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further includes pressurising means (400) for applying 510 160 510
a variable pressure on the outer walls (206, 208, 210) of
the chill mould, in order to control changes in volume H— 205
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WO 00/27567 PCT/SE99/02005

METHOD AND DEVICE FOR CHILL MOULDING

TECHNICAL FIELD
The present invention relates to a method and a device for chill moulding

cast iron.

BACKGROUND ART

A method and a device for the manufacture of cast iron parts by casting in a
stationary metal mould, which is lined with a layer of hardening moulding
material or green sand, is shown in SE-C-506508, which is hereby included
in the description as a reference. A tubular metal mould is used whereby a
tubular, upwardly open space in the mould is lined using an insulating form
material. Molten cast iron is filled from above, in such a way that the cooling
effect of the mould and lining gives a directional frontage of solidification from
the lower end of the lining and upwards to a feeder volume at the top for the
last of the iron to solidify.

The described method and device give excellent results for cast parts of even
thickness and relatively thin walls, such as cylinder linings, but are less
suitable for casting of parts with varying cross-section and more complex
geometry, where the rate of cooling will vary too much between different
parts of the casting. Demands for improved mechanical properties combined
with good ductility means that alloyed materials, which are traditionally used
for improving mechanical properties, can not be used as the workability will
be reduced due to the high carbide content and casting becomes difficult due
to its tendency to shrink.

DISCLOSURE OF INVENTION

Therefore, a general purpose of the invention is to provide a method and a
device for chill moulding of cast iron parts of varying cross-sectional area and
of relatively complex geometry, where the mechanical properties of the cast

material is not controlled and limited by the added alloying materials alone.
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A further purpose of the casting method according to the invention is to
provide increased possibilities for influencing the rate of cooling of the
casting, primarily through the pearlite transformation temperature range,
which makes it possible to improve the mechanical properties even further.
An increased rate of cooling will also increase productivity, i.e. a larger

number of cast parts per unit of time and production unit.

A further purpose of the invention is to fulfii high level environmental
requirements, such as low emissions of pollutants, reduced use of energy, a
clean working environment, reduced use of moulding material or sand,
calculated per unit of weight for castings with a corresponding reduced need
for depositing moulding material or sand and a significantly improved
recovery of added energy.

According to the present invention, these purposes are achieved by a device
for casting cast iron, which device includes a chill mould having outer walls
and inner walls, wherein the inner walls are in contact with a mould,
characterised in that said device also includes pressurising means for
applying a variable pressure against the outer walls of said mould, as well as
a chill mould cooling means for variable cooling of the inner walls of said

metal chill mould.

The wall thickness of the mould is chosen so that the desired rate of heat
transfer for the required mechanical properties of the cast part is achieved.

The mould is preferably made of moulding material or green sand.

Furthermore, it is advantageous to include an hydraulic or a pneumatic press
in said pressurising means for acting on the outer walls of the metal chill
mould.
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Said chill mould cooling means preferably includes a number of cooling
circuits arranged in said metal chill mould, a coolant container, a heat
exchanger and a coolant pump, whereby said coolant pump circulates a
coolant through a coolant conduit interconnecting said cooling circuits with

said coolant container , said heat exchanger and said coolant pump.

These purposes are, according to the present invention, achieved by a
method for manufacturing cast iron parts according to the invention, whereby
a metal chill mould, having outer walls and inner walls and where the inner
walls are in contact with a mould, is filled with molten cast iron. The method
is characterised in that pressurising means can apply a variable pressure
against the outer walls of said metal chill mould, and that chill mould cooling
means can variably cool the inner walls of said metal chill mould during the
cooling of the casting.

Said mould is preferably made from a hardening moulding material or green
sand. The thickness of the walls of the mould is chosen to achieve the
required rate of cooling.

The casting method allows casting of materials having a low C-equivalent, as
well as materials having high levels of carbide stabilising alloying materials
used to obtain castings with a considerably higher flexural strength, fatigue
strength and modulus of elasticity, which in all will give good mechanical

properties.

By casting materials with a low C-equivalent and by adding moderate
amounts of carbide stabilising alloying materials, a strong material, virtually

free of carbides and with a good machinability, can be obtained.

The casting method will also give less dimensional scatter for the casting
compared to conventional green sand casting.
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BRIEF DESCRIPTION OF DRAWINGS
Preferred embodiments of the invention will be described in more detail

below, with reference to the appended figure, wherein;

Fig. 1 shows a schematic cross-section of a device for chill mould casting of

cast iron according to the invention.

