
US 2008O190583A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0190583 A1 

Trumper et al. (43) Pub. Date: Aug. 14, 2008 

(54) CHILL MOULD FOR THE CASTING OF (30) Foreign Application Priority Data 
LIGHT METAL CASTING MATERIALS, AND 
THE USE OF SUCH A MOULD, AS WELLAS Jan. 31, 2005 (DE) ...................... 10 2005 OO4481.6 
OFA CAST IRONMATERAL 

Publication Classification 

(75) Inventors: Jurgen Trumper, Weinsberg (DE); (51) Int. Cl. 
Herbert Smetan, B22D I5/04 (2006.01) 
Rehlingen-Siersburg (DE) B22C 9/12 (2006.01) 

(52) U.S. Cl. ......................................... 164/520; 164/371 Correspondence Address: 
PROSKAUER ROSE LLP 
ONE INTERNATIONAL PLACE (57) ABSTRACT 

BOSTON, MA 02110 (US) A chill mould for the casting of light metal casting materials 
is provided. The chill mould is manufactured from an Ni 

(73) Assignee: Hydro Aluminium Deutschland alloyed and/or Mn-alloyed cast iron material, of which the Ni 
GmbH, Koln (DE) and/or Mn content is dimensioned in Such a way that the 

thermal coefficient of expansion of the chill mould is adjusted 
(21) Appl. No.: 11/815,191 to the thermal coefficient of expansion of the light metal 

casting material, which is to be cast in each case. A chill 
(22) PCT Filed: Jan. 27, 2006 mould is provided which can be manufactured in an economi 

cal manner which possesses optimized properties of use and 
(86). PCT No.: PCT/EP06/00701 at the same time allows for optimized casting results. Such a 

chill mould can be a constituent part of a sand casting mould 
S371 (c)(1), for the casting of a cylinder block from a light metal casting 
(2), (4) Date: Feb. 19, 2008 material. 

1 2 

: 
& 

: 
s 

: 8. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



US 2008/O190583 A1 

}-- ---- 

Patent Application Publication 

Figure 

  



US 2008/O 190583 A1 

CHILL MOULD FOR THE CASTING OF 
LIGHT METAL CASTING MATERIALS, AND 
THE USE OF SUCH A MOULD, AS WELLAS 

OFA CAST IRONMATERAL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a National Phase Application of 
International Application No. PCT/EP2006/000701, filed 
Jan. 27, 2006, which claims the benefit of and priority to 
German Application No. DE 102005 004 481.6, filed Jan. 31, 
2005, which is owned by the assignee of the instant applica 
tion. The disclosure of each of the above applications is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The invention relates to a chill mould for the casting 
oflight metal casting materials. The invention likewise relates 
to the use of such a mould. 

