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(54) Title: VEHICLE UNDERBODY STRUCTURE COMPRISING A REINFORCEMENT ELEMENT BETWEEN A LONGIT-
UDINAL BEAM AND A LOWERSIDE SILL PART

(57) Abstract: The Vehicle underbody structure, comprises
a floor panel (1), at least one longitudinal beam (2) extend-
ing in a longitudinal direction of the vehicle under said floor
panel (1) and at least one lowerside sill part (4) extending in
the longitudinal direction adjacent to the floor panel (1), the
vehicle underbody structure further comprising at least one
reinforcement element (6) extending in a transversal direc-
tion, substantially perpendicular to the longitudinal direc-
tion, said reinforcement element (6) extending under the
floor panel (1) and being attached at one of its transversal
ends to the longitudinal beam (2) and at the other of its
transversal ends to the lowerside sill part (4). The reinforce-
ment element (6) is made of a press hardened steel part hav-
ing a tensile strength higher or equal to 1200 MPa.
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Vehicle underbody structure comprising a reinforcement element between a
longitudinal beam and a lowerside sill part

The present invention refates to a vehicle underbody structure, comprising a floor
panel, at least one longitudinal beam extending in a longitudinal direction of the vehicle
under said floor panel and at least Qrie fowerside sill part extending in the longitudinal
direction adjacent to the floor panel, the vehicle underbody structure further comprising at
least one reinforcement element extending in a transversal direction, substantially
perpendicular to the longitudinal direction, said reinforcement element extending under .-

~ the floor pane! and béing attached at one of its transversal ends to the longitudinal beam

and at the other of its transversal ends to the [owerside sill part.

The present invention also reldtes to a vehicle body comprising such an underbody
structure. ’

Conventionally, the underbody structure of a vehicle formirig the floor the vehicle is
arranged to protect the vehicle occupants in case of an impact, in particular a side impact
or a front impact by limiting intrusions of any kind in the vehicle passenger compartment.

To this end, the undefbody structure comprises reinforcement elements arranged
transversally between structural longitudinal elements, such as underfloor longitudinal
beams. This assembly is arranged to prevent the deformation of the vehicle compartment
and to maintain the integrity of the floor panel in case of an impact, thereby protecting thé

‘occupants of the vehicle.

While this arrangement can be efficient in case of a side impact, i.e. an impact
occurring in the transversal direction, and in case of a full front impact, i.e. an impact
occurring in the longitudinal direction at the front or rear of the vehicle, a risk remains in
the case of a front impact offset relative to the center of the vehicle, called “small overlap .
crash®, regulated by the United States of America’s Insurance Institute for Highway
Safety. During such a small overlap crash, the impact occurs in the longitudinal direction’’
at the front of the vehicle outboard of the longitudinal structural elements, i.e. on 25% or
less frontal overiép of the vehicle. In this case, the regular impact absorbing elements

~ provided at the front of the vehicle do not fully fulfill their function since the impact does

not occur in front of the longitudinal beams of the vehicle.

" in this case, as shown in Figs. 5 and 6 representing respectively a view fiom below
and a view from above of part of a conventional vehicle underbody structure after a smali -
overlap crash, the wheel of the vehicle located on the same side as the impact barrier,
tends to rotate towards the interior of the vehicle and to deform the floor panel at a
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location where the feet of an occupant of the wvehicle are usually placed.
Consequently, such an impact can cause important damages to the occupant’s legs.

One of the aims of the invention is to improve the behavior of the vehicle underbody
structure in case of a small overlap crash such that the floor panel sustains little
deformation in case of such an impact.

To this end, the invention relates to the reinforcement element is made of a press-
hardened steel part having a tensile strength higher or equal to 1200 MPa.

By having a reinforcement element made of a press-hardened steel part having a
tensile strength higher or equal to 1200 MPa located between the lowerside sill part and the
longitudinal beam extending under the floor panel of the underbody structure, the
transversal distance between the longitudinal beam and the lowerside sill part can be
substantially maintained in case of a small overlap crash, which prevents or strongly
reduces the deformation of the floor panel extending between the longitudinal beam and the
lowerside sill part. Consequently, the feet of the occupants of the vehicle received in this
space are preserved.

According to another aspect, a vehicle underbody structure is provided, comprising a floor
panel, at least one longitudinal beam extending in a longitudinal direction of the vehicle
under said floor panel and at least one lowerside sill part extending in the longitudinal
direction adjacent to the floor panel, the vehicle underbody structure further comprising at
least one reinforcement element extending in a transversal direction, substantially
perpendicular to the longitudinal direction, said reinforcement element extending under the
floor panel and being attached at one of its transversal ends to the longitudinal beam and at
the other of its transversal ends to the lowerside sill part, wherein:
- the reinforcement element is made of a press-hardened steel part having a tensile
strength higher or equal to 1200 MPa,
- the reinforcement element comprises a first flank extending in a plane substantially
parallel to the floor panel and a second flank extending in a plane perpendicular to a
plane of the first flank, said first and second flanks both joining the longitudinal beam
to the lowerside sill part, the second flank extending in a plane forming a non-zero
angle with the longitudinal direction.

