
stainless steels, nickel and copper/nickel allrysaddition, submerged arc welding

may be used for surfacing with corrosion or wearstant coatings using both wires
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and flat strips. The wires may be solid or metaledo Strips may be rolled or

sintered [1].
1.4 Basic equipment

The submerged-arc welding (SAW) process in whict iar formed between a
continuously-fed wire electrode and the workpieang] the weld is formed by the arc
melting the workpiece and the wire. However, in SAWhielding gas is not required
as the layer of flux generates the gases and slpgptect the weld pool and hot weld
metal from contamination. Flux plays an additiormdé in adding alloying elements to
the weld pool. The equipment components requiredsttomerged arc welding are

shown by figurel.3.

Elg-:ttoae
Wire: — Control
System

o
“— Electrode Lead
e— Torch

Direction of Trave! 4B

ya \
/ L Wiork Lead
Base Metal — : - | P —

Fig 1.3 Equipment set up for single wire submergedwvelding
Source: www.weldguru.com
Essential equipment components for SAW are:

« power source
« SAW head (welding gun)
+ flux handling

« protective equipment

As SAW is a high current welding process, the eapgipt is designed to produce high

deposition rates.
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1.4.1 Power source

SAW can be operated using either a DC or an AC posaeirce. DC is supplied by a
transformer-rectifier and AC is supplied by a tfanmer. Current for a single wire ranges from
as low as 200A (1.6mm diameter wire) to as high@30A (6.0mm diameter wire). In practice,
most welding is carried out on thick plate whesargle wire (4.0mm diameter) is normally used

over a more limited range of 600 to 900A.

In DC operation, the electrode is normally connédtethe positive terminal. Electrode negative
(Direct current electrode negative) polarity canused to increase deposition rate but depth of
penetration is reduced by between 20 and 25%. tisrréason, DCEN is used for surfacing
applications where parent metal dilution is impottalhe DC power source has a 'constant
voltage' output characteristic which produces &regulating arc. For a given diameter of wire,

welding current is controlled by wire feed speed arc length is determined by voltage setting.

AC power sources usually have a constant-curretgubicharacteristic and are therefore not
self-regulating. The arc with this type of poweuse is controlled by sensing the arc voltage
and using the signal to control wire feed speegractice, for a given welding current level, arc
length is determined by wire burnoff rate, i.e. thedance between the welding current setting

and wire feed speed which is under feedback cantrol
1.4.2 Welding gun

SAW is often used for welding large components,ghe, wire feeder and flux delivery feed can
be mounted on a rail, tractor or boom manipulatire stickout, or electrode extension - the
distance the wire protrudes from the end of theartip - is an important control parameter in
SAW. As the current flowing between the contactam the arc will preheat the wire, wire

burnoff rate will increase with increase in wireckout.

For example, the deposition rate for a 4mm diameter at a welding current of 700A can be
increased from approximately 9 kg/hr at the norB&dnm stickout, to 14 kg/hr at a stickout
length of 178mm. Because of the reduction in patietn and greater risk of arc wander, a long

stickout is normally only used in cladding and aaifig applications where there is greater



emphasis on deposition rate and control of penetratather than accurate positioning of the

wire.
1.4.3 Flux handling

Flux should be stored in unopened packages undecalditions. Open packages should be
stored in a humidity-controlled store. While flusofn a newly-opened package is ready for
immediate use, flux which has been opened andihealdstore should first be dried according to
manufacturer's instructions. In small welding syse flux is usually held in a small hopper
above the welding gun. It is fed automatically @ravity or mechanised feed) ahead of the arc.
In larger installations the flux is stored in lafgeppers and is fed with compressed air. Unused

flux is collected using a vacuum hose and retutodtie hopper.
1.4.4 Protective equipment

Unlike other arc welding processes, SAW is a clg@tess which produces minimum fume and
spatter when welding steels. For normal applicatiageneral workshop extraction should be

adequate.

Protective equipment such as a head shield andathele apron are not necessary. Normal
protective equipment (goggles, heavy gloves andeptive shoes) are required for ancillary
operations such as slag removal by chipping ordgron Special precautions should be taken

when handling flux - a dust respirator and gloves reeeded when loading the storage hoppers

[1].

1.5 Effect of welding parameter on welding

The submerged arc welding process can provide hidgygosition rates and faster travel speeds,
and produce a very smooth bead with good penetraimd excellent fusion which mainly

depends upon Welding current, Arc-Voltage, SpeeérofTravel, Flux etc.



1.5.1 Welding Current

It controls the melting rate of the electrode amer¢by the weld deposition rate. It also controls
the depth of penetration and thereby the extewlilofion of the weld metal by the base metal.
Too high a current causes excessive weld reinfaeoénwhich is wasteful, and burn-through in
the case of thinner plates or in badly fitted jsjintvhich are not provided with proper backing.

Excessive current also produces a high narrow beddindercut.

Excessively low current gives an unstable arc, eqadte penetration and overlapping. SAW

equipment is usually provided with an ammeter totao and control the welding current.

1.5.2 Arc-Voltage

Arc voltage, also called welding voltage, means dlextrical potential difference between the
electrode wire tip and the surface of the moltendwariddle. It is indicated by the voltmeter

provided on the equipment. It hardly affects thecebde melting rate, but it determines the
profile and surface appearance of the weld beaé .€flects of changing voltage are explained as

follows:

Increasing voltage:

a) Produces a flatter and wider bead.

b) Increases flux consumption.

) Increases resistance to porosity caused byrusiale.

d) Increases pickup of alloy from the flux: thisi\dae used to advantage to raise the alloy content
of the weld when welding is performed with alloytward surfacing fluxes. If excessive, it can
reduce ductility and increase crack sensitivitytipalarly in the making of multiple-pass welds.

* Produces poor slag removal in groove welds.

* In multiple-pass welds, increases the normalaglickup from the flux.

» Produces a concave fillet weld that may be sulgecracking

* Increases undercut on fillet welds.



Lowering the voltage produces a stiffer arc neededjetting penetration in a deep groove and
to resist arc blow on high-speed work. An excesgil®v voltage produces a high, narrow bead

with poor slag removal.

1.5.3 Speed of Arc Trave

For a given combination of welding current and agé, increase in the welding speed or the
speed of arc travel results in lesser penetratemser weld reinforcement and lower heat input
per unit length of weld. Excessively high traveéegs decrease fusion between the weld deposit
and the parent metal, and increase tendencientterout, arc blow, porosity and irregular bead

shape. As the travel speed is decreased, penateattbweld reinforcement increase.

But too slow a speed results in poor penetratiesabse under this condition, the weld puddle is
directly under the electrode tip and the force lué farc is cushioned by the weld puddle.
Excessively slow speeds also produce a convex Seape, which results in an uneven weld

bead with slag inclusions.

1.5.4 Flux

SAW flux basically performs the same functions &g ttoating of a manual electrode.
Additionally, it must satisfy certain special comoins demanded by the nature of the process.
The flux protects the molten pool and the arc agjaatmospheric oxygen and nitrogen by
creating an envelope of molten slag. The slag @sanses the weld metal (i.e. deoxidizes it and
removes impurities such as sulphur) modifies itsneical composition and controls the profile
of the weld bead. The molten slag also provide®rble conditions for very high current
densities, which together with the insulating prtips of the flux; concentrate intense heat into a

relatively small welding zone.

Thus one can obtain welded joints of desired shepanistry and mechanical and metallurgical

properties by using an appropriate welding procedNowadays, two main types of submerged



arc fluxes are available, depending on the mettiodamufacture i.efused and agglomerated [1]
[2].
1.6 Advantages of SAW

« High deposition rates (45 kg/h) have been reported.

« High operating factors in mechanized applications.

« Deep weld penetration.

« Sound welds are readily made (with good procesigilesnd control).

« High speed welding of thin sheet steels up to 5im{d6 ft/min) is possible.

« Minimal welding fume or arc light is emitted.

- Practically no edge preparation is necessary.

« The process is suitable for both indoor and outdamks.

- Distortion is much less.

« Welds produced are sound, uniform, ductile, coomogiesistant and have good impact
value.

« Single pass welds can be made in thick platesmatinal equipment.

- The arc is always covered under a blanket of ftays there is no chance of spatter of
weld.

«  50% to 90% of the flux is recoverable.
1.7 Limitations of SAW

- Limited to ferrous (steel or stainless steels) smme nickel based alloys.
« Normally limited to long straight seams or rotapgples or vessels.

« Requires relatively troublesome flux handling syste

- Flux and slag residue can present a health & satetgern.

