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(57) Abstract: The mvention relates to a metal piece (P) of a generally elongated shape according to a longitudinal direction (A), for
making a motor vehicle, comprising at least one edge (11, 13, 21, 23) extending according to the longitudinal direction, at the inter -
section of two walls (10, 20, 22, 50) of the piece, and at least one area (100) having a mechanical strength lower than the rest of the
body of the piece, wherein the at least one area (100) 1s formed through local thermal control of the piece. The piece being character -
1zed 1n that the lower mechanical strength area undulates along the edge (11, 13, 21, 23) extending at least predominantly alternately
on each of the walls (10, 20, 22, 50) forming said edge. The invention further relates to a method for making it.
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Controlled Deformations in metallic pieces

This application claims the benefit of French Patent Application n® 1458913
and EP Patent Application n° 14 382 354.0, both filed on September 22,
2014,

The present invention relates to the field of metal pieces involved in making a
metal frame, specifically a frame or a vehicle bodywork.

BACKGROUND

The object of the present invention is to provide means for accurately
controliing strength characteristics and deformation modes of the metal
pieces of this type, during collisions.

Various methods of making an elongated metal piece comprising successive
areas, distributed along its length, with respective controlled properties of
mechanical strength inferior to the strength of the main body of said metal
piece have been proposed.

According to the prior art, the metal pieces are typically made from a flat
metal sheet which is subsequently shaped, typically with heat, in order to
obtain a suitable cross section according to said application. A particular non-
limiting, but preferred, example of a cross section of this type is a generally
hat shaped section comprising a bottom portion of the piece extending on
both sides by a respective wall that is arranged generally transversal to the
pbottom, each of the walls extends on its end opposite the bottom of the piece
by a flange facing outwards and, In general, typically parallel to the bottom.
The cross section of these pileces may vary along its length. These pieces
generally comprise- fastening means and mounting interfaces, for example,
but not limited to the shape of the fastening holes formed in the flanges.

Different methods for heating a metal blank in a furnace at a temperature
higher than the austenitic transition temperature for subsequently shaping the
so heated blank through a stamping fool having a conirolled cooling circuit
have been specifically proposed. The stamping tool is shaped so as to limit
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the areas of contact with the drawn metal blank. As a result, areas of the
metal piece in contact with the cooled stamping tool perform a conversion into
a martensitic phase and exhibit a high mechanical strength, for example a
tensile strength at least equal to 1300MPa and typically higher than
1400MPa, while areas of the metal piece that are not in direct contact with the
stamping tool and thus remain in contact with air, cool down less, perform
intermediate phase conversions between the austenitic and martensitic
phases and ultimately have a lower mechanical strength, tor example a
tensile strength less than 1000MPa. Such low mechanical strength areas
correspond to different compositions, for example a mixture of perlite, ferrite,
bainite and annealed martensite.

One example of the above mentioned method is disclosed in document
EP2209696, which describes a hot drawing method through a tool comprising
two complementary drawing members cooled down at least locally and
between which a piece to be shaped is held until desired hardening is
reached.

Different means may be implemented to prevent too rapid cooling of the
piece, and thus to avoid its local hardening. Some of these means to prevent
rapid cooling of the piece in the stamping tool may consist of recesses or
inserts provided in said drawing members or in the form of heating means of
specific portions of the drawing members. Examples of such means are
disclosed in documents GB 2 313 848 and US 3 703 093.

Other known methods involve laser treatment or local inductions 1o control the

temperature of the piece and obtain respectively high mechanical strength
and low mechanical strength areas, according to conversions resulting from
temperature change.

WO 2009/064236 describes making a beam for a motor vehicle bodywork
having a body of an essentially martensitic structure with a strength (tensile
strength) higher than 1300MPa and a portion near its lower end having a
strength (tensile strength) lower than 800MPa, of a width of less than 30mm
and not higher than one third of the height of the strut, serving as a transition
with a lower fastening end having a essentially martensitic shape.
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Further, for example, document WO 2010/126423 discloses making a piece
with three successive adjacent areas of gradually decreasing mechanical
strength (tensile strength) lower than 1000MPa.

Also, document WO 2006/038868 discloses making a piece with a plurality of
low mechanical strength areas, for example four low mechanical strength
areas, separated in pairs by intermediate higher strength portions.

Other arrangements are described In documents US 2012/267919 and US
2004/0180489.

Documents EP 2565489, US 6820924 and JP 07 119 892 disclose additional
means to try to control the deformation areas in structural pieces.

W02014087219 describes a structure for vehicle body front portion
including: a front side member; an apron member including an end positioned
at a front side of a vehicle with respect to an end of the front side member; a
bumper reinforcement including a vehicle width direction outside portion with
a first and a second coupling portions; a coupling member that couples the
front end of the front side member and the front end of the apron member; an
inner energy absorbing portion disposed at the front end of the front side
member at a front side of the vehicle; the inner energy absorbing portion
coupling the coupling member and the first coupling portion; and an outer
energy absorbing portion disposed at the front end of the apron member at a

front side of the vehicle; and the outer energy absorbing portion coupling the
coupling member and the second coupling portion.

US2004201256 is related to a crush rail or other structural member of a
vehicle provided with crush triggers. The crush triggers are formed by heating
localized areas of the crush rail or other part and allowing them to cool siowly
to provide increased ductility and reduced strength in a localized region.

W0O2011108080 describes a shock absorbing member for absorbing the
shock from the front side of a vehicle during a crash. The shock absorbing
member is positioned between an engine and a vehicle front structure
positioned on the front side of the engine, such as on the front side of the
radiator. As a consequence, a new path for load is formed between the
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radiator and the engine. Thus, it is possible to reduce the load applied to
other sections of the vehicle frame work such as a front side member or a

center member, and to improve the shock absorption efficiency during a

- ¢rash.

US5431445 is related to a vehicle frame including longitudinally extending
side rails. Each of the side rails has a hollow beam structure and includes a
series of sets of corner divots along the corners. Each corner divot extends
along one side a distance and along an adjacent side a shorter distance.

SUMMARY OF THE INVENTION

Known prior art allows mechanical properties of metal pieces to be roughly
controlled. However, it does not allow for a wide variety of options or high
accuracy in defining the ultimate strength in general and respectively for each
area of such mechanical pieces.

In this context, the object of the present invention is to provide new means for
more accurately controlling a change in the mechanical strength of the metal
pieces and modes resulting from the deformation of the metal pieces of this
type, during collisions.