MODE(S) FOR CARRYING OUT THE INVENTION

Fig. 1 shows a device 100 chill mould casting of cast iron according to the
present invention. The device includes a rigid, thick-walled metal chill mould
100, with side elements 200, a top element 205 and a bottom element 207.
Each of the side elements 200 has an outer wall 210, facing away from a
mould cavity 150 into which molten cast iron is to be poured, and an inner
wall 220, facing the mould 300. The top element 205 is provided with a
corresponding outer side 206 and an inner side 212. Similarly, the bottom
element 207 has an outer side 208 and an inner side 213. The thickness of
the mould wall 330 is chosen so that a desired heat transfer rate is obtained.
The mould material, wall thickness, pressure and temperature controls the
heat transfer rate, whereby a thin wall will give a fast cooling rate and a thick
wall a slow cooling rate. The mould 300 is produced by conventional
methods, alternatively in a air-squeezing core machine, a core forming
machine or by manual manufacture, using a hardening, insulating mould
material, with a suitable known organic or inorganic binding agent, or green
sand. The moulding is performed using a template which shapes the mould
cavity 150. The thickness of the mould wall 330 is generated by conventional
means, alternatively in the core box or by the height of the mould block. The
mould 300 preferably includes a first mould part 310 and a second mould
part 320. The mould parts 310 and 320 are joined by means of an adhesive
or a bolt connection after the core has been assembled, should a core be
required. The mould 300 is placéd in the chill mould 100 whereupon the side
elements 200, the top element 205 and the bottom element 207 of the chill

mould 100 closes around the mould 300 by pressurising one or more
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pressurising means 400. Molten material is poured into the mould through an
inlet port 160 which is connected to the mould cavity 150. The inlet port is
made by conventional methods.

In this way it is possible to apply variable pressure on the side elements 200,
the top element 205 and the bottom element 207 of the chill mould, using
pressurising means 400 arranged in connection with the chill mould. The
pressurising means 400 preferably include hydraulic or pneumatic presses
arranged to act on the outer walls, 206, 208 and 210 respectively, of the chill
mould. During solidification of the molten material in the chill mould 100
volume reductions (e.g. during forming of austenite) and increases (e.g.
during forming of graphite) will occur during different phase transformations.
These changes in volume will be larger or smaller depending on factors such
as the relationship in size between the molten material, the mould and cores,
if any, as well as the chemical composition of the basic material, inoculation,
treatment of the smelt, etc. . By making it possible to control the pressure
applied to the outer walls, 206, 208 and 210 respectively, of the chill mould, it
is also possible to partially control the force by which residual molten material
is transferred from areas of increasing volume to areas of decreasing
volume, without being forces into the mould or core, nor causing shrinkage

porosity.

The device according to the invention is also provided with variable cooling
by a chill mould cooling means 500, with acts on the inner walls of the chill
mould 212, 213 and 220 respectively. The chill mould cooling means 500
includes several, preferably six, cooling circuits 520 arranged in or on the
side elements 200, top element 205 and bottom element 207 of the chill
mould. The chill mould cooling means 500 preferably includes a coolant
container 530, in which a coolant such as water is stored, a heat exchanger
540 for recovering heat from the coolant and a coolant pump 550 for
circulating the coolant through a coolant conduit to and from the coolant
circuits 520.
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The mould cavity 150 is cooled by the coolant in the chill mould 100 during
the entire casting process. The rate of cooling is regulated by the heat
transfer rate of the mould wall 330, the heat transfer rate of the inner wall 220
of the chill mould, the mould cavity 150 and the temperature of the coolant.
The heat transfer is also affected by the pressurisation of the pressurising
means 400. The rate of cooling is controlled during the entire cooling
process, until the pearlite transformation has been completed, to achieve the
desired mechanical properties for the casting; a high cooling rate will give a
high strength. The cooling rate through the pearlite transformation phase can
be increased by opening the chill mould when the temperature of the casting
is above the temperature for pearlite transformation. The air cooling which
will then occur, increases the cooling rate further giving an even higher
strength. On the other hand, the cooling rate can also be reduced by opening
the chill mould when the temperature of the casting is in the austenite range.
Immediately after the opening the casting is immersed in and covered by an
insulating medium and is kept in this state until the temperature of the casting
has dropped below the pearlite transformation temperature. This method can
also be used for reducing stresses in the cast part, but the casting must then
be kept in the insulating medium until its temperature is lower than 200 °C, in
the case of cast iron. The opening of the chill mould can take place before or
after the pearlite transformation phase, depending on the material properties
desired.

The invention is not limited to the embodiments shown in the figure or
described above, but can be modified within the scope of the appended
claims. It is, for instance, possible to construct the mould in more than two

mould parts, e.g. by using three or four parts assembled into one mould unit.
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CLAIMS

1. A device for casting cast iron including a metal chill mould (100) having
outer walls (206, 208, 210) and inner walls (212, 213, 220), which inner walls
are in contact with a mould (300), characterized in that said device
further includes pressurising means (400) for applying a variable pressure on
the outer walls (206, 208, 210) of the chill mould, and chill mould cooling
means (500) for variable cooling of the inner walls (212, 213, 220) of said
chill mouid.

2. A device according to claim 1, characterized in that said
pressurising means (400) includes hydraulic or pneumatic presses arranged
to act on the outer walls (206, 208, 210) of said chill mould.

3. Adevice accordingto claims 1 or2, characterized in that said
chill mould cooling means (500) includes several cooling circuits (520)
arranged in said chill mould (100), a coolant container (530), a heat
exchanger (540) and a coolant pump (550), whereby said coolant pump
circulates a coolant through a coolant conduit (510) connecting said coolant
circuits (520) with each other and with said coolant container (530), said heat
exchanger (540) and said coolant pump (550).