« Requires inter-pass and post weld slag removal.
1.8 Application of SAW

1. Large girders for modern long span bridges
2. Massive beams needed for tall buildings



3. Electric Power Generation:
a. Penstocks to transport water from dams throughntatbines
b. Steam boilers, piping, turbines
c. Nuclear vessels
d. Wind turbine towers, transmission towers
Petrochemical vessels and piping
Chemical processing vessels
Ships and submarines
Railroad cars and locomotives

Large presses and machine bases

© 0o N o 0 bk

Natural gas and oil pipelines

10. Offshore drill rigs

11.Large diameter water pipe

12.Many other heavy plate structures

13.Thinner material products such as water heaterpeosghne tanks

14.Hard facing for steel mills, earthmoving equipmenining, etc.

1.9 Flux

Flux is a chemical cleaning agent which facilitateslding by removing oxidation from the
metals to be joined. Common fluxes are: ammoniutoricte, rosin, hydrochloric acid, zinc
chloride, borax. Different fluxes, based on sodithtoride, potassium chloride, sodium fluoride,

are used.

In high-temperature metal joining processes (weldibrazing and soldering), the primary
purpose of flux is to prevent oxidation of the basel filler materials. Tin-lead solder attaches
very well to copper, but poorly to the various @8df copper, which form quickly at soldering
temperatures. Flux is a substance which is neadst at room temperature, but which becomes
strongly reducing at elevated temperatures, prawgrthe formation of metal oxides. Flux

shown in fig 1.4



Fig 1.4 flux

Source:; www.diytrade.com

Whilst the wire is relatively simple and is desidrte match the parent metal composition and

mechanical properties, the flux is far more complex

The functions of the flux are:

+ to assist arc striking and stability

- to form a slag that will protect and shape the virddd

« to form a gas shield to protect the molten fillextat being projected across the arc gap

« to react with the weld pool to provide clean highalkity weld metal with the desired
properties

+ to deoxidise the weld pool

- provide deoxidants

The most convenient method of classifying, howeigeby reference to the 'basicity index' (Bl)
of the flux. The index is calculated by dividingettsum of the percentages of the basic
constituents by the sum of the acid constituenédcidm, magnesium, sodium, potassium and
manganese oxides, calcium carbonate and calciwndki are the basic constituents of a flux;
silica and alumina the acid constituents. The litgsof a flux has a major effect on the weld
metal properties, most importantly the notch towgisn As a general rule the higher the

basicity the higher the notch toughness.



The flux is termed acidic or basic depending onwakie of Bl. One of the major differences
between basic and acidic fluxes is their abilityritb the molten metal of residual sulphur and

phosphorus.

Neutral fluxes are designed to have little or feafon the chemical analysis of the weld metal
and therefore on the mechanical properties. Theyado low silica, calcium silicate and

alumina and do not add significant amounts of @iliand manganese to the weld.

The acid fluxes contain substantial amounts otaijlisilicates in the form of calcium or
manganese silicate and manganese oxide. These flaaet with the weld pool and will raise
both silicon and manganese content of the weldthegevith high oxygen content. The result
of this is that the toughness of the weld is paarthe fluxes will tolerate rusty surfaces, will
detach easily and give a good weld appearance. aiteegspecially useful for single pass high

speed welding such as fillet welding of web to famirder joints.

The basic fluxes fill much the same role in subradrgrc welding as basic coatings do in
manual metal arc welding. They have low silica eabtand are composed of varying amounts

of calcium carbonate and/or fluoride, alumina, italg manganese and magnesium oxides.

This combination of compounds gives clean, low sufplow oxygen weld metal with good to
excellent notch toughness. The transfer of silieod manganese into the weld metal is also
limited. Such fluxes are preferred for the weldimfghigh quality structural steels, pressure
vessels, pipe work and offshore structures whetbBereigood high or low temperature

properties are required.

The fused fluxes are acid, neutral or slightly basnd are manufactured by mixing the
constituents together, melting them in an eledtninace and crushing the solidified slag that is

produced to give a flux with a glassy appearance.

These fluxes are homogeneous, resistant to moiptakeup and mechanically strong so that
they do not break down but maintain the requiretigla size. The high temperatures required
by the melting operation mean that some constigjeydrticularly the de-oxidants present in
the highly basic fluxes, decompose and are los Tiimits the range of applications of these

fluxes to general structural work where sub-zerwise temperatures will not be encountered.



The Bl as adopted by International Institute of ®ied is given in terms of the weight
percentage of various oxides and fluorides corisstu

* BI= Cak +CaO+R0O+0.5(MnO+FeQBiO,+0.5(ALOs+TiO2+Zr0Oy)
Where RO represents alkaline earth oxides and R2@lkali oxides.
The flux is termed acidic or basic depending onwakie of Bl. One of the major differences
between basic and acidic fluxes is their abilityriththe molten metal of residual sulphur and
phosphorus.

There are four levels of Bl for standardizatiorflok give as follow:

Fluxes having basicity index less than 1 are inbépof controlling the sulphur content

of the weld metal effectively. In short Bl <1=Acidi

» Fluxes having basicity index (Bl) between landdré capable of controlling the sulphur
effectively but not oxygen in the weld metal. lrodhl<Bl<1.5=Neutral.

* Fluxes having basicity index (BI) between 1.5 an8 &re capable of controlling the
Sulphur and oxygen content effectively and lowerihg transition temperature by
controlling Si content in the weld metal to a certaxtent. In short 1.5<BI<2.5=Basic.

* Fluxes having basicity index (Bl) above 2.5 areatd@ of lowering the charpy V notch

transition temperature down to -40C or even belgwcdntrolling the composition and

microstructure of weld metal suitably. In short BI5=High Basic [3].

1.10 Different flux compounds and their function

* Fluxing agents: Silica, Cag)andFluorspar.

» Slag formers: Rutile , Titania, potassium titanatbséstos, Alumina, Silica floor, iron
oxide, Fluorspar etc.

» Arc stabilizers: potassium, Silicate, potassium deal@irconium carbonate, Lithium
carbonate, Titania etc.

* Gas forming material: Cellulose, Wood Floor, Limergt.

» Slipping agents (for easy extrusion): Glycerine, Cl@ay, Talc, Mica etc.

* Binding agent: Sodium Silicate, Dextrin, potassiunic8te, Sugar.



» Deoxidizers and alloying elements: Ferrosilicderro-chromium etc.

1.11 Types of fluxes

SAW flux basically performs the same functions &g ttoating of a manual electrode.
Additionally, it must satisfy certain special comoins demanded by the nature of the process.
The flux protects the molten pool and the arc agjaatmospheric oxygen and nitrogen by
creating an envelope of molten slag. The slag @sanses the weld metal (i.e. deoxidizes it and
removes impurities such as sulphur) modifies itsneical composition and controls the profile
of the weld bead. The molten slag also provide®rhle conditions for very high current
densities, which together with the insulating prties of the flux; concentrate intense heat into a
relatively small welding zone. This result in a pgigepenetrating arc, which makes narrower and
shallower welding grooves practicable, thus redydime amount of weld metal, required to
complete the joint. It also results in higher wetdspeeds. The properties of the flux enable
submerged arc weld-to be made over a wide rangeslofing currents, voltage and speeds, each
of which can be controlled independently of theeothThus one can obtain welded joints of
desired shape, chemistry and mechanical and megfialli properties by using an appropriate

welding procedure.

Nowadays, two main types of submerged arc fluxesaarilable, depending on the method of
manufacture.e. fused and agglomerated.

1.11.1 Fused fluxes

Typical ingredients are quartz, manganese ore ag, slolomite, potassium felspar and clay.
These minerals are ground and mixed in a definid@grtion and melted. Melting is carried out
in a magnesia or fireclay crucible if heating is d®s or in a graphite crucible if electricity is
used. Electric melting is started by heating withagc between the electrode and crucible and
continued by resistance heating with the electrmalemerged in the molten flux, which is an
electrical conductor. After fusion, the melt isiddled rapidly by quenching into water or
pouring into cell steel chills to produce smallgingents of flux.These are dried and crushed to

the required size; sieved, sized and packed in badsums.



Fused Flux Features:

* Non-hygroscopic

* Fully Reacted

» Chemically homogenous

 Contain no metallic deoxidizers

* Glass-like appearance, high grain strength
Fused Flux Benefits:

*Particles are non-hygroscopic and do not absoristore, therefore only a low temperature
(300°F/150°C)drying cycle is required to remove surface moigtmedensation, providing

increased protection against hydrogen cracking.
* Provide smooth, stable performance even weldimgeats (up t&®,000 amps).