More specifically, the object of the present invention is to provide a metail
piece having a substantially elongated shape according to a longitudinal
direction, for making a motor vehicle, comprising:

- at least one edge extending in the longitudinal direction, at the intersection
of two walls of the piece, and |

_ at least one area having a mechanical strength lower than the rest of the
body of the piece,

characterized in that at least said lower mechanical strength area undulates
along the length of the edge, extending at least predominantly alternately In
each of the walls forming said edge.

- The "mechanical strength" of the piece can be measured by the various
parameters known to those skilled in the art. Preferably, in the context of the
present invention, an "area having a mechanical strength lower than the rest
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of the body of the piece” is understood as an area where at least one of the
following three parameters: yield limit, tensile strength and hardness, is lower
iNn said area in the same parameter in the rest of the body of the piece.

The yield limit is the stress that a material can withstand before a plastic
deformation is initiated.

The tensile strength (ultimate tensile strength) corresponds the maximum
stress that a material can withstand before breaking.

The hardness corresponds to the strength of a material surface to penetration
of a harder body, for example, a punch, a log or a durometer tip.

The at least one area may be formed through local thermal control of the
piece may provide a more accurate control of the mechanical strength of the
areas of the metal piece and therewith the deformation behaviour of the

piece. Additionally, local ruptures in the metal piece may be avoided In this
case.

According to a further advantageous feature of the invention, at least said
area having a mechanical strength lower than the rest of the body of the piece
has a yield limit lower than 10% than the rest of the body.

According to a further advantageous feature of the present invention, at least
said area having a mechanical strength lower than the rest of the body of the
piece has a tensile strength lower than 10% than the rest of the body.

According to a further advantageous feature of the present invention, the
hardness of at least said area having a mechanical strength lower than the
rest of the body of the piece is lower than 10% than the rest of the body.

The above mentioned longitudinal direction corresponds to a primary axis of
elongation or "primary connecting axis”.

According to an advantageous feature of the invention, the lower mechanical
strength area undulating along the edge and extends predominantly
alternately on each of the walls forming said edge, forms a generally periodic
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pattern undulating along the edge.

According to the above applications, the period of the previously mentioned
low mechanical strength patterns may be constant or not.

According to a further advantageous feature of the invention, the lower
mechanical strength area undulating along the edge extends predominantly
alternately on each of the walls forming said edge, it is formed either from a
continuous low mechanical strength band or from a series of successive low
mechanical strength areas. More specifically, according to the desired
applications, the metal piece of the present invention may comprise a
succession of low resistance metal bands distributed along the length of the
edge, two successive low mechanical strength bands being separated by a
higher mechanical strength intermediate area.

According to one embodiment of the invention, the piece comprises at least
two edges extending in the longitudinal direction, each at the intersection of
two respective walls where a common wall between the two edges, and a
lower mechanical strength area undulating respectively along each of the two
edges extending predominantly alternateiy on each of the walls forming said
shaped edge.

According to one embodiment of the invention, the patterns of the lower
mechanical strength areas undulating on each of the two edges are in phase.

In a further variant, the patterns undulating on each of the two edges are
opposite In phase.

According to one advantageous feature of the invention, the portion covered
by the lower mechanical strength area has a periodic profile where at least
the undulated shape of one edge is selected from the group consisting of
sinusoidal, square, triangular or saw tooth.

According to one embodiment of the invention, the piece comprises at least
one additional, lower mechanical strength area formed in a common wall
between two edges, between the portions of the interior of each of the two
patterns of the low mechanical strength areas extending in said common wall
facing one another.
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According to one embodiment of the invention, the piece comprises at least
one additional lower mechanical strength area formed in a common wall
between two edges and extending transversely so as to connect the portions
of the interior of each of the two patterns of low mechanical strength areas
extending in said common wall facing one another.

According to one embodiment of the invention, each pattern of the low
mechanical strength area has a half period ranging from 0,2 x b to 1 x b,
typically equal to 0,8 x b, wherein b corresponds to the greatest distance
between the opposite walls. According to one variant, each pattern has a half
period different from 0,8 x b, wherein b corresponds to the greatest distance
between the opposite walls.

According to a further advantageous feature of the invention, the lower
mechanical strength area undulating along one edge extending
predominantly alternately on each of the walls forming said edge, extends
partially on the two walls located at both sides of a common edge, with a
linear distribution according to a section transversal to the primary axis of
elongation, alternatively at least 60%, preferably at least 70% in a first wall
adjacent the edge and a maximum of 40%, preferably a maximum of 30%, in
the second wall adjacent the edge and vice versa.

In the case where the connection between two adjacent sides of the piece is

progressive, that is, at least slightly rounded, the term "edge" that defines a
wall boundary to determine the aforementioned distribution of at least 60 %
and a maximum of 40%, is herein understood to be an imaginary line
corresponding to the intersection of two planes corresponding to the outer
surfaces of two adjacent sides.

According to a further advantageous feature of the invention, the low
mechanical strength areas cover a linear distribution in a section transversal
to the primary axis of elongation, at least 10%, preferably at least 25%, of the

width of a wall and a maximum of 80%, preferably a maximum of 60%, of such
width.

Assuming again that the connection between two adjacent sides of the piece
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S progressive, that is, at least slightly rounded, the term "edge" that defines a
wall boundary to determine the aforementioned distribution of at least 10%
and a maximum of 80%, is herein understood to be an imaginary line
Corresponding to the intersection of two planes corresponding to the outer
surfaces of two adjacent sides

The invention also relates to a method of making a generally elongated metal
piece along a longitudinal direction, for the manufacture of a motor vehicle,
comprising a step of treating at least one portion of the body of the piece to
form at least two areas in the body of the piece: a low mechanical strength
area and a relatively higher mechanical strength area, characterized in that
the above mentioned step is performed by defining a lower mechanical
strength area undulating along one edge extending in the longitudinal
direction to the intersection of two walls of the piece, covering predominantly
alternately each of the walls located at both sides of said edge.

