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Figure 1 : The iron-carbon equilibrium diagram .

1800 T T ] i 1
1600
0 1535° /
1400 ._
/Liqud +
1200} , 1153° #Cementite -
Iy ey ==
‘ Austenite "'.1 7%, 148 4?30/‘,
s~ 1000}
«910° . Austenite + Cementite
800 7y 738°
0'*8% 723°
600} :
400} Ferrite + Cementite
200}
0 1 1 1 1 1
0 10 2:0 30 40 5-0
Mass °/ Carbon

The iron- Fe;C system.

et The iron-graphite system .



Figure 2 : A schematic cooling curve for a hypoeutectic grey

cast iron.
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Figure 3 . The influence of cooling rate on the temperature of

Temperature

solidification of the eutectic in cast iron.
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Figure 4 :  The effect of nucleation rate on the eutectic
solidification temperature with various rates

of cooling .
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Figure 5 : The effect of silicon on the eutectic equilibrium

freezing temperatures (after Morrogh [1]).
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Figure 6 :
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Figure 7

Section,along XX*

experiments .
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Figure 7A

View along WW’

Mid-plane sectional

Sectional views of the finally modified furnace.
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Figure 8 : A sectional plan view of the furnace .
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Figure 9 : A detailed sectional view of the mould inside the furnace
used in the initial experiments.
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Figure 9A : A detailed sectional view of the mould inside the
finally modified furnace .
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PLATE 1

The two central bricks .are removed to show
the ceramic mould seated upon the vitreosil
diffuser within the furnace hot zone. The
bricks have been deepened, by addition of
insulating cement and a thin layer of brick,
to compensate for the lowering of the mould
into the furnace hot zone (Section 3.2.1).
The Cruciliteelements (2 sets of 4 pairs)
~intersect at right angles.

" PLATE 2

The ceramic mould is held rigidly in place
in the furnace cavity by inserting a Kaowool
plug between the mould and the two central
insulating bricks..






PLATE 3

Unidirectional heat flow is induced by the
presence of a water cooled copper chill held
in position at the base of the mould by a

clamp stand. A steel furnace support permits
the. location of the copper chill and connection
of the thermocouples to the compensating leads.

PLATE 4

The supported copper chill and the modified
(earthed) thermocouple arrangement (Section 3.10.2).
All thermocouples and compensating leads

are wrapped with aluminium foil and earthed

via an external source (See Plate 17).






PLATE 5

The mould preheating furnace, the Credshire 500
Analoguer and the 200 cassette unit. The
furnace's outer removable Sandanyo cover
provides protection for the Crucilite heating
elements and electrical connections.

PLATE 6

The protective Sandanyo cover is removed
permitting access to the mould cavity (prior
to the modifications (see Plate 9)), the

16 Crucilite rods and the electrical
connections.






PLATE 7

The two central bricksremoved to expose the
Crucilite heating rods and vitreosil diffuser
in the furnace hot zone. These bricks were
deepened to compensate for repositioning

the mould in the furnace hot zone to prevent
thermal losses via the feeder head (see
Section 3.2.1).

PLATE 8

The mould in position in the furnace. A
Kaowool seal between the mould and the deepened
central bricks ensures mould rigidity and
prevents metal penetration to the hot zone
during teeming. The number 8 thermocouple
position is just visible at the top of the
vertical sample section, on the furnace
diagonal.






PLATE 9

A" 237.5mm square hole cut in the furnace:é"“
outer Sandanyo cover permits access to the
furnace hot zone without necessitating total
removal of the cover.

PLATE -10

The Kaowool seal between the mould and the
bricks prevents metal penetration to the hot
zone and ensures mould rigidity. The new
arrangement for access to the hot zone and the
earthing of the melt (Sections 3.2.1 and
3.10.2 respectively) is evident.






PLATE 11.

A Kaowool insert, placed on top of the two
central bricks and the melt earthing wire, re-
establishes the thermal insulation at the top
of the furnace partially destroyved by the
'access' hole. The central Kaowool plug
situated in the area above the feeder head

is supplemented by an insulating brick.






‘PLATES 12°AND 13

The ceramic mould with Pt./Pt. 13% Rh.
thermocouples cemented in position (Table 6b)
using 'KOS' thermal cement. The cement seal
prevents metal penetration from the mould
cavity to the furnace hot zone. The thermo-
couple wires are silica sheathed.






