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Heat Input 

•  Typically an “essential variable” 
•  Amount of energy per unit length 

–  power/velocity 
•  Not all energy goes into the weld 

– Nominal heat input 
•  energy spent at weld bead 
•  easy to measure 

– Actual heat input 
•  energy absorbed by bead 
•  efficiency η<100% 
•  this is what actually matters 
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Heat Source Efficiencies 
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Heat Source Efficiencies 
•  EBW: high 

–  few electrons bounce back 
•  LBW conduction: low 

–  light reflects on molten metal 
•  LBW keyhole: higher 

–  light is trapped in keyhole 
•  GTAW: low 

–  energy into cathode and arc lost 
•  GMAW: high 

–  energy into droplet recovered 
–  energy into arc and evaporation lost 

•  SAW: very high 
–  energy into droplet recovered 
–  energy into arc and evaporation caught by slag 

•  slag energy does not help penetration but can cause distortion 
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Nominal Heat Input in Arc Welding 

•  for CC 

– q’ n= nominal heat input (J/m) 
– V = voltage (V) 
–  I = current (A) 
– U =  travel velocity (m/s) 
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Nominal Heat Input in Arc Welding 

•  for waveform 

– q’ n= nominal heat input (J/m) 
– V = instant voltage (V) 
–  I = instant current (A) 
– L =  weld length (m) 
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Nominal Heat Input in Arc Welding 

•  typically: q’n ~2  kJ/cm for sheet to ~10 KJ/cm for thick steels 
•  because WFS is proportional to current, and V does not vary much, the 

cross section of a weld is proportional to HI 
•  high heat input typically means 

–  softer weld 
–  easier to weld (welders love it) 
–  less hydrogen problems 
–  good penetration 
–  more distortion 
–  problems in stainless and high grade pipelines (above X65) 

•  low heat input means 
–  harder weld 
–  stringer beads 
–  less room for error during welding 
–  possible lack of penetration 
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Heat Input 
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•  Calculate the nominal heat input in the butt welding of 16 ga 
plate (1.5mm) using 0.030” wire. Express result in kJ/cm. 
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