* Flux particles are chemically consistent weldssde fluxes are less susceptible to particle

breakdown due to flux recycling, reducing the dmabf fine dust particles.
1.11.2 Agglomer ated fluxes

For producing an agglomerated flux, finely powderggtedients are mixed and ground dry in a
mixer. The mix is steadily moistened by sprayinghwa solution of alkaline silicate and the
mixing is continued. The mixer blades are suitatdgigned to assist agglomeration. The silicate
solution initially fills the spaces between the gwof the particles. When subsequently dried, the
water evaporates, leaving the binder as bridgewdsst particles. After baking, the flux is

graded to a specified granule size by sieving,@auked in water-proof containers.
Agglomerated Flux Features:

» Contain metallic deoxidizers

* May contain alloying agents

* Flat, low gloss, or dry particle appearance



* Each flux particle has a unique chemistry.
Agglomerated Flux Benefits:

» Presence of deoxidizers provides good performanee rust and mill scale and helps prevent

weld porosity.
» Usually provides better peeling properties thasetl fluxes.
* Alloying elements can be added to provide impdoeieemical and mechanical properties.

» Usually exhibit lower flux consumption than a édsflux welded at the same current and

voltage [3, 4].
1.12 High-strength low-alloy steel

High-strength low-alloy (HSLA) steel is a type diog steelthat provides better mechanical
properties or greater resistance to corrosion tlaanon steelHSLA steels vary from other steels
in that they aren't made to meet a specific chdmooemposition, but rather to specific
mechanical properties. They have carbon contentvdest 0.05-0.25percentage to retain
formability and weldability Other alloying elements include up to 2.0 peragatmanganese and

small quantities of_coppemickel niobium nitrogen vanadium chromium molybdenum

titanium, calcium rare earth elementsr zirconium

Copper, titanium, vanadium, and niobium are adadedtirengthening purposes. These elements
are intended to alter the microstructure carbon steels, which is usually_a ferpearlite
aggregate, to produce a very fine dispersion ayatlarbidesn an almost pure ferrite matrix.
This eliminates the toughness-reducing effect pkarlitic volume fraction, yet maintains and

increases the material's strength by refining tlaéngsize, which in the case of ferrite increases

yield strength

The vyield strengths vary between 250-590 megamas€ale to their higher strength and
toughness HSLA steels usually require 25 to 30%enpmwer to form, as compared to carbon

steels.



Copper, silicon, nickel, chromium, and phosphortes added to increase corrosion resistance.
Zirconium, calcium, and rare earth elements aredddr sulfide-inclusion shape control which
increases formability. These are needed because Hi81sA steels have directionally sensitive
properties. Formability and impact strength carywwgnificantly when tested longitudinally and

transversely to the grain.

HSLA steels are also more resistant to thah most carbon steels, due to their lack oflpear

the fine layers of ferrite.
1.13 HSL A Stedl properties

High-strength low-alloy (HSLA) steels provide inased strength-to-weight ratios over
conventional low-carbon steels for only a modesteppremium. Because HSLA alloys are
stronger, they can be used in thinner sections,ingakhem particularly attractive for
transportation-equipment components where weigttiagon is important. HSLA steels are
available in all standard wrought forms - sheaipsplate, structural shapes, bar-size shapes,

and special shapes.

Typically, HSLA steels are low-carbon steels withta 1.5% manganese, strengthened by small
additions of elements, such as columbium, coppanagium or titanium and sometimes by
special rolling and cooling techniques. Improvedsfability HSLA steels contain additions such

as zirconium, calcium, or rare-earth elements éitfide-inclusion shape control.

HSLA steels can have thinner cross sections thaivagnt parts made from low-carbon steel,
corrosion of HSLA steel can significantly reduceesgth by decreasing the load-bearing cross
section. While additions of elements such as cqppkcon, nickel, chromium, and phosphorus
can improve atmospheric corrosion resistance ofehalloys, they also increase cost.
Galvanizing, zinc-rich coatings, and other rustvpreive finishes can help protect HSLA-steel

parts from corrosion.

Improved-formability HSLA steels were developednmarily for the automotive industry to
replace low-carbon steel parts with thinner crassisn parts for reduced weight without

sacrificing strength and dent resistance.



Forming, drilling, sawing, and other machining agens on HSLA steels usually require 25 to

30% more power than do structural carbon steelgyTdre used to handle large amounts of
stressor a good strength-to-weight ratio. HSLA steels asually 20 to 30% lighter than carbon

steel with the same strength. HSLA steels usualehdensities of around 7800 kg/ms.

HSLA alloys have directionally sensitive properti€®r some grades, formability and impact
strength vary significantly depending on whethee timaterial is tested longitudinally or
transversely to the rolled direction. For examplends parallel to the longitudinal direction are
more apt to cause cracking around the outsideioefeearing surface of the bend. This effect is
more pronounced in thick sheets. This directiohalracteristic is substantially reduced in HSLA
steels that have been treated for sulphide shagteoto

1.14 Application of HSLA

Improved-formability HSLA steels were developednmarily for the automotive industry to
replace low-carbon steel parts with thinner crassgisn parts for reduced weight without
sacrificing strength and dent resistance. Typicasspnger-car applications include door-
intrusion beams, chassis members, reinforcing aodntng brackets, steering and suspension

parts, bumpers, and wheels.

Trucks, construction equipment, off-highway vehs¢lmining equipment, and other heavy-duty
vehicles use HSLA sheets or plates for chassis ooems, buckets, grader blades, and
structural members outside the body. For theseicgtigns, sheets or light-gage plates are
specified. Structural forms (alloys from the famiy 45,000 to 50,000-psi minimum vyield

strength HSLA steels) are specified in applicatisash as offshore oil and gas rigs, single-pole

power-transmission towers, railroad cars, and sbistruction [5].



Chapter 2 Literature Review

[6] Serdar Karaoglua et al. (2008), observed process parameters has great influencbeon

quality of a welded connection. Mathematical maagican be utilized in the optimization and

control procedure of parameters. Rather than thiekwewn effects of main process parameters,
this study focuses on the sensitivity analysis afameters and fine tuning requirements of the
parameters for optimum weld bead geometry. Changgabcess parameters such as welding
current, welding voltage and welding speed are asedesign variables. The objective function
is formed using width, height and penetration & wWeld bead. Experimental part of the study is

based on three level factorial designs of threegs® parameters.

In order to investigate the effects of input (ps)eparameters on output parameters, which
determine the weld bead geometry, a mathematicalemis constructed by using multiple
curvilinear regression analysis. After carrying ocatsensitivity analysis using developed
empirical equations, relative effects of input paeders on output parameters are obtained.
Effects of all three design parameters on the lva@dth and bead height show that even small
changes in these parameters play an importantimotee quality of welding operation. The
results also reveal that the penetration is almostsensitive to the variations in voltage and

speed.

[7] Kook-soo Bang et al. (2008), said that submerged arc welding was performed usietl-
cored wires and fluxes with different compositioiibe effects of wire/flux combination on the
chemical composition, tensile strength, and impsmighness of the weld metal were
investigated and interpreted in terms of elememdier between the slag and the weld metal,
i.e., quantity. Both carbon and manganese show tivegguantity in most combinations,

indicating the transfer of the elements from thédweetal to the slag during welding.

The amount of transfer, however, is different dejiem on the flux composition. More basic
fluxes yield less negative C and Mn through theuction of oxygen content in the weld metal
and presumably higher Mn activity in the slag, esdjvely. The transfer of silicon, however, is

influenced by Al203, TiO2 and ZrO2 contents in thex. Si becomes less negative and reaches



a positive value of 0.044 as the oxides conterteease. This is because Al, Ti, and Zr could

replace Si in the SiO2 network, leaving more St fietransfer from the slag to the weld metal.

[8] Keshav Prasad et al. (2006), investigate the influence of the submerged arc wgl@SAW)
process parameters (welding current and weldingdypen the microstructure, hardness, and
toughness of HSLA steel weld joints. Attempts hals® been made to analyze the results on the
basis of the heat input. The SAW process was usethé welding of 16 mm thick HSLA steel
plates. The weld joints were prepared using contppafg high heat input (3.0 to 6.3 KJ/mm) by
varying welding current (500-700 A) and weldingeh¢200—-300 mm/min).

Results showed that the increase in heat inpuseaarthe grain structure both in the weld metal
and heat affected zone (HAZ). The hardness hasfoeed to vary from the weld centre line to
base metal and peak hardness was found in the HA&Z hardness of the weld metal was largely
uniform. The hardness reduced with the increasedliing current and reduction in welding
speed (increasing heat input) while the toughnbkesved mixed trend. The increase in welding
current from 500 A to 600 A at a given welding sp€200 mm/min or 300 mm/min) increased

toughness and further increase in welding currpribiv00 A lowered the toughness.

[9] R Quintana et al. (2003), developed metal coatings with complex chemical pasitions
and phases, as well as differing mechanical prgserthe Submerged Arc Welding (SAW)
process is often used, employing a great varietypds of agglomerate fluxesl. All agglomerate
fluxes consist of two fundamental parts: the maaimd the alloyed load. The two constituents of
the flux aggregate, by various processes, withh#llp of agglomerating agents. Agglomeration
by granulation (pelletising) using liquid sodium potassium glass is the most common and

widely used for these types of fluxes.