According to other advantageous aspects of the invention, the vehicle underbody
structure may comprise one or more of the following features, considered alone or
according to any technically possible combination:

Date Regue/Date Received 2023-03-08
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- the reinforcement element has a martensitic microstructure and at least one of the
longitudinal beam and lowerside sill part has a structure which is not fully martensitic;

- both the longitudinal beam and lowerside sill part have a structure which is not fully
martensitic;

- the reinforcement element comprises a first flank extending in a plane substantially
paraliel to the fioor panel and a second flank extending in a plane perpendicular to the first
flank, said first and second flanks both joining the longitudinal beam to the lowerside sill
part;

- the second flank extends in a plane forming a non-zero angle with the longitudinal
direction;

- the first flank has a substantially triangular shape, a first side of said triangle
extending along the longitudinal beam, a second side of said triangle joining the longitudinal
beam to the lowerside sill part and a third side of said triangle extending along the second
flank;

- the reinforcement element is attached to the lowerside sill part at a front longitudinal
end of said lowerside sill part;

- the reinforcement element is welded to the longitudinal beam and to the lowerside
sill part;

- the welding of the reinforcement element to the longitudinal beam and to the
lowerside sill part is a resistance spot welding, an arc welding or a laser welding;

- the composition of the press hardened steel comprises in % weight:

- 0.15% < C £0.5%, 0.5% < Mn < 3%, 0.1% < Si < 1%, 0.005% < Cr £ 1%, Ti < 0.2%,

Al £ 0.1%, S < 0.05%, P < 0.1%, B < 0.010%, the remainder being iron and

unavoidable impurities resulting from the elaboration; or

- 0.20% < C £ 0.25%, 1.1% < Mn < 1.4%, 0.15% < Si < 0.35%,Cr < 0.30%, 0.020% <

Ti < 0.060%, 0.020% < Al < 0.060%, S < 0.005%, P < 0.025%, 0.002% < B < 0.004%,

the remainder being iron and unavoidable impurities resulting from the elaboration; or

- 0.24% < C £0.38%, 0.40% < Mn < 3%, 0.10% < 8i £ 0.70%, 0.015% =< Al £ 0.070%,

Cr £ 2%, 0.25% < Ni < 2%, 0.015% < Ti < 0.10%, Nb < 0.060%, 0.0005% < B <

0.0040%, 0.003% = N = 0.010%, S < 0,005%, P < 0,025%, %, the remainder being

iron and unavoidable impurities resulting from the elaboration

- the press hardened steel part is coated;

- the underbody structure further comprises a front pillar attached to the lowerside sill
part and extending in an elevation direction substantially perpendicular to the

Date Regue/Date Received 2023-03-08
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longitudinal and transversal directions, said front pillar extending from a longitudinal
front end of the lowerside sill part;

- the underbody structure comprises a floor panel, a left longitudinal beam and a right
longitudinal beam, both extending in the longitudinal direction under said floor panel, and a
left lowerside sill part and a right lowerside sill part, extending in the longitudinal direction on
either side of the floor panel, a left reinforcement element extending between the left
longitudinal beam and the left lowerside sill part and a right reinforcement element
extending between the right longitudinal beam and the right lowerside sill part, said left and
right reinforcement elements being made of a press hardened steel part having a tensile
strength higher or equal to 1200 MPa; and

- the underbody structure further comprises a transversal beam extending between
the left longitudinal beam and the right longitudinal beam, said transversal beam extending
along the same ftransversal axis as the left and right reinforcement elements; said
transversal beam being made of a press hardened steel part having a tensile strength
higher or equal to 1200 MPa.

The invention also relates to a vehicle body comprising a vehicle underbody structure
as described above.