DESCRIPTION OF THE DRAWINGS

Further features, objects and advantages of the invention will appear from the
following, merely illustrative and non-limiting description, and should be read
with reference to the accompanying drawings, in which:

- Figures 1a to 1i show fragmentary perspective views of 9 non-limiting
geometry examples of the piece which may be used in the context of the
present invention, |

- Figures 2a, 2b and 2c show three alternative examples of cross section of
pleces whose geometry is shown in Figure 1c,

- Figures 3, 4 and 5 show a perspective view of a metal piece according to
three embodiments of the invention,

- Figures 6a, 6b, 6¢ and 6d show four periodic profile variants delimiting one
edge of the lower mechanical strength area extending along one edge
according to the invention,

- Figure 7 shows curves illustrating comparatively the energy absorbed during
deformation in a common piece well-known in the art comprising a low
mechanical strength area in its entire cross section, shown in Figure 9a
before being deformed and in Figure 9b after being deformed, and the energy
apbsorbed during deformation of a piece according to the invention comprising
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a low mechanical strength area distributed along one edge in a periodic
profile, shown in Figure 10a before being deformed and in Figure 10b after
being deformed,

- Figure 8 shows comparative curves illustrating the force generated as a
function of the deformation amplitude of the same pieces, respectively of a
common piece well-known in the art comprising a low mechanical strength
area In its entire cross section, shown in Figure 9a before being deformed
and in Figure 9b after being deformed, and a piece according to the invention
comprising a low mechanical strength area distributed along one edge in a
periodic profile, shown in Figure 10a before being deformed and in Figure
10b after being deformed,

- Figures 11, 12 and 13 are perspective views showing three embodiments of
pleces according to the invention,

- Figures 14, 15, 16 and 17 show four variants of low mechanical strength
band profiles according to the invention,

- Figure 18 diagrammatically shows a piece cross section and illustrates the
amplitude b corresponding to the greatest distance between two opposite
walls,

- Figure 19 illustrates a particular example of a piece of the present invention,
while Figure 20 shows the deformation obtained from the same piece in a
longitudinal tension, '

- Figures 21 and 22 comparatively represent low strength bands according to
the invention corresponding to the respective multiples of the base wave
length,

- Figure 23 illustrates the distribution of a low mechanical strength band
respectively in two adjacent sides of a piece according to the invention, that
IS, between these two sides,

- Figure 24 illustrates an enlarged view of the same layout,

- Figure 25 illustrates the covering extent of one side of a piece according to
the invention by the low mechanical strength areas,

- Figure 26 shows an alternative embodiment according to the present
invention where the lower mechanical strength area undulating along one
edge, extending predominantly alternately on each of the walls forming said
edge, Is formed by a series of low mechanical strength successive intervals,

- Figure 27 diagrammatically shows a variant of the piece according to the
present invention having a cross section varying along the length of the
piece, which increases gradually from one end to another, including, among
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others,

- Figure 28 diagrammatically shows a further variant of the piece according to.
the present invention centred in a non-rectilinear, primary connecting axis,

~and

Figures 29a and 29b show each and example of a laser system.

DETAILED DESCRIPTION
In general, the pieces of the invention are made from a flat metal blank.

Said pieces are drawn so as to obtain a straight cross section, perpendicular
to a primary longitudinal axis A-A (corresponding to a primary axis of
elongation or "primary connecting axis"), which depends on the selected
application. This cross section may be implemented In numerous
configurations.

As indicated above, the pieces generally comprise fastening means and
mounting interfaces, for example, including, among others, in the shape ot
fastening holes formed In the flanges.

On the other hand, the pieces of the invention have at least one low
mechanical strength area where the tensile strength is less than 1000MPa as
compared to the rest of the piece having a mechanical strength (tensile
strength) of at least 1300MPa, prefer’ably higher than 1400MPa, the low

~mechanical strength area being delimited by a pattern undulating along a

longitudinal edge, extending predominantly alternately on each of the two
walls forming said edge.

According to a further advantageous feature of the invention, the pieces have
at least one low mechanical strength area whose vyield limit is less than
950MPa as compared to the rest of the piece having a yield limit of at least
1000MPa, preferably higher than 1150MPa, the low mechanical strength area
being delimited by a pattern undulating along a longitudinal edge extending
oredominantly alternately on each of the two walls forming said edge.

The pieces according to the invention, illustrated in the figures enclosed
herein, have preferably a constant cross section along its length
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corresponding, for example, to the representation in one of the Figures 1 to 2
enclosed herein. However, according to an alternative embodiment, the cross

section of the pieces may vary along the length of the pieces as shown in
Figure 27.

On the other hand, the pieces of the invention can be centred on a primary
longitudinal axis AA or primary connecting axis, which is rectilinear or not as
shown in Figure 28.

One example of a generally hat-shaped piece according to the invention is
shown in Figure 1a enclosed herein, comprising a U-shaped body 12 having
a core 10 forming a bottom of the piece and two walls 20, 22 generally
orthogonal to the core 10 and forming the walls. Side flanges 30, 32 extend
generally orthogonally to the walls 20, 22 and therefore geherally parallel to
the bottom of the piece 10, outwards. The bottom 10 is connected to the walls
20, 22 by their respective edges 11, 13. The walls 20, 22 are connected to
the flanges 30, 32 through their respective edges 21, 23. In the context of the
iInvention, at least one low mechanical strength area is formed in the piece
shown in Figure 1a undulating along at least one of the edges 11, 13, 21 or
23, extending predominantly alternately on each of the walls forming said
edge.

The variant illustrated in Figure 1b differs from Figure 1a only by the provision
ot a cover plate 40 which is supported by and is attached to the flanges 30
and 32 thereby covering the opening of the U-shaped body 12.

One variant according to the invention is shown in Figure 1¢c wherein the
piece is a tubular piece comprising, with this example being non limiting, a
straight cross section defined by four generally planar walls 10, 20, 22 and 50
respectively parallel and orthogonal in pairs and connected together in pairs
by the edges 11, 13, 21 or 23. Again, in the context of the invention, at least
one low mechanical strength area is formed in the piece illustrated in Figure
1C ‘undulating along at least one of the edges 11, 13, 21 or 23, predominantly
extending alternately on each of the walls forming said edge. Figure 2a,
corresponding to Figure 1c, shows a square cross section with four walls 10,
20, 22 and 50 and thus four edges 11, 13, 21 or 23. Figure 2b shows a
variant of the tubular piece of this type of hexagonal section comprising six
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walls 10, 20, 22, 50, 52 'and 54 and connected in pairs by six edges 11, 13,
21, 23, 25, 27 and Figure 2c shows a further variant of an octagonal tubular
piece which comprises eight walls 10, 20, 22, 50, 54, 56 and 58 connected in
pairs by eight edges 11, 13, 21, 23, 24, 25, 26 and 27.

One alternative embodiment is shown in Figure 1d according to which the
piece of the present invention is formed by assembling two blanks of the type
shown in Figure 1a, mounted facing each other and attached by their flanges
iIn mutual contact in pairs. As shown in Figure 1d, the elements of the two
blanks have the same reference numerals as those as in Figure 1a, however
they are associated respectively with an a or b index.