PLATE 14

Teeming vthe molten cast iron from the transfer
ladle to the mould situated in the mould
preheating furnace.
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"PLATE 15

The two rear panels which complete the
'isothermal box' at the rear of the data
logger are removed to show the patchboards
and the thermocouple connections.

PLATE 16

|
The two panels in position at ﬁhe rear of
the data logger. The compensating leads
protrude through the foam plastic gland
which completes the isothermal chamber.






PLATE 17

The furnace and the rear of the Credshire 500
Analogue Scanner. The isothermal chamber is
complete and the thermocouple compensating
leads are earthed via an aluminium foil sheath
which, together with the melt earth lead
(Plates 10 and 1l), is connected to the
external earth.







TABLE 2 - MOULD PREHEATING FURNACE SPECIFICATIONS

PARAMETER HORIZONTAL DIMENSIONS (mm) | DEPTH (mm)
Sandanyo Furnace Base 650 square 18.78
External Sandanyo Cover 601 square 306.8
Original Access Hole 95 diameter
Final Access Hole 243 square
Internal Sandanyo Box
(Hot Zone Casing) 436 square 305.5
Outer Brickwork 406 square 305
Brick Size (Hot Zone) 101.5 square 75.1
Top 2 Removable Bricks 225.3 x 112.65 75.1
Hole in Removable Bricks 95 diameter 75.1
Hot Zone Cavity 107.8 square 225.3
Original Diffuser 70 diameter 197
Final Diffuser 70 diameter 177.8




TABLE 3 - CRUCILITE ELEMENT SPECIFICATIONS

PARAMETER

DIMENSIONS (mm)

Rod ‘

Rod Hot Zone Length
Horizontal Axial Spacing
Vertical Axial Spacing

Vertical Displacement of Basal Elements

10.0 diam. x 540 length
184.2
127.0
-25.4
12.7

TABLE 4 - RADIAL TEMPERATURE DISTRIBUTION WITHIN

THE MOULD CAVITY IN THE PRESENCE QF THE ORIGINAL

VITREOSIL DIFFUSER

DISPLACEMENT* TEMPERATURE IN °C
mn (inches) THERMOCOUPLE POSITION W.R.T.
HEATING RODS

(a) (a) | (b) (b) (c) (o)
254  (10) 830  837| 863 86l | 790 779
228.6 (9) 896  920| 914 909 | 890 889
203.2 (8) 935  961| 949 947 | 950 945
177.8 (7) 978  986| 983 980 | 982 981
152.4 (6) 1001 1000|1001 1000 |1001 1001
T 127 (5 1007 1008|1006 1008 |1007 1008
101.6 (4) 1008 1009|1009 1010 |10l0 1011
76.2 (3) 1008 1007|1007 1007 |1008 1009
50.8 (2) lool  987|1000 992 | 997 1004
25.4 (1) 985 ~986| 985 987 | 982 992
o (0 949  956| 954 952 | 949 958

* The 'displacement' of the thermocouple hot junction
is measured vertically from the pseudo-chill inter-

.face.




Figure 10 : - Overall furnace circuit diagram.

B : Bottom elem.ents. //

T : Top elements.

crucilite
rods

E'I ‘ P A T |
s
_ \__/ B |
TIC&T/F &‘//
output
L= 240v
. ﬁ /)

L~-240v

l
—l—_—TfL‘g 2‘( 3r

L L

1

TC&TF —1[ = T

: i

input bs—— TR iy

Variac Mains
Controller

T/c : thermocouple
TF : thermal fuse .



Figure 11 : Circuit diagram for middle furnace elements.
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Figure 12 : Circuit diagram for top and bottom furnace elements .
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Figure 13 .
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“TABLE ‘5 ° 'MOULD "SPE

CIFICATIONS

~ MOULD COMPONENT | HEIGHT (mm) INTERNAL DIAMETER (mm)
' Upper 76.2
Feeder Head 50.8 Lower 38.1
Sample Section 190.5 38.1
Chill Seat 25.4 44,5
Overall 267.0 -

"TABLE 6 ' 'MOLOCHITE SUSPENSION

Solution Composition
Specific Gravity

Powder Specifications

(cm3) : 4546 Syton; 6 Lissapol; 12 Octanol

1.85 (L0O mesh suspension)