Date Regue/Date Received 2023-03-08
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Other aspects and advantages of the invention will appear upon reading the
following description, given by way of example and made in reference to the appended
drawings, wherein: ) '
- Fig. 1 is a perspective view from below of part of a vehicle underbody structure of
the invention,
- Fig. 2 is a perspective view of part of the vehicle underbody structure of Fig. 1,
- Fig. 3 is a perspective view of tl';e reinforcement element of the vehicle underbody
structure of Fig. 1,
- Fig. 4 is a larger perspective view of part of the vehicle underbody structure of the
mventxon
~ - Figs 5 and 6 are respectlvely views from below and from above of part of a
conventional vehicie underbody structure after a small overlap crash, and
- Figs. 7 and 8 are respéctively views from below and from above of part of vehicle
underbody structure of the invention after a small overtap crash.
In the followmg descrlptlon the term ‘longitudinal” refers to the rear-front direction-

_ and the term “transversal” refers to the left-right direction of an automotive vehicle, in
- regular use condition. The terms “rear” and. “front” are defined refative to the longitudinal

direction and thg terms “upper” and “lower” are defined relative to the elevation direction
of an automotive vehicle in regular use condition.

in reference to Fig. 1, there is described a vehicle underbody structure comprising a
ﬂoor panel 1, at least one longitudinal beam 2, at least one lowerside sill part 4 and at
least one reinforcement element 6.

The floor panel 1 extends generally along a honzontal plane in regular use cm'adnwn~

of the vehlcie and extends longitudinally between a front side 8 and a rear side and

transversally between a left side 10 and a right side. In the figures, for the sake of
simplicity, only the front side 8 and the left side 10 are visible.
The underbody structure is substantially symmetrical relative to a plane comprising .

- the -longitudinal and elevation direction and passing by the center of the floor panel

between the left side 10 and the right side. Consequently, the following description will be
ade in detail for the left side only, the same teachings applying for the right side.
The floor panel 1 is intended to form the floor of the automotive vehicle and to serve

as a base structure for the seats and the other efements of the passenger compariments.

Spaces are also provided to receive the feet of the passengers of the vehicle.

. The |'ongitudin'ai beam 2 extends below the floor panel 1 in the vicinity of one of the
side of the floor panel, near the left side 10 in the figures. The longitudinal beam 2 extends
in the longitudinal direction substantially under the whole length of the floor panel 1, ie.
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from the rear side to the front side, and compnses a longrtudmal front end. 12 extendmg

" . past the front side 8 of the fioor panel, as shown in F'g 1. As known, the longttudmal

beam 2 is part of the structure for protecting the passengers of the vehicle in case of a full
frontal impact by being attached, at its front end 12 to the transversal bumper beam via
impact absorbing elements, such as crash boxes. As shown in Fig. 2, the longitudinal
beam has for example a U-shaped cross section in a transversal plane, the U opéning

towards the floor panel 1 of thie vehicle.

The function of such a longitudinal beam is known per se and will not be described
in detail here. The longitudinal beam 2 is for example made of a stee! presenting &
structure which is riot fully martensitic, such as a dual-phase steel. According to an
example the longitudinal beam is made of Dual Phase 600 or Dual Phase 980 as defined

" Euro norm HCT590X, HCT980X or HCT980XG respectively, these matenals having

satisfactory mechanical properties, such as yield strength and good energy absorptaon .
capacity due to their high strain hardenability, while allowing a reduction in the weight of B

the vehicle.

According to the embodiment shown in Fig. 4, the underbody structure comprisés a
left longitudinal beam 2 extending in the vicinity of and parallel to the left side 10 of the
floor panel 1 and right longitudinal beam 2 extending in the vicinity of and parallel to the
right side of the floor panel.

" The lowerside sill part 4 extends in the longltudmal direction outboard of a side of the )

floor panel, i.e, along one side of the floor panel but outside of said floor panel 1. The

- lowerside sill part 4 is therefore s}ubstanﬁaﬂy parallel to the !ong:ltudinal beam and

adjacent to the floor panel 1. The lowerside sill part exterids between a longitudinal rear
end and a longitudinal front end 14. The Tear ‘end and the front end 14 are for example
focated substantially opposite or in the vicinity of the rear side and the front side of the

‘ﬂ'oor panel in the transversal direction. The lowerside sill part 4 is for example made of a

éteel presenting a structure which is not fully martensitic, such as a dual-phase steel.
According to an exariple, the longitudinal beam is made of Dual Phase 600 or Dual
Phase 980 as defined Euro norm HCT590X, HCT980X or HCTY980XG respectively, these
materials having satisfactory mechanical properties, such as yield strength and good
energy’ absorphon capacity dug to their high strain hzrdenability, " while allowmg a
reduchon in the weight of the vehicle.

The lowerside sill part 4 is the inner part of the lowerside sill of the vehicle, which is,
as known, the lower part of the door ring of the vehicle, which forms the frame arranged to
receive one door of the vehicle. Consequently, the lowerside sill part 4 is assembled with
an outer lowerside sill part 16 to form the lowerside sill. By inner and outer, it is meant that
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the lowerside sill part 4 extends towards the interior of the vehicle, while the outer
lowerside sill part 16 is turned toward the outside of the vehicle. The outer lowerside sill part
16 is for example a press-hardened steel part having a tensile strength higher or equal to
1200 MPa. Such high mechanical characteristics make it a suitable part for forming a
reinforcement structure such as the door ring.

