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(57) Abrégée/Abstract:

A casting alloy of the AIMgSI type contains
Magnesium 3.0 to 7.0 wt. %

Silicon 1.7 to 3.0 wt. %

Manganese 0.2 to 0.48 wt. %

lIron 0.15 to 0.35 wt. %
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(57) Abrege(suite)/Abstract(continued):

Titanium max. 0.2 wt. % as desired

NI 0.11t0 0.4 wt%

and aluminium as the rest along with production related impurities, individually at most 0.02 wt. %, In total at most 0.2 wt. %, with
the further provision that the magnesium and silicon are present in the alloy in a Mg : Siweight ratio of 1.7 : 1, corresponding to the
composition of the quasi binary eutectic made up of the solid state phases Al and Mg, SI, whereby the deviation from the exact

composition of the gquasi-binary eutectic amounts to at most -0.5 to +0.3 wt. % for magnesium and -0.3 to +0.5 wt. % for silicon.
The finely dispersed precipitates of the intermetallic phase Mg,Si results in high ductility. Good spherodisation of the Mg,S|
precipitate particles takes place already at temperatures less than 400°C.
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Abstract

A casting alloy of the AIMgSi type contains

5

Magnesium 30 to 7.0 wt%
Silicon 1.7 to 3.0 wt %
Manganese 02 to 048 wt. %
lron 0.15 to 035 wt. %

10 Titanium max. 0.2 wt %
as desired
Ni 01 to 04 wt%

and aluminium as the rest along with production related impurities, individ-
15 ually at most 0.02 wt. %, In total at most 0.2 wt. %, with the further provision

that the magnesium and silicon are present in the alloy in a Mg : Si weight

ratio of 1.7 : 1, corresponding to the composition of the quasi binary eutectic

made up of the solid state phases Al and MQg.Si, whereby the deviation from

the exact composition of the quasi-binary eutectic amounts to at most -0.5 to
20 +0.3 wt. % for magnesium and -0.3 to +0.5 wt. % for silicon.

The finely dispersed precipitates of the intermetallic phase Mg.Si results in
high ductility. Good spherodisation of the Mg.Si precipitate particles takes
place already at temperatures less than 400°C.

25

(Fig. 1)
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AlMgSi Casting Alloy

The invention relates to a casting alloy of the AIMgSi type. Also within the scope of
the invention is the use of the casting alloy for pressure diecasting, rheocasting and
thixocasting, the use of the casting alloy for manufacturing large area and thin-
walled components with a high capacity for absorbing kinetic energy by plastic
deformation and the use of the casting alloy for manufacturing a component in the
form of a safety element in automobile manufacture.

By using modern casting methods it is possible to produce components made of an
aluminium alloy which can bear high loads. The alumin-ium alloys employed,
however, must meet a number of requirements. One essent-ial requirement
defining the suitability of an alloy is the ability to satisfy specific mechanical
properties. Certain minimum values of yield strength and tensile strength determine
the load bearing capacity of a structure. In vehicle manufacture there is the further
requirement that components that are bent as a result of collis-ion should, prior to
fracture, absorb as much energy as possible by plastic deform-ation — which calls
for high ductility in the material selected. Under large series pro-duction conditions,
it is possible to produce thin-walled castings in a cost favour-abie manner using
pressure diecasting, rheocasting and thixocasting methods i.e. in a form for use as
crash-relevant components in automobile manufacture. Thin walled parts place
high demands on castability. Aluminium alloys able to provide the required flow
behaviour or mould filling capacity are mainly those alloys with a eutectic containing
silicon.

An AIMgSiMn alloy that is suitable for diecasting, rheocasting and thixocasting
safety components for the automobile industry is known from EP-A-0 792 380. The
alloy exhibits a magnesium excess compared with the composition corresponding
to the quasi-binary eutectic. As a result of the high manganese content, sticking in
the mould is avoided and the ease of removal from the mould is good. Apart from
that, the alloy has a very low iron content.

Components with wall thicknesses that are in some cases small, such as those
employed as structural parts in automobile manufacture, tend to distort on quench-
ing with water and must, therefore, subsequently undergo complicated straighten-
ing operations. Also, residual gas porosity and a high solution treatment temper-
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ature can lead to blisters at the surface of the component. In the production of
components of the kind mentioned above using pressure diecasting, rheocasting
and thixocasting attempts are made, therefore, to meet the minimum strength and
elongation values without high temperature solution treatment and subsequent

water quenching.

