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Classifying joining processes
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Welding
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Welding is a process where two or more parent materials are joined 
through heat and pressure.



Manual metal arc welding
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Applications based on the type of 
flux covering
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• Acid flux electrode should be applied when the welding position 
is simple but the penetration to be reached is high. 

• Cellulose flux electrode is used for tubes root pass welding 
(transmission line tubes).

• Rutile flux electrode is used for „around the house” type of works 
and when the expected mechanical properties are at medium 
level.

• Basic electrodes are used for constructions where mechanical 
properties are important and high.

Nowadays flux mixtures are used as electrode covering



Application of manual arc welding
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• Widely used in every segment of the industry, because of its 
simplicity, and low price. Practically there is suitable electrode for 
every type of material, easy to learn the procedure and does not 
require high capital investment. 

• For surfacing and repair welding most welding materials are available 
in the form of flux covered electrodes. 

• Disadvantage is the low melt-off efficiency, the rather strong 
contribution of the human factor, and it is hard to apply for non-
ferrous metals. 



Manual metal arc welding

7https://www.youtube.com/watch?v=MAVPabtSvAA



Gas tungsten arc welding (GTAW)
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GTAW applications

• Non ferrous- and light metals, high alloyed steels (tool 
repairs and pile up welding, corrosion resistant steels). 
Cylindrical welded seams on tubes, also for root pass at 
unalloyed and low-alloyed steels. 

• Application constraint:

• Small melt-off efficiency

• Needs highly qualified personnel with practice.

• Cannot ensure proper gas shielding at windy places. 
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Gas tungsten arc welding (GTAW)

10https://www.youtube.com/watch?v=Zl-N-bTOKvQ



Gas Metal Arc Welding (GMAW) 
processes
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Metal active gas welding (MAG) 
Metal inert gas welding (MIG) 
Flux cored arc welding (FCAW) 



GMAW application
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•CO2 shielding gas
-Unalloyed and low 
alloyed mass steel 
construction

•MAG
- Robot supported 
operations

•Flux cored wire
- High alloyed steels, 
surfacing  

•MIG
- Non-ferrous and light 
metals
- High alloyed steels, 
surfacing



Gas Metal Arc Welding (GMAW)

13https://www.youtube.com/watch?v=CsEsS5GAedA



Resistance spot welding
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Process of creating a welded spot
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The top electrode approaches the work piece, electrodes are pressed to the
work piece, after the preset time the current flows, the material starts to melt
in a lens shaped volume.
The melted volume is increasing, if the current is on for too long time, the
melted material can be spattered, after the proper time and post keeping the
top electrode moves away.



Resistance spot welding

16https://www.youtube.com/watch?v=mztI-YTjEps



Soldering
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Soldering is a process used for joining metal parts to form a mechanical or
electrical bond. It typically uses a low melting point metal alloy (solder)
which is melted and applied to the metal parts to be joined and this bonds
to the metal parts and forms a connection when the solder solidifies.

• Soft soldering is characterized by a 
working temperature below 450 °C 
and a bond strength of up to 50MPa.

• Brazing is characterized by a working 
temperature above 450 °C. The bond 
strength is much higher, but usually 
does not exceed 300 MPa.



Heat treatment
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Heat treatment is a process that involves controlled heating and cooling of
a material to modify its microstructure and enhance its mechanical
properties such as tensile strength, hardness, toughness, and ductility.



Heat treatment
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normalising

quenching

annealing



Quenching and tempering
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Carburizing
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• Surface treatment
• Solid, gas and liquid 

carburizing
• Carbon diffusion into 

the surface
• Increased hardness 

on the surface



Nitriding
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• Surface treatment
• Gas,liquid and plasma nitriding
• Nitrogen diffusion into the 

surface
• Creates an iron-nitride layer and 

a diffusion layer
• Increased hardness on the 

surface



Classification of steels

Materials Engineering
(BMEGEMTAMM1)
25h March, 2026

Materials Engineering

Dr. Dorina Kovacs
kovacs.dorina@gpk.bme.hu
MT épület 061.



