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Syllabus  

Types of welding, Gas welding method, flames, gas cutting, Electric arc welding, AC and DC welding machines and their 

characteristics, flux, electrodes, submerged arc welding, TIG & MIG welding;  

Pressure welding; Electric resistance welding spot, seam and butt welding;  

Thermit chemical welding; brazing and soldering, welding defects & remedies. Safety precautions. 

Welding 

Welding is a process of permanent joining two materials (usually metals) through localized coalescence 

resulting from a suitable combination of temperature, pressure and metallurgical conditions. Depending upon 

the combination of temperature and pressure from a high temperature with no pressure to a high pressure 

with low temperature, a wide range of welding processes has been developed.  

 

• A eld is ade he  sepa ate pie es of ate ial to e joi ed o i e a d fo  o e pie e he  heated to 
a temperature high enough to cause melting, Filler material is typically added to strengthen the joint.  

• Weldi g is a depe da le, effi ie t a d e o o i  ethod fo  pe a e tly joi i g si ila  etals. I  othe  
words, you can weld steel to steel or aluminum to aluminum, but you cannot weld steel to aluminum using 

traditional welding processes.  

• Weldi g is used extensively in all sectors or manufacturing, from earth moving equipment to the aerospace 

industry. 

 

Classification of Welding Process American Welding Society has classified the welding processes as follows. 

Various welding processes differ in the mariner in which temperature and pressure are combined and achieved. 

Welding Processes can also be classified as follows (based on the source of energy):  

1. Gas Welding  

- Oxyacetylene  

- Oxy hydrogen  

2. Arc Welding  

- Carbon Arc  

- Metal Arc  

- Submerged Arc  

- Inert-gas-Welding TIG and MIG  

- Plasma Arc  

- Electro-slag  

3. Resistance Welding  

- Spot  

- Seam  

- Projection  

- Butt Welding  

- Induction Welding  

4. Solid State Welding  

- Friction Welding  

- Ultrasonic Welding  

- Explosive Welding  

- Forge and Diffusion Welding  

5. Thermo-chemical Welding 

- Thermic Welding  

- Atomic H2 Welding (also arc welding)  
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6. Radiant Energy Welding  

- Electron Beam Welding  

- Laser Beam Welding 

Importance of Welding 

Welding is used as a fabrication process in every industry large or small. It is a principal means 

of fabricating and repairing metal products. The process is efficient, economical and dependable as a 

means of joining metals. This is the only process which has been tried in the space. The process finds 

its applications in air, underwater and in space.  

Advantages and Limitation of Welding as a Fabrication Technique  

Welding is mainly used for the production of comparatively simple shape components. It is the 

process of joining the metallic components with or without application of heat, pressure and 

filler metal. Application of welding in fabrication offers many advan tages, however; it suffers 

from few limitations also. Some of the advantage and limitations are given below.  

 

Advantages of welding are:  

1. Permanent joint is produced, which becomes an integral part of work piece.  

2. Joints can be stronger than the base metal if good quality filler metal is used.  

3. Economical method of joining.  

4. It is not restricted to the factory environment.  

 

Disadvantages of welding are:  

1. Labour cost is high as only skilled welder can produce sound and quality weld joint.  

2. It produces a permanent joint which in turn creates the problem in dissembling if of sub-component 

required.  

3. Hazardous fumes and vapours are generated during welding. This demands proper ventilation of welding 

area.  

4. Weld joint itself is considered as a discontinuity owing to variation in its structure, composition and 

mechanical properties; therefore welding is not commonly recommended for critical application where 

there is a danger of life. 

 

Applications of welding: General applications  

 The welding is widely used for fabrication of pressure vessels, bridges, building structures, aircraft 

and space crafts, railway coaches and general applications besides shipbuilding, automobile, 

electrical, electronic and defense industries, laying of pipe lines and railway tracks and nuclear 

installations. 

 Specific components need welding for fabrication includes- 

1. Transport tankers for transporting oil, water, milk etc.  

2. Welding of tubes and pipes, chains, LPG cylinders and other items.  

3. Fabrication of Steel furniture, gates, doors and door frames, and body  

4. Manufacturing white goods such as refrigerators, washing machines, microwave ovens and many 

other items of general applications. 

