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The thermal class of welding includes all types of welding using 
thermal energy. Depending on various methods, the nature of the 
energy sources and alloys of the weldment welding can be 
divided into the following main types: 

• gas welding; 
• electric arc welding; 
• electroslag welding; 
• electron beam welding; 
• plasma welding; 
• laser welding; 
• Thermite welding. 

For the thermal class of welding is typical that the welding is carried 
out by melting the edges of the joined parts. So, a “bath” 
(welding pool, welding bead) of molten metal is formed. After 
the source of metal heating has been removed, the weld pool 
crystallizes and a weld seam, that connects the welded parts, is 
formed. Welding is a complex and fast physico-chemical process 
for materials joining. Preparation of blanks and well thought-out 
technology make fusion welding easy and fast. 



OXYFUEL GAS 

WELDING 

Class: Fusion Welding 
Energy Source: Chemical type - 

High Temperature Flame 
OXYFUEL GAS WELDING (OFW) 

A group of welding processes producing coalescence of 
workpieces by heating them with an oxyfuel gas flame. The 
processes are used with or without the application of 
pressure and with or without filler metal. AWS A3.0M/A3.0:2010 



Oxy Fuel welding (OFW) is a group of welding 
processes which join metals by heating them with a 
fuel gas flame or flares with or without the 
application of pressure and with or without the use 
of filler metal. OFW, Oxy Fuel welding includes 
any welding operation that makes use of a fuel gas 
combined with oxygen as a heating medium. The 
process involves the melting of the base metal and 
a filler metal, if used, by means of the flame 
produced at the tip of a welding torch. In OFW, 
Oxy Fuel welding Fuel gas and oxygen are mixed 
in the proper proportions in a mixing chamber 
which may be part of the welding tip assembly. 
Molten metal from the plate edges and filler metal, 
if used, intermix in a common molten pool. Upon 
cooling, they coalesce to form a weldment. 



 

 

 

OXYFUEL GAS WELDING, 

 scheme of process 



 

1-заготовка; 2-сварной шов; 3-присадочный металл; 4-газовое пламя;  

5-горючий газ и кислород; 6-сварочная горелка 



 



 



OXYACETYLENE WELDING (OAW) 

An oxyfuel gas welding process employing acetylene as the 

fuel gas. The process is used without the application of 

pressure. See Figure B.40. AWS A3.0M/A3.0:2010 

OXYHYDROGEN WELDING (OHW)  

An oxyfuel gas welding process employing hydrogen as the 

fuel gas. The process is used without the application of 

pressure. 

OXYPROPANE WELDING 

 

OXIDIZING FLAME  

An oxyfuel gas flame in which there is an excess of oxygen, 

resulting in an oxygen-rich zone extending around and 

beyond the cone. See Figure B.40(C). See also carburizing flame, neutral flame, and reducing flame. 

REDUCING FLAME  

An oxyfuel gas flame with an excess of fuel gas. See Figure B.40(D). 

See also carburizing flame, neutral flame, oxidizing flame, and reducing atmosphere. 



 

 

Acetylene 



 
Table: Fuel Gas Characteristics 

Fuel Gas  
Maximum Flame 
Temperature °C  

Oxygen  

to fuel gas 
Ratio (vol)  

Heat distribution 

kJ/m3 

Primary Secondary 

Acetylene 3,160 1.2:1 18,890 35,882 

Propane 2,828 4.3:1 10,433 85,325 

MAPP 2,976 3.3:1 15,445 56,431 

Propylene 2,896 3.7:1 16,000 72,000 

Hydrogen 2,856 0.42:1 - - 

Natural Gas 2,770 1.8:1 1,490 35,770 

For further information contact arc@twi.co.uk 

https://www.twi-global.com/technical-knowledge/job-knowledge/oxyfuel-cutting-process-and-fuel-gases-049/


 



 



 



 
 



  



 



 
 

 



 

 



 
 

 



 
 

 



 

Right and left techniques 
 of oxyfuel welding 



 



 



OXYFUEL GAS CUTTING (OFC).  