For crash-relevant components in automobile manufacture the emphasis is placed
on ductility i.e. formability and on ductile failure expressed by the elongation at
fracture. The strength, expressed by the yield strength, can thereby be relatively

low.

The object of the invention is to specify an aluminium alloy by means of which a
high elongation at fracture can be reached with adequate yield strength, also with-
out performing high temperature solution treatment and subsequent water quench-

INg.

That objective is achieved by way of the invention in the form of a casting alloy of
the AIMQSi type containing:

Magnesium 3.0 to 70 wt%
Silicon 1.7 to 3.0 wl%
Manganese 02 to 048 wt %
lron 0.15 to 0.35 wt %
Titanium max. 0.2 wt%
as desired

Ni 01 to 04 wt%

and aluminium as the rest along with production related impurities, individually at
most 0.02 wt. %, (weight-%) in total at most 0.2 wt. %, and with the further
provision that the magnesium and silicon are present in the alloy in a Mg : Si weight
ratio of 1.7 : 1, corresponding to the quasi binary eutectic made up of the phases Al
and Mg.Si, whereby the deviation from the exact composition of the quasi-binary
eutectic amounts to at most —0.5 to +0.3 wt. % for magnesium and -0.3 to +0.5 wit.
% for silicon.
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As a result of the selected, specific ratio of Mg : Si, the alloy according to the
invention exhibits extremely favourable precipitation of the eutectic phase Mg.Si i.e.
extremely finely and uniformly distributed, resulting in improved ductility with
respect to comparable state-of-the-art alloys. Because of the higher iron content, it
is possible to use aluminium of lower purity as its basis, thus reducing the product-
ion costs for the alloy. The higher iron content also makes it possible to reduce the
amount of manganese added to the alloy to reduce the tendency to sticking to the
diecasting mould. To achieve optimal mechanical properties care must be taken to
ensure that the deviation from the exact composition for the quasi-binary eutectic
amounts, at most, to —-0.2 to +0.1 wt. % for magnesium and at most -0.1 to +0.2
wt. % for silicon.

In a casting alloy of optimal composition the concentrations of magnesium and
silicon lie essentially in a weight ratio of Mg : Si of 1.7 : 1 corresponding to the
composition of the quasi-binary eutectic.

The optional addition of 0.1 to 0.4 wt. % nickel leads to a further improvement in
the ability to remove the part from the die t.e. reduction in sticking behaviour, as a
result of which the manganese content in the alloy can be kept to the lower limit.

The higher iron and if desired nickel content in comparison with the alloy previously
known from EP-A-0 792 380 has a positive influence on the mechanical properties
as the Ali2(Mn,Fe)sSi phases occurring in this alloy are notably finer and more
uniformly distributed In the structure.

Using the alloy according to the invention it is possible to meet all the requirements
concerning strength and ductility of a safety part in automobile manufacture, this
after performing the following three types of heat treatment viz., A, B and C:

Type A: As cast condition, moderate strength and good ductility, no heat
treatment necessary

Type B: Highest strength and moderate ductility, two heat treatments
necessary
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Type C: Moderate strength and highest ductility, one heat treatment
necessary.

A heat treatment of type A leads to a yield strength Rpg.2 of up to 180 MPa and an
elongation at fracture A5 of up to 13%. These strength and elongation properties
can not be achieved with the normal diecasting, rheocasting and thixocasting alloys
in the as-cast condition, i.e. without heat treatment.

With a type B heat treatment i.e. with solution treatment and precipitation harden-
ing, strength values expressed as the yield strength Rp0.2 of up to 380 MPa can be
reached, which is not possible with commercially available diecasting, rheocasting
or thixocasting alloys.

With a type C heat treatment involving a solution heat treatment at 380 — 460°C
followed by air cooling it is possible to dispense with an artificial age-hardening
heat treatment. As a result of the finely dispersed precipitation of the Mg.Si phase,
ductility, or rounding off of the precipitates, is achieved already at a treatment
temperature of less than 400°C. In the case of a type C heat treatment condition
the alloy according to the invention is therefore a preferred version for components
that have to meet the high demands related to crash behaviour. Apart from the fact
that that components solution treated at a temperature below 400°C and cooled in
still air exhibit little distortion, the formation of gas-related blisters can be avoided
by this heat treatment as a result of the relatively low temperature.