 

Selection of a Welding Process 

Welding is basically a joining process. Ideally a weld should achieve a complete continuity between 

the parts being joined such that the joint is indistinguishable from the metal in which the joint is 

made. Such an ideal situation is unachievable but welds giving satisfactory service can be made 

in several ways. The choice of a particular welding process will depend on the following factors. 
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1. Type of metal and its  metallurgical characteristi cs 

2. Types of joint, its location and welding position  

3. End use of  the j oint  

4. Cost of production 

5. Structural  (mass)  s ize  

6. Desired performance  

7. Experience and abi lit ies of manpower  

8. Joint accessibility 

9. Joint  des ign  

10. Accuracy  of  assembling required  

11. We ld ing  e q u ip me nt  ava i la b le  

12. Work s eq ue n ce  

13. We ld e r  s k i l l  

 

Conditions for obtaining satisfactory Welds 

To obtain satisfactory welds it is desirable to have:  

 a source of  energy to create  union by  FUSION or PRESSURE  

 a method for removing surface CONTAMINANTS  

 a method for protect ing metal  from atmospheric  CONTAMINATION  

 control of weld METALLURGY 

 

1. Source of Energy 

Energy supplied is usually in the form of heat generated by a flame, an arc, the resistance to an 

electric current, radiant energy or by mechanical means (friction, ultrasonic vibrations or by 

explosion). In a limited number of processes, pressure is used to force weld region to plastic condition. 

In fusion welding the metal parts to be joined melt and fuse together in the weld region. The word 

fusion is synonymous with melting but in welding fusion implies union. The parts to be joined may 

melt but not fuse together and thus the fusion welding may not take place. 

2. Surface Contaminants 

Surface contaminants may be organic films, absorbed gases and chemical compounds of the 

base metal (usually oxides). Heat, when used as a  source of energy, effectively removes organic 

films and adsorbed gases and only oxide film remains to be cleaned. Fluxes are used to clean 

the oxide film and other contaminants to form slag which floats and solidifies above the weld 

bead protecting the weld from further oxidation.  

3. Protecting Metal From Atmospheric Contamination 

To protect the molten weld pool and filler metal from atmospheric contaminants, specially the 

oxygen and nitrogen present in the air, some shielding gases are used. These gases coul d be 

argon, helium or carbon-dioxide supplied externally. Carbon dioxide could also be produced by the 

burning of the flux coating on the consumable electrode which supplies the molten filler metal 

to the weld pool.  

4. Control of Weld Metallurgy 

When the weld metal solidifies, the microstructures formed in the weld and the heat -affectedzone 

(HAZ) region determines the mechanical properties of the joint produced. Pre -heating and post 
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welding heat-treatment can be used to control the cooling rates in the weld and HAZ regions and 

thus control the microstructure and properties of the welds produced. Deoxidants and alloying 

elements are added as in foundry to control the weld -metal properties. 

The foregoing discussion clearly shows that the status of welding has now changed from skill 

to science. A scientific understanding of the material and service requirements of the joints is 

necessary to produce successful welds which will meet the challenge of hostile service requirements. 

 

Gases – Oxygen, acetylene, and liquefied petroleum gas (LPG) 

Following Table sets out the flame temperatures of various fuel gases. 

 
 

The combination of oxygen and acetylene in near equal proportions produces a flame that has the intense heat (3000 

°C) required to melt most metals. 

Gas welding equipment 

Fusion welding operations require a cylinder of oxygen and acetylene, regulators for both gases, flashback arrestors, 

correct couplings and hoses, blowpipe, mixer and welding tips. Oxygen and acetylene gases are set at equal 

pressures of approximately 50 to 75 kPa. Fig shows common welding equipment, blowpipe and swaged welding tip. 

The swaged tip provides smooth gas flow and a soft, quiet neutral flame for all welding purposes. 

      
 

Oxy-acetylene flames Characteristics of the oxy-acetylene flame Oxy-acetylene blowpipes utilise the Bunsen burner 

principle of mixing gases together before they reach the point at which combustion is to take place. This prior 

mixing of the gases produces a much hotter and shorter flame than when fuel gases are simply allowed to flow out 

into the air and burn. 

