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METHOD FOR PRODUCING AN OBJECT FROM A HALF-FINISHED PRODUCT OF A LIGHT

METAL OR A LIGHT METAL ALLOY

The invention concerns a method for producing

a structured object (1) from a half-finished product (2) of
a light metal or light metal alloy by forming the half-fin-
ished product (2) with an at least partly liquid medium
(3), wherein the liquid medium (3) is brought into contact

with the half-finished product (2) below a temperature of
0°C of the liquid medium (3) and wherein the liquid me-
dium (3) is set under pressure in order to form the struc-
tured object (1) from the half-finished product (2).
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Description

[0001] The invention concerns a method for producing
a structured object from a half-finished product of a light
metal or light metal alloy.

[0002] The automotive and the airplane industries are
both in constant search for lightweight materials and their
implementation strategies in order to reduce an overall
vehicle or airplane weight. Successful implementation of
lightweight materials in the transportation industries
would bring significant weight saving benefits to meet
demands for enhancement of fuel efficiency and dynamic
performance like reduction of greenhouse gases and al-
so lowering transportation costs. Thereby, aluminum
and/or magnesium alloys are increasingly chosen mate-
rials by design engineers as such lightweight metal alloys
could retain rigidity and strength needed for structural
applications.

[0003] However, due to lack of forming knowledge a
broad application of these materials is still limited. For
forming of aluminum and magnesium alloys the state of
the artforming processes have been adapted. Such proc-
esses were developed mainly for forming steel grades.
This kind of forming approach seems to work just in lim-
ited sectors, e.g. when forming objects at elevated tem-
peratures by pressing tools. Moreover, light metal alloy
components for the automotive and/or airplane industry
are also formed by hydroforming. This process usually
takes place at room temperature.

[0004] The uniform elongation, hardening behavior
and tensile strength of light metal alloys is not quite sat-
isfactory at room or elevated temperatures. However,
with precise alloying the formability of aluminum and
magnesium alloys at room or elevated temperatures can
be extended. Room and elevated temperatures on an-
other side impact the microstructure of the material and
therefore lower their work hardening capability.

[0005] Itis therefore an object of the present invention
to provide a method which allows for producing an object
from a half-finished product made of a light metal in an
effective and cost saving manner.

[0006] Accordingto the invention a method for produc-
ing a structured object from a half-finished product of a
light metal or light metal alloy by forming the half-finished
product with an at least partly liquid medium is provided,
wherein the liquid medium is brought into contact with
the half-finished product below a temperature of 0°C of
the liquid medium and wherein the liquid medium is set
under pressure in order to form the structured object from
the half-finished product.

[0007] A method according to the invention allows for
producing an object from al light metal alloy by route anal-
ogously to hydroforming with a very low operational ef-
fort. The object is preferably a component for use in au-
tomotive or airplane industry and may be made from a
half-finished sheet or a half-finished tube. This method
is free of dangerous wastes such as oil, emulsions or
other substances which are harmful to the environment.
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[0008] As the half-finished product is in direct contact
with a cryogenic liquid medium like nitrogen during part
or preferably the whole forming process, a maximal form-
ability and work hardening can be exploited without any
special tooling because of the cooling effect. Further, the
method according to the invention allows optimal condi-
tions for exploiting the whole forming potential of the half-
finished product made of a light metal alloy.

[0009] The half-finished product made of a light metal
alloy is formed to an object by forming with a liquid me-
dium atusually low temperatures, in particular below 0°C,
preferably below - 40°C, in particular below -100°C, like
-150°C or lower. The half-finished product is placed into
a negative mold which is shaped on the inner surface in
away the object should finally look like. The half-finished
product is constantly contacted by the liquid medium
whereby it is cooled before and, if applicable, during the
hydroforming process. The half-finished product made
of a light metal alloy is formable to an object which is
usable as an automotive component or a component for
another use. To form the object the half-finished product
is pressed towards the negative mold by the liquid cryo-
genic medium.