One alternative embodiment is depicted in Figure 1e according to which the
piece according to the present invention is formed by assembling two blanks
L comprising two mutually orthogonal walls 10a and 20a, 10b and 20b.
respectively, one of the walls 20a, 20b extending outwards through a flange
30a, 30b parallel to the other wall 10a, 10b and being supported by and
attached to said other wall 10b, 10a of the piece. The walls 10a and 20a, 10b
and 20b, are respectively connected together by one edge 11a, 11b and the
flanges 30a, 30b are connected to the walls 20a, 20b by edges 21a, 21b.
Again, in the context of the invention, at least one low mechanical strength
area Is formed in the piece illustrated in Figure 1e undulating along at least
one of the edges 11a, 11b, 21a and 21b extending predominantly alternately
on each of the walls forming said shaped edge.

The variant illustrated in Figure 1f differs from Figure 1e by the presence of a
displacement or movement 31a, 31b between the bodies of the wall 10a, 10b
and the end thereof as it rests on the flange 30b, 30a on one side, wherein
the end thus constitutes a second flange 32a, 32b. Similarly, one edge 13a,
13b I1s formed between the wall body 10a, 10b and the displacement or
movement 31a, 31b, an another edge 23a, 23b is formed between the
displacement or movement 31a, 31b and the associated flange 32a, 32b.
Again, in the context of the invention, at least one low mechanical strength
area is formed in the piece shown in Figure 1f undulating along at least one
of the edges 11a, 11b, 21a, 21b, or 13a, 13b, 23a, 23b extending
predominantly alternately on each of the walls forming said edge.
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According to one embodiment shown in Figure 1g, the piece comprises a U-
shaped body 12 comprising a core 10 forming a bottom of the piece and two
walls 20, 22 substantially orthogonal to the core 10 and forming the walls.
The bottom of the piece 10 is connected to the walls 20, 22 by their
respective edges 11, 13. In the context of the invention, at least one low
mechanical strength area is formed in the piece shown in Figure 19

undulating along at least one of the edges 11 or 13 predominantly extending
alternately on each of the walls forming said edge.

The variant illustrated in Figure 1h differs from Figure 1g by the presence of a
cover plate 60 covering the opening of the U-shaped body 12. According to
Figure 1h, the cover plate 60 has a U-shaped geometry with a concavity
facing outwards the piece. It is fixed by its side walls on the inner sides of the
walls 20, 22 near their free ends. The connecting areas 61, 62 between the
cover plate 60 and the walls 20, 22 are similar to the edges. At least one low
mechanical strength area is also formed in the piece shown in Figure 1h
undulating along at least one of the edges 11 or 13 or 61, 62 extending
predominantly alternately on each of the walls forming said edge.

The embodiment illustrated in Figure 1i differs from the embodiment
llustrated in Figure 1f in that displacements or movements 31a, 31b are
replaced by a simple edge 13a, 13b and thereby the flanges 30a, 32b and
30b, 32a are delimited, they do not extend parallel to the bottom of the pieces
10a and 10b as in Figures 1e and 1f, but according to the plane passing
through a diagonal of the piece passing through the edges 13a, 13b.

Figures 3 and 4 illustrate two examples of metal pieces P according to the
invention, extending generally according to a longitudinal axis or “primary
connecting axis® A and comprises a tubular cross section defined by four
generally planar walls 10, 20, 22 and 50, respectively paralle! and orthogonal
in pairs. Each pair of adjacent walls 10, 20, 22, and 50, defining at their
intersection one edge 11, 13, 21, 23 extends generally parallel to the
longitudinal axis A, as noted above with respect to Figure 1c.

Each of the metal pieces P illustrated in Figures 3 and 4 comprises at least
one area 100 of a mechanical strength lower than the rest of the body. More
specifically, according to the embodiments illustrated in Figures 3 and 4, four
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lower mechanical strength areas 100 are formed undulating respectively
along each of the edges 11, 13, 21 or 23, extending predominantly alternately
on each of the walls 10, 20, 22 and 50 forming said edges 11, 13, 21 or 23.

The low mechanical resistance areas 100 are formed for example by local
thermal control during drawing of the piece P or by other equivalent
technique, for example through local thermal control of the piece by applying
a laser beam or by induction.

The low mechanical resistance areas 100 may be selected to change the
microstructure e.g. increasing ductility. The selection of the low mechanical
resistance areas 100 may be based on crash testing or simulation test
although some other methods to select the low mechanical resistance areas
100 may be possible. The low mechanical resistance areas 100 may be
defined Dy simulation in order to determine the most advantageous crash
behaviour or better energy absorptions in a simple part e.g. a rail. The laser
beam (not shown) may be applied onto the selected low mechanical
resistance areas 100 using a laser system. In some examples, the laser spot
size may be adjusted during the application of the laser beam and it may be
adapted to the height and/or width of the low mechanical resistance areas
100, thus the time-consuming change of the optic of the laser system after
each application of the laser may be avoided.

This way, the shape of low mechanical resistance areas 100 may be obtained
with only one optic of the laser system, while adjusting the laser spot size. In
consequence, the investment in tools may be reduced as well as the
maintenance cost. The manufacturing time may be reduced as well.
Furthermore, the variation of the spot may reduce the transition zones at the
starting and the final points of the low mechanical resistance areas 100.

The laser beam may be regulated based on some parameters e.qg.
temperature measured in the low mechanical resistance areas 100 using a
thermometer, e.g. a pyrometer or a camera, to measure high temperatures,
thus maintaining the temperature of the laser beam spot. The low mechanical
resistance areas may be made having different shapes and having different
applications e.g. flanges, small or large spots, complex geometric shapes.
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In the context of the present invention, the treatment may be a treatment that
locally reduces the mechanical strength of an area of the piece to form the
low mechanical strength areas 100, a treatment that locally increases the
mechanical strength of the body of the piece except for the desired low
mechanical strength areas 100, or a combination of these two types of

treatment.

The metal pieces P thus comprise at least one low mechanical strength area
100 and at least one high mechanical strength area 150 corresponding to the
rest of the body.

The low mechanical strength areas 100 have a low mechanical strength
(tensile strength) of less than 1100MPa, typically ranging from 9500 to
1000MPa, while the high mechanical strength areas 150 have a mechanical
strength (tensile strength) higher than 1100MPa, preferably at least equal to
1300MPa and typically above1400MPa.

The low mechanical strength areas 100 are formed for example through iocal
control of the drawing temperature of piece P. The piece P is heated to a
temperature range suitable for obtaining an austenite phase, then it is drawn
in a stamping tool adapted to define different temperatures in different areas
of the drawn piece, for example through local recesses formed in the
stamping tool or by local overheating of the stamping tool.

