s AN O RE & RAR I RIETHURHORE 103

T TR TR T

X

UDC 669.18-412 : 621 746.5:621.744.3 : 620.192.4 TN T TH TR T

—_

SRS KRS O R & B M i R 3 T SRR D
OB R BT AR UK N B

Influence of Mould Design on the Solidification and Soundness

of Heavy Forging Ingots

Koichi TASHIRO, Shiro WATANABE, lkujiro KITAGAWA, and lftaru TAMURA

Synopsis :

Influence of hot top and mould design on the formation of central porosities and loose structure in heavy
forging ingot was analyzed by using finite element method. The results of analysis were compared with
those of sectioning investigation of 100 t and 135 t ingots, and the influence of mould and hot top design
on the internal defects has been made clear quantitatively.

The result shows that the geometry of hot top and mould design plays most important role on the manu—
facture of sound heavy ingots. The central porosities and loose structure are liable to increase when the
rate of vertical solidification at the centerline of ingot exceeds the value of about 10 mm/min., and the de-
fects are strengthened at the area where the rate of solidification is accelerated.

For 0.25% C-3.5%Ni—Cr—Mo-V steel ingot, “A” segregation begins to form when the rate of transverse
(horizontal) solidification decreases to the value of about 0.8 mm/min.
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Fig. 1. Element division and temperature measu-

ring points for 65t ingot.
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Fig. 2. Initial and boundary condition used for
solidification analysis.
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Table 1. Boundary condition about hot top.
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Fig. 3. Thermal conductivity and specific heat
used for solidification analysis.
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Fig. 4. Density used for solification analysis.
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(a) Hot top (b) mould

Temperature measuring points

1,2,3 : 10mm(Sheathed PR 1.6mmg)from brick lining surface
4,5,6 : 45mm( ” PR 1.6mmg) #

7,8,9 : 135mm( ¥ CA 3.2mmg) ”

10,11, 12 : 30mm( # CA 3.2mmg) from outer face of frame
17, 18,19 : 30mm( # CA 3.2mmg¢) from outer face of mould

Fig. 5. Position of temperature measurement and
sorts of thermocouple used for 65t ingot.
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Fig. 6. Comparison of the calculated temp. with
the measured in the hot top frame and

mould of 65t ingot.
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D1 : Diameter of ingot top

Dy : Diameter of ingot bottom

D : Mean diameter of ingot (=(D;+D3)/2)

Dg : Diameter of bottom of hot top

H : Height of ingot

& : Height of hot top

H/D : Height/Diameter ratio of ingot

Ty Taper (=(D1—D;)/H*x100%)

¢ : Ratio of hot top diameter to ingot
diameter (=D3/D;%x100%)
Fig. 7. Definition of ingot size.
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Fig. 8. Solidification pattern of 65t ingot.
(H/D=1.31, Ty=11.6%, ¢=84.9%)
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Insulating

Fig. 9. Solidification pattern of 65t ingot with
insulating brick as hot top lining.
------ Solidification lines in Fig. 8

=
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. Fig. 10. Solidification pattern of 65t ingot insulat-
ed at outer wall of hot top.
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Fig. 1l. Solidification pattern of 135t ingot.

(p=87%, H/D=1.4)
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Fig. 12. Solidification pattern of 110t S-type
ingot. (¢=919%, H/D=1.1)

Fig. 13. Solidification pattern of 110t L-type
mngot. (¢=71%, H/D=1.1)
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(a) Vertical section

Photo. 1. Sulphur print of 135t ingot of 3.5% Ni-Cr-Mo-V steel.
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(b) Transverse section (50% Position)
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Fig. 14. Comparison of vertical solidification rate
of 110t S,-110tL-type and 135t ingots, the
range of loose structure in 110t L-type
ingot and the distribution of micro-poro-
city in 135t ingot.
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Photo. 2. Result of penetration test on vertical
section of 110t L-type ingot made of
3.59% Ni-Cr-Mo-V steel.
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Comparison of approximate value St with
numerical analysis value Sy of maximum
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Fig. 16. Comparison of transverse solidification rate
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of “A” segregation formation and distri-
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Fig. 17. Relationship between the rate of local
solidification and local cooling, and the
position at which “A” segregation formed
in 135t ingot.
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