Classification of steels by chemical 
composition

Steels

Low alloy 
steel (carbon 

steel)

Unalloyed 
carbon steel

Low/Medium 
carbon steel

High carbon 
steel

High alloy 
steel

Tool steel Stainless
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Unalloyed Carbon steel
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• Contains only alloying elements and impurities unavoidable during 
production

Examples: C15, C22,C70

C = carbon

Carbon content → :100 = 0,15 % carbon



Low/Medium carbon steel
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• They have a carbon content between 0.30 and 0.60%, and 
manganese between 0.60 and 1.65%

• These steels are mainly used for making shafts, axles, 
gears, crankshafts, couplings and forgings. Steels with carbon 
levels ranging from 0.40 to 0.60% are used for rails, railway 
wheels and rail axles

Examples: 42CrMo4

molybdenium

chrmoium content is 1 %

chromium

0,42 carbon content



Low/Medium carbon steel

27

Chemical symbol divisor

Cr, Co, Mn, Ni, Si, W
„Cro-Co Men-Ni Si-Watag”

4

Al, Be, Cu, Mo, Nb, Pb, Ta, Ti, V, Zr 10

C, Ce, N, P, S 100

B 1000



28

Additional indications:

Low/Medium carbon steel

Sign Meaning

CR Cold rolled

N Normalised

Q Quenched

QT Quenched and tempered

U untreated

Examples: 42CrMo4QT

molybdenium

chromium

0,42 carbon content

chrmoium content is 1 %
quenched and tempered



High carbon steel
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• High-carbon steels are used for some hand tools, spring materials, 
and high-strength wires

Examples: X210Cr12

chromium

chrmoium content is 12 %

high alloyed

2,1 carbon content



High speed steel
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• Fixed chemical elements
• Tungsten
• Molybdenium
• Vanadium
• Coblat

Examples: HS 6-5-2

molybdenium content is 5 %

vanadium content is 2 %

high speed

tungsten content is 6%



Classification by physical 
properties
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Steels Main sign

Structural steels S Min. yield stress (MPa)

Pressure equipment steels P

Rebar (reinforcing steels) B General yield stress (MPa)

Railway steels R General yield stress (MPa)

Examples: S235

Structural steel

Yield stress is 235 MPa



Classification by physical 
properties

32

Examples: S235J0

Structural steel

Yield stress is 235 MPa

Additional indications:

Impact energy Temperature

27 J 40 J 60 J °C

JR KR LR 20

J0 K0 L0 0

J2 K2 L2 -20

J3 K3 L3 -40

At 0°C, the impact energy has to be 27 J


	1. dia
	2. dia: Classifying joining processes
	3. dia: Welding
	4. dia: Manual metal arc welding
	5. dia: Applications based on the type of flux covering
	6. dia: Application of manual arc welding
	7. dia: Manual metal arc welding
	8. dia: Gas tungsten arc welding (GTAW)
	9. dia: GTAW applications
	10. dia: Gas tungsten arc welding (GTAW)
	11. dia: Gas Metal Arc Welding (GMAW) processes
	12. dia: GMAW application
	13. dia: Gas Metal Arc Welding (GMAW)
	14. dia: Resistance spot welding
	15. dia: Process of creating a welded spot
	16. dia: Resistance spot welding
	17. dia: Soldering
	18. dia: Heat treatment
	19. dia: Heat treatment
	20. dia: Quenching and tempering
	21. dia: Carburizing
	22. dia: Nitriding
	23. dia
	24. dia: Classification of steels by chemical composition
	25. dia: Unalloyed Carbon steel
	26. dia: Low/Medium carbon steel
	27. dia: Low/Medium carbon steel
	28. dia
	29. dia: High carbon steel
	30. dia: High speed steel
	31. dia: Classification by physical properties
	32. dia: Classification by physical properties

