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Estimation of Forming Condition of Center Porosity in Forging Ingot

Hitohisa YAMADA, Takashi SAKURAI, Tomoo TAKENOUCHI and Yoshiyuki IWANAMI

Synopsis:

Porosities are often found in the center of forging ingot together with “V” segregation. For the produc-
tion of sound ingot, therefore, it is essential to develop a method to estimate the size and the location of the
porosity. For this purpose, four forging ingots were examined by ultrasonic testing to evaluate the size
and location of the porosity. Computer calculation of solidification was also carried out on these ingots to
study factors influencing the formation of the porosity.

As a result, it was found that the size of porosity was not determined by such parameters as temperature
gradient and solidification rate but by a new parameter L/D, where L and D are height and width, respec-
tively, of semi-solid region formed during solidification in the center of ingot. The parameter L/D is a
function of solidification condition and the grade of steel.

By calculating the distribution of L/D along the

axis of ingot by computer, porosity zone can be predicted for each porosity size.
Key words: ingot making; solidification; segregation; low alloy steel; computer.
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Table 1. Chemical composition of investigated ingots.
Chemical composition (%)
Material Ingot(t)
C Si Mn P S Ni Cr Mo A%

Ni-Mo-V 75 0.31 0.35 0.55 0.018 0.019 3.12 0.09 0.42 0.07

Ni-Mo-V 90 0.22 0.02 0.37 0.006 0.009 3.51 0.35 0.27 0.11
Carbon steel 120(A) 0.33 0.31 0.76 0.008 0.007 0.28 0.24 0.10 —
Carbon steel 120(B) 0.35 0.31 0.75 0.007 0.005 0.27 0.24 0.07 —
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[Boundary condition)

== Conduction

------ Radiation and convection
i =—==Conduction or radiation
t\ ——Adiabatic

§ [tnitial condition]
Mould and brick temp. : 50°
Molten steel temp.: Liquidus
temp.+10%

Atmosphere temp.: 20°%
Formation of air gap: 4~5min

Fig. 1. Boundary and initial conditions for solidi-
fication analysis.

Table 2. Physical properties used for solidifica-
tion analysis.

Specific . Thermal Latent
heat Pensxt?’y conductivity heat
(cal/g-°C)  (8/em)  (cal/em+s-°C)  (cal/g)
liquid 0.17 6.8 .
Steel (144 0.25 7.4 0.065~0.130 60
Mould Q.19 7.1 0.080~0.102 —
Brick 0.27 1.73 0.003 —
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Fig. 3. The result of ultrasonic testing on the test
block taken from 120t (A) ingot.
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Photo. 1. Shape of the 3 mm ¢ flaw at several sliced sections.
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Fig. 4. A projection of the 3mm ¢ flaw.
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Fig. 5. Relation between temperature gradient and
the critical location of flaw formation.
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the critical location of flaw formation.
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