BACKGROUND 

0003. The principle is known of using chill moulds in 
casting moulds, in particular in Sand casting moulds, in order 
specifically to cool more substantially a cast material cast into 
the casting mould, in particular a light metal casting material, 
such as an aluminum or magnesium material, in the contact 
area between the casting material and the chill mould, than 
the sand mould is capable of doing (Stephan Hasse, Ernst 
Brunhuber: “Giesserei Lexikon' Casting Plant Encyclopae 
dial, page 735, 18" edition, 2001). In this way, a specifically 
directed Solidification of the casting material is achieved, 
taking as a basis the areas of the casting material coming in 
contact with the chill mould. In addition to this, the acceler 
ated cooling achieved by the use of chill moulds allows a 
microstructure of the solidified casting to be obtained which 
is improved in respect of its mechanical properties, in par 
ticular denser, in the area cooled by the chill mould. 
0004 Chill moulds are accordingly usually used in such 
sections of the casting mould which form areas of the casting 
which is to be formed at which particularly high demands are 
placed on the microstructure properties. This applies in par 
ticular to the technical casting manufacture of engine blocks 
or cylinder heads of combustion engines from a light metal 
alloy. 
0005. A typical example for the sector of casting moulds, 
in which chill moulds are used for local improvement of the 
microstructure, is the cylinder chambers of combustion 
engines. The running Surfaces of the cylinder chambers are 
Subjected to heavy loads when in operation, so that high 
demands are placed in particular on their wear resistance 
properties, their toughness and their strength. 
0006 Conventional chill moulds are manufactured from 
cast iron material. In terms of casting technology, they can be 
manufactured in a simple and economical manner. In prac 
tice, however, cast iron chill moulds have proved to be prob 
lematic with the casting of light metal casting materials. Such 
as aluminum or magnesium melts, due to the lower thermal 
coefficient of expansion of the cast iron in comparison with 
the light metal casting material. During casting, the chill 
mould which comes in contact with the light metal melt heats 
up and its thermal coefficient of expansion expands accord 
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ingly. If the temperature drops during the Subsequent Solidi 
fication process, the chill mould shrinks again back to its 
initial volume. 
0007. If the melt and the moulds have different thermal 
coefficients of expansion, stresses or even relative move 
ments may occur in the contact areas between the chill 
moulds and the solidified casting material, as a result of which 
defects are caused in the finished casting. In particular, 
porosities and other comparable Surface defects may occur. 
Such defects prove to be problematic in particular in situa 
tions in which particularly high loadings occur on the indi 
vidual casting when in operation. 
0008. Added to this, is the fact that the stresses which 
occur between the chill mould and the casting can be so great 
that the chill mould can only be separated from the solidified 
casting with relatively high effort, which has a negative out 
come in particular in the automated manufacture of light 
metal castings. 
0009 Attempts have been made to resolve the problem 
inherent with using grey cast iron cores by using moulds 
formed from brass. The principle is known from DE 19533 
529 A1, for example, of forming the cylinder chambers of 
combustion engines by means of brass chill moulds inserted 
into a sand mould intended for the casting of aluminum melts. 
The composition of the brass of these known moulds in this 
case is preferably determined in such a way that they have 
thermal coefficients of expansion of at least 20x10 K", 
which are adjusted to that of an Al melt. Inasmuch as the 
thermal coefficient of expansion of the moulds is adjusted to 
that of the aluminum which is to be cast, it can be guaranteed 
that mould and cast casting material expand and contract to 
essentially the same degree. In this way, stresses between the 
casting and the chill mould can be reduced to a minimum. 
0010. A disadvantage of the known brass moulds is their 
high price and their unfavorable wear behavior. Their han 
dling is also unwieldy, since brass moulds cannot be held with 
magnets, for example. With automatic manufacturing tech 
niques in particular, this makes it difficult to provide casting 
moulds which are equipped with brass moulds. In order to 
avoid the adherence of the cast material to the mould, and to 
obtain an optimum surface quality, it is also necessary in 
practice, as a rule, for the surface of the mould to be provided 
with a sizing. This procedure also leads to a complication of 
the manufacturing process, which inevitably incurs addi 
tional costs. 

SUMMARY OF THE INVENTION 

0011. The invention, in one embodiment, features a chill 
mould capable of being manufactured economically, which 
possesses optimized properties of use and at the same time 
makes optimized casting results possible. 
0012. In addition to this, a preferred application is 
described for such a chill mould. 
0013 Finally, the invention features a new application 
possibility for an inherently known casting material. 

DESCRIPTION OF THE INVENTION 

0014 With regard to the chill mould for the casting of light 
metal casting materials, this object is resolved in that it is 
manufactured from an Ni and/or Mn alloyed cast iron mate 
rial, of which the Ni content and/or Min content is dimen 
Sioned in Such a way that the thermal coefficient of expansion 
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of the chill mould is adjusted to the thermal coefficient of 
expansion of the light metal casting material which is to be 
cast in each case. 