200 and 100 mesh

"TABLE ‘7 ' 'COPPER CHILL SPECIFICATIONS

CHILL PARAMETERS HEIGHT (mm) EXT%#NAL DIAMETER (mm)
Overall 88.9 -

Locating Section 25.4 44.5

Base Section 63.5 63.5

In}et Pipe/ . 9.5 _

Chill Face Separation




TABLE 8 THERMOCOUPLE ASSEMBLIES

INITIAL ASSEMBLY’

POSITION IN MOULD

FINAL ASSEMBLY

(a)

mm (inches)

190.5 (7.5)

177.8 (7)
152.4 (6)
127.0 (55
101.6 (4)
88.9 (3.5)
76.2  (3)
63.5 (2.55
50.8  (2)
38.1 (1.5)
25.4 (1)
12,7 (1.5)
o (0

(b)

Thermocouples: Pt - Pt, 13% Rh; 0.50mm diameter wire




TABLE 9 = THE EFFECT OF CARBON 'PICK-UP' ON THE COMPOSITION

OF INDUCTION MELTED CAST IRON

" "CARBON 'CONTENT ' (MASS %) COMMENTS
SUSCEPTOR
SPECIFICATION SAMPLING TIME BASE MELT III
(MELT NUMBER) (0] 5 10 .15 . L (TABLE 1)
Cold Uncoated - 4.36 | - 4,57 Excessive Carbon
(1) 'Pick-up' necessitates
Hot Uncoated 4,12 4.35 | 4.40 4.40

(2) the use of 'Zircon'

coated Susceptors.
'Zircon' Coated | 3.68 3.78 {3.79 3.792 Spalling prior to

(3) melting the metal.
Hot 'Zircon' 3.69 3.64 | 3.742} 3.84 Spalling prior to

Coated

(4) charge addition.
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“TABLE 13 - 'SPECIFIED PERFORMANCE ‘DATA

"CREDSHIRE 500 ANALOGUE SCANNER

Max. Signal Input
Type

Channel Arrangement
Min.
Scan Mode

Scan speed

Scan speed

Max. No. Channels

100 volts

D.C. or Peak A.C.
100 Dipole (5 x 20)
10 Channels/sec

1 Channel/sec

Auto or Manual -
999




TABLE 14 - PERFORMANCE DATA - 220 DRIVE CASSETTE UNIT.

Character Storage ; 50,000
‘Single Line Accommodation 70 Characters
Out-put Format 9 Characters/Channel
Print-out Format/Channel: Characters
Channel No. 2
Polarity 1
9
Temperature 5
Space : 1
Time 4 at each line end
Max. Word Count (70 - 4 =) 66
Word Count/Line - Present
4
Work
Total Scan : 2 Lines
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PLATE 83 PLATE 84

Cl. 127.1mm (19.05mm) Ci. 127.1mm (9.525mm)
x 16 ’ x 63
6.28°C/Min 6.28°C/Min
PLATE 85 : PLATE 86
ci. 177.8mm (19.05mm) Cli. 181mm (28.6mm)
x 16 x 16

4.43°C/Min 4.35°C/Min






PLATE 79 PLATE 80

Bi.  182mm (36.6mm) Cl.  33.5mm (7mm)
x 32 x 16
4.29°C/Min 32.51°¢/Min
 PLATE 81 : PLATE 82
c1. 63.5mm (9.525mm) cil. 89mm (14mm)
x 16 x 63

12.33°C/Min ; ) 9.79°¢c/Min
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PLATE 75
B1. 89mm (26.1mm)
.x 63

9.79°c/Min

PLATE 77
Bi. 127.1mm (31.1mm)
x 63

6.28°C/Min

PLATE 76
"Bl. 127.1mm (28.6mm)

x 63
6.28°C/Min
PLATE 78
B1l. 177.8mm (28.6mm)
x 63
o .
4,43°C/Min






PLATE 71
Bi.  38.lmm (29.6mm)

x 63
o .
25.62°C/Min
PLATE 73
B1. 64.5mm (29.6mm)
x 16

12.11°c/Min

PLATE 72
B1. 63.5mm (30.1mm)
x 16

12.33%/Min

PLATE 74
Enlargement of Plate 73
x 160

12.11°¢c/Min






PLATE 69
A3. 177.8mm ( 19.05mm)
x 16

4.43°C/Min )

PLATE 70
A3.  177.8mm (15mm)
x 16

4.43°C/Min
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