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RS A
ly Length of analytical model P Equivalent stress
C Hydrogen concentration Oys Yield stress
Co Hydrogen concentration m H, Work hardening coefficient
atmosphere
D Diffusion coefficient & Equivalent plastic strain
(= Dy exp(-Q/RT)) ’ 1 P
Dy Diffusion constant independent of
temperature c1, a* m;  Constants
T Absolute temperature h Hydrogen transfer coefficient
Tout Temperature in atmosphere te Time of hydrogen diffusion
0] Activation energy th Time of heat transfer
R Gas constant o, Density
Volume change due to .
ar accommodation ofga hydrogen ¢ Specific heat
op Hydrostatic stress k Heat conductivity
E Young's modulus H Heat transfer coefficient
v Poisson’s ratio hr =H/k
Oys Yield stress Ta Thermal expansion coefficient
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» Heat conduction analysis by FDM

Interpolating temperature to
each node for FEM analysis

Time increase Calculate the thermal stress using
A Elastic - Plastic FEM analysis

I

Interpolating calculated stress to each grid
for hydrogen diffusion analysis by FDM

Stress induced hydrogen diffusion analysis
combining with o multiplication method by FDM

Fig. 1 Flowchart of coupled analysis of heat conduction-thermal stress-hydrogen diffusion [4,5]
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Table 1 Material properties for FEM analysis.

E y Oys H), Ta
[GPa [MPa] [GPa] [1/K]
WM
HAZ | ref. [Fig. 3]| 0.3 | ref [Fig. 41| 0.01XE | 12E-05
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I BM (Base Metal)
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Fig. 2 Analytical model.
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Fig. 5 Boundary conditions of heat conduction and hydrogen diffusion analysis.
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Table 2 Material properties used for heat transfer analysis [13].

0.054 [ J/(°C-mm-sec)
a 12.0 mm?/sec

pec | 453x10° | 1/(°C-mm)
H | 2.09%10° |J/(°C-mm’"sec)
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Table 3 Material properties used for hydrogen diffusion analysis[17,18].

Dy | 554x10° | m/sec
0 |26.81x10°| J/mol
R 8.314 J/K mol

AV | 2.0X10° | m’/mol
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n concentration distribution after cooling Fig. 7 Result of y-grooved weld cracking
obtained by analysis[4,5]. test [19].

Fig. 8 Collection position of hydrogen and hydrostatic stress .
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Fig. 9 Time sequential change of hydrostatic stress Fig. 10 Time sequential change of hydrostatic
distributions at y=6 [4,5]. stress distribution at x=62 [4,5].
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Fig. 11 Time sequential change of hydrostatic stress at the bottom of weld metal
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Fig. 12 Time sequential change of hydrogen concentration at the bottom of weld metal (1.=0.3)
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Fig. 13 Example of oscillatory solution for stress induced hydrogen diffusion analysis[20]
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Fig. 14 Time sequential change of hydrogen concentration at the bottom of weld metal (1.=0.1)
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