0015. A chill mould provided in accordance with the 
invention can be used preferably as a constituent part of a sand 
casting mould for the casting of a cylinder block from a light 
metal casting material. 
0016. The invention takes advantage of the possibility of 
alloying cast iron in Such a way that its thermal coefficient of 
expansion corresponds with the thermal coefficient of expan 
sion of the light metal melt which is to be cast in each case. 
Appropriately alloyed cast iron is already inherently known. 
Thus, for example, in the German published application DE 
27 1945.6 A1 a cast iron material is already described which 
has a thermal coefficient of expansion of between 16.0x10 
and 21.0x10' K'attemperatures lying between 20° C. and 
100° C. This corresponds, for example, to the thermal coef 
ficient of expansion of typical cast aluminum alloys in the 
temperature range concerned. Hitherto, however, Such cast 
iron materials have only be used for structural components 
which are cast into or shrunk onto light metal elements, or 
compressed with them. Thus, for example, a typical example 
of use for the alloy known from DE 27 19456A1 is in the 
manufacture of ring grooves, used as sealing elements in light 
metal pistons for combustion engines. 
0017 For the adjustment of the thermal coefficient of 
expansion of iron and light metal casting material which is 
sufficiently precise for the purposes of the invention, prefer 
ably the deviation between the thermal coefficient of expan 
sion of the particular iron cast material used for the chill 
mould and the thermal coefficient of expansion of the particu 
lar light metal casting material is restricted to a maximum 
range of +0.4x10/K. 
0018 Surprisingly, it has been shown that cast iron mate 

