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Predicting Locations of Defects in the Solidification Process for
Large-Scale Cast Steel
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The large-scale cast steel has been used in broad fields of industries, such as power generation,
construction, vessels, and automobiles. In the solidification process of a hummer used for press
machine, for example, sometimes defects such as shrinkage cavity, segregation and cracks appear at
hummer’s surface. Shrinkage cavity and segregation can be predicted by performing non-steady
state heat transfer analysis; and therefore such two types of defects can be eliminated by using chills
which control solidification process. However, uneven cooling rates at different regions of the large-
scale cast steel generate thermal stresses, which cause solidification cracks, between the chills. For
causing those cracks, thermal stress may be important ; however, there have been few studies for this
thermal stress analysis. In this study, a three dimensional thermal elasto-plastic stress analysis has
been performed by using finite element method in connection with three dimensional non-steady state
heat transfer analysis, including interaction between the temperature and stress field. The results
provide further understanding of the observed solidification crack failure for large-scale cast steel.
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Fig.1 Research object (Hummer)
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Table.1 Chemical compositions of cast steel (2Cr-Mo Alloy [wt%o])

Si Mn P S

Cu

Ni Cr Mo \'%

015 | 038 06 | 0.008 | 0.008

0.04

015 { 211 | 091 | 0007 | 0.008

Table.2 Material properties of cast steel, chill, sand mold, keeping-warm material, and heat insulation

Caststeel Chill Sandmold | KESPIEWAMM | b sulation
material
[I\:als;sdlf;sxtg'] 7.85 17 0.15 11
m
Young’s modulus *(1.225~205800) 0.001
[MPa] (See Fig.5) ’
. Poisson’s ratio 03 0
Yield stress (0.490~215.746) 0
[MPa] (See Fig.6)
Coefficient of linear *(1.27~1.50) 0
expansion [1/°C] (SecFig7)

Thermal conductivity *2733.0~5191.0) *(66.98~124.8) 84 419
[X 10*W/m] (See Fig8) (See Fig.10) : :
Specific heat (460.47~1431.63) 64 on fpps

[ J/kg ‘K] (See Fig9)
_ 4144189.5(Cast steel-Chill, Heat insulation-Air)
Heat transfer 418.605(Cast steel-Sand mold, Chill-Sand mold, Sand mold-Keeping-warm material, Sand mold-Heat insulation)
coefficient 41.8605(Cast steel-Keeping-warm material, Cast steel-Heat insulation)
[W, 2 K] 20.903025(Keeping-warm material, Heat insulation-Air)
4.18605(Cast steel-Heat insulation)

* These properties are depending on temperature as shown Fig.5-10.
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Fig.5 Young’s modulus of cast steel
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Fig.9 Specific heat of cast steel and chills
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(2) 1200sec (b) 1800sec
Fig.15 Yielding Region (Cubic Chills, /=70mm, a=100mm, ¢ =100mm, z =10mm)

(a) 1200sec (b) 1800sec
Fig 16 Yielding Region (Cylindrical Chills, / =70mm, d =100mm, # =100mm, z =10mm)

(a) 1200sec (b) 1800sec
Fig 17 Yielding Region (Cylindrical Chills, Z =170mm, d =110mm, ¢ =100mm, z=10mm)

: $8343
() 1200sec (b) 1800

Fig 18 Yielding Region (Cylindrical Chills, Z =170mm, d =100mm, ¢ =120mm, z=10mm)
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