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Introduction To Metal Joining Process: 

 Metal joining method plays a prominent role in modern technologies since virtually all products are 

fabricated by joining process.  

  Joining of two metals are essential for manufacture of a range of engineering components, which may 

vary from very large structures to a miniature components for microelectronic applications.  

Definition: 

 Joining process may be defined as process of bringing two or more surfaces into contact in order to 

establish continuity of the field across the resulting interface.  

 And therefore the joining process is classified into various type depending on the nature of the 

material.  

 Among these various classification of joining processes one of the most commonly used technique for 

joining process is welding.  

Classification: 

 
Welding 

Introduction: 

 Welding is a fabrication process used to join materials, usually metals or thermoplastics. 

 A process used to permanently joining two pieces of metal, usually by means of heat. 

 During welding, the work pieces to be joined are melted at the joining interface and usually a filler 

material is added to form a pool of molten material (the weld pool) that solidifies to become a strong 

joint. 

 Welding unlike other joining processes, it permits the utilization of full strength of the material at the 

joint. 

Used i  a ufa tu i g to p odu e o  epai … 

 Ships 

 Storage tanks 

 Pipelines 
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 Trains 

 Automobiles 

 Airplanes 

 Home Appliances 

 Bridges 

The strength of the weld according to the load depends on various factors such as, 

 Weld Joints 

 Types of Welds 

 Types of Welding Processes 

Weld Joints: 

A weld joint can be defined as the part of an assembly through which loads of various types are 

transferred from one member to another. The designer decides what loads are to be transferred, the 

joint configuration deemed practical for transferring the loads and the type and size of welds to use at 

the joint. These weld joints can be classified into five different types, 

a) Butt joint 

b) Corner joint 

c) T joint 

d) Lap joint 

e) Edge joint 

a) Butt joint 

Butt welds are welds where two pieces of metal to be joined are in the same plane. These types of welds 

require only some kind of preparation and are used with thin sheet metals that can be welded with a single 

pass.   
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b) Corner joint 

These joints are used to join two members located at right angles to each other. In cross section, the corner 

joint forms an L-shape.  

 
C) T- joint 

Tee welding joints are formed when two members intersect at a 90° angle which makes the edges come 

together in the center of a plate or component.  

 
d) Lap joint 

A lap weld consists of two or more materials that are overlapped on top of one another. The edge of one 

material is melted and fused with the surface of another material. A lap weld is categorized in the fillet weld 

family.  

 
e) Edge joint 

It is used to join the edges of two or more members lying in the same plane. In most cases, one of the 

members is flanged, as seen in the figure. This type is frequently used in sheet metal work for joining metals 

1/4 inch or less in thickness that are not subjected to heavy loads.  

 
Type Of Welds: 
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There are six different types of welds and each type consist of two variants single weld and double weld. The 

different types are, 

 Fillet welds 

 Square welds 

 Bevel groove welds 

 V groove welds 

 J groove welds 

 U groove welds 

 
Parts of Welded Joint: 

Groove weld 

  A- The groove angle is the total angle of the groove between the parts to be joined. For example, if the 

edge of each of two plates were beveled to an angle of 30 degrees, the groove angle would be 60 

degrees.  

 B- The bevel angle is the angle formed between the prepared edge of a member and a plane 

perpendicular to the surface of the member. 

 C-The root gap of a joint is that portion of the joint where the metals are closest to each other. As 

shown in the figure, the root may be a point, a line, or an area, when viewed in cross section. 

 D- The root face, is the portion of the prepared edge of a part to be joined by a groove weld that has 

not been grooved. 

 E- The groove face is that surface of a metal part included in the groove. 

 F- The Plate Thickness is the thickness of the metals to be joined together  

Fillet Weld: 

Downloaded from  be.rgpvnotes.in

Page no: 4 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


  A- In a fillet weld, the fillet leg is the portion of the weld from the toe to the root. 

 B- The depth of fusion is the distance that fusion extends into the base metal or previous welding pass.  

  C- The root of fillet includes the points at which the back of the weld intersects the base metal 

surfaces. 

 D- The toe of weld is the junction between the face of the weld and the base metal.  

 E- The face of fillet is the exposed surface of a weld on the side from which the weld was made.  

 F- The throat of fillet is the distance from the root to a point on the face of the weld along a line 

perpendicular to the face of the weld. 

Types of Welding: 

Basically welding may be classified into three types. 

 Plastic welding: In plastic welding or pressure welding process, the pieces of metal to be joined are 

heated to a plastic state and then forced together by external pressure. These welding are also known 

as liquid-solid welding process. This procedure is used in forge welding and resistance welding. 

 Fusion welding: In the fusion welding or no pressure welding process, the material at the joint is 

heated to a molten state and allowed to solidify. These welding are also known as liquid state welding 

process. This includes gas welding, arc welding, thermite welding etc. 

 Cold welding: In this welding process, the joints are produced without application of heat, but by 

applying pressure which results diffusion or inter-surface molecular fusion of the parts to be joined. It 

is also known as solid state welding process. This process is mainly used for welding nonferrous sheet 

metal, particularly aluminum and its alloys. This includes ultrasonic welding, friction welding, Explosive 

welding etc. 

 
Gas Welding 

Introduction: 

Gas welding is a type of liquid state welding process in which fuel gases burns to generate heat. This heat is 

further used to melt interface surfaces of welding plates which are held together to form a joint. In this 
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process, mostly oxy-acetylene gas is used as fuel gas. This process can be done with or without help of filler 

material(Steel for welding steel or alloys of the metal). If the filler material is used, it is fed directly into the 

weld area manually.  

Principle: 

Gas welding is a most important type of welding process. It is done by burning of fuel gases with the help of 

oxygen which forms a concentrated flame of high temperature. This flame directly strikes the weld area and 

melts the weld surface and filler material. The melted part of welding plates diffused in one another and 

create a weld joint after cooling. This welding method can be used to join most of common metals used in 

daily life.  

Equipment: 

 
Welding Torch: 

Welding torches are most important part of gas welding. Both the fuel gas and oxygen at suitable pressure fed 

through hoses to the welding torch. There are valves for each gas witch control the flow of gases inside the 

torch. Both gases mixed there and form a flammable mixture. These gases ignite to burn at the nozzle. The fire 

flame flow through nozzle and strikes at welding plates. The nozzle thickness depends on the size of the 

welding plates and material to be welded. 

Oxygen Cylinder: 

For proper burning of fuel, appropriate amount of oxygen required. This oxygen supplied by a oxygen cylinder. 

A black line is used to indicate oxygen cylinder. 

Fuel Gas Cylinder: 

Gas cylinder is filled either by oxy acetylene gas, hydrogen gas, natural gas or other flammable gas. The fuel 

gas selection is depends on the welding material. Mostly oxy acetylene gas is used for all general purpose of 

welding. Normally these cylinders have Maroon line to indicate it. The fuel gases passes through it. 

Pressure regulator: 

Both oxygen and fuel gases are filled in cylinder at high pressure. These gases cannot use at this high pressure 

for welding work so a pressure regulator is used between flow. It supplies oxygen at pressure about 70 – 130 

KN / M2 and gas at 7 – 103 KN / M2 to the welding torch. 