rials alloyed according to the model of the known material 
with manganese and/or nickel can be adjusted in respect of 
their thermal expansion behavior in such a way that chill 
moulds manufactured from them possess optimum behavior 
in a casting mould, in particular a sand casting mould, in 
respect of the casting result being aimed for. This was not 
foreseeable, since in the prior art in each case, with regard to 
the expected individual functional performance, the focus has 
been on the essential mechanical and microstructure proper 
ties of the known cast iron material. By contrast, the invention 
is based on the finding that cast iron alloys procured in this 
manner are especially well-suited, due to the thermal expan 
sion behavior expanding beyond the mechanical and micro 
structure properties, to be used as material for the manufac 
ture of chill moulds. 
0019. The use of a cast iron material according to the 
invention, alloyed by Mn, Ni, in each case alone or by a 
suitable combination of these elements, for the manufacture 
of chill moulds, can minimize the stresses in the contact area 
between the chill mould and the solidified casting material, 
which otherwise arise with chill moulds when light metal 
melts are being cast. Due to the adjustment of the thermal 
coefficient of expansion of the chill mould to that of the light 
metal casting material, the stresses which occur in the course 
of the solidification of the casting material between the mould 
and the casting material are reduced to a minimum. At the 
same time, with the chill moulds, the advantageous effects 
inherently known from the prior art with regard to the con 
trolled solidified microstructure are reliably attained. In this 
situation, moulds according to the invention can be manufac 
tured economically in an inherently known manner and have 
a wear resistance which is far greater than that of the known 
brass moulds. 
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0020. On the basis of their magnetic properties, they are 
easier to handle for automated processing, with the result that 
they have perceptibly improved usability in the sector of light 
metal casting in relation to the known types. It is of particular 
significance for actual practice that the Surface qualities of the 
casting achieved with the use of cast moulds according to the 
invention are so good that the elaborate dressing of the 
moulds required with the prior art before the casting process 
is no longer required. 
0021. According to the invention, it is both possible to add 
only nickel or only manganese to the cast iron material, as 
well as to provide both these elements as alloy constituents. 
The decisive factor is that the thermal coefficient of expansion 
of the chill mould is adjusted to the thermal coefficient of 
expansion of the casting material. 
0022 Chill moulds according to the invention are particu 
larly well-suited for use when casting aluminum alloys, since 
the thermal coefficient of expansion of the mould material can 
be adjusted particularly well to that of the aluminum alloys. 
The chill moulds can, however, also be used in the casting of 
other light metal alloys, such as, for example, magnesium 
alloys. 
0023 Preferably, chill moulds according to the invention 
are well-suited for use in sand casting moulds for the casting 
of a cylinder block made of a light metal casting material. In 
this situation, chill moulds which are formed in accordance 
with the invention can serve in particular to form the cylinder 
cavities of a cast cylinderblock for combustion engines. This 
is the case regardless of whether the cavities themselves serve 
as cylinder running Surfaces or whether additional cylinder 
liners are provided. 
0024. If the inner walls of the cavity themselves serve as 
the cylinder running surfaces, after the solidification of the 
casting the cavity inner walls can be coated in an inherently 
known manner with a material. Such as nickel or silicon, in 
order to increase their wear resistance. It is also possible, 
however, to use as a casting material an inherently known 
hypereutectic alloy which precipitates silicon, wherein the 
chill moulds according to the invention reliably guarantee 
that the desired precipitations of Si occur in the area of the 
cylinder running Surfaces thanks to an accelerated Solidifica 
tion induced in a controlled manner by means of the chill 
moulds. It is, of course, possible in this situation, after the 
Solidification of the casting, for machining of the running 
surfaces to be carried out in order to expose the precipitated 
silicon in a likewise inherently known manner. 
0025. According to a preferred embodiment, the cast iron 
material can have a nickel fraction of 0.1 to 13.0% by weight. 
With such a nickel fraction, the adjustment of the thermal 
coefficient of expansion can be realized in a particularly 
simple manner. Higher Ni contents cause increased expan 
sion of the cast iron on heating, while with lower Nicontents, 
which are combined with likewise small quantities of Mn, if 
present, adjust Smaller thermal coefficients of expansion. 
Thermal coefficients of expansion of the chill moulds accord 
ing to the invention which are particularly well adjusted to the 
thermal expansion behavior of aluminum based melts are 
produced if the content of Ni is more than 6.00% by weight, 
in particular at least 6.5% by weight. The range for the nickel 
contents can be limited upwards, at which the effects used by 
the invention occur particularly reliably, in setting the upper 
limit for this range at a maximum 8.00% by weight, prefer 
ably less than 8.00% by weight. 
0026. As an alternative or in addition, the cast iron mate 
rial may also have a manganese fraction for adjusting the 
thermal coefficient of expansion, which lies in the range from 
0.1 to 19.0% by weight. Higher Mn contents lead to a dis 
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placement of the thermal coefficient of expansion towards 
higher values, while lower Minfractions, with at the same time 
low or non-existent Ni fractions, cause a lower expansion of 
the cast iron on heating. Preferably, the contents of Mn lie in 
the range from 4 to 12% by weight, in order to guarantee an 
optimum adjustment to the expansion behavior of Al melts. 
0027. In order to achieve optimum results with regard to 
the wear resistance of the cast iron material, the cast iron 
material can also, in an inherently known manner, as well as 
iron and unavoidable impurities, contain the following ele 
ments (in % by weight): 
0028 C: 1.5-4.0%, 
0029. Si: 0.5-4.0%, 
0030 Cu: 0.3-7.0%, 
0031 Cr: <2.0%, 
0032. Al: 0.3-8.0%, 
0033 Ti: 0.01-0.5% 
0034. Accordingly, the solution to the object referred to 
heretofore, with regard to the use of a cast iron material 
inherently known from DE 27 1945.6 A1, lies in the fact that 
this material, in addition to iron and unavoidable impurities, 
containing (in 96 by weight) C: 1.5-4.0%. Si: 0.5-4.0%, Cu: 
0.3-7.0%, Cr: <2.0%, Al: 0.3-8.0%, Ti: 0.01-0.5%, 0.5%, as 
well as at least one element from the group Ni, Mn, with the 
proviso that the content of Ni amounts to: 0.1-13.0% and the 
content of Mn to: 0.1-19.0%, is used to manufacture a chill 
mould for casting light metal casting materials. 
0035. The invention is explained in greater detail herein 
after on the basis of an exemplary embodiment represented in 
a drawing. The single figure shows a cast cylinder block 1 
with a chill mould 2 inserted in it, in a cross-section. 
0036. In FIG. 1 a finished solidified cylinder block 1 is 
represented, cast in an inherently known manner in a sand 
casting mould, not shown, of a multi-cylinder combustion 
engine, in a cross-section through one of the cylinder cham 
bers. After Solidification and cooling, the sand casting mould 
was removed from the cylinder block 1, being destroyed in 
the process. 
0037. The cylinder block 1 was cast from a conventional 
AlSil7Cu4Mg alloy (Si: 16.0-18.0; Cu: 4.0–5.0; Fe: <=0.7: 
Mg: 0.4-0.7: Mn: <=0.2: Ti: <=0.2: Zn: <=0.2: X others: 
<=0.2; remainder Al, figures as % by weight). This casting 
material possesses athermal coefficient of expansion of 19.4x 
1O/ K. 
0038. The chill mould 2 was manufactured from a com 
mercial GGL-NiCr 20-2 cast iron alloy known under the 
name "Ni-Resist”. By choosing the Mn and Ni contents, the 
chill moulds have a thermal coefficient of expansion which 
lies in the range from 20° C. to 200° C. 18.7x10/ K. This 
thermal coefficient of expansion lies so close to the coefficient 
of expansion of 19.4x10/K of the AlSil7Cu4Mgalloy from 
which the engine block is cast that the chill moulds, on heat 
ing and cooling, behave in essentially the same manner as the 
Al casting material. As a consequence, only minimal stresses 
occur in the contact area between the casting part and the chill 
mould in each case, and an optimum casting result is 
achieved. 
What is claimed: 
1. A chill mould for a casting light metal casting material, 

