PrO b | em 10 1 10.1 (a) A steel cube with a side of 20 cm 1s to be cast. A

cylindrical feeder with a diameter of 20 cm 1s
located on top of the cubic mould. Calculate the
minimum height of the feeder if the feeder and
the mould are made of sand.

Hint B36

(b) Alternatively, the cube can be cast in the sand

mould with a cylindrical feeder, which 1s made

of a more 1nsulating material and has a diameter

of 10 cm. In this case the solidification time 1s

prolonged by a factor of four compared with

that in (a). Calculate the minimum height of the
new feeder. Which alternative 1s the best one?

Hint B101
Use Table 10.1 on page 316 to find a reasonable value
of the solidification shrinkage.
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Problem 10.2

10.2 A hollow cylinder with the dimensions external dia-
meter 40 cm, internal diameter 20 cm and height
30 cm is to be cast in a copper alloy. The cylinder

can be cast in either brass or Al-bronze. :
Material constants

A demand on the cylinder is that it has to be com- _
Cvlinder sand:

pletely compact. For this reason, two cylindncal fee- k. 145 x 1043 /ms K

ders, each with a diameter of 10 cm, are chosen. The p. 1.5 x 10° kg/m®

material, size and design of the feeders determine the s 0.27kI/kgK

choice of alloy. The size of the feeder will be chosen Feeder material

to be as small as possible. ke 41 % 104 /msK
The cylinder mould 1s made of sand and the fee- P 0.90 x 10° kg/m’

ders are made of a highly insulating ceramic material. c'lf] 0.20 klkg K

Material constants of the mould and feeder materials
are given in the table here. Tables 10.1 (page 316)
and 10.2 (page 326) can be used to find the required
material constants of the alloys.

Calculate the height of the feeders in the two alter-
natives and suggest a choice of material.
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Problem 10.4

10.4 An ingot with dimensions 0.20 x 1.00 m and a height
of 1.30 m is to be cast in steel in a thick iron mould.
The ingot is equipped with a hot top made of sand with
the same cross-sectional area as the ingot. Immedi-
ately after casting, the upper surface of the ingot is
covered with a layer of 30 mm of silica sand as heat
insulation.

However, it is doubtful whether the height of the
hot top has been chosen properly for satisfactory
use. For this reason, it is important to calculate the
minimum value of the height of the hot top.

Shrinkage cavity ‘s

he [ /]

h ingot

"f ingot

(a) As a first rough estimation, the following simple
but rather unrealistic method can be used.

The total shrinkage volume is assumed to be equal
to the hollow volume of the hot top. Perform an
approximate calculation of the height A of the hot
top if the thickness s of the solidified shell in the
hot top 1s guessed to be 15 mm at the time of total
solidification of the ingot.

Calculate the height of the hot top with the aid of
this method.

Material constants:

Steel: Hot top made of sand:
p=75x103kg/m3 p = 1.6 x10°kg/m?

k =30W/mK k=0.63W/mK
—AH =272 x 10° I /kg cp = 1.05 x 10° T /kg K
Ty = 1550°C




Problem 10.4

10.4 An ingot with dimensions 0.20 x 1.00 m and a height
of 1.30 m is to be cast in steel in a thick iron mould.
The ingot is equipped with a hot top made of sand with
the same cross-sectional area as the ingot. Immedi-
ately after casting, the upper surface of the ingot is
covered with a layer of 30 mm of silica sand as heat
insulation.

However, it is doubtful whether the height of the
hot top has been chosen properly for satisfactory
use. For this reason, it is important to calculate the
minimum value of the height of the hot top.

Shrinkage cavity ‘s

he [ /]

h ingot

"f ingot

(b) The method in (a) gives a too low value of the hot
top as it must be large enough to keep some melt
even after the solidification of the ingot.

Perform a more accurate calculation of the height
of the hot top. The information that the thickness of
the shell is 15 mm is no longer valid. The thickness
of the solidified shell of the hot top at the time of total
solidification of the ingot has to be calculated.

Hint B222
Material constants:
Steel: Hot top made of sand:
p =175 x 103kg/m? p = 1.6 x 10° kg/m?
k =30W/mK k=0.63W/mK
—AH =272 x 10° ] /kg cp = 1.05 x 10° T /kg K

1y = 1550°C

(¢) Do you find the method in (a) useful?
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Problem 10.10

10.10 It has been proposed that the origin of half-way

cracks during continuous casting is reheating of the
surface when an air gap is formed during the casting
process (Figure 10.84 on page 360). In order to
confirm or reject this statement, we will analyse the
thermal stresses at a continuous casting operation

illustrated in the figure shown. It shows the tempera-
ture at a point of the strand surface as a function of

time.

At the time for reheating of the surface the shell
thickness of the strand 1s 3.0 cm. In order to simplify
your calculations, you may assume that the solidifica-
tion rate is zero during the heating period, that the
temperature distribution in the solidified shell is linear
and that the shell is free from stresses at point P. You
may also assume that Hooke’s law is valid. Material
constants of the steel alloy are given in the table.

1500
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1300

o
=]
=

1100

1000

Surface temperature of the strand (°C)

200

0 40 80 120 160 200 240 280
t(s)

Calculate:

(a) the temperature increase AT (y)

(b)

Hint B15
the strain ¢ (y) and the stress o (y)
Hint B56

across the solid shell after the heating period of the
surface as functions of the distance y from the sur-
face. Plot them as functions of y in two diagrams.

(¢)

Plot the stress ¢ as a function of the temperature
and discuss the risk of crack formation.
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