[0010] The liquid medium is usually pressurized up to
1000 bar, in particular up to 3000 bar. The hydroforming
process s performed with a high or ultra-high pressurized
cryogenic medium. The high pressure can be established
with one or more special cryogenic high pressure pumps.
For this purpose, the cryogenic liquid medium can be
compressed mechanically by at least one pump.

[0011] The cryogenic liquid medium can also be heat-
ed in order to increase the pressure exerted by the liquid
medium. As the cryogenic medium is usually in a sub-
stantially closed system, the pressure of the cryogenic
medium is raised when the cryogenic medium is heated.
The high pressure is therefore established thermody-
namically. Heating the cryogenic medium can produce a
pressure of up to 650 bar or more. The producible pres-
sure depends on the nature of the liquid medium and the
elevated temperature. The elevated temperature is usu-
ally established by a heating element within the forming
mold. Additionally, the thermodynamically produced
pressure can be furtherincreased mechanically by a high
pressure pump.

[0012] In order to form the half-finished product, the
cryogenic medium is usually compressed by a high pres-
sure pump. When the cryogenic medium wants to expand
again in the mold, the half-finished product is pressed
and formed against an inner surface of the negative mold
or a die respectively and the object is formed. Because
of the constant cooling of the half-finished product made
of a light metal alloy the formability and work hardening
of the alloy is increased and a substantially crack free
object can be produced.

[0013] Usually the liquid mediumis liquid nitrogen. Lig-
uid helium, liquid hydrogen or liquid neon is a possible
alternative. Therefore, the object is particularly formed
below a temperature of-150°C, in particular below-
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190°C. The half-finished product is cooled during the
whole forming process by the liquid medium. The cryo-
genicliquid medium is in direct contact with the light metal
alloy during the whole forming process so that the form-
ability of this alloy is increased. To form the object, the
cryogenic liquid medium is pressurized whereby the half-
finished product is pressed into a negative mold under
constant contact with the cryogenic medium.

[0014] The method according to the invention can be
applied to half-finished products of different shapes. In
particular, the method is useful for forming half-finished
products being sheets. The sheet is usually made from
an aluminum alloy or a magnesium alloy. The cryogenic
liquid medium is constantly contacting and therefore also
cooling the sheet on one side. Further, the cryogenic me-
dium is pressing the sheet into a negative mold when the
medium is pressurized. The method can further be ap-
plied to form two sheets at the same time. For this pur-
pose, the cryogenic medium is arranged between to
mainly parallel ordered sheets, i.e. adouble-sheet. When
the cryogenic medium is compressed the sheets are
pressed in diverging directions into two negative parts of
a mold and two objects are formed simultaneously.
[0015] The methodis also usefulwhenthe half-finished
product is a tube. In this case, the cryogenic liquid me-
dium is arranged inside the tube and is under permanent
contact with the whole inside surface of the tube, wherein
the cryogenic medium is also cooling the tube. The tube
is preferably formed from an aluminum or magnesium
alloy. When the cryonic liquid medium is compressed the
tube is pressed into a negative mold and an object is
formed.

[0016] Advantageously, the method is applied to form
an automotive component or an airplane component.
[0017] Further features and advantages of the inven-
tion will become evident from the following examples. In
the drawings show:

Fig. 1 a and 1 b flow curves of an aluminum alloy at
different temperatures;

Fig. 2 a sectional view of an apparatus for producing
an object from a half-finished sheet;

Fig. 3 a side view of an object obtained by a method
according to the invention;

Fig. 4 a cut through an apparatus for producing an
object from a half-finished double-sheet;

Fig. 5 a sectional view of an apparatus for producing
an object from a half-finished tube.