Goggles and Gloves: 

These are use for safety purpose of welder. It protects eyes and hand from radiation and flame of fire. 

Working: 

Gas welding process is quite simpler compare to arc welding. In this process all the equipment are connected 

carefully. The gas cylinder and oxygen cylinder connected to the welding torch through pressure regulators. 

Now the regulate pressure of gas and oxygen supplied to the torch where they properly mixed. The flame is 

ignited by a striker. Take care the tip of torch is pointing downward. Now the flame is controlled through 
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valves situated in welding torch. The flame is set at natural flame or carburizing flame or oxidizing flame 

according to the welding condition. Now the welding torch moved along the line where joint to be created. 

This will melt the interface part and join them permanently.  

Application: 

 It is used to join thin metal plates. 

 It can used to join both ferrous and non-ferrous metals. 

 Gas welding mostly used in fabrication of sheet metal. 

 It is widely used in automobile and aircraft industries. 

Advantages: 

 It is easy to operate and dose not required high skill operator. 

 Equipment cost is low compare to other welding processes like MIG, TIG etc. 

 It can be used at site. 

 E uip e t s a e o e po ta le tha  othe  t pe of weldi g. 

 It can also be used as gas cutting. 

Disadvantages: 

 It provides low surface finish. This process needs a finishing operation after welding. 

 Gas welding have large heat affected zone which can cause change in mechanical properties of parent 

material. 

 Higher safety issue due to naked flame of high temperature. 

 It is Suitable only for soft and thin sheets. 

 Slow metal joining rate. 

 No shielding area which causes more welding defects. 

Oxyacetylene Gas Welding(OAW): 

The oxyacetylene welding process uses a combination of oxygen and acetylene gas to provide a high 

temperature flame. OAW is a manual process in which the welder must personally control the torch 

movement and filler rod application. Cylinders contain oxygen and acetylene gas at extremely high 

pressure.  The temperature generated during the process is 3500 degree centigrade. When the flame comes in 

contact with steel, it melts the surface forming a molten pool, allowing welding to take place. Oxyacetylene 

can also be used for brazing, bronze welding, forging / shaping metal and cutting.  

When the metal is fused, oxygen from the atmosphere and the torch combines with molten metal and forms 

oxides, results defective weld. Fluxes are added to the welded metal to remove oxides, Common fluxes used 

are made of sodium, potassium, Lithium and borax. Flux can be applied as paste, powder, liquid, solid coating 

or gas. 

This type of welding is suitable for the prefabrication of steel sheet, tubes and plates.  

Gases used:  

Oxygen extracted from air and compressed into cylinders at high pressure. Cylinder is black.  

Acetylene (C2H2) is a fuel gas. Cannot be compressed directly as explodes at high pressures. Cylinders are 

packed with porous material which is filled with acetone. Acetone absorbs acetylene. Cylinder color coded 

maroon.  Acetylene is extremely unstable in its pure form at pressure above 15 PSI. Acetone is also present 

within the cylinder to stabilize the acetylene. 

Downloaded from  be.rgpvnotes.in

Page no: 7 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 
The Oxy-acetylene welding Flame:  The oxy-acetylene flame has two distinct zones. 

The inner zone (Primary combustion Zone) is the hottest part of the flame. The welding should be performed 

so as the point of the inner zone should be just above the joint edges. 

 
The outer zone (secondary combustion zone) performs two functions- 

 Preheats the joint edges 

 Prevents oxidation by using some of the surrounding   oxygen from weld pool for combustion and gives 

off carbon dioxide and water  vapor.  

 
Types of flames: 

Natural Flame: 

As the name implies, this flame has equal amount of oxygen and gases fuel by the volume. This flame burns 

fuel completely and does not produce any chemical effect on metal to be welded. It is mostly used for welding 

mild steal, stainless steel, cast iron etc. It produces little smoke. This flame has two zones. The inner zone has 

white in color and has temperature about 3100 degree centigrade and outer zone has blue color and have 

temperature about 1275 degree centigrade. 

 
Carburizing Flame: 

This flame has excess of fuel gas. This flame chemically reacts with metal and form metal carbide. Due to this 

reason, this flame does not used with metal which absorb carbon. It is smoky and quiet flame. This flame has 

three regions. The inner zone has white color, the intermediate zone which is red in color and outer cone has 

blue color. The inner cone temperature is about 2900 degree centigrade. This flame is used to weld medium 

carbon steel, nickel etc. 
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Oxidizing Flame: 

When the amount of acetylene reduces from natural flame or amount of oxygen increases, the inner cone 

tend to disappear and the flame obtain is known as oxidizing flame. It is hotter than natural flame and has 

clearly defined two zones. The inner zone has very bright white color and has temperature of about 3300 

degree centigrade. The outer flame has blue in color. This flame is used to weld oxygen free copper alloy like 

brass, bronze etc. 

 
Air acetylene welding: 

Air acetylene welding is one type of gas welding process where unit body is produced by the heating work 

piece. The heat is produced from mixture of acetylene and air. Weld joint is made without the application of 

pressure and with or without use of filler metal. The temperature is produced maximum 27000C. 

Air acetylene welding working principle: 

First acetylene gas is flown through a proper hose and it is regulated by a valve system. Acetylene gas is mixed 

with automatic included air for combustion. During combustion required amount of oxygen is obtained from 

air. There a special designed torch is used. 

Application of air acetylene welding: 

The flame temperature is lower than the other kind of fuel acetylene and oxygen welding. The following 

application- 

 Where soft solder is required for copper plumbing. 

 Lead welding purposes (of course small cross section). 

 Small thickness copper sheet welding. 

 Refrigerant copper tube joining. 

Oxy Hydrogen welding: 

The use of oxygen and hydrogen as the gases for welding and cutting is older than the oxy-acetylene process 

and dates back to before the production of oxygen by either electrolysis or liquefaction of air.  

The oxy-hydrogen process was developed by Newman who used detonating gas (pure oxygen and hydrogen 

mixed) at a pressure of about 3 atmospheres. This gas is still used to some extent in welding platinum, lead. 

Electric Resistance Welding: 

Resistance welding is a liquid state welding process in which the metal to metal joint created in liquid or 

molten state. It is a thermo-electric process in which heat is generated at the interface surfaces of welding 

plates due to electric resistance and a controlled low pressure is applied to these plates to create a weld joint. 

It is named as resistance welding because it uses electric resistance to produce heat. It is a very efficient 

pollution free welding process but its applications are limited due to its high equipment cost and limited 

material thickness. 

Principle: 

All resistance welding like spot welding, seam welding, projection welding etc. are worked on same principle 

of heat generation due to electric resistance. When a current passes through electric resistance, it produces 

heat. This is same principle which is used in electric coil. The amount of heat produced is depends on 
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resistance of material, surface conditions, current supplied, time duration of current supplied etc. This heat 

generation takes place due to conversion of electric energy into thermal energy. The heat generation formula 

is H = I2RT This heat is used to melt the interface metal to form a strong weld joint by fusion. This process 

produces weld without application of any filler material, flux and shielding gases.  