 

Chemistry of the oxy-acetylene flame The maximum temperature obtainable from the oxy-acetylene flame is 

approximately 3300 °C, (oxy-coal gas flame: 2000 °C, oxy-hydrogen flame: 2300 °C, air-acetylene: 2400 °C, liquid 

petroleum gas: 2700 °C), and the heat concentration is 1–2 mm in front of the extreme tip of the inner cone. 

Combustion is recognised as taking place in two main stages. Oxygen and acetylene (O2 and C2 H2 ), in a 1:1 ratio, 

burn in the inner white cone. In the cone two separate reactions take place, the oxygen combines with the carbon 

of the acetylene to form carbon monoxide (CO) while hydrogen (H2 ) is liberated. Two more separate reactions 
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take place in the outer envelope to complete combustion. The carbon monoxide takes up oxygen from the 

atmosphere to form carbon dioxide (CO2 ) and the hydrogen burns with oxygen, also from the atmosphere, to form 

water vapour (H2 O). 

Flame adjustment  

Three types of flame adjustment can be obtained when using the gas welding plant: neutral carburising oxidising. It is 

essential that the operator learns to recognise the three types of flame because incorrect flame setting could lead 

to weld problems or failure of the weld.  

Neutral flame  

A neutral flame is produced when acetylene and oxygen burn in the proper proportions, ie equal volumes. It is made up 

of a distinct and clearly defined incandescent cone or jet surrounded by a faint secondary flame or envelope. The 

length of the inner cone should be between three to five times its own width. The flame desired is what may be termed 

as a ge tle  o  soft fla e , ot a ha sh fla e . A ha sh fla e i eases the agitatio  of the olte  etal a d auses 
metal to be forced over unfused areas. Temperature 3000 °C – uses the following.  

1. Fusion welding of:  

• ild steel a d alloys  • ast i o   • alu i iu  a d alloys  • stai less steel  
• h o e-nickel alloys  • oppe  a d alloys  • lead. 

2. All heating applications and cutting pre-heating flames.  

 

Carburising flame  

This flame is produced when there is an excess of acetylene and can be readily recognised by a luminous intermediate 

o e o  feathe  a ou d the i e  o e aused y u u t pa ti les of a o  hi h a e u t a d disappea  as they 
reach the outer edge of the feather. The carburising flame has an excess of carbon and will add carbon to the surface of 

the ate ial. It is also so eti es efe ed to as a edu i g fla e . A edu i g fla e is o e that, e ause of its eed fo  
oxygen, will reduce oxides such as iron oxide.  

 
 

The temperature of the carburising flame is lower than that of the neutral flame. It causes mild steel to seemingly 

sweat or look greasy. (This is brought about by the unburnt particles of carbon in the flame reacting on the steel s 
surface and lowering the melting point of the steel before it melts to any depth). Temperature 2800 °C – uses the 

following.  

1. Fusion welding high carbon steels.  

2. Hard surfacing operations. 

 

Oxidising flame  

This flame is produced when there is an excess of oxygen in the flame, so named because of its oxidising effect on the 

molten metal. The effect of too much oxygen is to decrease the length and width of the outer envelope and to shorten 

the inner cone. It is very harmful in certain welding applications, such as the welding of mild steel, aluminium and stainless 

steels. When welding mild steel excess oxygen can be detected by the intense sparking of the melted metal and the 

appearance of a whitish scum. Temperature 3300 °C – uses the following.  

1. Fusion welding of:  • ass  • o ze  • zi  die asti gs.  
2. Bronze welding of:  • ast i o   • gal a ised i o   • ild steel. 
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Coating on electrode 

The welding electrodes used in shielded metal arc welding process are called by different names like stick 

electrode, covered electrode and coated electrode. Coating or cover on the electrode core wire is provided 

with various hydrocarbons, compound and elements to perform specific roles. Coating on the core wire is made 

of hydrocarbons, low ionization potential element, binders etc. Na and K silicates are invariably used as binders 

in all kinds of electrode coatings.  

Coating on the electrode for SMAW is provided to perform some of the following objectives: 

 To increase the arc stability with the help of low ionization potential elements like Na, K. 

 To provide protective shielding gas environment to the arc zone and weld pool with the help of 

inactive gases (like carbon dioxide) generated by thermal decomposition of constituents present in 

coatings such as hydrocarbon, cellulose, charcoal, cotton, starch, wood flour. 