According to the embodiments illustrated in Figures 3 and 4, the low

mechanical strength areas 100 extend along one edge 11, 13, 21 or 23,
alternatively on each of the walls 10, 20, 22 and 50 forming said edge, SO as

to form a generally periodic pattern along said edge.

More specifically, according to the embodiments illustrated in Figures 3 and
4. the areas 100 are in a periodic sinusoidal arrangement. Thus, they are
delimited on the one hand by a rectilinear edge corresponding to a respective
edge 11, 13, 21 or 23 and the other hand by a sinusoid undulating at both
sides of the edges 11, 13, 21 or 23. '

However, the invention is not limited to this arrangement. It may be extended
to other types of periodic profile. Four variants of periodic profiles of the
present invention are for example illustrated respectively in Figures ba, 6b, 6C
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and 6d, having respectively a sinusoidal, square, triangular or saw tooth
shape.

In the examples illustrated in Figures 3 and 4, the patterns of the low
mechanical strength areas 100 are arranged continuously extending along
edges 11, 13, 21 or 23. According to a diagrammatic embodiment in Figure
13, the patterns extend discontinuously along the edges 11, 13, 21 or 23.
Thus, according to the particular embodiment illustrated in Figure 13, each
band of the low mechanical strength area 100 covers a wave length and a
half of the sinusoidal profile and two bands of successive areas 100 are
separated by a half wave length.

In the examples shown in Figures 3 and 4, all the patterns of the low
mechanical strength areas 100 formed under the edges 11, 13, 21 or 23 have
the same period T. '

According to a variant (not shown), the patterns of the low mechanical
strength areas 100 under the edges 11, 13, 21 or 23 may be of different
periods T.

The half period T/2 of the patterns, A/2, preferably ranges from 0,2 x b to 1 x
D, typically equal to 0,8 x b, wherein b corresponds to the greatest distance
between the walls 10 and 50 opposing the piece P as illustrated in Figure 18.
Figure 18 corresponds to tubular member having a rectanguiar cross section.

For a tubular piece with a number of sides greater than 4, the distance b
corresponds to the greatest distance between a wall and an at least
substantially opposite wall. This optimization to 0,8 x d allows regular location
of the deformation areas along the piece P in relation to its initial
configuration to be optimized. Indeed, in this case, location of the deformation
areas Is distributed along the piece according to a deformation natural step.

According to a variant, however, the half period T/2 of the patterns may be
different from 0,8 x b if, according to the above mentioned particular
application, it is desired to force the deformation of the piece according to a
step different from the deformation natural step.

According to the embodiment illustrated in Figure 12, the patterns for the low
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mechanical strength area 100 have a variable wave length.

In the examples illustrated in Figures 3 and 4, the patterns extending on one
wall 10, 20, 22 or 50 are opposite in phase. It is understood that the interiors
of the areas 100 provided for example at the edge 21 and of such a polarity in
comparison with this edge 21 which are arranged in the wall 50 are

respectively facing the interior of the profile provided in the edge 23 which are
likewise placed on the same wall 50.

"Interior" means herein the portion of the lower mechanical strength profile,
the most separated from the associated edge and/or the level at which said
low mechanical strength profile is the widest.

The piece P shown in Figure 3 further comprises additional, lower mechanical
strength areas 110 extending on each of the walls 10, 20, 22 and 50 between
the portions of the interior of the different patterns extending facing each
other on the same wall 10, 20, 22 and 50. The additional, lower mechanical
strength areas 110 are for example generally disc shaped.

According to a variant (not shown), the additional, lower mechanical strength
areas 110 move longitudinaily relative to the portions of the interior extending
facing each other on the same wall 10, 20, 22 and 50.

In the example shown in Figure 3, the supplementary low mechanical strength
areas 110 of the same wall 10, 20, 22 and 50 are generally aligned parallel to
the longitudinal axis A, and extend generally halfway from the portions of the
iInterior extending facing each other on the same wall.

In the example illustrated in Figure 4, the patterns extending in the same wall
10, 20, 22 and 50 are opposite in phase. The piece P comprises other
additional, lower mechanical strength areas 110 e'xtending transversely on
each of the walls 10, 20, 22 and 50 so that the portions of the interior of the
different patterns are connected to each other, extending facing each other
on the same wall 10, 20, 22 and 50, but in the opposite edges 11, 13, 21 or
23.

The embodiment illustrated in Figure 5 is based on a piece that is shown in
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Figure 1b (hat-shaped piece and cover plate assembly). In this example
shown in Figure 5, the patterns of the low mechanical strength areas 100
extending on the same wall 10, 20, 22 and 50, but they are in phase at its
opposite edges 11, 13, 21 or 23. It is herein understood that the interiors of
the profile provided for example at the edge 21 and that of such a polarity in
comparison with this edge 21 which are arranged in the wall 50, are opposite
In phase respectively to the interiors of the profile provided in the opposite
edge 23 which are placed in the same way on the same wall 50. According to
the embodiment illustrated in Figure 5, no provision is made for any additional
area 150 in the low mechanical strength areas 100 undulating along the
edges. A low mechanical strength area 100 extends on each of the edges 11,

13, 21 and 23.

The present invention relates to pieces made of steel.

It can be applied to any type of pieces involved in a motor vehicle, for
example, including, among others, a B-pillar or a side beam, or a damping or
energy absorption device.

Deformation transition areas are formed by the low mechanical strength areas
100 during an axial force on compression allowing the direction of the lateral
deformation of the elongated piece P to be oriented, thus preventing random

deformation of the pieces.

The invention allows for example side beam deformation of a cabin to face
outwards and not inwards, thereby minimizing impact hazards for cabin
occupants.

The invention allows mainly absorption of energy to be optimized in case of
accident.

The comparative examination of curves shown in Figure 7 shows that energy
absorbed during deformation of a piece according to the invention (curve "A")
IS greater than the energy absorbed during deformation of a common piece
well-known in the art (curve "B"). As indicated above, the curve B represents
the energy absorbed during deformation of a common piece well-known in the
art comprising a low mechanical strength area in its entire cross section
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shown in Figure Sa before deformation and Figure 9b after deformation, while
the curve A represents the energy absorbed during deformation of a piece
according to the invention comprising a low mechanical strength area
undulating along one edge, shown in Figure 10a before deformation and
Figure 10b after deformation.

More specifically, according to the example illustrated in Figure 7, the curve A
shows that the energy absorbed by a piece of the present invention is
greater, of the order of 65% of the energy absorbed by a piece according to
the prior art.

The invention also allows acceleration peaks experienced by vehicle
occupants In case of accident to be reduced.