A group of oxygen cutting processes using heat from an 

oxyfuel gas flame. See also oxyacetylene cutting, 

oxyhydrogen cutting, oxynatural gas cutting, and 

oxypropane cutting. 

OXYACETYLENE CUTTING (OFC-A)  

An oxyfuel gas cutting process variation employing 

acetylene as the fuel gas. 

OXYHYDROGEN CUTTING (OFC-H)  

An oxyfuel gas cutting process variation employing 

hydrogen as the fuel gas.  

OXYNATURAL GAS CUTTING (OFC-N) 

An oxyfuel gas cutting process variation employing natural 

gas as the fuel gas. 

OXYPROPANE CUTTING (OFC-P) 

An oxyfuel gas cutting process variation employing propane 

as the fuel gas 



 



 

OXYFUEL GAS WELDING TORCH 



OXYFUEL GAS WELDING TORCH  

A device used in oxyfuel gas welding, torch brazing, and 

torch soldering for directing the heating flame produced by 

the controlled combustion of fuel gases. 

 

OXYFUEL GAS CUTTING TORCH  

A device used for directing the preheating flame produced 

by the controlled combustion of fuel gases and to direct and 

control the cutting oxygen. 

 

OXYFUEL GAS SPRAYING  

A nonstandard term for flame spraying. 
 

 

 

 

 

 

 

 

 



 

Diagram of oxyacetylene cutting process 



Oxyfuel cutting - process and fuel gases 

The oxyfuel cutting process is the most widely applied 

industrial thermal cutting process because it can cut 

thicknesses from 0.5mm to 250mm, the equipment is low 

cost and can be used manually or mechanised. There are 

several fuel gas and nozzle design options that can 

significantly enhance performance in terms of cut quality 

and cutting speed. 

Process fundamentals 

The cutting process is illustrated in Fig. 1. 

Basically, a mixture of oxygen and the fuel gas 

is used to preheat the metal to its 'ignition' 

temperature which, for steel, is 700°C - 900°C 

(bright red heat) but well below its melting 

point. A jet of pure oxygen is then directed into 

the preheated area instigating a vigorous 

exothermic chemical reaction between the 



oxygen and the metal to form iron oxide or slag. The 

oxygen jet blows away the slag enabling the jet to pierce 

through the material and continue to cut through the 

material. 

There are four basic requirements for oxy-fuel cutting: 

 the ignition temperature of the material must be lower 

than its melting point otherwise the material would melt 

and flow away before cutting could take place 

 the oxide melting point must be lower than that of the 

surrounding material so that it can be mechanically 

blown away by the oxygen jet 

 the oxidation reaction between the oxygen jet and the 

metal must be sufficient to maintain the ignition 

temperature 

 a minimum of gaseous reaction products should be 

produced so as not to dilute the cutting oxygen 



As stainless steel, cast iron and non-ferrous metals form refractory 

oxides ie the oxide melting point is higher than the material, powder 

must be injected into the flame to form a low melting point, fluid slag. 

Purity of oxygen 

The cutting speed and cut edge quality are primarily determined 

by the purity of the oxygen stream. Thus, nozzle design plays a 

significant role in protecting the oxygen stream from air 

entrainment. 

The purity of oxygen should be at least 99.5%. A decrease 

in purity of 1% will typically reduce the cutting speed by 

25% and increase the gas consumption by 25%. 

Choice of fuel gas 

Fuel gas combustion occurs in two distinct zones. In the inner cone or 

primary flame, the fuel gas combines with oxygen to form carbon 

monoxide and hydrogen which for acetylene, the reaction is given by 

2C2H2 + 2O2 → 4CO + 2H2 



Combustion also continues in the secondary or outer zone of the 

flame with oxygen being supplied from the air. 