One of the most significant profitability charaesgics of an agglomerate flux is the efficiency of
the transfer of the chemical element of the allojgat of the flux to the deposited metal by
particular wire—flux systems and welding regimeiite elements of the alloyed load can
constitute up to 85% of the production cost of thex. One of the most widely used and

economic alloy systems for fluxes used to refirpstces subject to wear due to abrasion and



light impact, and for metal to metal wear, is tlgetem constituted by FeCr, FeMn and graphite.
The chemical activity and structural charactersstaf the matrix of the agglomerate flux
influence the efficacy of the transfer of the cheathielements alloyed to the metal deposited
during SAW.

In chemical terms, the SAW process can be congidereery heterogeneous reaction, which
develops in different states and ranges of temperatind concentration, the reacting
components of which are wire—electrode, flux andebanaterial. The final product of this
reaction is an alloy (welding cord), with a spexifihemical composition, microstructure and
mechanical properties, which can be modified adogrtb technological parameters, with slag

and gases.

[10] P. Kanjilal et al. (2005), had shown rotatable designs based on statistigedrigments for
mixtures have been developed to predict the combeféect of flux mixture and welding
parameters on submerged arc weld metal chemicapasition and mechanical properties.
Bead-on-plate weld deposits on low carbon sted¢eplavere made at different flux composition

and welding parameter combinations.

The results show that flux mixture related variabbmsed on individual flux ingredients and
welding parameters have individual as well as adgon effects on responses, viz. weld metal
chemical composition and mechanical propertiesgdneral, two factor interaction effect are
higher than the individual effect of mixture relhtgariables. Amongst welding parameters,

polarity is found to be important for all responsesier study.

[11] J. Tuseka et al. (2003), studied multiple-wire submerged-arc welding andidiag with

metal-powder addition. Three different ways of dymy the metal powder to the welding area
are described and shown schematically. It was fahatithe use of metal powder will increase
the deposition rate and the welding-arc efficieany reduce the shielding-flux consumption. A
suitable device permits submerged-arc welding dadding with metal-powder addition. The

process is primarily meant for the cladding of weurfaces or the production of surfaces with



certain characteristics (corrosion or wear rest#anBy using the metal-powder addition it is

possible to alloy a weld or a cladding with optibclaemical elements.

[12] R. S. Chandd et al. (1998), suggested that conventional submerged arc welBayV)
process has a very high deposition rate, therdod&as continued effort in further improving that
rate. Consequently, many variants of SAW multipleewstrip electrodes etc., are now available

and widely used for specific applications.

With the use of proper parameters and SAW variang, now possible to achieve deposition
rates in excess of 50 kg/hr. The increase in dépogiate in most cases is, however, achieved by
increasing welding current and hence the heat jrwhitch tends to impair joint toughness. The
mechanical properties, particularly the toughneséigh heat input welds, are known to be
inferior due to grain coarsening in the heat-afdczone (HAZ) and segregation and large
columnar grains in the weld metal. Thus, the ineega deposition rate by increasing heat input
is at the expense of mechanical properties. Thi®fas becoming more and more important due

to the emergence of high-strength materials sudhgisstrength low alloys (HSLA).

Many researchers have shown that by adding the @omdSAW, a better use of heat can be
made; thus, for a given heat input, the numberaskps required to a joint can be reduced and,
therefore, the total energy supplied to the joar be reduced. Alternatively, the same bead size
or deposition rate can be achieved by lowering hgatt per pass. Welds made with lower heat
input experience higher cooling rates, and themnadlients are steeper; hence, the width of the

HAZ is also less.

Additionally, the time spent above the peak temfpeeais reduced; the combined effect of this
results in a narrow HAZ that cools faster and haalker grain growth. Weld metals produced
under faster cooling rates are also superior inhaical properties. Thus, the process of powder
addition has potential not only for producing wettiat are cost effective but metallurgically
superior, too, and they may become attractive felding HSLA. In light of this, a study was
carried out to evaluate the effect of the addibdbmetal powder on the mechanical properties of

SAW metal made in steel.



[13] Saurav Datta et al. (2006), said that quality has now become an important igsdeday’s
manufacturing world. Whenever a product is capalbleonforming to desirable characteristics

that suit its area of application, it is termedchagh quality.

Therefore, every manufacturing process has to biged in such a way that the outcome would
result in a high quality product. The selectiontbé manufacturing conditions to yield the

highest desirability can be determined through @sscoptimization. Therefore, there exists an
increasing need to search for the optimal conditidn the present work, we aim to evaluate an
optimal parameter combination to obtain acceptghkdity characteristics of bead geometry in
submerged arc bead-on-plate weldment on mild ptatds.

The SAW process has been designed to consume flugedh the mixture of fresh flux. Thus,

the work tries to utilize the concept of ‘wastewealth’. Apart from process optimization, the
work has been initiated to develop mathematical eteodo show different bead geometry
parameters, as a function of process variables.céeaptimization has been performed to
determine the maximum amount of slag—flux mixturattcan be used without sacrificing any
negative effect on bead geometry, compared todhgentional SAW process, which consumes
fresh flux only. Experiments have been conductadgusielding current, slag-mix percentage

and flux basicity index as process parametersegat four different levels.

Using four 3 full factorial designs, without re@iton, we have carried out welding on mild steel
plates to obtain bead-on plate welds. After meagubead width, depth of penetration and
reinforcement; based on simple assumptions onhtthpesof bead geometry, we calculated other
relevant bead geometry parameters: percentageodilulveld penetration shape factor, weld
reinforcement form factor, area of penetration,aacé reinforcement and total bead cross

sectional area.

[14] Ana Ma. et al. (2003), discussed chemical and structural characterizatfofluxes for
submerged-arc welding was conducted. Three flumfibstions were prepared using mineral
oxides for agglomerating and sintering processesoraimercial agglomerated and sintered flux

was used for comparison. The four fluxes were aeal\ychemically by atomic absorption and X-



ray diffraction to determinate the quantity andetygf oxides formed, as well as the change in
oxidation number after the sintering process at ¥50f the initial compounds. Differential
thermal analysis was carried out from 1000 to 1%5@ order to determine the temperatures for

phase transformations and melting of the diffecembpounds formed in the sintering process.

This kind of flux characterization enables us t@mfify the ions that might be present in the
plasma arc during the submerged welding processtaluke fluxes. This analysis also make
possible the prediction of reactions in the weldlpo

[15] Behcet Gulenc et al. (2003), said that submerged arc welding process is commasegd
due to its easy applicability, high current densityl its ability to deposit a large amount of weld
metal using more than one wire at the same tinpeagally in restoration of worn parts, which is
of great importance to manufacturers. In this studyn parts were welded using the submerged

arc welding process.

Various wires and fluxes were used for this purpd$ese welded parts were subjected to wear
tests under different loads, and changes in théneasss and microstructures were examined. The
results showed that the hardest weld metal showedighest wear resistance, while the least
hard weld metal showed the least wear resistanbe. weld hardness and wear resistance

obtained were found to be dependent on the chemneaposition of the weld wire and flux.

[16] N. A. Mcpherson et al. (1998), produced Butt welds using the submerged arc welding
(SAW) process to join a carbon steel plate of ndrshabuilding grade to an austenitic stainless
steel plate. Variables used in this work were thsitpn of the consumable wire in the weld
preparation and the ferrite number of the consuenabie. Abnormally high hardnesses were

measured in some regions of the welds.

These were related to the central position of tbesamable wire in the weld preparation.
Undesirably low ferrite numbers were related to féreite number of the consumable wire and
also to the central position of the consumable wirthe weld preparation. The position of the

consumable wire in the weld preparation controtleel relative dilution from the parent plates,



and when the dilution from the 316LN steel was @ased by off-setting the wire to that side of
the weld preparation, the high hardness regionsewss longer found. Similar optical
microstructures were found to have significantlifedtent hardnesses, which were related to the

dilution effects, which were also related to theeaposition within the weld preparation.

[17] VeraLu et al. (2001), carried out Post weld heat treatment (PWHT) isuesdly applied to
steel pressure vessels, following the requiremehtthhe ASME code, which establishes the
parameters of the PWHT based on the thickness &edhical composition of the welded
section. This work shows the results of an analysdertaken on a sample of ASTM A537 C1
steel subjected to qualifying welding procedurdsteacluding PWHT. The results obtained
showed that this PWHT practice promoted a reduatiothe mechanical properties of the base

metal and the heat-affected zone (HAZ).

