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Thermaleffieciencyfactor for different welding

methods
(k)
MAG,all types 0.8
MMA 0.8
SAW 1.0
TIG 0.6
Plasma 0.6
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Definitionof the heat input [Q]

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

where

Q: Heat input [kJ/mm

| : Current[A]

U :Voltage|V]

v :Weldingspeed [mm/min

k : Thermalefficiencyfactor [dimensionlesk
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Unalloyedandlow-alloyedconsumables

Threemainstrengthoptionsapplies

Yieldstrengths

Lowto moderate | Highstressleveld | Closeto matching

stress/preassures| preasures hardnesdevels

q XXp MPa ~930MPa Matchinghardness
to the Tooloxgrade

Tension

Compression
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Unalloyedandlow-alloyedconsumables

The hydrogertontentin the consumabless
recommendedo beXXb5ml/100 g ofweld metal.
Suitabletypesof consumables

C MAG (solid wire),Plasma and TIG:tyyglesof
wires

C MAG (fluxcoredwire): Rutile andbasicwires
C MAG (metakoredwire): Somebrandnames
C MMA: Basiconsumables &
C SAW: Solid wires/ Basic flux combination §@  :
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Stainlessonsumables

Recommendedypes AWS 307 or
AWS309

Importantadvantages

C Loweredpreheatingtemperatures

C SuitablewhenweldingTooloxgrades
to foreignkindsof steels
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Hardnes9rofilesin joints

GeneralcharacteristicTsteelssubjecteedo high
temperingtemperature

Hardness profile across the joint
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Hydrogen cracks in the HAZ

Hydrogen cracks in the H&AZnonly be formedif thesethree
conditionsare present at the same time in the joint:

C Presencef hydrogen

C Thesteelconsumablehas arelativelyhighlevelof alloy
contents

C Toohightensilestresses

SSAB

Wednesday, May 29, 2019 Daniel Stemne



Carbonequivalents

Thesensibilityto hydrogen cracks in jointdue to the chemical
analyses of theteelcanbe describedoy thecarbon
equivalentsCEV and CET.

C CET= CMo+Mn)/10+(Cr+ClW20+Ni/40
C CEV €+Mri6+(Cr+Mo+Y/5+(Cu+N)/15
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Tooloxhavelow carbonequivalents

Carbon equivalents for Toolox® 33 in relation to other tool/machine steels with similar hardness levels

CET [%], typcial values CEV [%], Typcial values

Toolox® 33 0.38-0.42 0.63-0.71
AISI: 4140 / EN: 42CrMo4 113 1.27
AISI: 4340/ EN: 34CrNiMob 0.58 0.85
AISI: 1045/ EN: C45 0.52 0.57

Carbon equivalents for Toolox® 44 in relation to other tool/machine steels with similar hardness levels

_ CET [%], Typcial values CEV [%], Typcial values

Toolox® 44 0.57 0.96
AISI: H13 /EN:1.2344 0.83 1.98
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Jointgeometries

t 0XHp YY YappedfaBcesre?as fyr jointsof low-alloyed
steelsin general

Pt>25 mm: The centef the joint ispreferablytaken ~ 5 mm from
the centerof the plate thickness

Yl — - T
E

Y: Plate thickness X: (Plate thickness/2)-5 mm
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Avoidhydrogen asnuchaspossible

A Keepthe openedpackage®f
coatedconsumablefeated
accordingo recommendations
from their manufacturer

A Keepthe work piececleanfrom
oil andother contaminations |
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Preheattemperatures

Min. preheattemperaturesv X M @1 {1 WK Y'Y

Unalloyed and low-alloyed consumables — minimum preheat and interpass temperatures [°C]

0 10 20 30 40 50 60 70 80 90 100 150 mm

Toolox® 33 | [EEA i | | 175°c | ? ‘ <«—— 130mm

Toolox® 44 H <— 130mm

Toolox® 44 Bar <— 172mm@

Room temperature approx20°C [l 75°c [ 100°C 125'c [ 1soc

B 7sc [l 200c i 225 [ 2s0°C

The maxXpreheattemperaturesis always580°C for allTooloxgrades
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Preheattemperatures consumables

Forlow-alloyedconsumableslesigned foistructuralsteelswith yield
strengthof min 750MPawhenweldingToolox33 grades

Followalsothe preheatrecommendationgrom the consumable
manufacturer

Single plate thickness, Minimum preheat/inter-

<10.0 125 | possiblemax 210C
101-20.0 140
20.1-40.0 175

>40.0 190

*SSAB does not take formal responsibility of these
temperatures since they depend of the individual
characteristics of the consumables
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Preheattemperatures consumables

Consumabledesigned foattainingmatchinghardnessn the weld
metal comparedto the parentmetal:

Followthe min. and maxpreheattemperaturesfor the Tooloxgrade
and theconsumableApplyconditionssuitablefor both.
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Measurementof the preheattemperature

Measure the preheat

/ temperature here

Intended
weld joint

Measurethe preheattemperatureafter 2min/25 mmof plate
thickness

S5AB
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Reducingstressesn joints

L
Do start and stogequences- 510 cm

awayfrom corners if possible b: max 3 mm
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The primer

Weldingcanbe performeddirectlyon the primer withgood
results However the primercanbe removedin order toattain:

- Qut of positionwelding
- Minimum levelsof poresin the weld metal
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Feasiblecutting processes

C Allthermalcutting processes

C Shearingand punchingis feasibleup to plate thicknesse®f
around10 mm

C Abrasivewater jet cutting
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Formation of hydrogen cracks

Step 1. /{nall cracks behind the cut edge
Not detectable for the eye. Occurs typically hougs

after cutting --

/

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

Step 3:

Thecrackscan continueio propagate parallel

to the plate surface or divenn different ——
directions. Itoften occurs several weeks after J
cutting. f \
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Oxyfuel and plasmacutting

Procedure
1) Preheatinghe plate
2) Performingcutting
3) Post heat the areasubjectedto cutting
4) Coolingn air
5) Evaluationof the procedure
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Preheatand postheatinglevelsat oxy-fuel

cutting
S AR AR R
Steel Min. preheat/ Max preheat/ Temperature interval for
interpass temperature [°C] interpass temperature [°C] postheat treatment [°C]
Toolox™ 33 150 580 560-580
Toolox” 44 225 580 560-580

Preheating holdingtime: Thetime requiredto attain the requiredtemp.
measuredon the oppositesidebeingheated

PostheatingSoakingime 5 min/mm plate thickness min 60 min.
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