As noted above, Figure 8 illustrates curves that comparatively show the
stress generated as a function of the deformation amplitude of the same
pieces, showing respectively a curve B of the stress resulting from a common
piece well-known in the art comprising a low mechanical strength area in its
entire cross section shown in Figure 9a before deformation and Figure 9b
after deformation, and in a curve A showing the stress resulting from a piece
according to the invention comprising a low mechanical strength area
undUIating along one edge, shown in Figure 10a before deformation and
Figure 10b after deformation.

The present invention is not of course limited to the above described
embodiments, but it extends to any variant within its spirit.

Provision may be made for example for adding assembled reinforcements
and/or reinforcing ribs located on some walls of the piece P.

The term "metal piece" in the context of the present invention is to be
understood in a broad sense including both a monobloc structure with no
assembly and a structure formed by assembling a plurality of initially
individualized entities, but connected by the assembily.

An alternative embodiment of the present invention is shown in Figure 11
characterized in that an undulated or periodic profile area with a lower
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mechanical strength undulating along a single edge 23 is provided.

Figure 14 depicts one embodiment of a low mechanical strength area 100
undulating in a single edge 11 of a hat-shaped piece illustrated in Figure 1a.
The two boundary edges of the area 100 have a generally sinusoidal profile
except for a local levelling by directrices parallel to the edge 11.

Figure 15 depicts a further embodiment comprising a low mechanical strength
area 100 undulating in each of the four edges 11, 13, 21 and 23 of one piece
that is illustrated in Figure 1a.

Figure 16 represents a variant of Figure 14 adapted to a piece that is
llustrated in Figure 1b according to which the low mechanical strength area
100 is discontinuous. According to the representation shown in Figure 16, the
metal plece according to the invention comprises a succession of low
mechanical strength bands 100 distributed along the length of the edge 11
undulating in both sides, two successive low mechanical strength bands 100
which are separated by an intermediate higher mechanical strength area 102.
More specifically, according to the representation shown in Figure 16, the
intermediate area 102 is located between two interior portions of the low
mechanical strength area 100 respectively located between the two walls 20
and 50 on both sides of the edge 11.

Figure 17 shows a variant of Figure 16 applied to a hat-shaped piece

llustrated in Figure 1a, where the intermediate, high mechanical area 102
located between two successive low mechanical strength bands 100 is

located at the level of the interiors of the low mechanical strength profile.

Figure 19 represents a tubular piece P comprising low mechanical strength
areas 100 undulating along each edge 11, 13, 21 and 23 according to a
sinusoidal profile whose period is equal to 0,8xb, while Figure 20 represents
deformation obtained from the same piece in a longitudinal tension. Those
skilled in the art will understand the comparative examination in Figures 19
and 20 when the presence of an area 100 undulating along the edges allows
the folds to be arranged alternately on each of the sides of the piece. Indeed,
as shown in Figure 20, by means of this arrangement, the folds protruding
outwards the piece are located alternately in the pairs of alternate opposite
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walls. More specifically, in Figure 20, éxternal folds 190 and 192 are placed in

a wall 10 while external folds 191 and 193 are positioned alternately in an
adjacent wall 22.

Tests conducted on a piece of this type comprising low mechanical strength
areas 100 undulating along the edges have shown that, as compared with the
pieces of the prior art comprising low mechanical strength rings in their entire
Cross section, distributed along their length, the invention allows a stress
peak to be limited in case of collision at the same level as the prior art,
absorbed energy to be increasing of the order of 65% without a risk of rupture
of the piece during deformation.

Figures 21 and 22 show comparatively low mechanical strength bands
according to the invention whose period corresponds to respective mulitiple
ones of a base wave length Ao. More specifically, the length of the low
mechanical strength areas 100 shown in Figure 22 is twice the period of the
low mechanical strength areas 100 shown in Figure 21. Typically, but not
limited to the period of the areas 100 shown in Figure 21, it may be equal to
period Ao of natural deformations of the piece, a half period of areas 100
equal to the natural half period Ao/2 of the deformation of the piece, while the
period of areas 100 shown in Figure 22 is double that of Figure 21.

As illustrated in Figures 23 and 24, according to a further advantageous
feature of the invention, the lower mechanical resistance area 100 undulating
along one edge, extends predominantly alternately on each of the walls
forming said edge extends partially on the two walls on both sides of a
common edge, with a linear distribution according to a section transversal to
the primary axis of elongation A, at the level of the interior of the patterns,
alternatively at least 60%, preferably at least 70%, in a first wall adjacent the
edge and a maximum of 40%, preferably at least 30%, in the second wall
adjacent the edge at the level of a half period of the low strength pattern, and
then conversely for the next half period.

According to a further advantageous feature of the invention, as illustrated in
Figure 25, the low mechanical strength areas 100 cover a linear distribution
according to a section transversal to the primary axis of elongation, at least
10%, preferably at least 25%, the width of a wall and a maximum of 80%,
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preferably a maximum of 60%, of this width. This arrangement allows the
deformations to be optimized without weakening the part.

Figure 26 illustrates an alternative embodiment according to the invention
accOrding to which low mechanical strength areas 100 are formed in each
series of successive low mechanical strength intervals 100a, 100b, 100C, etc.
whose overall contour corresponds to a profile undulating along one edge 23.

It will be understood by those skilled in the art upon reading the foregoing
description and examining the accompanying drawings that the contour of the
low mechanical strength areas 100 undulating along one edge, that is, the
longitudinal side edges of these areas, may be embodied in different ways
within the context of the invention. Thus, according to Figures 3 to 5 and 11 to
13, one of the edges of the areas 100 is sinusoidal while the second edge of
the areas 100 is rectilinear and corresponds to one edge of the piece.
According to Figures 14 to 17, 19, 23, 25 and 26 the two edges of the areas
100 are generally sinusoidal and equidistant along the length of the pattern,
Deing levelled as necessary by a directrix parallel to the edge as indicated for
example in Figure 19.

By way of non-limiting examples, the present invention especially covers low
mechanical strength areas 100 corresponding to the following values:

. Example 1:

yield limit of 400MPa +/- 50MPa
tensile strength of 600MPa +/-50MPa

. Example 2:

yield limit from 490MPa to 600MPa

tensile strength from 700MPa to 800MPa

. Example 3:

yield limit from 650MPa to 750MPa

tensile strength from 850MPa to 950MPa

for a remainder of the body meeting following definition:

yield iimit of 1150MPa +/- 150MPa

tensile strength of 1550MPa +/- 150MPa.

Figure 29a shows schematically an example of a laser system, the laser
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system may have a fiber connector 1003. The fiber connector 1003 may be
connected at one distal end to an optical fiber 1001.