[18] Shan-Ping Lua et al. (2004), studied wear resistant Fe—-Mn—Cr—Mo-V alloy claddivap
deposited on SM45C substrate by automatic submengedelding using stoody 105 alloy wire.
Microstructure and surface hardness of the claddieige investigated and measured on samples
prepared under different welding conditions. Theuhes showed that the retained austenite in the
cladding increases with the increased welding ctrend reduced travel speed. The wear
behavior of the clad was studied using ball-on-digdometer. Wear mechanism was analyzed
based on the analysis of the worn surfaces bothctheé and ball by scanning electron
microscope (SEM) equipped with an energy dispersipectrometer (EDS). The scanning
electron microscopic examination of the worn swefabows that a layer of oxide film forms on

the worn surface. Oxidation wear mechanism conthesvear process.

[19] I.C. Kuo et al. (2008), discussed two types of martensitic stainless stepls, PFB-132 and
PFB-131S, were deposited on SS41 carbon steelratébdity a three-pass submerged arc
cladding process. The effects of post-weld heattmnent (PWHT) on thermal fatigue resistance
and hardness were evaluated by thermal fatiguehandness testing, respectively. The weld
metal microstructure was investigated by utiliziegtical microscopy, scanning electron

microscopy (SEM).



Results showed that, by increasing the PWHT tentpexahardness decreased but there was a
simultaneous improvement in weldment thermal faigesistance. During tempering, carbide,
such as (Fe, Cr)23C6, precipitated in the weld lmetad molybdenum appeared to promote (Fe,
Cr, M0)23C6 formation. The precipitates of (Fe, ©19)23C6 revealed a face-centered cubic
(FCC) structure with fine grains distributed in timécrostructure, thereby effectively increasing

thermal fatigue resistance.

[20] Abilio Manuel et al. (2007), introduced normalized fine grain carbon low alldges,

P355NL1, intended for service in welded pressuresels, where notch toughness is of high
importance, has been investigated. Application$ wits steel usually require the intensive use
of welds. One of the most common welding proceskas are used in the manufacturing of
pressure vessels is the submerged arc welding.Wiélding process is often automated in order

to perform the main seam welds of the body of #&sels.

The influence of the automated submerged arc wgldim the mechanical performance, is
investigated. The low and high cycle fatigue andckrpropagation behaviors are compared
between the base and welded materials. Severaks#rsmall and smooth specimens as well as
cracked specimens made of baselded and heat affected materials, respectivegyeviatigue
tested. Strain, stress and energy based relatoratigue life assessment, until crack initiation,
are evaluated based on experimental results ancarech between the base and welded
materials. Finally, the fatigue crack propagatioghdwiors are compared between the base,

welded and heat affected materials.

[21] Saurav Datta et al. (2009), discussed optimization problem of submerged ardiwwgl The
target was to search an optimal process environnmeapable of producing desired bead
geometry parameters of the weldment. Four coretlé¢atures of bead geometry: depth of
penetration, reinforcement, bead width, and peeagendilution has been selected in the study.
The process environment has been assumed consi$tiagiables like voltage, wire feed rate,

traverse speed.



Multiple correlated responses have been convenal independent quality indices called
principal components. Principal component anal{BSA) has been adapted to covert multiple
objectives of the optimization problem into a seglbjective function. This single objective
function has been denoted as composite principalpoment. Taguchi’s robust optimization
technique has been applied to determine the opsetihg, which can maximize the composite
principal component. Result of this aforesaid opation technique has been compared to that
of grey- Taguchi technique; another approach wischvidely used for solving multicriteria

optimization problems. A confirmatory test showatisactory result.

[22] Saurav Datta et al. (2007), investigated Taguchi philosophy has been appliedftaining
optimal parametric combinations to achieve desiveltl bead geometry and dimensions related
to the heataffected zone (HAZ), such as HAZ widihthe present case, in submerged arc
welding. The philosophy and methodology proposedbyGenichi Taguchi can be used for
continuous improvement in products that are produmgesubmerged arc welding. This approach
highlights the causes of poor quality, which candliminated by selfadjustment among the

values of the process variables if they tend tongkaluring the process.

Depending on functional requirements of the welggdt, an acceptable weldment should
confirm maximum penetration, minimum reinforcementnimum bead width, minimum HAZ
width, minimum bead volume, etc. to suit its ardaapplication. Hence, there exists an
increasing demand to evaluate an optimal paransetting that would fetch the desired yield.
This could be achieved by optimization of weldirayiables. Based on Taguchi’'s approach, the

present study has been aimed at integrating statistchniques into the engineering process.

Taguchi’'s L9 (3**3) orthogonal array design has been adopted expmkeriments have been
accordingly conducted with three different levels conventional process parameters using
welding current and flux basicity index to obtamald-onplate weld on mild steel plates. Features
of bead geometry and HAZ in terms of bead widtmfoecement, depth of penetration and HAZ
width have been measured for each experimentalTiue.slag, generated during welding, has
been consumed in further runs by mixing it withsirainmelted flux. The percentage of slag in

the mixture of fused flux (slag) and fresh flux heen defined as slagmix percentage. Welding



has been performed by using varying slagmix peaggnttreated as another process variable, in
order to obtain the optimum amount of slag-mix ttex be used without any alarming adverse

effect on features of bead geometry and HAZ. Thosld/lead to ‘waste to wealth’.

[23] Nassour et al. (2001), had shown creep behavior of two austenitic stasastsel weld
metals was investigated. Two AISI 316L stainlegelsbase plates were welded together using
the submerged arc-welding process. Creep tests eaered out on the welds at constant load,
over a stress range of 100 to 400 MPa, and inetim@érature range of 600 to 730

The results showed that AISI 347 weld metal presgra higher creep resistance with lower
values of the minimum strain rate, and, consequeittlexhibited a longer life before rupture
than AISI 316L weld metal. However, this weld methbwed a lower ductility value than AISI
316L welds metal. The weld-metal microstructureveyr performed before and after the creep
testing, has shown different amounts of delta ternvhich was strongly dependent on time,

temperature, and stress level.

[24] H.S. Moon et al. (2002), investigated significant portion of the total maathiring time for

a pipe fabrication process is spent on the weldiatigwing the primary machining and fit-up
processes. To achieve a reliable weld bead appsgrantomatic seam tracking and adaptive
control to fill the groove are urgently requiredorFseam tracking in the welding processes,

vision sensors have been successfully applied.

However, the adaptive filling control for a multibhh system for the appropriate welded area has
not yet been implemented in the area of submergeavalding(SAW). This describes several
advances in sensor and process control techniquespplications in SAW which combine to
give a fully automatic system capable of contrgllend adapting the overall welding process.
This technology has been used in longitudinal apidak pipe mills and in pressure vessel

production.

[25] BY E. Baune et al. (2000), investigated performed using a set of five expentaleFCAW

electrodes, an improved version of the basicityeindormula is developed. This new



methodology is described in two papers, titled Rar$olidified Slag Composition of a FCAW

Consumable as a Basicity Indicator and

Part 2: Verification of the Flux/Slag Analysis Mettology for Weld Metal Oxygen Control. To
accomplish this purpose, the partition of the uasielements contained in the formulation of one
FCAW electrode is studied and modeled in Part lrréSpondingly, the composition of the
solidified slag is predicted for this particulaeetrode. To verify the model, the prediction of the
slag chemical composition is compared with expenit@mlemeasurements. Good accordance is
found, which shows the model is applicable. A neay of defining the basicity of a FCAW
consumable based on the chemical composition o$ldgeis derived. In Part 2, comparison of
this innovative methodology with formula is achidyas well as with other means reported in
the literature for expressing the flux/slag bagicithe newly defined basicity index is found to
offer superior correlation with the weld metal ogygcontent, demonstrating the validity of the

assumptions made in the present investigation.

[26] Saurav Datta et al. (2006), carried out application of the Taguchi method imbmmation
with grey relational analysis has been applied $wmlving multiple criteria (objective)
optimization problem in submerged arc welding (SAW)grey relational grade evaluated with
grey relational analysis has been adopted to rewreaptimal parameter combination in order to
obtain acceptable features of weld quality chareties in submerged arc bead-on-plate
welding. The idea of slag utilization, in subsedquems, after mixing it with fresh unmelted flux,
has been introduced. The parentage of slag in tkera of fresh flux and fused flux (slag) has
been denoted as slag-mix percentage.

Apart from two conventional process parametersdimgl current and flux basicity index, the
study aimed at using varying percentages of slag-ineated as another process variable, to
show the extent of acceptability of using slagmmxconventional SAW processes, without
sacrificing any characteristic features of welddgaometry and HAZ, within the experimental
domain. The quality characteristics associated Wwéhd geometry and HAZ were bead width,

reinforcement, depth of penetration and HAZ width.



Predicted results have been verified with confionatexperiments, showing good agreement.
This proves the utility of the proposed method doality improvement in SAW process and
provides the maximum (optimum) amount of slag-riattcan be consumed in the SAW process
without any negative effect on characteristic feagwf the quality of the weldment in terms of

bead geometry.