Where, 

H = Heat generated in joule             R = Electric resistance in Ohm 

I = Electric current in ampere           T = Time of current flow in second 

Types: 

There are four main type of resistance welding. These are 

 Spot Welding 

 Seam Welding 

 Projection Welding 

 Flash butt Welding 

Spot Welding  

In resistance spot welding, two or more sheets of metal are held between electrodes through which welding 

current is supplied for a definite time and also force is exerted on work pieces. The principle is illustrated in 

Figure. 

 
The welding cycle starts with the upper electrode moving and contacting the work pieces resting on lower 

electrode which is stationary. The work pieces are held under pressure and only then heavy current is passed 

between the electrodes for preset time. The area of metals in contact shall be rapidly raised to welding 

temperature, due to the flow of current through the contacting surfaces of work pieces. The pressure 

between electrodes, squeezes the hot metal together thus completing the weld. The weld nugget formed is 

allowed to cool under pressure and then pressure is released. This total cycle is known as resistance spot 

welding cycle 

Most of the industrial metal can be welded by spot welding, however, it is applicable only for limited thickness 

of components. Ease of mechanism, high speed of operation and dissimilar metal combination welding, has 

made is widely applicable and acceptable process. It is widely being used in electronic, electrical, aircraft, 

automobile and home appliances industries. 

Seam Welding 

In seam welding overlapping sheets are gripped between two wheels or roller disc electrodes and current is 

passed to obtain either the continuous seam i.e. overlapping weld nuggets or intermittent seam i.e. weld 

nuggets are equally spaced. Welding current may be continuous or in pulses. The process of welding is 

illustrated in Figure. 
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  Overlapping of weld nuggets may vary from 10 to 50 %. When it is approaching around 50 % then it is 

termed as continuous weld. Overlap welds are used for air or water tightness. 

 It is the method of welding which is completely mechanized and used for making petrol tanks for 

automobiles, seam welded tubes, drums and other components of domestic applications. 

 Seam welding is relatively fast method of welding producing quality welds. However, equipment is 

costly and maintenance is expensive. Further, the process is limited to components of thickness less 

than 3 mm 

Projection Welding: 

 
Projections are little projected raised points which offer resistance during passage of current and thus 

generating heat at those points. These projections collapse under heated conditions and pressure leading to 

the welding of two parts on cooling. The operation is performed on a press welding machine and components 

are put between water cooled copper platens under pressure.  

These projections can be generated by press working or machining on one part or by putting some external 

member between two parts. Members such as wire, wire ring, washer or nut can be put between two parts to 

generate natural projection. 
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 Projection welding may be carried out with one projection or more than one projections 

simultaneously. 

 No consumables are required in projection welding. Projection welding is widely used in electrical, 

electronics, automotive and construction industries, and manufacturing of sensors, valves and pumps 

etc. 

Flash Butt Welding: 

It is another type of resistance welding which is used to weld tubes and rods in steel industries. In this process, 

two work pieces which are to be welded will be clamped in the electrode holders and a high pulsed current in 

the range of 100000 ampere is supplied to the work piece material. In this two electrode holders are used in 

which one is fixed and other is movable. Initially the current is supplied and movable clamp is forced against 

the fixed clamp due to contact of these two work pieces at high current, flash will be produced. When the 

interface surface comes into plastic form, the current is stopped and axial pressure is increased to make joint. 

In this process weld is formed due to plastic deformation.  

 
Butt welding is applied in manufacturing of wheel rims, wire joints and railway track joints etc. 

Applications of Electric Resistance Welding: 

 Resistance welding is widely used in automotive industries. 

 Projection welding is widely used in production of nut and bolt. 

 Seam welding is used to produce leak prove joint required in small tanks, boilers etc. 

 Flash welding is used to welding pipes and tubes. 

Advantages of Electric Resistance Welding: 

 It can weld thin (0.1 mm) as well as thick (20mm) metals. 

 High welding speed. 

 Easily automated. 

 Both similar and dissimilar metals can be weld. 

 The process is simple and fully automated so does not required high skilled labor. 

 High production rate. 

 It is environment friendly process. 

 It does not require any filler metal, flux and shielding gases. 

Disadvantages of Electric Resistance Welding: 

 High equipment cost. 

 The thickness of work piece is limited due to current requirement. 

 It is less efficient for high conductive materials. 

 High electric power required. 

 Weld joints have low tensile and fatigue strength. 

Welding Fluxes: 
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Weld flux is a chemical purifying agent, flowing agent or cleaning agent. It is commonly used in metal joining 

and metallurgy. It is a material used to promote the fusion of metals and is employed in welding. The primary 

purpose of weld flux is to prevent oxidation of the base and filler materials during the welding process. 

Some examples of flux materials include: 

 Ammonium chloride 

 Zinc chloride 

 Hydrochloric acid 

 Borax 

Welding flux is a combination of carbonate and silicate materials used in welding processes to shield the weld 

from atmospheric gases. When the heat of the weld zone reaches the flux, the flux melts and outgases. The 

gases produced push the atmospheric gas back, preventing oxidation (and reactions with nitrogen). 

The melted flux covers the molten metal in the weld zone. Flux materials are chosen so that the density of the 

melted flux / slag is lower than that of the metal being welded, so that the flux floats to the top of the weld 

puddle and leaves pure or nearly pure metal to solidify below. 

Functions: 

Flux is mainly used for the following purposes 

 It prevents the oxidation of the surface of the weld which can contaminate the welded portion.(Metals 

at high temperature forms oxides which results into poor surface) 

 It helps in forming alloy at the welded portion which improves the strength. 

 In arc welding the flux coating helps in directioning the spark that's why the electrode is kept concave 

in shape so that spark can be precisely directed towards the cavity where welding has to be performed. 

Types of Granular Fluxes: 

The methods used to manufacture fluxes determine the flux types.  There are- 

 Fused fluxes,  

 Bonded fluxes,  

 Agglomerated fluxes, and  

 Mechanically mixed fluxes.  

Types of Granular Fluxes: 

 When manufacturing fused fluxes, raw materials are melted into a liquid state with a high temperature 

electric furnace.  The material is then cooled and crushed or ground into the desired particle size. 

 When making bonded fluxes, the ingredients are dry mixed, then glued together with a liquid binder.  

This binder may be a liquid such as sodium silicate.  After the particles are bonded, they are baked and 

then sifted through a sieve to attain flux particles of the desired size. 

 Agglomerated fluxes are manufactured much the same way that bonded fluxes are made.  However, 

instead of a liquid binder, a ceramic binder is used.  A higher drying temperature is used, too.  (The 

higher drying temperature limits the use of deoxidizers and alloy elements.) 

 Fluxes that are mechanically mixed are combinations of two or more bonded or agglomerated fluxes.  

Although mechanically mixed fluxes make it possible to create special mixtures for more sensitive 

welds, these fluxes may separate during storage, use, and recovery of flux. 

Arc Welding 

Introduction to Arc Welding: 

The welding process which use the intense heat of an electric arc to form a weld is known as arc welding 

process . All of the arc welding process employ the same basic circuit .It is basically a fusion welding process 

.Contact is first  made between the electrodes and the work to complete an electric circuit and then by 

separating the conductors an arc is formed. The electrical energy is converted into intense heat in the arc 
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which attains a temperature ranging from 30000C to 55000C.The heat forms a pool a of molten metal by 

melting the electrode end and edges of the base metal near the arc. This pool of molten metal on solidification 

becomes the weld .No pressure is generally required to form a weld. 

