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Metal Joining Processes
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Welding Methods

Chamfering

Weld metal = (Filler + Base) metal

| Base metal Base metal |

Weldjng zOne

Weld face

Fusion line

Power setting

3 o iy )
05 kvl AT A o ﬁ‘h&“" !
F o ot Ry

© 2024 University of lllinois Urbana-Champaign, All Rights Reserved.



Weld Microstructure

Weld Metal
Fusmn Zone

Base Metal
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Lab-1/2: Tension/compression
Hardness

Lab-4: Solidification and
Casting

New in Lab-8 Lab-5/6: heat treatment/hardenability
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Property of Weld Material

Liquidus Temperature

Solidus Temperature

Recrystallization Temperature (cold worked metals),
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Evolution of Weld Microstructure

Temperature (°C)

1600
o NLiquidus
= ! .
1400 E i : SOlldUS
5|
g N Austenite
1200 S| ~— Eutectoid
y, Austenite L 9‘5‘-3' " o} é)
Struct t ' a0 \rey
o0~ ey \ 3 R TEHBEPO00IOCE 5
912°C _\.'f.ﬁ- =Sa \A\‘é A
s0o -5 Low =0 "W' elalels
- hardenability
- 0.76
\ steel
0.022
600 —\ Forri
a, Ferrite
High
hardenability
400 | 1 steel
0 1 2 .
(Fe) Martensite

© 2024 University of lllinois Urbana-Champaign, All Rights Reserved.




Weldability

B Weldability: Ability of a particular alloy to be welded without
substantial embrittlement due to martensite formation

Generally, the opposite of hardenability
Of particular concern for high strength steels!
High strength steels are heavily alloyed, shifting TTT curves

Some alloys, under severe thermal cycling, will recrystallize, grow
grains, and even age in heat-affected zone

B Concept of effective carbon content:

Higher carbon content = harder to weld

%Mn O%Ni %Cr %Mo %V

: _ o
Carbon equivalent= %C + — + -+ttt
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Residual Stress and Warping

Huge thermal cycling in welding leads to shrinkage and
residual stress.

In nearly all cases, weld metal and HAZ end up under
residual tension
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Shrinkage in a butt weld Shrinkage in a fillet weld
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