[27] Vinod Kumar et al. (2009), Submerged arc welding contributes approximately 10% of
the totalwelding. Approximately 10% -15% of the flux getsverted into very fine particles
termed as flux dust before and after welding, dueansportation and handling. If welding is
performed without removing these very fine partidiesn the flux, the gases generated
during welding are not able to escape, thus it maylréento surface pitting (pocking) and even
porosity. On the other hand, if these fine plkadicare removed by sieving, the cost of
welding will be increased significantly. And if thisXldust is dumped/ thrown, will create
the pollution. Therefore to reduce the cost of weldamgl pollution, in the present work
attempts have been made to develop the acidic asid hgglomerated fluxes by utilizing
wasted flux dust. The investigation of the present stsldgwed chemical composition and
mechanical properties of the all weld metal prepdirech the developed fluxes and the parent
fluxes to be in the same range. The welded joints wase found to be radiographically
sound. Therefore the developed fluxes preparaan fthe waste flux dust can be used
without any compromise in mechanical properties andlity of the welded joint. It will

reduce the cost of welding and pollution.



Chapter 3 Problem For mulation

High strength low alloy steel is preferred materifdr Trucks, construction equipment, off-
highway vehicles, mining equipment, and other hedwy vehicles use HSLA sheets or plates
for chassis components, buckets, grader bladess@nctural members outside the body. For
these applications, sheets or light-gage platesspeeified. Structural forms are specified in
applications such as offshore oil and gas rigsglstpole power-transmission towers, railroad

cars, and ship construction.

The application of high strength low alloy (HSLAgsIs has been limited by the availability of
suitable filler metals. Specifically, as the welctal strength increases, the susceptibility to
hydrogen-assisted cracking increases. To takeflvantage of the developments in HSLA steel
base metals, weld flux which minimize the effectsddfusible hydrogen and develop tough
microstructures must be developed. The currentrebgroposes to study the effects of welding

flux on tensile strength, toughness, microhardnassostucture of work piece.

The welding fluxes for these steels are commeilciallailable but the flux compositions are
patented and are not widely reported in literaturehe present work flux is to be developed for

joining of HSLA steel.

The aim of the experiment is to study the effectsflox on tensile strength, toughness,
microstructure and microhardness. The mechanistintge of the weld metal had to be carried
out to determine, and co-relate the properties elfivnetal with strength, hardness and dilution

variations, under the influence of different fluxes



Chapter 4 Experimentation

As we seen that any change in the parameter of engad arc welding affect the properties of
welding. So, in this experiment by changing thexflbasicity index) and keeping all other
parameter constant and find out the result thattwhahe effect of basicity index on tensile
strength, toughness, microhardness, microstruataeThe high strength low alloy steel (FE-
540) plate used as a work material and the dimarissox 100 x 200 mm.

The experiments have been conducted on SubmergedValding Machine i.e. Tornaddaw M-
800 transformer and FD 10-200T welding tractor ke at Central Workshop, Thapar
University, Patiala.

For 4 mm diameter the value of Current 300-600ampéoltage 26-36 volt so, firstly by using
these we make bead on plate by taking differetectirand voltage reading. Then we find out that
300ampere current, 34 volt voltage and 425ampé&gpR voltage is best suitable for welding.



Table4.1: Test Matrix

Run 1 Run 2
Exp.| Welding | Current| Voltage| Travelling | Welding | Current| Voltage | Travelling
No Flux (A) (V) Speed Flux (A) V) Speed
(m/h) (m/h)
1 1 300 34 28 1 425 36 27
2 2 300 34 28 2 425 36 27
3 3 300 34 28 3 425 36 27
4 4 300 34 28 4 425 36 27
5 5 300 34 28 5 425 36 27
6 6 300 34 28 6 425 36 27
7 7 300 34 28 7 425 36 27
8 8 300 34 28 8 425 36 27




4.1 Method of preperation flux

For the manufacturing of flux for SAW, 7 compourefjuired Cal; CaO, RO, MnO, SiQ,

Al,05, TiO; by mixing these element in weight percentage wegst different fluxes (basicity

index). From literature review we find that the maifect on welding comes from SiGCak

and CaO. So, by keeping constant weight percerabgé other coumpounds we changing the

weight percentage of S¥OCaF, and CaO we manufacture 8 different kind of flux aee the

effect of these fluxes on welding properties.
B.l.= Cak +CaO+RO+0.5(MnO+FeQ)/Sir0.5(AL0s+TiO,+Zr0Oy)
So, by taking proper weight %age of the compouneldimd out the basicity index

Table4.2: Basicity Index

Flux 1 2 3 4 5 6 7 8
Basicity | 0.763116| 1.240064| 1.399046| 1.458967| 1.875994| 2.370821| 2.674772 3.586626
Index

The solution of sodium silicate (20% weight of fjbinder was added to the dry mixed powder

and it was mixed for 10 min. Sodium silicate wadetifor better arc stability. The mixture flux

were dried in air for 24 h and then baked in thypnace at approximate 700°C for nearly 3 h.

After cooling, this flux were crushed and sievedteAsieving, fluxes were kept in air-tight bags.

By using this method we make 8 different kind ol

Fig 4.1: Compounds mix with Binder




Fig 4.4: Fluxes after sieved



4.2 Chemical composition of base metal and electrode

The composition of base metal and welding electiae finding out by using spectroscope.

Table 4.3: Chemical Composition of base metal

C S Mn P S Cu Nb Ti

0.18 | 0.26| 1.43f 0.0z 0.01 0.09 0.07 0.008

Table 4.4: Chemical Composition of electrode

C Mn P S Cu Nb B

0.05 0.1 0.01 0.02 0.09 0.004 0.07

4.3 Method of preparation of steel plate specimen
We have 16 plates of dimension 16x100x200 mm. Th&ges chamfer on 200 mm side so, that
we can make V joint at 60 degree angle when joiting plates. Then tacking on back side of

plates using manual arc welding so that, keepiegdliplate on level.

Fig 4.5: Making chamfer on corner of plate Fig.£26amfer on plate



Fig 4.7: Tacking on back side of plates

After tacking, put specimen on base plate of SAWmae clamp the specimen with base plate
using clampers then by putting 8 different kindlok one by one in hopper welding was done in

V grooves of 8 plates.

Fig 4.8: Submerged arc welding of plates



Fig 4.9: Joint of plates after welding

Fig 4.10: Welding on plates

Now cut the specimen in required dimension for Tlentest, Toughness, Micro hardness,

Microstructure, SEM and Chemical composition.



Fig 4.11: Cutting of plates after welding

In fig 4.11 which is cutting of plates after weldimotation (1) represent waste material, (2)
represent tensile test piece, (3) represent towghihest piece, (4) represent microstructure,

microhardness and composition test piece.



4.4 Tensle Test

Ratio of the maximum load a material can suppothevit fracture when being stretched to the
original area of a cross section of the materigdheWstresses less than the tensile strength are
removed, a material completely or partially retutmsts original size and shape. As the stress
approaches that of the tensile strength, a matéma has begun to flow forms a narrow,
constricted region that is easily fractured. Tensirengths are measured in units of force per

unit area.

Welded specimen made from base metal and finedetigle strength and stress-strain curves.
The testing would be carried on computerised Usialefesting Machine (UTM) as shown in fig
5.1 available at Technology Education & Researdhdirated Institution (TERII), Kurukshetra

and the tensile test specimen are shown in fig dritPtensile test specimen shown in fig 4.13.

Fig 4.12: Computerised Universal Testing Machine



Fig 4.13: Tensile test specimen

4.5 Impact Toughness Test

The ability of a metal to rapidly distribute withitself both the stress and strain caused by a
suddenly applied load or the ability of a matet@lwithstand shock loading. It is the exact
opposite of "brittleness" which carries the implica of sudden failure. A brittle material has

little resistance to failure once the elastic lilmts been reached.

According to standard shown in fig 4.14, We makesg8&cimens shown in fig 4.15, 6 from each
plae of dimension 10x10x55 mm for charpy test asd them on machine as shown fig 4.16 at
different temperatures by using liquid nitrogenwhon fig 4.17 i.e. room temp., -10, -30, -40, -

45, -50°C.

45°

L 3

55

Fig 4.14: Standard Charpy test specicmen



Fig 4.15: Charpy test specicmen

Fig 4.16: Charpy toughness test machine

Fig 4.17: Apparatus for Liquid Nitrogen



4.6 Microstucture

A microscope is an instrument to see objects toallsfior the naked eye. The science of
investigating small objects using such an instrumercalled microscopy. Microscopic means
invisible to the eye unless aided by a microscopere are many types of microscopes, the most
common and first to be invented is the optical mscope which uses light to image the sample.
In this test the specimen after cutting rugged \ammbry paper of size no. 100, 200, 400, 600,
800, 1000 then put under microscope as shown id.fi§ and see the structure of specimen
shown in fig. 4.19 and the different zone of wetgghown in fig 4.20.