Principle 

 
Arc welding is a welding process, in which heat is generated by an electric arc struck between an electrode 

and the work piece. 

Any arc welding method is based on an electric circuit consisting of the following parts:  

 Power supply (AC or DC); 

 Welding electrode; 

 Work piece; 

 Welding leads (electric cables) connecting the electrode and work piece to the power supply. 

 Electric arc between the electrode and work piece closes the electric circuit. The arc temperature may 

reach 5500°C, which is sufficient for fusion the work piece edges and joining them. 

 When a long join is required the arc is moved along the joint line. The front edge of the weld pool 

melts the welded surfaces when the rear edge of the weld pool solidifies forming the joint. 

 When a filler metal is required for better bonding, filling rod (wire) is used either as outside material 

fed to the arc region or as consumable welding electrode, which melts and fills the weld pool. Chemical 

compositions of filler metal is similar to that of work piece.  

 Molten metal in the weld pool is chemically active and it reacts with the surrounding atmosphere. As a 

result weld may be contaminated by oxide and nitride inclusions deteriorating its mechanical 

properties. Neutral shielding gases (argon, helium) and/or shielding fluxes are used for protection of 

the weld pool from atmospheric contamination. Shields are supplied to the weld zone in form of a flux 

coating of the electrode or in other forms.  

Types  

 Carbon Arc Welding (CAW) 

 Shielded Metal Arc Welding (SMAW) 

 Submerged Arc Welding (SAW) 

 Plasma Arc Welding (PAW) 

 Gas Metal Arc Welding (MIG) 

 Gas Tungsten Arc Welding (TIG) 

Carbon Arc Welding 
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  Carbon Arc Welding (CAW) is a welding process, in which heat is generated by an electric arc struck 

between an carbon electrode and the work piece. The arc heats and melts the work pieces edges, 

forming a joint. 

 Carbon arc welding is the oldest welding process. 

 If required, filler rod may be used in Carbon Arc Welding. End of the rod is held in the arc zone. The 

molten rod material is supplied to the weld pool. 

 Shields (neutral gas, flux) may be used for weld pool protection depending on type of welded metal.   

Advantages of Carbon Arc Welding:  

 Low cost of equipment and welding operation; 

 High level of operator skill is not required; 

 The process is easily automated; 

 Low distortion of work piece. 

Disadvantages of Carbon Arc Welding:  

 Unstable quality of the weld (porosity); 

 Carbon of electrode contaminates weld material with carbides. 

Carbon Arc Welding has been replaced by Tungsten Inert Gas Arc Welding (TIG, GTAW) in many applications. 

 

Modification of Carbone Arc Welding is Twin Carbon Electrode Arc Welding, utilizing arc struck between two 

carbon electrodes. 

Work piece is not a part of welding electric circuit in Twin Carbon Electrode Arc Welding, therefore the 

welding torch may be moved from one work piece to other without extinguishing the arc. 

Shielded Metal Arc Welding 
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Shielded metal arc welding (Stick welding, Manual metal arc welding) uses a metallic consumable electrode 

of a proper composition for generating arc between itself and the parent work piece. The molten electrode 

metal fills the weld gap and joins the work pieces. 

This is the most popular welding process capable to produce a great variety of welds. 

The electrodes are coated with a shielding flux of a suitable composition. The flux melts together with the 

electrode metallic core, forming a gas and a slag, shielding the arc and the weld pool. The flux cleans the metal 

surface, supplies some alloying elements to the weld, protects the molten metal from oxidation and stabilizes 

the arc. The slag is removed after solidification. 

Advantages of Shielded Metal Arc Welding (SMAW):  

 Simple, portable and inexpensive equipment; 

 Wide variety of metals, welding positions and electrodes are applicable; 

 Suitable for outdoor applications. 

Disadvantages of Shielded Metal Arc Welding (SMAW):  

 The process is discontinuous due to limited length of the electrodes; 

 Weld may contain slag inclusions; 

 Fumes make difficult the process control. 

Submerged Arc Welding 

 
Submerged Arc Welding is a welding process, which utilizes a bare consumable metallic electrode producing 

an arc between itself and the work piece within a granular shielding flux applied around the weld. 

Downloaded from  be.rgpvnotes.in

Page no: 16 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


The arc heats and melts both the work pieces edges and the electrode wire. The molten electrode material is 

supplied to the surfaces of the welded pieces, fills the weld pool and joins the work pieces. 

Since the electrode is submerged into the flux, the arc is invisible. The flux is partially melts and forms a slag 

protecting the weld pool from oxidation and other atmospheric contaminations.  

Advantages of Submerged Arc Welding (SAW):  

Very high welding rate; 

 The process is suitable for automation; 

 High quality weld structure. 

Disadvantages of Submerged Arc Welding (SAW):  

 Weld may contain slag inclusions; 

 Limited applications of the process - mostly for welding horizontally located plates. 

Plasma Arc Welding 

Introduction 

Plasma arc welding is a liquid state welding process in which, the metal to metal joint forms in molten state. 

The hot ionized gases are known as Plasma. These hot ionized gases used to heating the work plates, and the 

joint is created due to fusion. This welding process is same as TIG welding process except plasma is used to 

weld the work pieces instead of arc. Filler material may or may not be used in this type of welding. One big 

advantage of plasma arc welding is that, it uses less current input compare to TIG or MIG processes to produce 

same heat. 

Principle 

The hot ionized gases are known as plasma. When a sufficient amount of energy provided to any inert gas, 

some of its electrons breaks free from its nucleus but travel with it. After the electrons leave, the atoms are 

converted into hot ionized state. It is most common state of matter witch is known as fourth state of matter. 

These ionized atoms have high heat contain which is further used to join two plates. This is basic principle of 

plasma arc welding.   

 
This welding is extended form of TIG welding in which, a non consumable tungsten electrode is used to 

produce arc. This arc heats up the inert gases which are provided from inner orifice around tungsten 

electrode. The heating temperature is about 30000C at which the gas converts into ionized form. This hot 

ionized gas further used to create a welding joint by fusion. 

Equipment 
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Power Source 

PAW process needed a high power DC supply to generate electric spark in between tungsten electrode and 

welding plates (For transferred PAW Process) or in between tungsten electrode and discharge nozzle (For 

Non-transferred PAW process). One of the main features of plasma arc welding which make it different from 

TIG, is its low ampere welding capability. This welding can weld at low ampere of about 2 amp and maximum 

current which it can handle is about 300 amp. It needs about 80 volts for proper working. The power source 

consist transformer, rectifier and control console.  

Plasma Arc Torch 

This is most important part of PAW process. This torch is quite similar as used in TIG welding but too complex. 

It consist four main parts which are tungsten electrode, collets, inner nozzle, and outer nozzle. The tungsten 

electrode is hold by the collet. The collet is available in varying diameters. The inner gas nozzle supply inert 

gases inside the torch to form plasma. The outside nozzle supply shielding gases which protect the weld area 

from oxidation.  These nozzles wear out rapidly. PAW torches are water cooled because arc is contained inside 

the torch which produces high heat, so a water jacket is provided outside the torch.  

