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A Study on the Improvement of Numerica Thermal Anaysis for Steel Welds
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Abstract

This paper is the first part of the study on the accuracy improvement of numerical analysis of steel
welds. The aim of this paper is to raise the accuracy of therma analysis results, such as the shape and
size of the weld cross section and the hardness distribution in HAZ(Heat-Affected Zone). It is known that
the factors affecting on the accuracy are thermal properties, metalurgical properties and welding heat

source model.

It was found that the arbitrary distributed heat source mode should be used to predict

practical weld cross section shape and size. Also, in order to improve the prediction accuracy of HAZ
hardness distribution, it was essential to consider 2 CCT(Continuous Cooling Transformation) diagrams in
caculating volume fraction of transformed phases. One is the peak temperature being around melting
temperature. The other is the peak temperature being around metallurgical transformation temperature.
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Fig. 1 Measuring method of weld cross sectional shape
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Table 1 Experimental conditions

Material EH36 TM, 20t
Joint type 45° V-groove butt joint
Welding process FCAW

Welding consumable

Kobe / DW 100, 1.4

Shielding gas

COz 100%, 18 1/min

Heat input

(Current 220A, Voltage 26V, Welding speed 22cm/min)

15.6k]J/cm
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Fig. 2 Thermal properties for statistical test
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Fig. 3 Boxplots of CTQI(Prediction error of fusion zone and HAZ size) by specific heats,
thermal conductivities, densities and radiation/convection coefficients

Table 2 P-values of statistical test on thermal properties

Prediction error of weld cross Prediction error of HAZ
sectional shape, CTQ1 hardness distribution, CTQ2
Specific heat 0.00 0.836
Thermal conductivity 0.00 0.338
Density 0.79 0.9%
Radiation/Convection coefficient 0.993 0.989
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Table 3 Nomenclatures of heat source model
a heat flux [W.mm °]
power input [W] (=nxVxI)
Q n. Arc efficiency
V © Arc voltage, I : Welding current
ab,ci,c2 molten pool dimensions [mml]
i constant of energy distribution of the heat flux in arc
12 1 - in front of the arc, 2 - behind the arc
\% welding speed [mm.s ]
1 total time of welding [s]
t actual time of welding (simulation) [s]
(x,y,2) or (r,0,2) coordinate of nodal points
Aw area of the heat source [mm’]
m(0) distance from heat center to heat boundary [mml]
1,0,z coordinate of nodal points
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(a) Heat flux distribution

“Fusion line:

Experiment

(b) Temperature distribution

“HAZ boundary:
Experiment

(c) Ferrite distribution

Fig. 10 Thermal analysis results by using arbitrary distribution function model
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