[0018] In Fig. 1 aand 1 b flow curves of a work hard-
ening behavior (Fig. 1 a) and formability (Fig. 1 b) of alu-
minum alloy AA-5182 are shown. It can be seen that the
work hardening behavior as well as the formability is en-
hanced at cryogenic temperatures. The lower the tem-
perature, the better are the work hardening and the form-
ability of the aluminum alloy. A same or similar behavior
can be observed for other aluminum alloys and also mag-
nesium alloys. This leads to the conclusion that in order
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to produce objects for the automotive or airplane industry
a forming process should be performed at low tempera-
tures.

[0019] Fig. 2 shows a sectional view through an appa-
ratus for producing an object 1 from a half-finished prod-
uct 2. Here, the half-finished product 2 is a sheet. The
half-finished product 2 is placed inside a negative mold
5. For forming the half-finished product 2 and hence pro-
ducing an object 1, the half-finished product 2 is pressed
in the mold 5 by a cryogenic liquid medium 3 like liquid
nitrogen. According to the inventive method, the half-fin-
ished product 2 is constantly contacting the cryogenic
liquid medium 3 during the whole forming process. The
cryogenic medium 3 is preferably a liquid medium at very
low temperature of -150°C or lower. Therefore, the half-
finished product 2 is cooled during the forming process
which increases the formability of the light metal alloy
half-finished product 2. The hydroforming process is per-
formed under a high pressure, for which the cryogenic
liquid medium 3 is pressurized. The high pressure is pref-
erably established thermodynamically in combination
with a high pressure pump 4. The cryogenic medium 3
is heated with a heating element 6, whereby a pressure
of up to 650 bar can be applied in the forming process.
The pressure is further increased by the high pressure
pump 4. As the cryonic liquid medium 3 is pressurized
the half-finished product 2 is pressed into the mold 5 by
the cryogenic liquid medium 3. The object 1 is thus pro-
duced. The corresponding object 1 is depicted in Fig. 3
showing the form of the part.

[0020] Fig. 4 depicts a sectional view through another
apparatus for producing an object 1 from a half-finished
product 2 which is constructed to produce simultaneously
two objects 1 from two half-finished sheets. The cryo-
genic liquid medium 3 is injected between the sheets and
the sheets are pressed towards an inner surface of the
molds 5 when the liquid medium 3 is pressurized. Again,
there is provided a high pressure pump 4 and a heating
element 6 to pressurize the cryogenic medium 3.
[0021] Fig. 5 shows a sectional view through another
apparatus for producing an object 1 from a half-finished
product 2. Here, the half-finished product 2 is a tube and
the cryogenic liquid medium 3 is injected in the middle
of the tube. The cryogenic liquid medium 3 is pressurized
thermodynamically by a heating element 6 and further
with a high pressure pump 4. Consequently the half-fin-
ished tube is pressed outwardly in a negative mold 5,
whereby the object 1 is formed.

Claims

1. A method for producing a structured object (1) from
a half-finished product (2) of a light metal or light
metal alloy by forming the half-finished product (2)
with an at least partly liquid medium (3), wherein the
liquid medium (3) is brought into contact with the
half-finished product (2) below a temperature of 0°C
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of the liquid medium (3) and wherein the liquid me-
dium (3) is set under pressure in order to form the
structured object (1) from the half-finished product

@).

The method according to claim 1, wherein the liquid
medium (3) is pressurized up to 1000 bar, in partic-
ular up to 3000 bar.

The method according to claim 1 or 2, wherein the 10
liquid medium (3) is heated in order to increase the
pressure exerted by the liquid medium (3).

The method according to one of claims 1 to 3, where-
in the liquid medium (3) is compressed by a high 75
pressure pump (4).

The method according to one of claims 1 to 4, where-
in the liquid medium (3) is nitrogen.

20
The method according to one of claims 1 to 5, where-
in the half-finished product (2) is formed against an
inner surface of a tool.

The method according to one of claims 1 to 6, where- 25
in the half-finished product (2) is a sheet.

The method according to one of claims 1 to 6, where-
in the half-finished product (2) is a tube.

30
The method according to one of claims 1 to 8, where-
in the object (1) is an automotive component or an
airplane component.
35
40
45
50
55
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