Shielding & Plasma Gas Supply 

Generally, plasma gas is same as shielding gas which is supplied by a same source. Mainly inert gases like 

argon, Helium etc. are used as both inert and shielding gases. This gas is supplied at both inert and outer 

nozzles.  

Filler Material 

Mostly no filler material is used in this welding process. If filler material is used, it is directly feed into weld 

zone.  

Non-transferred plasma arc welding: 

In this welding process, straight polarity DC current is used. In this process, the tungsten electrode is 

connected to the negative and the nozzle is connected to the positive pole. The arc produces between 

tungsten electrode and nozzle inside the torch. This will increase the ionization of gas inside the torch. The 

torch transfers this ionized gas for further process. It is used to weld thin sheets. 

Transferred plasma arc welding: 

This process also uses straight polarity DC current. In this process, the tungsten electrode is connected to the 

negative terminal and the work piece is connected to the positive terminal. The arc is produces between 

tungsten electrode and work piece. In this process both plasma and arc transferred to the work piece which 

increases the heating capacity of process. It is used to weld thick sheets. 

Working 

This welding works on same as TIG instead, plasma is used to heat up the parent material. Its working can be 

summarized as follow. 

 First the work pieces are properly cleaned. The power source supply power which produces arc 

between tungsten electrode and nozzle, or tungsten electrode and work piece. 

 The tungsten electrode gives a high intense arc which is used to ionization of gas particles and converts 

orifice gases into plasma. This hot ionized gas is supplied to the welding plates from a small orifice. 
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 The shielding gases like argon etc. are supplied through pressure valve and regulating valve to the 

outer nozzle of welding torch. These gases create a shield around the welding area which protect it 

from atmospheric gases like oxygen, nitrogen etc. 

 The plasma strikes the welding plates and fuses it into one piece. Next the welding torch is moved in 

the direction of welding. 

 If the welding required filler material, it is fed by the welder manually. 

 This is whole working process of plasma arc welding. 

Applications 

 This welding is used in marine and aerospace industries. 

 It is used to weld pipes and tubes of stainless steel or titanium. 

 It is mostly used in electronic industries. 

 It is used to repair tools, die and mold. 

 It is used to welding or coating on turbine blade. 

Advantages 

 High welding speed. 

 High energy available for welding. It can be easily used to weld hard and thick work pieces. 

 The distance between tool and work piece does not effects the arc formation. 

 Low power consumption for same size weld. 

 More stable arc produced by PAW method. 

 High intense arc or high penetration rate. 

 It can work at low amperage. 

Disadvantages 

 Higher equipment cost. 

 Noisy operation. 

 More radiation. 

 High skill labor required. 

 High maintenance cost. 

Tungsten Inert Gas Welding(TIG) 

Introduction 

TIG stands for tungsten inert gas welding or sometimes this welding is known as gas tungsten arc welding. In 

this welding process, the heat required to form weld is provided by a very intense electric arc which is form 

between tungsten electrode and work piece. In this welding a non-consumable electrode is used which does 

not melt. Mostly no filler material is required in this type of welding but if it is required, a welding rod fed into 

the weld zone directly and melted with base metal. This welding is mostly used for welding aluminum alloy.  

Principle 

TIG welding works on same principle of arc welding. In a TIG welding process, a high intense arc is produced 

between tungsten electrode and work piece. In this welding mostly work piece is connected to the positive 

terminal and electrode is connected to negative terminal. This arc produces heat energy which is further used 

to join metal plate by fusion welding. A shielding gas is also used which protect the weld surface from 

oxidization. 

Equipment 
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Power Source 

The fi st u it of e uip e t s is powe  sou e. A high u rent power source needed for TIG welding. It uses 

both AC and DC power source. Mostly DC current is used for stainless steel, Mild Steel, Copper, Titanium, 

Nickel alloy, etc. and AC current is used for aluminum, aluminum alloy and magnesium. Power source consist a 

transformer, a rectifier and electronic controls. Mostly 10 – 35 V is required at 5-300 A current for proper arc 

generation.  

TIG Torch 

It is a most important part of TIG welding. This torch has three main parts, tungsten electrode, collets and 

nozzle. This torch is either water cooled or air cooled. In this torch, collet is used to hold the tungsten 

electrode. These are available in varying diameter according to diameter of tungsten electrode. The nozzle 

allows the arc and shielded gases to flow into welding zone. The nozzle cross section is small which gives high 

intense arc. There are passes of shielded gases at nozzle. The nozzle of TIG needs to replace in regular interval 

because it wear out due to presence of intense spark. 

Shielding Gas Supply System 

Normally argon or other inert gases are used as shielded gas. The main purpose of shielded gas to protects the 

weld from oxidization. Shielded gas does not allow coming oxygen or other air into welded zone. The selection 

of inert gas is depends upon metal to be welded. There is a system which regulates the flow of shielded gas 

into welded zone. 

Filler Material 

Mostly for welding thin sheets no filler material is used. But for thick weld, filler material is used. Filler 

material is used in form of rods which are directly feed into weld zone manually. 

Working 

Working of TIG welding can be summarized as follow.  
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 First, a low voltage high current supply supplied by the power source to the welding electrode or 

tungsten electrode. Mostly, the electrode is connected to the negative terminal of power source and 

work piece to positive terminal. 

 This current supplied form a spark between tungsten electrode and work piece. Tungsten is a non –
consumable electrode, which give a highly intense arc. This arc produced heat which melts the base 

metals to form welding joint. 

 The shielded gases like argon, helium is supplied through pressure valve and regulating valve to the 

welding torch. These gases form a shield which does not allow any oxygen and other reactive gases 

into the weld zone. These gases also create plasma which increases heat capacity of electric arc thus 

increases welding ability. 

 For welding thin material no filler metal is required but for making thick joint some filler material used 

in form of rods which fed manually by the welder into welding zone. 

Applications 

 Mostly used to weld aluminum and aluminum alloys. 

 It is used to weld stainless steel, carbon base alloy, copper base alloy, nickel base alloy etc. 

 It is used to welding dissimilar metals. 

 It is mostly used in aerospace industries. 

Advantages 

 TIG provides stronger joint compare to shield arc welding. 

 The joint is more corrosion resistant and ductile. 

 Wide verity of joint design can form. 

 It does t e ui ed flu . 
 It can be easily automated. 

 This welding is well suited for thin sheets. 

 It provides good surface finish because negligible metal splatter or weld sparks that damage the 

surface. 

 Flawless joint can be created due to non-consumable electrode. 

 More control on welding parameter compare to other welding. 

 Both AC and DC current can be used as power supply. 

Disadvantages 

 Metal thickness to be weld is limited about 5 mm. 

 It required high skill labor. 

 Initial or setup cost is high compare to arc welding. 

 It is a slow welding process. 

Gas Metal Arc Welding(MIG) 

Introduction 

MIG stands for metal inert gas welding or sometimes it is known as Gas Metal Arc welding. This welding is 

same as TIG welding except a non-consumable electrode replaced by consumable electrode wire. This process 

is automated or semi-automated arc welding process in which inert gases are used as shielding gas and a 

consumable wire electrode is used. This is found in every industrial or manufacturing process due to its high 

speed, easy operation and easily automated qualities. It is mostly used in sheet metal industries or 

in automobile industries.  