4CO+2H2 +3O2 → 4CO2 +2H2O 

Thus, fuel gases are characterised by their 
 flame temperature - the hottest part of the flame is at the tip of the 

primary flame (inner cone) 
 fuel gas to oxygen ratio - the amount of fuel gas required for 

combustion but this will vary according to whether the flame is 
neutral, oxidising or reducing 

 heat of combustion - heat of combustion is greater in the outer 
part of the flame 

The five most commonly used fuel gases are acetylene, propane, 
MAPP (methylacetylene-propadiene), propylene and natural gas. The 
properties of the gases are given in the Table. The relative 
performance of the fuel gases in terms of pierce time, cutting speed 
and cut edge quality, is determined by the flame temperature and heat 
distribution within the inner and out flame cones. 



Acetylene 
Acetylene produces the highest flame temperature of all the 
fuel gases. The maximum flame temperature for acetylene (in 
oxygen) is approximately 3,160°C compared with a maximum 
temperature of 2,828°C with propane. The hotter flame 
produces more rapid piercing of the materials with the pierce 
time being typically one third that produced with propane. 

The higher flame speed (7.4m/s compared with 3.3m/s for propane) 
and the higher calorific value of the primary flame (inner cone) 
(18,890 kJ/m3 compared with 10,433 kJ/m3 for propane) produce a 
more intense flame at the surface of the metal reducing the width of 
the Heat Affected Zone (HAZ) and the degree of distortion. 
Propane 

Propane produces a lower flame temperature than acetylene 
(the maximum flame temperature in oxygen is 2,828°C 
compared with 3,160°C for acetylene). It has a greater total heat 
of combustion than acetylene but the heat is generated mostly in 
the outer cone (see Table). The characteristic appearance of the 



flames for acetylene and propane are shown in Figs.2 and 
3 where the propane flame appears to be less focused. 
Consequently, piercing is much slower but as the burning and 
slag formation are effected by the oxygen jet, cutting speeds are 
about the same as for acetylene. 

Propane has a greater stoichiometric oxygen requirement 
than acetylene; for the maximum flame temperature in 
oxygen, the ratio of the volume of oxygen to fuel gas are 
1.2 to 1 for acetylene and 4.3 to 1 for propane. 

   

 Fig.2. Ocyacetylene gas jet and nozzle design  Fig.3. Propane gas jet and nozzle design 
 



MAPP 
MAPP gas is a mixture of various hydrocarbons, principally, 
methylacetylene and propadiene. It produces a relatively hot flame 
(2,976°C) with a high heat release in the primary flame (inner 
cone) (15,445kJ/m3), less than for acetylene (18,890kJm3) but 
much higher than for propane (10,433kJm3). The secondary flame 
(outer cone) also gives off a high heat release, similar to propane 
and natural gas. The combination  
of a lower flame temperature, more distributed heat source and 
larger gas flows compared with acetylene results in a substantially 
slower pierce time. 

As MAPP gas can be used at a higher pressure than acetylene, 
it can be used for underwater cutting in deep water as it is less 
likely to dissociate into its components of carbon and 
hydrogen which are explosive. 

Propylene 
Propylene is a liquid petroleum gas (LPG) product and has a similar 
flame temperature to MAPP (2896°C compared to 2,976°C for 



MAPP); it is hotter than propane, but not as hot as acetylene. It gives 
off a high heat release in the outer cone (72,000kJ/m3) but, like 
propane, it has the disadvantage of having a high stoichiometric fuel 
gas requirement (oxygen to fuel gas ratio of approximately 3.7 to 1 
by volume). 

Natural Gas 
Natural gas has the lowest flame temperature similar to propane and 
the lowest total heat value of the commonly used fuel gases, eg for 
the inner flame 1,490kJ/m3 compared with 18,890kJ/m3 for 
acetylene. Consequently, natural gas is the slowest for piercing. 