A eutectic-spherodising anneal at temperatures around 500°C - currently normal in
connection with diecasting, rheocasting and thixocasting alloys of the AlSi type -
can be omitted to achieve the propertties necessary for crash-relevant components.

As already mentioned, the alloy according to the invention is preferably employed
for diecasting, rheocasting and thixocasting.

The preferred field of application for the alloy according to the invention is the
production of large area, thin walled components having a large capacity for
absorbing kinetic energy by plastic deformation. These properties correspond with
the requirements made of safety components in automobile manufacture — for
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which reason the alloy is particularly suitable for manufacturing the above mention-
ed safety components.

Further advantages, features and details of the invention are revealed In the
following description of preferred exemplified embodiments and with the aid of the
drawing which shows in simplified form in

Fig. 1 the Mg : Si ratio in the alloy according to the invention, along with the
tolerance limits.

Shown by line E in figure 1 is the optimal Mg : Si weight ratio of 1.7 : 1 correspond-
ing to the composition of the quasi-binary Al/Mg,Si eutectic, whereby the region of
interest here is 3.0 to 7.0 wt.% for the magnesium content and 1.7 to 3.0 wt.% for
the silicon content. The maximum tolerable limits for magnesium and silicon are
defined by the two straight lines A1 and A2, the preferred tolerance limits are
indicated by the straight lines B1 and B2, whereby A1 and B1, with reference to the
eutectic composition of the phases Al and Mg:Si, lie on the magnesium excess
side and A2 and B2 lie on the silicon excess side. The casting alloy according to
the invention has its larger tolerance region on the silicon excess side.

Examples

A cast part with a wall thickness of 2.5 mm was produced on a diecasting machine
using an alloy of the following composition (wt.%)

Mg Si Mn NI Fe T
3.25 1.91 0.25 0.19 0.19 0.08

and aluminium as the rest along with impurities resuiting from the manufacturing
process individually at most 0.02 wt.%, in total at most 0.2 wt.%. Tensile test pieces
were prepared from the casting and the mechanical properties of these determined
after subjecting them to heat treatments according to the types A, B and C. The
following heat treatments were carried out:

Type A: As-cast, no heat treatment
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Type B: Solution treatment for 3h at 540°C, quenched in water, precipitation
hardening for 8h at 170°C.
Type C: 50 minutes heat treatment at 390°C, followed by cooling in still air.

The results are summarised in the following table where Rp0.2 represents the yield
strength, Rm the tensile strength at failure and A5 the elongation at failure. The
values represent the average values from five test pieces.

Heat treatment Rp0.2 (MPa) Rm (MPa) | AS (%)
Type A 186.2 324.6 12.0
Type B 355.8 430.2 4.1
Type C 110.3 240.2 16.5
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Claims

Casting alloy of the AIMgSi type, characterised in that the alloy contains

Magnesium 30 to 70 wtL%
Silicon 1.7 to 3.0 wh%
Manganese 02 to 048 wt. %
lron 0.15 to 0.35 wt %
Titanium max. 0.2 wt %
as desired

NI 01 to 04 wt%

and aluminium as the rest along with production related impurities, individ-
ually at most 0.02 wt. %, in total at most 0.2 wt. %, with the further provision
that the magnesium and silicon are present in the alloy in a Mg : Si weight
ratio of 1.7 : 1, corresponding to the composition of the quasi binary eutectic
made up of the solid state phases Al and Mg.Si, whereby the deviation from
the exact composition of the quasi-binary eutectic amounts to at most -0.5 to
+0.3 wt. % for magnesium and -0.3 to +0.5 wt. % for silicon.

Casting alloy according to claim 1, characterised in that the deviation from the
exact composition for the quasi-binary eutectic amounts, at most, to -0.2 to
+0.1 wt. % for magnesium and at most -0.1 to +0.2 wt. % for silicon.

Casting alloy according to claim 1, characterised in that the concentrations of
magnesium and silicon lie essentially in a Mg : Si weight ratio of
1.7 . 1 corresponding to the composition of the quasi-binary eutectic.

Use of a casting alloy according to one of the claims 1 to 3 for diecasting,
rheocasting and thixocasting.

Use of a casting alloy according to one of the claims 1 to 3 for production of
large area and thin walled components having a high capacity for absorbing
kinetic energy by plastic deformation.

Case 2307
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6. Use of a casting alloy according to one of the claims 1 to 3 for production of a
component functioning as a safety component in vehicle manufacture.
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