Principle 

MIG works on same principle of TIG or arc welding. It works on basic principle of heat generation due to 

electric arc. This heat is further used to melt consumable electrode and base plates metal which solidify 
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together and makes a strong joint. The shielded gases are also supplied through nozzle which protect the weld 

zone from other reactive gases. This gives good surface finish and a stronger joint. 

Equipment 

 
Equipment:- 

Power Source 

In this type of welding process, a DC power supply is used with reverse polarity. Reverse polarity means the 

electrode or in case of MIG welding electrode wire is connected positive terminal and work piece to negative 

terminal. It is due to principle of electric circuit which state that 70% of heat is always on positive side. So 

reverse polarity ensures that the maximum amount of heat liberate at tool side which melt the filler metal in 

proper way. Straight polarity can cause unstable arc that result into large spatter. The power source consist a 

power supply, a transformer, a rectifier which change AC into DC and some electronic controls which control 

the current supply according to weld requirement.  

Wire Feeder System 

We know that MIG welding needs continuous consumable electrode supply for welding two plates. This 

consumable electrode used in form of wire. These wire is continuously supplied by wire feed mechanism or 

system. It controls the speed of the wire and also pushes the wire form welding torch to welding area. These 

are available in different shapes and sizes. It consist a wire pool holder, a driving motor, a set of driving rollers 

and wire feed controls. The wire feed speed is directly control the current supply through power supply. If the 

wire feeding speed is high, it required more current in welding zone to produce proper heat for melting of it. 

Welding Torch 

This torch is slightly different as used in TIG welding. In this torch there is a mechanism which hold the wire 

and supply it continuously with the help of wire feed. The front end of the torch is fitted with a nozzle. The 

nozzle is used to supply inert gases. These gases form a shielding area around the weld zone and protect it 

from oxidization. The welding torch is air cooled or water cooled according to the requirement. For high 

current supplied, the torch is water cooled and for low supply it is air cooled. 

Shielding Gas 

The primary function of shielding gases is to protect weld area from other reactive gases like oxygen etc. 

which can affect the strength of welding joint. These shielding gases are also form plasma which helps in 

welding. The choice of gas is depend on the welding material. Mostly argon, helium and other inert gases are 

used as shielding gases.  

Regulators 

As the name implies, they are used to regulate the flow of inert gases from the cylinder.  The inert gases are 

filled into cylinder at high pressure. These gases cannot be used at this pressure so a regulator is used 

between the gases supply which lower down the gases pressure according to welding requirements. 
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Working 

Its working can be summarized as follow. 

  First, a high voltage current is change into DC current supply with high current at low voltage. This 

current passes though welding electrode. 

 A consumable wire is used as electrode. The electrode is connected to the positive terminal and work 

piece from negative terminal. 

 A fine intense arc will generate between electrode and work piece due to power supply. This arc used 

to produce heat which melts the electrode and the base metal. Mostly electrode is made by the base 

metal for making uniform joint. 

 This arc is well shielded by shielding gases. These gases protect the weld form other reactive gases 

which can damage the strength of welding joint. 

 This electrode travels continuously on welding area for making proper weld joint. The angle of the 

direction of travel should be kept between 10-15 degree. For fillet joints the angle should be 45 

degree. 

Applications 

 MIG is best suited for fabrication of sheet metal. 

 Generally all available metals can be weld through this process. 

 It can be used for deep groove welding. 

Advantages 

 It provide higher deposition rate. 

 It is faster because it supply filler material continuously. 

 It produce clean weld with better quality. 

 There is no slag formation. 

 Minimize weld defects. 

 This welding produces very little slag. 

 It can be used to make deep groove weld. 

 It can be easily automated. 

Disadvantages 

 It cannot be used for welding in difficult to reach portions. 

 Higher initial or setup cost. 

 It cannot be used for outdoor work because wind can cause damage of gas shield. 

 It required high skilled labor. 
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MIG WELDING TIG WELDING 

This welding is known as metal inert gas welding. This is known as tungsten inert gas welding. 

Metal rod is used as electrode and work piece used as another 

electrode. 

Tungsten rod is used as electrode. 

It is gas shielded metal arc welding. It is gas shielded tungsten arc welding. 

Continuous feed electrode wire is used which are fast feeding. Welding rods are used which are slow feeding. 

The welding area is flooded with a gas which will not combine 

with the metal. 

Gas is used to protect the welded area form atmosphere. 

MIG can weld materials such as mild steel, stainless steel and 

aluminum. A range of material thicknesses can be welded from 

thin gauge sheet metal right up to heavier structural plates. 

TIG weld things like kitchen sinks and tool boxes. Pipe wel

and other heavier tasks can also be performed, you just nee

have a unit that is capable of putting out the amount of p

that you need. 

MIG requires consumable metallic electrode. It uses non consumable tungsten electrode 

Electrode is feeded continuously from a wire reel. It does not require electrode feed. 

DC with reverse polarity is used. It can use both A.C and D.C. 

Filler metal is compulsory used. Filler metal may or may not be used. 

It can weld up to 40 mm thick metal sheet. Metal thickness is limited about 5 mm.  

MIG is comparatively faster than TIG. TIG is a slow welding process. 

 

Thermite Welding 

Introduction 

Thermite welding is a liquid state welding process in which the metal to metal joint created by melting of base 

material or applying filler material in liquid form. This welding is further classified into chemical welding 

process because the heat required for melting the base material or filler material is achieved by exothermic 

he i al ea tio . The wo d the ite  is used fo  i tu e of alu i u  etal a d i o  o ide i  atio of 1:3. 
This welding is mostly used to welding railroads and electric connectors.  

Principle 

As we discussed thermite welding is a liquid state chemical welding process, in which joint formation takes 

place in molten state. Practically, it is combination of welding and casting process in which, the molten iron 

poured at the welding plates and allow solidifying to make a permanent strong joint. The molten state of iron 

creates without application of external heat or conventional furnace so this is taken as a welding process. In 

this type of welding, a mixture of aluminum and iron oxide is used in ratio 1:3 by weight. This mixture 

chemically reacts as follow. 

8 Al + 3 Fe3O4 –> 9 Fe + 4 Al2O3 + Heat 

This reaction gives aluminum oxide and iron and also liberate a huge amount of heat which coverts this 

mixture into molten state. Because the molten iron have higher density compare to aluminum oxide so it 

remains bottom of the crucible. There is an opening at bottom of the crucible from where, this molten iron 

poured at the required plates where we want to create joint.  This is basic principle of thermite welding. 
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Equipment :- Refectory Crucible 

The thermite mixture of iron oxide and aluminum reacts in a refectory crucible. This crucible is made by 

graphite or other suitable refectory materials, which can handle temperature around 3000°C.  There is a gate 

at bottom of the crucible for exit of molten metal. The slag form by aluminum oxide floats over molten metal 

due to density difference which is removed from there. 

Thermite Mixture 

A mixture of aluminum and iron oxide in proper ratio known as thermite mixture. The ratio of aluminum to 

iron oxide is about 1:3 by weight. In the copper thermite welding copper oxide with aluminum mixture is used.  

Mold 

In the thermite welding mold is created by either graphite or sand. Graphite molds are permanent mold which 

is used to make various similar joints. Sand mold are used where the joint design is different every time. For 

making sand mold, wax pattern is used. This mold made around the part that needs to be welded. It receives 

the molten metal. The mold contains runner, riser, gating system, heat opening etc. same as used in casting.  