The fiber connector 1003 may enable a quick and reliable connection and
disconnection to the optical fiber 1001. The optical fiber 1001 may act as a3
guide for the beam of particles and waves.

A collimating unit 1005 may be provided. The collimating unit 1005 may
cause the directions of motion of the laser beam to become more aligned in a
specific direction.

The laser system may have a single color pyrometer 1008 although some
other alternatives may be possible e.g. two color pyrometer 1007. The single
color pyrometer 1008 may determine the temperature by measuring the
radiation emitted from a surface at one wavelength. In this way, the power of
the laser beam may be regulated taking into account the temperature.

A zoom homogenizer 1010 is also schematically shown. The zoom
homogenizer may adapt the shape of the laser spot as described later on.

In alternative examples, the zoom homogenizer 1010 may be configured to be
connected at the second end to a coupling unit 1020. The coupling unit 1020
may be attached to a focusing element 1011. The coupling element 1020 may
be configured to be provided with an adaptor 1008. The adaptor 1009 may

attached to a camera 1015 e.g. EMAQS camera. The EMAQS camera is a
camera-based temperature data acquisition system aithough some other
alternatives are possible e.g. CCD camera 1014.

In some other alternative examples, the zoom homogenizer 1010 may be
configured to be connected to a single color pyrometer 1060 although some
other alternatives may be possible e.g. two color pyrometer 1061. The single
color pyrometer 1060 may determine the temperature by measuring the
radiation emitted from a surface at one wavelength. In this way, the power of
the laser beam may be regulated taking into account the temperature.

The laser system may be mounted on a robot (not shown). The robot may be
mounted on the floor but some other configurations may be possible, e.g. roof
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mounted. The robot may be controlled by control means (not shown). An
exampie of a robot that may be that may be employed is the robot IRB 6660
or IRB 760, available from ABB, among others.

The laser power of the laser system may be limited 20000 W.

Fig 29b shows schematically the zoom homogenizer 1010. The zoom
homogenizer 1010 may transform the beam into a shape e.g. rectangular,
circular. The zoom homogenizer 1010 may be part of the laser system shown

In the figure 29a. The zoom homogenizer 1010 may comprise a housing 1038
at least partially enclosing the laser system.

The housing 1038 may comprise a lens array 1030A, 1030B and 1030C. The
lens array 1030A, 1030B and 1030C may adjust a spot of the laser beam to
the width or length of the different portions of the element scanned during the
application of the laser. The lens array may implement various focus lines or
areas with edges lengths or width up to 180 mm. The top-hat energy
distribution in the laser focus may be homogenous across the entire setting
range, thus the uniform energy input across the entire setting range may be
ensured. The lens array 1030A, 1030B and 1030C may be designed for laser
power outputs up to 20000 W.

A gear motor 1034 may adjust the size of the laser beam spot acting on the
lens array 1030A, 1030B and 1030C. The laser beam spot may be motor-
adjustable on both axes. A plurality'of focus sizes and ratios may be
implemented using the lens array 1030A, 1030B and 1030C. The motorized
movement of the lens array 1030A, 1030B and 1030C using the gear motor
1034 may enable the laser beam width or height to be dynamically adjusted.

The actuation of the gear motor 1034 may enable integration into any
machine control system.

The gear motor 1034 may be attached to a threaded spindle 1033. The
threaded spindle 1033 may transmit the motion generated by the gear motor

- 1034. The threaded spindle 1033 may have attached at one distal end a

spindie nut 1032. A motion control unit 1036 may be provided controlling the
motion of some of the elements of the zoom homogenizer 1010 e.g. the gear
motor 1034. The position or velocity of the gear motor 1034 may be controlled
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using some type of device such as a servo although some other options are
possible e.g. a hydraulic pump, linear actuator, or electric motor.

Although only a number of examples have been disclosed herein, other
alternatives, modifications, uses and/or equivalents thereof are possible.
Furthermore, all possible combinations of the described examples are also
covered. Thus, the scope of the present invention should not be limited by
particular examples, but should be determined only by a fair reading of the
claims that follow.
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CLAIMS

1. Metal piece (P) having a generally elongated shape according to a
longitudinal direction (A), for making a motor vehicle, comprising:

- at least one edge (11, 13, 21, 23) extending according to a
longitudinal direction, at the intersection of two walls (10, 20, 22, 50) of
the piece, and

- at least one area (100) having a mechanical strength lower than the
rest of the body of the piece, wherein the at least one area (100) is
formed through local thermal control of the piece

the piece being characterized in that at least one lower mechanical strength
area undulates along the edge (11, 13, 21, 23) extending at least
predominantly alternatingly on each of the walls (10, 20, 22 , 50) forming said
edge.

2. Metal piece according to claim 1, wherein the local thermal control of the
piece Is performed by applying a laser beam or by induction, wherein
optionally the laser beam spot size is adjusted during the application of the
laser beam.

3. Metal piece according to any of claims 1 - 2, wherein the mechanical
strength of the piece that is lower in one area than the rest of the body of the

piece corresponds to at least one of the following three parameters: yield
limit, tensile strength and hardness.

4. Metal piece according to any of claims 1 -3, wherein at least said area
having a mechanical strength lower than the rest of the body of the piece has
a yield limit more than 10% lower than the rest of the body.

5. Metal piece according to claims 1 to 4, wherein at least said area having a
mechanical strength lower than the rest of the body of the piece has a tensile
strength more than 10% lower than the rest of the body.

6. Metal piece according to claims 1 to 5, wherein the lower mechanical
strength area (100) undulating along the edge (11, 13, 21, 23) extends at
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least predominantly alternately on each of the walls forming said edge,
forming a generally periodic pattern undulating along the edge.

7. Metal piece according to claims 1 to 6, wherein the period of low
mechanical strength patterns (100) is constant.

8. Metal piece according to claims 1 to 6, wherein the period of low
mechanical strength patterns (100) is not constant along the length of the
piece.

9. Metal piece according to claims 1 to 8, wherein the lower mechanical
strength area (100) undulating along the edge extends predominantly
alternately on each of the walls forming said edge is formed by a continuous
band of low mechanical strength along the edge.

10. Metal piece according to claims 1 to 8, wherein the lower mechanical
strength area (100) undulating along the edge extends predominantly
alternately on each of the walls forming said edge is formed by a series of
successive intervals of low mechanical strength.

11. Metal piece according to claims 1 to 8 and 10, wherein the lower
mechanical strength area (100) undulating along the edge extends
predominantly alternatingly on each of the walls forming said edge is formed
by a succession of low mechanical strength bands distributed along the edge,
two successive low mechanical strength bands being separated by a higher
mechanical strength intermediate area.