Fig 4.18: Microscope test machine

Fig 4.19: Specimens for microscope testing



Fig 4.20: Specimens showing different zone of weddi

4.7 Micohardness Test

Microhardness testing shown in fig 4.21 is usednfi@asuring the hardness of a material on a
microscopic scale. A precision diamond indentamipressed into the material at loads from a
few grams to 1 kilogram and we have taken loadQfighn. The impression length, measured
microscopically, and the test load are used toutatie a hardness value. The hardness values

obtained are useful indicators of a material’s praps.

The indentations are typically made using eithesqaare-based pyramid indenter (Vickers
hardness scale) or an elongated, rhombohedral-dhapenter (Knoop hardness scale). The
tester applies the selected test load using dedghtse The length of the hardness impressions
are precisely measured with a light microscopegusither a filar eyepiece or a video image and
computer software. A hardness number is then cedlusing the test load, the impression
length, and a shape factor for the indenter typmel der the test and the test specimen shown in
fig 4.22.



Fig 4.21: Micohardness test machine

Fig 4.22: Micohardness test specimen

4.8 Scanning Electron Microscope (SEM)

Scanning electron microscope (SEM) is an importaol for microstructural analysis. The

microstructural characteristic of the sample cateethe effect of different processing condition
with properties and behaviour of materials thabimgs their microstructural changes. The SEM
provides information relating to topographical teas, morphology, phase distribution,

compositional differences, crystal orientation grdsence of defects and their location. The



strength of SEM lies in its inherent versatilityedto the multiple signals generated, simple
image formation process, wide magnification rangd axcellent depth of field. Structural

analyses were carried out to see the morpholofgedilires of grain formation. The experiments
have been conducted on Scanning Electron Microsegpghown in fig 4.22 i.e. JEOL JSM-

6510 LV available at R & D Centre, Thapar UniversRatiala.

Fig 4.23: Scanning Electron Microscope machine

4.9 X-Ray diffraction

X-ray diffraction techniques are a family of nonsttective analytical techniques which reveal
information about the crystallographic structureemical composition, and physical properties
of materials and thin films. This technique is lthea observing the scattered intensity of an X-
ray beam hitting a sample as a function of inciderd scattered angle, polarization, wavelength
or energy.



Figure 4.24: XRD machine

4.10 Chemical composition of weld metal

The composition of base metal and welding electrae finding out by using atomic absorption

spectroscope.

Fig 4.25: Atomic Absorption Spectrometer



Fig 4.25: Specimen for composition



Chapter 5 Results and Discussion

51TensleTest

Tensile specimen after tensile test shown in fig 5.

Fig 5.1: Specimen after tensile test
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Fig 5.2: Load vs displacement and stress vs sttawe for specimen which is made from base

metal



Table5.1: Load & stress Reading of base metal:

Base Material

Peak load (K. Newton)

Peak stress

(K. Newton/mnf)

86.4 0.78
Table 5.2: Ultimate Tensile L oad Reading:

Flux No. Basicity Index Reading 1 (K.| Reading 2 (K.| Reading 3 (K.| Average (K.

Newton) Newton) Newton) Newton)
1. 0.76 68.23 58.04 52.38 59.55
2. 1.24 71.30 68.11 74.85 71.42

3. 1.39 71.46 * * 71.46
4. 1.45 72.59 68.29 83.20 74.69
S. 1.87 68.14 70.14 71.48 69.92
6. 2.37 73.39 82.02 77.05 77.48
7. 2.67 74.64 66.03 60.86 67.17
8. 3.58 70.64 75.77 72.81 73.07




Table 5.3: Ultimate Tensile Stress Reading:

Flux No. Basicity Index Reading 1 (K | Reading 2 (K | Reading 3 (K | Average (K.
N./mn¥) N./mnt) N./mn¥) N./mn¥)
1. 0.7¢ 0.6(¢ 0.51 0.4¢ 0.52
2. 1.24 0.6< 0.6( 0.6¢ 0.6<
3. 1.3¢ 0.6< * * 0.6<
4. 1.4¢ 0.64 0.6( 0.7: 0.6t
5. 1.87 0.6( 0.62 0.6 0.61
6. 2.31 0.6¢4 0.72 0.6¢ 0.6¢
7. 2.61 0.6t 0.5¢ 0.5 0.5¢
8. 3.5¢ 0.62 0.6¢€ 0.64 0.64

*indicates non availablity of experimental valuegedo power problem




Load vs Displacement

Stress vs Strain
68.23000 060329
Load g
(K Newton) Svess
(K Newton
[sq.10mm)
0.00
0.00 Displacement (imm) 2239000 0.00
Peak Toad=60.2300 K. Neuton 0.00 Stram 027988
Peak Disp=22.3900  (run) Pesk Stress=603.2857 0 /sq.mm
Disp at Peak Load= 19.1600 (mn] Peak Strain=0.2799  (m
Load vs Displacement Stress vs Strain
58.04000) 0.51319
Load Stress
(K Nevwton) (K Newton
sq.10m)
0.00] 000
Displa -
0.00 Displacement (mm) 20.74000 w00 Shan 125005
Pesk Load=58.0400 K.Neuton ~
Peak Disp=20.7400 ) Peak Stress=513.1863 N /squm
Disp at Peak Losd= 17.4400 (mw} Peak Strain=0.2583  fuw)
(ii)
Load vs Displacement
Stress vs Strain
52.38000)
0.46314
Load
(K Newton) Siress
(K Newton
/sq.10m0)
0.00]
000 Displacement (i) 0.00 §
0.00 Stram 0.15763
Peak Load=52.3800 K.Henton _
Peck Dicy=l1.€100  fuml Peak Stress=463.1409 I /oq.mn
pisp at Peak Losd= 10,2300 (ma)

Ppeak Strain=0.13576  (mn)

(iii)
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welding of flux 1
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Fig 5.3 (d): Load vs displacement and stress asnsturve for specimen which weld from
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Fig 5.3 (e): Load vs displacement and stress assturve for specimen which weld from
welding of flux 5
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Fig 5.3 (f): Load vs displacement and stress \arstturve for specimen which weld from
welding of flux 6
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Fig 5.3 (g): Load vs displacement and stress asnsturve for specimen which weld from

welding of flux 7
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Fig 5.3 (h): Load vs displacement and stress asrnsturve for specimen which weld from
welding of flux 8



76
g \ -
% 724  —nm
¥ 70 u /

Fig 5.4: Ultimate tensile Load vs flux for specirsemhich weld from weling of 8 type of flux

0.70

0.68 "
0.66
— L]
“g 064+ / L]
£ " -w
=
Z 062
! L
<
o 0-60
1%
2
2 058+ "
2
T 0.56
E
=
S 0.54
0.52 ]
0.50 T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9

Fig 5.5: Ultimate stress vs flux for specimens wahield from weling of 8 type of flux

Discussion of tensile test

It is clear from fig 5.4 and fig 5.5 that the maxim tensile load and maximum stress comes
from flux 6. So, it is concluded that flux 6 enhaddensile load and stress value. For welding of

materials in which we require more tensile stréss 6 used.



5.2 Impact Toughness Test

Specimen after impact test shown in fig 5.6

Fig 5.6: Specimen after impact toughness test
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Fig 5.7 (a): Impact Toughness of specimen whichdvitrelm welding of flux 1
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Fig 5.7 (c): Impact Toughness of specimen whichdviedm welding of flux 3
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Fig 5.7 (f):

120

100

N e

60 e

20

Impact Toughness (joule)

T T T T T T T T
-60 -40 -20 0 20

Temperature (°C)

40

Impact Toughness of specimen whichddedm welding of flux 6
100
u
3 8 ./
]
g i
é 60
< __u
g) 1 u
E 40 ./
o
g |
E
20
| u
0 T T T T T T T T T
-60 -40 -20 0 20 40

Temperature (°C)

Fig 5.7 (g): Impact Toughness of specimen whichdvieim welding of flux 7
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Discussion of Impact Toughness

It is clear from fig 5.8 that the maximum toughnessbserved from flux 6. It is concluded that

at room temperature flux 6 enhances toughness.value

It is clear from fig 5.9 that the maxmium toughnessbserved from flux 5. It is concluded that

at -50C temperature flux 5 enhances toughness value.