Wax Pattern 

Wax pattern is used to make sand mold around the welding work pieces. The sand is rammed around the wax 

pattern to make sand mold. After proper ramming action, the mold is heated which removes the wax pattern 

by melting of it. 

Molding Flask  

The sand mold creates into the molding flask. The wax pattern which is created around the weld cavity, is 

placed at the middle of the flask. The molding sand rammed into the flask to make sand mold. 

Mold handle clamp: 

This is a clamp which is used to fix molding flask around the welding plates. 

Ignite powder 

To ignite the thermite mixture, preheating of this mixture is essential, which is done by ignite powder. It is 

highly inflammable powder which can achieve the maximum temperature of 1300°C which is essential to start 

thermite reaction. 

Working 

Thermite welding is similar like a casting process in which the molten state of metal is created by the chemical 

reaction. Its working can be summarized as follow- 

 First both the work pieces which are needed to be weld, are cleaned. 

 Now a wax pattern is created around the weld cavity. 

 A molding flask is fixed around the joint with the help of mold handle clamp. This wax pattern is 

situated at the middle of the flask. 
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 Now the molding sand rammed around the wax pattern to create mold in which the molten metal will 

pour. This mold involves all necessary parts like runner, riser, pouring basin, gating system, opening for 

wax pattern etc. same as involves in casting. 

 Now this mold is heated to remove wax pattern. The wax is 

melted and run off from the wax pattern outlet prepared at bottom of the sand mold. 

 Now the thermite mixture is taken into the refectory crucible. The ignite powder is placed over the 

mixture. This mixture is ignited by a magnesium ribbon. 

 This will start the thermite reaction which liberates a huge amount of heat. This reaction form molten 

state of iron which flows from crucible to sand mould. 

 This molten metal fills the weld cavity and fuses the parent metal to make a permanent joint. This will 

allow to cool down. After proper cooling, flask is removed from the joint. 

 After removing the flask, machining is done to remove the welding burr or other extra metal. 

Applications 

 It is mostly used to weld railroad at the site. 

 They are used to repair heavy castings. 

 It is used to weld cable connectors of copper. 

 It is used to make structure joints in large ships etc. 

 It is used to joint pipe, thick plate etc. where power supply is not available. 

Advantages 

 It is simple and easy process. 

 Low setup cost. 

 Metal joining rate is high. 

 Thermite welding can be done at site where casting is impossible. 

 This can be used where power supply is not available. 

Disadvantages 

 It is used for limited metals like iron and copper. 

 It is uneconomical for welding light parts. 

 Highly depends on environmental condition like moisture contain, work piece alignment etc. 

Welding Defects 

Introduction 

 The defects in the weld can be defined as irregularities in the weld metal produced due to incorrect 

welding parameters or wrong welding procedures or wrong combination of filler metal and parent 

metal. 

 Weld defect may be in the form of variations from the intended weld bead shape, size and desired 

quality. Defects may be on the surface or inside the weld metal. Certain defects such as cracks are 

never tolerated but other defects may be acceptable within permissible limits.  

 Welding defects may result into the failure of components under service condition, leading to serious 

accidents and causing the loss of property and sometimes also life. 

 Various welding defects can be classified into groups such as cracks, porosity, solid inclusions, lack of 

fusion and inadequate penetration, imperfect shape and miscellaneous defects. 

Cracks  

Cracks may be of micro or macro size and may appear in the weld metal or base metal or base metal and weld 

metal boundary. Different categories of cracks are longitudinal cracks, transverse cracks or radiating/star 

cracks and cracks in the weld crater. Cracks occur when localized stresses exceed the ultimate tensile strength 

of material. These stresses are developed due to shrinkage during solidification of weld metal. 
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Cracks may be developed due to poor ductility of base metal, high sulpher and carbon contents, high arc travel 

speeds i.e. fast cooling rates, too concave or convex weld bead and high hydrogen contents in the weld metal. 

 
Porosity  

Porosity results when the gases are entrapped in the solidifying weld metal. These gases are generated from 

the flux or coating constituents of the electrode or shielding gases used during welding or from absorbed 

moisture in the coating. Rust, dust, oil and grease present on the surface of work pieces or on electrodes are 

also source of gases during welding. Porosity may be easily prevented if work pieces are properly cleaned from 

rust, dust, oil and grease. Further, porosity can also be controlled if excessively high welding currents, faster 

welding speeds and long arc lengths are avoided flux and coated electrodes are properly baked. 

 
Solid Inclusion  

Solid inclusions may be in the form of slag or any other nonmetallic material entrapped in the weld metal as 

these may not able to float on the surface of the solidifying weld metal. During arc welding flux either in the 

form of granules or coating after melting, reacts with the molten weld metal removing oxides and other 

impurities in the form of slag and it floats on the surface of weld metal due to its low density. However, if the 

molten weld metal has high viscosity or too low temperature or cools rapidly then the slag may not be 

released from the weld pool and may cause inclusion. 

Slag inclusion can be prevented if proper groove is selected, all the slag from the previously deposited bead is 

removed, too high or too low welding currents and long arcs are avoided. 

 
Lack of Fusion and Inadequate or incomplete penetration:  

Lack of fusion is the failure to fuse together either the base metal and weld metal or subsequent beads in 

multi pass welding because of failure to raise the temperature of base metal or previously deposited weld 

layer to melting point during welding. Lack of fusion can be avoided by properly cleaning of surfaces to be 

welded, selecting proper current, proper welding technique and correct size of electrode. 
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Incomplete penetration means that the weld depth is not upto the desired level or root faces have not 

reached to melting point in a groove joint. If either low currents or larger arc lengths or large root face or small 

root gap or too narrow groove angles are used then it results into poor penetration. 

 
Imperfect Shape  

 Imperfect shape means the variation from the desired shape and size of the weld bead. 

 During undercutting a notch is formed either on one side of the weld bead or both sides in which 

stresses tend to concentrate and it can result in the early failure of the joint. Main reasons for 

undercutting are the excessive welding currents, long arc lengths and fast travel speeds. 

 Under filling may be due to low currents, fast travel speeds and small size of electrodes. Overlap may 

occur due to low currents, longer arc lengths and slower welding speeds. 

 Excessive reinforcement is formed if high currents, low voltages, slow travel speeds and large size 

electrodes are used. Excessive root penetration and sag occur if excessive high currents and slow travel 

speeds are used for relatively thinner members. 

 Distortion is caused because of shrinkage occurring due to large heat input during welding. 

 
Welding Machines 

Characteristics of  A.C. Welding Machine:  

 A.C. welding machine is cheaper, small in size, light in weight and simple to operate. 

 Maintenance of A.C. welding machine is easier and more economical, because there is no moving part 

in it. 

 Heat generated is equal at both the poles, so it does not require changing of polarity. 

 A.C. welding machine is not suitable for welding all metals particularly non-ferrous metals and alloys. 

 Bare electrode cannot be used. Only specially designed coated electrodes can be used. 

 A.C. welding machine is not suitable for welding of sheet metals due to difficulty in starting the arc. 