12. Metal piece according to claims 1 to 11, wherein it comprises:

- at least two edges (11, 13, 21, 23) extending according to the
longitudinal direction (A), each at the intersection of two respective
walls (10, 20, 22, 50) between which a common wall between the two
edges is provided, and

- a lower mechanical strength area (100) undulating along each of the
two edges extends predominantly alternatingly on each of the walls
forming said edge.
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13. Metal piece according to claims 1 to 12, wherein the patterns of the low
mechanical strength areas (100) undulating in two adjacent edges (11, 13,
21, 23) are In phase.

14. Metal piece according to claims 1 to 12, wherein the patterns of the low

mechanical strength areas (100) undulating in two adjacent edges (11, 13,
21, 23) are opposite in phase.

15. Metal piece according to claims 1 to 14, wherein the portion covered by
the lower mechanical strength area (100) has a periodic profile of which at
least one edge is selected from the group comprising an undulated
sinusoidal, square, triangular or saw tooth shape.

16. Metal piece according to claims 1 to 15, wherein it comprises at least one
supplementary lower mechanical strength area (110) formed in the common
wall (10, 20, 22, 50) between two edges (11, 13, 21, 23), between portions of

the interior of the two patterns of low mechanical strength areas extending on

said common wall relative to one another undulating on both sides
respectively of said ftwo edges.

17. Metal piece according to claims 1 to 15, wherein it comprises at least one
supplementary lower mechanical strength area (100) formed in the common
wall (10, 20, 22, 50) between two edges (11, 13, 21, 23) and extends
transversely so as to connect the portions of the inside of each of the two

patterns of low mechanical strength areas extending on said common wall
with respect to each other undulating at both sides respectively of said two

edges.

18. Metal piece according to claims 1 to 17, wherein each pattern of the low
mechanical strength area has a half period (T) ranging from 0,2 x b to 1 x b,
typically equal to 0,8 x b, wherein b corresponds to the greatest distance
between opposite walls (10, 20, 22, 50).

19. Metal piece according to claims 1 to 18, wherein the lower mechanical
strength area undulating along the edge (11, 13, 21, 23), predominantly
extends alternately on each walis (10, 20, 22, 50) forming said edge, extends
partially on the two walls on both sides of a common edge, with a linear
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distribution according to a cross section straight to the primary axis of
elongation, at a level of the interiors of the patterns, alternatively of at least
60%, preferably at least 70%, at a first wall adjacent the edge and a maximum
of 40%, preferably a maximum of 30%, in the second wall adjacent the edge,
and then conversely.

20. Metal piece according to any of claims 1 to 19, wherein the low
mechanical strength areas (100) cover a linear distribution according to a
cross section transverse to the primary axis of elongation, at least 10%,
pretferably at least 25 %, of the width of a wall and a maximum of 80%,
preferably a maximum of 60%, of this width.

21. Metal piece according to any of claims 1 to 20, wherein at least one low
mechanical strength area (100) has a tensile strength of less than 1000MPa
as compared to the rest of the piece having a tensile strength of at least
1300MPa, preferably higher than 1400MPa.

22. Metal piece according to any of claims 1 to 21, wherein at least one lower
mechanical strength area (100) has a yield limit of less than 950MPa as
compared to the rest of the piece having a vield limit of at least 1000MPa,
preferably higher than 1150MPa.

23. Metal piece according to any of cilaims 1 to 22, wherein at least one'low
mechanical strength area (100) meets the following definitions:

. yield limit of 400MPa +/- 50MPa and
tensile strength of 600MPa +/-50MPa

. or yield limit from 490MPa to 600MPa and
tensile strength from 700MPa to 800MPa
.or yield limit from 650MPa to 750MPa and
tensile strength from 850MPa to 950MPa

for a remainder of the body meeting following definition:
yield limit of 1150MPa +/- 150MPa
tensile strength of 1550MPa +/- 150MPa.

24. Metal piece according to any of claims 1 to 23, wherein the lower
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mechanical strength area (100) undulating along one edge (11, 13, 21, 23),
extending at least predominantly alternately on each of the walls (10, 20, 22,
50) forming said edge, is discontinuous and an intermediate, higher
mechanical strength area (102) is located between two interiors of the low
mechanical strength area (100) respectively located in two walls (20, 50) at
both sides of the edge (11).

25. Metal piece according to any of claims 1 to 23, wherein the lower
mechanical strength area (100) undulating along one edge (11, 13, 21, 23),
extending at least predominantly altemately on each of the walls (10, 20, 22,
50), forming said ridge, is discontinuous, and an intermediate, higher
mechanical strength area (102) is located at the level of the interiors of the
low mechanical strength profile.

26. Metal piece according to any of claims 1 to 25, wherein the contour of the
low mechanical strength area (100) undulating along one edge has one of its

“edges sinusoidal in shape while the second edge is rectilinear and preferably

corresponds to one edge of the piece.

27. Metal piece according to any of claims 1 to 25, wherein the contour of the
low mechanical strength area (100) undulating along one edge has two
generally sinusoidal and equidistant edges.

28. Metal plece according to any of claims 26 or 27, wherein the contour of

the low mechanical strength area (100) undulating along one edge is levelled
by a directrix parallel to the edge.

29. Metal piece according to any of claims 1 to 28, wherein it comprises a low
mechanical strength area (100) undulating along a single edge.

30. Metal piece according to any of claims 1 to 28, wherein it comprises at
least two low mechanical strength areas (100) undulating respectively along
two adjacent edges.

31. Metal piece according to any of claims 1 to 28 and 30, wherein it
comprises one low mechanical strength area (100) undulating along each of
Its edges.
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32. A method of making a metal piece of a generally elongated shape
according to a longitudinal direction, for the manufacture of a motor vehicle,
comprising a step of treating at least one portion of the body of the piece to
form at least two areas the body of the piece: a low mechanical strength area
(100) and a relatively high mechanical strength area (150), characterized in
that the above mentioned step is carried out by defining a lower mechanical
strength area (100) undulating along one edge (11, 13, 21, 23) extending
according to the longitudinal direction at the intersection of two walls (10, 20,
22, 50) of the piece, covering predominantly alternately each of the walls on
both sides of said edge (11, 13, 21, 23).

33. Method according to claim 32, wherein the treatment comprises a
treatment that locally reduces the mechanical strength of an area (100) of the
piece to form the low mechanical strength areas.

34. Method according to claims 32 or 33, wherein the treatment comprises a
treatment that locally increases the mechanical strength of the body of the
piece except for at least one desired low mechanical strength area (100).
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