Fuel Gas Characteristics 

Fuel Gas  
Maximum Flame 
Temperature °C  

Oxygen to fuel gas 
Ratio (vol)  

Heat distribution 
kJ/m3 

Primary Secondary 

Acetylene 3,160 1.2:1 18,890 35,882 

Propane 2,828 4.3:1 10,433 85,325 

MAPP 2,976 3.3:1 15,445 56,431 

Propylene 2,896 3.7:1 16,000 72,000 

Hydrogen 2,856 0.42:1 - - 

Natural Gas 2,770 1.8:1 1,490 35,770 

For further information contact arc@twi.co.uk 

This Job Knowledge article was originally published in Connect, September/October 2000. It has been updated so the web page no longer reflects exactly the printed version. 

  

 

https://www.twi-global.com/technical-knowledge/job-knowledge/oxyfuel-cutting-process-and-fuel-gases-049/


 
 



 

 
  

 



 
 



ARC  

WELDING 

Class: Fusion Welding 
Energy Source: Electrical type - 

Electrical arc 
ARC WELDING (AW)  

A group of welding processes producing coalescence of 
workpieces by melting them with an arc. The processes are 
used with or without the application of pressure and with or 
without filler metal. AWS A3.0M/A3.0:2010 



WELDING ARC  
A controlled electrical discharge between the electrode and 
the workpiece formed and sustained by the establishment of 
a gaseous conductive medium, called an arc plasma. 

ARC WELDING ELECTRODE  
A component of the welding circuit through which current 
is conducted and that terminates at the arc. 

ARC WELDING GUN  
A device used to transfer current to a continuously fed 
consumable electrode, guide the electrode, and direct the 
shielding gas. See Figure B.38.  

ARC WELDING TORCH 
A device used to transfer current to a fixed welding 
electrode, position the electrode, and direct the shielding 
gas. See Figures B.35 and B.36. 

ARC TIME  
The time during which an arc is maintained in 
making an arc weld. 

ARC VOLTAGE, ARC WELDING.  
The electrical potential between the electrode and workpiece. 



 
http://www.lincolnelectric.com/en-us/support/process-and-theory/Pages/arc-welding-detail.aspx  

http://www.lincolnelectric.com/en-us/support/process-and-theory/Pages/arc-welding-detail.aspx


Arc welding is one of several fusion processes for 
joining metals. By applying intense heat, metal at 
the joint between two parts is melted and caused 
to intermix – directly, or more commonly, with an 
intermediate molten filler metal. Upon cooling 
and solidification, a metallurgical bond is created. 

In arc welding, the intense heat needed to melt metal 
is produced by an electric arc. The arc is formed 
between the base (parent) metal and an electrode 
(stick or wire) that is guided along the joint. The 
electrode  

either can be a rod with the purpose of simply 
carrying the current between the tip and the work.  

or it may be a specially prepared rod or wire that not 
only conducts the current but also melts and 
supplies filler metal to the joint. 



 



 

 

 
 



An arc is an electric current flowing between two 
electrodes through an ionized column of gas. A 
negatively charged cathode and a positively 
charged anode create the intense heat of the 
welding arc. Negative and positive ions are 
bounced off of each other in the plasma column at 
an accelerated rate. 

In welding, the arc not only provides the heat needed to 
melt the electrode and the base metal, but under 
certain conditions must also supply the means to 
transport the molten metal from the tip of the 
electrode to the work.  

So, electrode may be  

 consumable  

 non-consumable (carbon, tungsten TIG) 



If an electrode is consumable, the tip melts under the heat 
of the arc and molten droplets are detached and 
transported to the work through the arc column. 
Any arc welding system in which the electrode is 
melted off to become part of the weld is described 
as metal-arc.  

In case of carbon or tungsten (TIG) welding there are no 
molten droplets to be forced across the gap and 
onto the work. Filler metal is melted into the joint 
from a separate rod or wire. 

More of the heat developed by the arc is transferred to 

the weld pool with consumable electrodes. 

This produces higher thermal efficiencies 

and narrower heat-affected zones. 



Arc welding may be done with  

 direct current (DC) with the electrode  

 positive  

 negative  

 alternating current (AC).  

The choice of current and polarity depends on 

 the process,  

 the type of electrode,  

 the arc atmosphere,  

 the metal being welded. 



 



 



 

 

 



 