 The problem of arc-blow can be easily controlled. 

 Voltage drop in A.C. is less, hence, can be used at a large distances from the power supply. 

 It can only be used when A.C. power supply is available. 

 Less electric energy consumption per kg of metal deposited (3 to 4 kWh.). 

 A.C. Welding machine has high efficiency (0.8 to 0.85). 
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 A.C. Welding machine has lower operating cost. 

 A.C. Welding machine has a disadvantage of using low power factor at the welding station, (0.3 to 0.4).  

Characteristics of  D.C. Welding Machine:  

 D.C. welding machine is two to three times costlier, larger in size, heavier in weight and is more 

complicated. 

 Maintenance cost is higher because of many moving parts in it. 

 Heat generated is different at the work and the electrode by changing the polarity. 

 D.C. welding machine is suitable for welding all types of metals by changing the polarity. 

 Both coated and bare electrode can be used in D.C. welding machine. 

 It is used for all sorts of work as starting of the arc is easier comparatively. 

 Arc-blow is severe and difficulty to control. 

 Voltage drop is relatively higher, it can be used only at a short distance from the power supply. 

 It can be used anywhere with engine driven D.C. generator or by rectified A.C. supply. 

 Higher electric energy consumption per kg of metal deposited (6 to 10 kWh). 

 Efficiency of D.C. Welding machine is low only 0.3 to 0.6. 

 It has higher operating cost. 

 The motor in a D.C. Welding has an advantage of high power factor of 0.6 to 0.7. 

Brazing & Soldering 

Introduction 

Both brazing and soldering are the metal joining processes in which parent metal does not melt but only filler 

metal melts filling the joint with capillary action. If the filler metal is having melting temperature more than 

450°C but lower than the melting temperature of components then it is termed as process of brazing or hard 

soldering. However, if the melting temperature of filler metal is lower than 450°C and also lower than the 

melting point of the material of components then it is know as soldering or soft soldering.  

During brazing or soldering flux is also used which performs the following functions: 

 Dissolve oxides from the surfaces to be joined. 

 Reduce surface tension of molten filler metal i.e. increasing its wetting action or spreadability. 

 Protect the surface from oxidation during joining operation. 

The strength of brazed joint is higher than soldered joint but lower than welded joint. However, in between 

weldi g a d azi g the e is a othe  p o ess te ed as aze weldi g'. 
Braze Welding:  

Unlike brazing, in braze welding capillary action plays no role but the filler metal which has liquidus above 450 

° C but below the melting point of parent metal, fills the joint like welding without the melting of edges of 

parent metal. During the operation, the edges of the parent metal are heated by oxy-acetylene flame or some 

other suitable heat source to that temperature so that parent metal may not melt but melting temperature of 

filler metal is reached. When filler rod is brought in contact with heated edges of parent metal, the filler rod 

starts melting, filling the joint. If edges temperature falls down then again heat source is brought for melting 

filler rod.  

The molten filler metal and parent metal edges produce adhesion on cooling resulting into strong braze weld.  
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The braze welding filler material is normally brass with 60% Cu and remaining Zn with small additions of tin, 

manganese and silicon. The small additions of elements improve the deoxidizing and fluidity characteristics of 

filler metal. 

Brazing:  

The most commonly used filler metal is copper base zinc alloy consisting of normally 50-60% Cu, 

approximately 40% Zn, 1% Ni, 0.7 % Fe and traces of Si and Mn, which is brass and termed as 'spelter'. In some 

cases around 10% Ni may also be added to filler alloys. Copper base alloys may be available in the form of rod, 

strip and wire. Silver brazing filler metal may consists of 30-55% Ag, 15-35% Cu, 15-28% Zn, 18-24% Cd and 

sometimes 2-3% Ni or 5% Sn. Silver brazing alloys are available in form of wire, strip, rods and powders. 

Borax and boric acid are commonly used fluxes for brazing with copper base filler metals. Many other 

commercial fluxes may be available in the form of paste or liquid solution leading to ease of application and 

adherence to the surface in any position. 

Brazing Methods: 

Various commonly used method of brazing are followings: 

 Torch Brazing 

Torch brazing utilizes the heat of oxy-acetylene flame with neutral or reducing flame. Filler metal may 

be either preplaced in form of washers, rings, formed strips, powders or may be fed manually in form 

of rod. 

 Dip Brazing 

In dip brazing components with filler metal in proper form is preplaced at the joint and assembly is 

dipped in bath of molten salt which acts as heat source as well as flux for brazing. Preplaced preform 

melts and fills the joint. Another variant is to dip assembled parts in metallic bath and metal of bath 

fills the joint. 

 Furnace Brazing 

Self fixturing assembly with preplaced filler metal is placed inside electrically heated furnace with 

temperature control for heating and cooling. These furnaces may also be using protective atmosphere 

with inert gases like argon and helium or vacuum for brazing of reactive metal components. 

 Infra-red Brazing 

The heat for brazing is obtained from infra-red lamps. Heat rays can be concentrated at desired area or 

spot with concave reflectors. Such method of brazing requires automation and parts to be joined 

should be self fixturing. Filler metal is to be preplaced in the joint. The operation can be performed in 

air or in inert atmosphere or in vacuum. 

 Induction Brazing 

The heat is generated by induced current into the workpiece from a water cooled coil which surrounds 

the workpieces to be brazed. High frequencies employed vary from 5 to 400 kHz. Higher the frequency 

of current, shallow is the heating effect while lower frequencies of current lead to deeper heating and 

so it can be employed for thicker sections. Fluxes may or may not be used during brazing. 

 Resistance Brazing 

In resistance brazing the heat is generated at the interfaces to be brazed by resistive heating. The 

components are connected to high current and low voltage power supply through two electrodes 

under pressure. Only those fluxes are used which are electrically conductive and filler metal is 

preplaced. 

Soldering:  

The soldering filler metal is called solder. The most commonly used solder is lead and tin alloy containing tin 

ranging from 5 to 70% and lead 95 to 30%. Higher the contents of tin, lower the melting point of alloy. Other 
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filler metal are tin-antimony solder (95% tin and 5% antimony), tin-silver solder (tin 96% and silver 4%), lead-

silver solder (97% lead, 1.5 tin and 1.5 silver), tin-zinc solder (91 to 30% tin and 9 to 70% zinc), cadmium-silver 

solder (95% cadmium and 5% silver). These are available in the form of bars, solid and flux cored wires, sheet, 

foil, ribbon and paste or cream. 

Fluxes used in soldering are ammonium chloride, zinc chloride, rosin and rosin dissolved in alcohol. 

Soldering Methods: 

 Various soldering methods are soldering with soldering irons, dip soldering, torch soldering, oven 

soldering, resistance soldering, induction soldering, infra-red and ultrasonic soldering. 

 Soldering iron being used for manual soldering, consists of insulated handle and end is fitted with 

copper tip which may be heated electrically or in coke or oil/gas fired furnace. Solder is brought to 

molten state by touching it to the tip of the soldering iron so that molten solder can spread to the joint 

surface. 

 Ultrasonic soldering uses ultrasonic i.e. high frequency vibrations which break the oxides on the 

surface of workpieces and heat shall be generated due to rubbing between surfaces. This heat melts 

the solder and fills the joint by capillary action. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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