4. Adevice according to claims 1to 3, characterized in that the
wall (330) of said mould has a thickness chosen so that a desired rate of heat
transfer is obtained, in order to achieve desired mechanical properties in the
cast material.

5. Adevice according to claims 1to 4, characterized in that said
mould (300) is made of a hardening mould material or green sand.
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6. A method for making iron castings, wherein a metal chill mould (100),
having outer walls (206, 208, 210) and inner walls (212, 213, 220) and where
said inner walls are in contact with a mould (300), is filled with molten cast
iron, characterized in that pressurising means (400) acts with
variable pressure on the outer walls (206, 208, 210) of said metal chill mould,
and that chill mould cooling means (500) variably cools the inner walls (212,
213, 220) of said chill mould during cooling of the casting.

7. A method according to claim 6, characterized in that said

mould (300) is made of a hardening mould material or green sand.

8. A method accordingtoclam6or7, characterized in that said
pressurising means (400) inciudes hydraulic or pneumatic presses arranged
to act on the outer walls (206, 208, 210) of said chill mould.

9. A method according to claims 6 to 8, characterized in that
said chill mould cooling means (500) includes several cooling circuits (520)
arranged in said chill mould (100), a coolant container (530), a heat
exchanger (540) and a coolant pump (550), whereby said coolant pump
circulates a coolant through a coolant conduit (51 0) connecting said coolant
circuits (520) with each other and with said coolant container (530), said heat
exchanger (540) and said coolant pump (550).

10. A method accordingto claims 6t0 9, characterized in that the
wall (330) of said mould (300) has a thickness chosen so that a desired rate

of cooling of the casting is obtained,



WO 00/27567

1/1

PCT/SE99/02005

300
206 400
100
212
— 520 /
510 160
\‘ /510
/ H—205
NN SN /L \\\;l ~N
\ [
TSRS SIS N\ 200
L NR R BN /77,
1 Vo L 4
/I U 330
310 —H—| & A 7 320
% s ]
g . g
1 0 S/ — 400
/2K 4
¢ IR d v
= 1 U 4 210
400 A, U 0 N
‘- |. . ,':/ 7/_
520 ot G920 g4
V] /_-,- : } // A
1 . o
/‘.. ‘..I-
//—// AT DRSO /A
2001 AAALALKINNNARRRRRRRRRRRANNS
N \ N 550
/—L& AALAAANIRRNANARANANRRNNNY
//
207
/ |
510 /
213 v
208 400 //
/
520 500 /
530

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE 99/02005

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: B22D 15/04, B22D 27/04, B22D 27/09

According to International Patent Classification (IPC) or to both national classification and 1PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC7: B22C, B22D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 4085790 A (ADALBERT WITTMOSER), 25 April 1978 1-10

(25.04.78), figure 3B, claim 1, abstract

A US 5744173 A (ROBERT A. STERETT), 28 April 1998 1-10
(28.04.98), figure 4, claims 15-17,
abstract

A Derwent's abstract, No 1984-268966, week 198443, 1-10

ABSTRACT OF SU 1079353 A (MOSC AUTOMECH INST),
15 March 1984 (15.03.84)

A SE 435243 B (ASEA AB), 17 Sept 1984 (17.09.84), 1-10
figure 1
m Further documents are listed in the continuation of Box C. m See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority
pn ; ioh : date and not in conflict with the application but cited to understand
A ?;);t;rré?n;a?’glzﬁg}:geevgg:éal state of the art which is not considered the principie or theory underlying the invention
“E” erlier document but published on or after the international filing date “X” document of particular relevance: the claimed invention cannot be
y . . . Ca s sidered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is const )
cited to establish the publication date of another citation or other step when the document is taken alone
special reason (as specified) “Y” document of particular relevance: the claimed invention cannot be
“0” document referring to an oral disclosure, use, exhibition or other considered to involve an inventive step when the document is
means : combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

17 -02- 2000
10 February 2000

Name and mailing address of the ISA/ Authorized officer

Swedish Patent Office

Box 5055, 8-102 42 STOCKHOLM Marten Hulthén/MP
Facsimile No. +46 8 666 02 86 Telephone No.  +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE 99/02005

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

P,A

WO 9919099 Al (ASEA BROWN BOVERI AB),
22 April 1999 (22.04.99), figure 1, claim 1

1-10

Form PCT/ISA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members
PCT/SE 99/02005

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4085790 A 25/04/78 CA 1051631 A 03/04/79
DE 2519463 A 11/11/76
FR 2309289 A,B 26/11/76
GB 1538540 A 24/01/79
JP 1265384 C 27/05/85
JP 51133135 A 18/11/76
JP 59040534 B 01/10/84
US 4068704 A 17/01/78
US 5744173 A 28/04/98 JP 11507300 T 29/06/99
- US 5944087 A 31/08/99
WO 9731733 A 04/09/97
SE 435243 B 17/09/84 SE 8101868 A 25/09/82
WO 9919099 Al 22/04/99 AU 9470398 A 03/05/99
SE 510712 C 14/06/99
SE 9703709 A 14/04/99

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