comprising at least of one of a Ni and Mn alloyed cast iron 
material of which the Ni and Mn content, respectively, is 
manufactured so that the thermal coefficient of expansion of 
the chill mould is adjusted to the thermal coefficient of expan 
sion of the light metal casting material being cast. 

2. The hill mould according to claim 1, characterized in that 
wherein the alloyed cast iron material has a Ni content from 
0.1% by weight to 13.0% by weight. 
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3. The hill mould according to claim 1, wherein the alloyed 
cast iron material has a Mn content from 0.1 to 19.0% by 
weight. 

4. The hill mould according to claim 1 wherein the alloyed 
cast iron material includes, in addition to Ni and/or Mn, as 
well as Fe and unavoidable impurities, the following alloy 
constituents (in % by weight): 

C: 1.5-4.0%, 
Si: 0.5-4.0%, 
Cu: 0.3-7.0%, 
Cr: <2.0%, 
Al: 0.3-8.0%, 
T: O.O1-0.5% 
5. Use of a chill mould, including a cast iron material and 

at least one of a Ni and Mn content in an amount Sufficient so 
that the thermal coefficient of expansion of the chill mould is 
adjusted to the thermal coefficient of expansion of a light 
metal casting material, the chill mould a constituent part of a 
sand casting mould for the casting of a cylinder block from 
the light metal casting material. 

6. Use of a cast iron material, which contains (in % by 
weight) 

C: 1.5-4.0%, 
Si: 0.5-4.0%, 
Cu: 0.3-7.0%, 
Cr: <2.0%, 
Al: 0.3-8.0%, 
T: O.O1-0.5% 
as well as at least one element from the group Ni, Mn, with 

the proviso that the content amounts to: 
N: 0.1-13.0% 
and 
Mn: 0.1-19.0%, 
and as the remainder iron and unavoidable impurities, 
for the manufacture of a chill mould for the casting of light 

metal casting materials. 
7. Use according to claim 5 wherein the light metal casting 

material is an alloyed material based on aluminum. 
8. The chill mould according to claim 1 wherein the alloyed 

cast iron material has a Ni content of about 6% by weight to 
about 8% by weight. 

9. The chill mould according to claim 2 wherein the alloyed 
cast iron material has a Mn content from 0.1 to 19.0% by 
weight. 

10. A method of forming a chill mould for casting a light 
metal casting material, comprising: 

providing a cast iron material; 
adding at least one of Ni and Mn to the cast iron material; 
adjusting the thermal coefficient of expansion of the cast 

iron material to the thermal coefficient of expansion of 
the light metal casting material using the content of the 
at least one of Ni and Mn; and 

Solidifying the cast iron material and the content of the at 
least one of Ni and Mn to form the chill mould. 

11. The method according to claim 10 further comprising 
adjusting the deviation between the thermal coefficient of 
expansion of the iron cast material used for the chill mould 
and the thermal coefficient of expansion of the light metal 
casting material to a range oftl0.4x10/K. 

12. The method according to claim 10 further comprising 
adding a Mn content of 0.1 to 19.0% by weight. 

13. The method according to claim 10 further comprising 
adding a Ni content of 0.1% by weight to 13.0% by weight. 
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