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Thermal effieciency factor for different welding 
methods 

 

 
Welding method Thermal efficiency factor 

(k) 

MAG, all types 0.8 

MMA 0.8 

SAW 1.0 

TIG  0.6 

Plasma 0.6 
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Definition of the heat input [Q] 

    Q= (k*U*I*60)/(v*1000) 

 
where 
Q : Heat input [kJ/mm]  
I : Current [A] 
U : Voltage [V]    
v : Welding speed  [mm/min] 
k : Thermal efficiency factor [dimensionless] 
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Unalloyed and low-alloyed consumables  
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Low to moderate  
stress/preassures 

High stress levels/  
preasures 

Close to matching 
hardness levels 

ϤҖрлл MPa ~930 MPa Matching hardness 
to the Toolox grade 

                                      Yield strengths  

Three main strength options applies:  



Unalloyed and low-alloyed consumables 

   The hydrogen content in the consumables is 
recommended to be Җ 5ml/100 g of weld metal. 
Suitable types of consumables: 

 

Ç MAG (solid wire),Plasma and TIG: All types of 
wires 

Ç MAG (flux cored wire): Rutile- and basic wires    

Ç MAG (metal cored wire): Some brand names 

Ç MMA: Basic consumables 

Ç SAW: Solid wires/ Basic flux combinations 
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Stainless consumables 
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Recommended types: AWS 307 or  
AWS 309 

 

Important advantages:  

ÇLowered preheating temperatures 

ÇSuitable when welding Toolox grades  

     to foreign kinds of steels 

 



       General characteristics QT steels subjecteed to high 
 tempering temperature. 

   Hardness profiles in joints  
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Hydrogen cracks in the HAZ 

   Hydrogen cracks in the HAZ can only be formed if these three 

conditions are present at the same time in the joint: 

Ç    Presence of hydrogen  

Ç    The steel/consumable has a relatively high level of alloy     

         contents 

Ç     Too high tensile stresses 
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Carbon equivalents 

    The sensibility to hydrogen cracks in joints due to the chemical 
analyses of the steel can be described by the carbon 
equivalents CEV and CET. 

ÇCET= C+(Mo+Mn)/10+(Cr+Cu)/20+Ni/40 

ÇCEV = C+Mn/6+(Cr+Mo+V)/5+(Cu+Ni)/15 
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Toolox have low carbon equivalents 
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Joint geometries 
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tǘҖнр ƳƳΥ ¢ƘŜ Ƨƻƛƴǘ appearances are as for joints of low-alloyed 
steels in general 

 

Pt>25 mm: The center of the joint is preferably taken ~ 5 mm from 
the center of the plate thickness 

 

 

 

 



Avoid hydrogen as much as possible 

Å Keep the opened packages of 
coated consumables heated 
according to recommendations 
from their manufacturer 

 

Å Keep the work piece clean from 
oil and other contaminations  
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Preheat temperatures  
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Min. preheat temperatures, vҗмΦтƪWκƳƳ 

The max preheat temperatures is always 580°C for all Toolox grades 



Preheat temperatures, consumables 
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For low-alloyed consumables designed for structural steels with yield 
strength of min 750 MPa when welding Toolox 33 grades: 

 

Follow also the preheat recommendations from the consumable 
manufacturer 

                                                    

Max preheat temperatures:  
If possible max 210°C 



Preheat temperatures, consumables 
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Consumables designed for attaining matching hardness in the weld 
metal compared to the parent metal:  

 

Follow the min. and max. preheat temperatures for the Toolox grade 
and the consumable. Apply conditions suitable for both. 
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Measurement of the preheat temperature 

Measure the preheat temperature after 2min/25 mm of plate 
thickness 



Reducing stresses in joints 

b: max 3 mm 
Do start and stop sequences ~ 5-10 cm  
away from corners, if possible 
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The primer 
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    Welding can be performed directly on the primer with good 
results. However, the primer can be removed in order to attain: 

    - Out of position welding 

    - Minimum levels of pores in the weld metal 

 



Feasible cutting processes 
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ÇAll thermal cutting processes  

ÇShearing and punching is feasible up to plate thicknesses of 
around 10 mm   

ÇAbrasive water jet cutting  
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Small cracks behind the cut edge

Formation of hydrogen cracks 

Step 1: 
Not detectable for the eye. Occurs typically hours  
after cutting 
 

Step 2: 
Longitudinal crack propagation. Normally 
becomes visible a couple of days after cutting 
 

The cracks can continue to propagate parallel 
to the plate surface or divert in different 
directions. It often occurs several weeks after 
cutting. 

Step 3: 
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     Oxy-fuel and plasma cutting 

 Procedure: 

1) Preheating the plate 

2) Performing cutting 

3) Post heat the areas subjected to cutting 

4) Cooling in air 

5) Evaluation of the procedure 

 



Preheat and postheating levels at oxy-fuel 
cutting 
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- Preheating, holding time: The time required to attain the required temp.  
      measured on the opposite side being heated   
 
-    Postheating: Soaking time 5 min/mm plate thickness, min 60 min. 
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