5.3 Microstucture

The different types of microstucture shown in befayre 5.10

Weld zone Heat affected zone

Base material

Fig 5.10 (a): Microscopic structure of sample whiglmade from using of flux 1 at x400

magnification



Weld zone Heat affected zone

Base material

Fig 5.10 (b): Microscopic structure of sample whigmade from using of flux 2 at x400

magnification

Weld zone Heat affected zone

Base material

Fig 5.10 (c): Microscopic structure of sample whisimade from using of flux 3 at x400

magnification



Weld zone Heat affected zone

Base material

Fig 5.10 (d): Microscopic structure of sample whigimade from using of flux 4 at x400

magnification

Weld zone Heat affected zone

Base material

Fig 5.10 (e): Microscopic structure of sample whiglmade from using of flux 5 at x400

magnification



Weld zone Heat affected zone

Base material

Fig 5.10 (f): Microscopic structure of sample whishmade from using of flux 6 at x400

magnification

Weld zone Heat affected zone

Base material

Fig 5.10 (g): Microscopic structure of sample whigmade from using of flux 7 at x400

magnification



Base material

Fig 5.10 (h): Microscopic structure of sample whiglmade from using of flux 8 at x400

magnification
Discussion of Microstructure

The microstructure of HSLA base at magnificatiohd@0X is shown in Figure 5.10. The micro-

graph of the figures reveal the presence of tydealte (bright)-pearlite (dark) microstructure.

The density of flow lines i.e. banding and the ninmpgy of ferrite and pearlite has been found
to vary in samples. The microstructure of HSLA basemagnifications of 400X is shown in

Figure 5.10.

Weld Metal Two microstructural regions featureddast dendrite and reheat refined grains as
shown in fig 5.10 in the weld region. The rehedinezl region closed to the dendritic boundary
develops comparatively coarser grain than the simerved in the reheat refined region away
from the dendritic boundary of the weld interfatberefore it can be said that the distribution of
the microstructure in the weld consists of threstidictly different microstructural regions, such

as the dendritic region at interface, reheat refinearse grain region and reheat refined fine



grain region. The microstructures of the differemierface regions of weld metal as revealed in
the weld are typically shown in the micrographsspreed in Figures 5.10. The distribution of

the three different microstructural regions hasildeend to be similar in all the welds.

The morphologies of the dendritic region at integfacoarse grain reheat refined region in
HSLA, HAZ. The studies on these three regions efwelds have been typically shown in all
Figures. The micrographs depict that the dendr#igion is possibly having lower bainite in
combination of some amount of fine pearlite witlo-eutectoid ferrite at the grain boundary
shown in fig 5.10. The coarse grain reheat refinegion primarily contains pearlite and a
mixture of acicular and chunky ferrite in fig 5.Whereas, the fine grain reheat refined region
HSLA HAZ has been found to primarily consists ofrite and pearlite. The variation in
coarseness of the morphology of different weldsgeaesaled in the weld joints, inherently occurs
at different locations of different welds dependiogon randomness and heterogeneity in
distribution of weld thermal cycle. Thus, it may ¢encluded that the morphology of the weld
prepared varies within a broad range of coarseassgpically marked in the micrographs
presented in the Figure 5.10.



5.4 Microhardness Test

Microhardness of different weld made from differgrges of flux shown in fig 5.11.
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Fig 5.11 (a): Microhardness of specimen which weddh welding of flux 1
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Fig 5.11 (b): Microhardness of specimen which wieddn welding of flux 2
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Fig 5.11 (e): Microhardness of specimen which weddh welding of flux 5
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Fig 5.11 (h): Microhardness of specimen which wiedah welding of flux 8
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Discussion of Microhar dness

It is clear from fig 5.12 that the max. microhardsévickers hardness number) in weld centre is

observed from flux 8.

It is clear from fig 5.13 that the max. microhargegvickers hardness number) in HAZ is

observed from flux 8.



5.5 Scanning Electron Microscope (SEM)

Scanning electron microscope (SEM) of different pgsce shown in fig 5.14, 5.15.

(vii) (viii)

Fig 5.14: SEM measurement at x1000 magificatiorsfigcimen after breakage of tensile test

which weld from by using weling flux (i), i), @, (iv), (v), (vi), (vii), (viii)



(v) (vi)

(vii) (viii)

Fig 5.15: SEM measurement at x1000 magificatiorsfmcimen after breakage of toughness at

room temperature which weld from weling flux (iij),((iii), (iv), (v), (vi), (vii), (viii)



(vii) (viii)

Fig 5.16: SEM measurement for specimen after bgmkétoughness at -3¢ temperature

which weld from weling flux (i), (i), (iii), (iv),(v), (vi), (vii), (viii)



Discussion of Microstructure

As we can see from fig 5.14, 5.15 that at room tm@jpire in tensile and Impact toughness
specimen there are dimples present in the matrithén SEM so, it is ductile fracture and

toughness at -8C there is cleavage present in fig 5.16 which iatis brittle fracture.
5.6 X-Ray diffraction

X- ray diffraction patterns of slag shown in fid.3.

8 o
T 8 o o
° °
‘ ﬁ 3 i
T T T T T
50 50 70 80 %0
Positon [2Thetal (Copper ()

Fig 5.17 (a): X- ray diffraction patterns of slag 1
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Fig 5.17 (d): X- ray diffraction patterns of slag 4
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Fig 5.17 (h): X- ray diffraction patterns of slag 8
Discussion of XRD pattern of slag

It is clear from fig 5.17 that only two compounddgiand Cakremained in slag and all other
compounds of flux burnt out during welding of HSIskeel. Only one peak of carbon present in

slag 7.



5.7 Chemical composition of weld metal

The specimen after composition of weld shown irbfig8.

Fig 5.18: Specimen after checking composition

0.114

] n
0.10 \
0.09-
o.os- \
0.07

v \'/ ) ]

C%

0.054

— Tt T T T ' 1
o 1 2 3 4 5 6 7 8 9

Sample 1

Fig 5.19 (a): %age composition of carbon in weldtee
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Table 5.4 Percentage change in chemical compostion

Flux Carbon Carbon in % change Manganese .Manganese % change in

electrode | in Carbon in electrode| Manganese
1 0.061 0.05 22 0.526 0.1 426
2 0.057 0.05 14 0.666 0.1 566
3 0.107 0.05 114 0.821 0.1 721
4 0.093 0.05 86 0.556 0.1 456
5 0.077 0.05 54 0.565 0.1 465
6 0.052 0.05 4 0.438 0.1 338
7 0.067 0.05 34 0.545 0.1 445
8 0.052 0.05 4 0.52 0.1 420




Flux Phosphours | % change in Sulphur in| % change
Phosphours | Sulphur )
in Electrode | Phosphours Electrode | in Sulphur
1 0.033 0.01 230 0.016 0.02 -20
2 0.021 0.01 110 0.017 0.02 -15
3 0.024 0.01 140 0.02 0.02 0
4 0.029 0.01 190 0.024 0.02 20
5 0.008 0.01 -20 0.007 0.02 -65
6 0.032 0.01 220 0.014 0.02 -30
7 0.037 0.01 270 0.018 0.02 -10
8 0.035 0.01 250 0.012 0.02 -40
Flux Copper Copper in electrode % change in Copper

1 0.06 0.09 -34.44444444

2 0.06 0.09 -31.11111111

3 0.06 0.09 -38.88888889

4 0.02 0.09 17177777778

5 0.05 0.09 -40

6 0.08 0.09 -10

7 0.07 0.09 -18.88888889

8 0.07 0.09 -21.11111111
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Fig 5.20 (e): Percentage change in compositioropper in weld centre

Discussion of Chemical compsition

It is clear from fig 5.20 that percentage changecanbon, manganese, sulphur contents are
increasing in weld resion but the sulphur and cogpeatents are decreasing. So, it is conclude

that some compounds of flux goes to the weld region



Chapter 6 CONCLUSION & FUTURE SCOPE

The present study was carried out to study thecefié flux on the welding characterstics in
the submerged arc welding by keeping all otheraldei keeping constant like current, voltage

and welding speed.

1) Development of fluxes for submerged arc welding hagh strength low alloy steel
successively.

2) The Ultimate Tensile Strength values were alssfatiory for all the weld joints.

3) The Impact toughness value at room temperatureaserwith increase in basicity index of
flux and at -56C the same pattern is followed.

4) Microstructure evaluation of the welded joints raleel different zones namely, Reheat
refined coarse grain region of HAZ.

5) Highest micro hardness values are formed at thd jeglt regions for welded specimens.

6) XRD pattern shows only two compound $Siénd Cak remained in slag and all other

compounds of flux burnt out during welding of HSksfeel.

In addition to the present work further work candoae in following directions:

1) Different fluxes can be made for different material

2) CaF,can be replaced by NaF when manufacturing of flux.

3) Modeling of submerged arc welding process can lgedaout using Finite Element
packages.

4) Fatigue and corrosion properties can be measuretl camrelated with different
submerged arc welding parameters.

5) There are lot of parameters (Current, voltage, wwgldpeed, diameter of electrode)
which can be varied individually to see their indival effects and combining these

parameters to see their combine effect.
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