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Numerical Modeling of the Transformation Temperature Effect on
the Relaxation of Welding Residual Stress

Gyoung-Bok, Jang and Sung-Soo, Kang
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Abstract

Most of ferrous b.c.c weld materials have martensitic transformation during rapid cooling after
welding. It is well known that volume expansion due to the phase transformation could influence on
the relaxation of welding residual stress. To apply this effect practically, it is necessary to establish a
numerical model which is able to estimate the effect of phase transformation on residual stress
relaxation quantitatively. For this purpose, the analysis is carried out in two regions, i.e., heating and
cooling, because the variation of material properties following a phase transformation in cooling is
different in comparison with the case in heating, even at the same temperature. The variation of
material properties following phase transformation is considered by the adjustment of specific heat and
thermal expansion coefficient, and the distribution of residual stress in anaiysis is compared with that
of experiment by previous study. In this study, simplified numerical procedures considering phase
transformation, which based on a commercial finite element package was established through comparing
with the experimental data of residual stress distribution by other researcher. To consider the phase
transformation effect on residual stress relaxation, the transition of mechanical and thermal property
such as thermal expansion coefficient and specific heat capacity was found by try and error method in
this analysis. In addition to, since the transformation temperature changes by the kind and control of
alloying elements, the steel with many kinds of transformation temperature were selected and the effect
of transformation on stress releasement was investigated by the numerical procedures considering phase
transformation.
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Table 1 Chemical composition of materials used

Materials C Si Mn P S Ni Cr Cu Mo B
HT80 0.12 0.28 0.90 0.008 0.007 0.02 0.67 0.15 0.34 0.0009
9%Ni 0.09 0.226 0.58 0.006 0.006 8.72

Mild Steel 0.25 0.34 0.58 |- 0.03 0.02 0.01 0.01 0.002

STS304 0.06 0.53 13 0.03 0.01 8.8 18.6

Table 2 Mechanical and thermal properties of materials used in room temperature

' Specific Thermal E{(hZTSIiao]n Density, Yield Young's Temperature above which
Materials Heat,OC Conductivity, K Coeff[:cnent e (kg/cu’l’)p Strength, | Modulus, E | yield strength becomes zero,
(kgC) (w/mT) (10°/C) 0 y(MPa) (MPa) am(T)
HT80 546 0.15 1.2 7.8 80 21000 830
9%Ni 504 0.15 1.3 7.9 64 20500 930
Mild Steel| 546 0.5 1.2 7.8 31 21000 830
STS304 504 0.125 1.75 7.9 28 20400 950

Table 3 Parameter of Heat input in welding

conditions Analysis Zone
Materials Average Temperature, | Heat Input, /
T =Q/2¢ o Wh[TC] Q/h[Jert] ey - L Y,
9%Ni 31 1410
Mild Steel 37 1800
STS304 34 1300 -
3
L = ]
Fig. 1 Dimension of weld specimen and
3. wEes 249 analysis zone
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Table 4 Data for considering phase transformation

Transformation
. Eqivalent | Austen-izing range during
Materials Carbon,C. | Tempe-rature cooling
Mi~M : )
HT80 0.5 815TC 450~250
9%Ni 0414 830°C 380~160
Mild q
Steel 0.363 850C 780~540
STS304 . . No
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Fig. 4 Flow chart of numerical modeling
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