 To remove impurities from the weld pool by forming slag as constituents present in coatings such 

as titania, fluorspar, china-clay react with impurities and oxides in present weld pool (slag being 

lighter than weld metal floats over the surface of weld pool which is removed after solidification of 

weld) 

 Controlled alloying of the weld metal (to achieve specific properties) can be done by incorporating 

required alloying elements in electrode coatings and during welding these elements get transferred 

from coating to the weld pool. However, element transfer efficiency from coating to weld pool is 

influenced by the welding parameter and process itself especially in respect of shielding of molten 

weld pool. 

 To deoxidize weld metal and clean the weld metal: Elements oxidized in the weld pool may act as 

inclusions and deteriorate the performance of the weld joint. Therefore, metal oxides and other 

impurities present in weld metal are removed by de-oxidation and slag formation. For this purpose, 

deoxidizers like Ferro-Mn, silicates of Mg and Al are frequently incorporated in the coating material. 

 To increase viscosity of the molten metal and slag so as to reduce tendency of falling down of molten 

weld metal in horizontal, overhead and vertical welding. This is done by adding constituents like 

TiO2 and CaF2 in the coating material. These constituents increase the viscosity of the slag. 

 

Arc Welding Process  

All arc welding processes apply heat generated by an electric arc for melting the faying surfaces of the base 

metal to develop a weld joint. Common arc welding processes are manual metal or shielded metal arc 

welding (MMA or SMA), metal inert gas arc (MIG), tungsten inert gas (TIG), submerged arc (SA), plasma arc 

(PA), carbon arc (CA) selding etc. 

 

Shielded Metal Arc Welding (SMAW) 

SMAW is a welding process that uses a flux covered metal electrode to carry an electrical current. The current 

forms an arc that jumps a gap from the end of the electrode to the work. The electric arc creates enough 

heat to melt both the electrode and the base material(s). Molten metal from the electrode travels across 

the arc to the molten pool of base metal where they mix together. As the arc moves away, the mixture of 

molten metals solidifies and becomes one piece. 

The molten pool of metal is surrounded and protected by a fume cloud and a covering of slag produced as the 

coating of the electrode burns or vaporizes. Due to the appearance of the electrodes, SMAW is commonly 

known as stick  welding. 
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It is a e y po ta le p o ess e ause all that s e ui ed is a po ta le po e  supply i.e. ge e ato . Fi ally, it s 
quite versatile because it can weld many different types of metals, including cast iron, steel, nickel & 

aluminum.  

 

Some of the biggest drawbacks to SMAW are-  

(1) that it produces a lot of smoke & sparks,  

(2) there is a lot of post-weld cleanup needed if the welded areas are to look presentable,  

(3) it is a fairly slow welding process and  

(4) it requires a lot of operator skill to produce consistent quality welds. 

 

Gas Metal Arc Welding (GMAW) 

In the GMAW process, an arc is established between a continuous wire electrode (which is always being 

consumed) and the base metal. Under the correct conditions, the wire is fed at a constant rate to the arc, 

matching the rate at which the arc melts it. The fille  etal is the thi  i e that s fed auto ati ally i to the 
pool where it melts. Since molten metal is sensitive to oxygen in the air, good shielding with oxygen-free gases 

is required. This shielding gas provides a stable, inert environment to protect the weld pool as it solidifies. 

Consequently, GMAW is commonly known as MIG (metal inert gas) welding. Since fluxes are not used (like 
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SMAW), the welds produced are sound, free of contaminants, and as corrosion-resistant as the parent metal. 

The filler material is usually the same composition (or alloy) as the base metal. 

 
GMAW is extremely fast and economical. This process is easily used for welding on thin-gauge metal as well as 

on heavy plate. It is most commonly performed on steel (and its alloys), aluminum and magnesium, but can be 

used with other metals as well. It also requires a lower level of operator skill than the other two methods of 

electric arc welding. 

 

Gas Tungsten Arc Welding (GTAW) 
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Q. Define 'Welding'. Explain the meaning and signification of coalescence and fusion in regard 

to welding. Why is it easier to obtain quality welds in space than in air?  

Q. Explain the conditions for obtaining satisfactory welds. Discuss the importance of weld ing and 

state its  applications.  

Q. Discuss the factors which are considered in choosing a welding process for a specific 

application. 
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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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