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Fig.1 Photo showing appearance of EST
liner after casting
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Fig.2 Photos showing cross section of specimen
for acceptable quality and production
defects for EST liner
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TFig.3 Schematic illustration showing molten
metal flow and mold design for casting
of EST liner
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Table 1 Properties of cast iron and sand mold
used for calculation
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Fig.4 Change of flow pattern of molten metal
at filled ratio of (a) 5%, (b) 10%, (c)
25% ,and (d) 50%

Material | Density Thermal Heat | Viscosity Initial
conductivity | capacity temperature
(kg/m? | (Wh/K) | (kg | (m?s) ¢
Cast iron 7.00 0.080 150 0.0078 1580
Sand mold]| 1.45 0.002 250 25

Sprue | (b) o

A

o 'éate
x> Flow off
(c) o
| : \\,‘

Fig.5 Change of solidification of molten metal
after pouring at (a) 100s, (b) 200s, (c)
400s, and (d) 600s
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- s 2 Py
ultrasonic testing

Photo showing
inspection results on cladding metal
surface of EST after cast
cladding:

*, uncladded place; A, shrinkage cavities

liner
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(b) Pressure type
(Design No.2)
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Fig.7 Schematic image showing shapes of
runner and gate
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Fig.8 Schematic illustration showing structure
for each parts (a) and cross sectional
area(b): S, sprue; S runner; Se sum of all
gates

Table 2 Comparison of each area ratios by
difference of casting mold design

Design a— Sprue | Runner | Gate
No. (Sa/SD | (SplSa) | (S:lSw)

1 X 1.00 1.27 1.07

O 1.00 0.98 0.91
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Fig.9
pattern of molten metal:
(a) non-pressure type, (b) pressure type

Fig.10 Effect of change casting design on
solidification process of molten metal:
(a) non-pressure ype, (b) pressure type
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Fig.11 Quality inspection result for actual
product mode by pressure type casting

design:
X ,uncladded place; A,shrinkage cavities
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Effect of change of casting design on flow
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I Wide < > Narrow

(a) Wide gate at center, (Design No.3)

" Wide

I Narrow xa >

(b) Narrow gate at center, (Design No.4)

Fig.12 Schematic illustration showing gate
structures for controlling molten

metal flow

Table 3 Comparisons of area ratios of each part

and area slope ratio of gates

Design Avea ratio Slope-ratio
No. | Sprue | Runner | Gate of gates
(8:/8a) | (8518a) |(SelSa) | (SenlSin)
2 1.00 0.97 0.91 all same
3 1.00 0.97 0.86 0.67
4 1.00 0.97 0.87 2.80
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of molten metal

Fig.14 Effect of gate structures on solidification

process of molten metal
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Effect of gate structures on flow pattern

(b) Narrow gate at center

Fig.15 Quality inspection result for actual
products made by two types of gate
structure:

X, uncladded place; A, shrinkage cavities
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(b) Melting loss of base metal

Fig.16 Photos showing melting damage on
base metal by molten metal flow
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(b) Long plate and three short plates,
(Design No.6)

Fig.17 Installation configuration of chiller
plates on underside of base metal

l__ __ :: Position of Chiller plates

Tig.18 Effect of chiller plates on solidification
of molten metal:
(a) long plate only, (b) added three short
plates
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(b) Long plate and three short plates

Fig.19 Quality inspection results for actual
product made by casting mold with
chiller plates:

X, uncladded place; /A ,shrinkage cavities
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(b) Shape of chiller plate

Fig.20 Schematic illustration showing optimized
casting design,(Design No.7)

Table 4 Areas ratio and slope ratio of gate
for optimized casting design

Design Avrea ratio Slope-ratio
No. | Sprue | Runner | Gate of gate
(S Sw) | (SWS) | (SIS |  (SulSa)
7 1.00 0.97 0.93 1.75
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Fig.21 Prediction results for optimized casting
design’ (a) flow pattern,(b) solidification
of molten metal
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Table 5 Comparisons of rejectable quality and shrinkages area ratio at all test castings (%)

Design | Pressure Width of gates Chiller plate Rejectable | Shrinkages
No. quality area
1 X All same (1) 25 10
2 O All same (1) ¥ 7
3 O Wide—Narrow (0.67) 5 5
4 O Narrow—Wide (2.87) 3 6
5 O Narrow—Wide (2.87) Long plate only 14 3
6 O Narrow—Wide (2.87) Four plates 15 3
7 O Narrow—Wide (1.75) Long plate only i 4

(): Slope-ratio of area as Su/Sa

Fig.22 Quality inspection result for actual

product made by optimized casting
design:
%, uncladded place; A\, shrinkage cavities
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