The composition of such steel may comprise for example, in % weight. 0.15% < C <
0.5%, 0.5% < Mn < 3%, 0.1% < Si £ 1%, 0.005% < Cr £ 1%, Ti < 0.2%, Al < 0.1%, S <
0.05%, P = 0.1%, B =< 0.010%, the remainder being iron and unavoidable impurities
resulting from the elaboration.

According another preferred embodiment, the steel composition comprises for
example, in % weight: 0.20% < C < 0.25%, 1.1% < Mn < 1.4%, 0.15% < Si £ 0.35%,Cr <
0.30%, 0.020% < Ti < 0.060%, 0.020% < Al < 0.060%, S < 0.005%, P < 0.025%, 0.002% <
B < 0.004%, the remainder being iron and unavoidable impurities resulting from the
elaboration. With this composition range, the tensile strength of the press hardened part is
comprised between 1300 and 1650 MPa.

According another preferred embodiment, the steel composition comprises for
example, in % weight: 0.24% < C < 0.38%, 0.40% < Mn < 3%, 0.10% < Si < 0.70%, 0.015%
< Al £0.070%, Cr < 2%, 0.25% < Ni < 2%, 0.015% < Ti<0.10%, Nb < 0.060%, 0.0005%
< B = 0.0040%, 0.003% < N < 0.010%, S < 0,005%, P < 0,025%, %, the remainder being
iron and unavoidable impurities resulting from the elaboration. With this composition range,
the tensile strength of the press hardened part is higher than 1800 MPa.

Such a steel has very high mechanical characteristics, which makes it a suitable part
for forming a reinforcement structure such as the door ring.

The lowerside sill part 4 has for example a U-shaped cross-section in the transversal
direction, as shown in Fig 2, the U opening towards the outer lowerside sill part 16, i.e.
towards the exterior of the vehicle. The outer lowerside sill part 16 is arranged to close this
profile, as shown in Fig. 1. The lowerside sill part 4 and the outer lowerside sill part 16 are
for example welded together to form the lowerside sill, as known per se. The function of
such a lowerside sill is known per se and will not be described in detail here.

As shown in Fig. 1, a front pillar 18; which extends in the elevation direction from the
front end 14 of the lowerside sill. As known, the front pillar 18 also forms a part of the door
ring and serves as a support for the front part of the vehicle. The front pillar 18 is made of
an inner front pillar part 19 (shown in Fig. 2) and of an outer front pillar part assembled
together to form the front pillar. The front pillar is for example made of a press hardened

Date Regue/Date Received 2023-03-08
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steel part having a tensile strength higher or equal to 1200 MPa. Such high mechanical
characteristics make it a suitable part for forming a reinforcement structure such as the door
ring.

The composition of such steel may comprise for example, in % weight: 0.15% < C =
0.5%, 0.5% < Mn < 3%, 0.1% < Si < 1%, 0.005% < Cr < 1%, Ti £ 0.2%, Al £ 0.1%, S <
0.05%, P < 0.1%, B £ 0.010%, the remainder being iron and unavoidable impurities
resulting from the elaboration.

According another preferred embodiment, the steel composition comprises for
example, in % weight. 0.20% < C < 0.25%, 1.1% < Mn < 1.4%, 0.15% < Si < 0.35%,Cr <
0.30%, 0.020% < Ti < 0.060%, 0.020% < Al < 0.060%, S < 0.005%, P < 0.025%, 0.002% <
B < 0.004%, the remainder being iron and unavoidable impurities resulting from the
elaboration. With this composition range, the tensile strength of the press hardened part is
comprised between 1300 and 1650 MPa.

According another preferred embodiment, the steel composition comprises for
example, in % weight: 0.24% < C < 0.38%, 0.40% < Mn < 3%, 0.10% < Si £ 0.70%, 0.015%
< Al £0.070%, Cr<2%, 0.25% < Ni < 2%, 0.015% < Ti <0.10%, Nb < 0.060%, 0.0005%
< B < 0.0040%, 0.003% <N =<0.010%, S < 0,005%, P < 0,025%, %, the remainder being
iron and unavoidable impurities resulting from the elaboration. With this composition range,
the tensile strength of the press hardened part is higher than 1800 MPa. According to the
embodiment shown in Fig. 4, the underbody structure comprises a left lowerside sill part 4
extending next and parallel to the left side 10 of the floor panel 1 and right lowerside sill part
4 extending next and parallel to the right side of the floor panel.

The longitudinal beam 2 and the lowerside sill part 4 are connected to each other by a
reinforcement element 6 extending transversally between the longitudinal beam and the
lowerside sill part 4.

More particularly, the reinforcement element 6 extends between the front end 14 of
the lowerside sill part 4 and the part of the longitudinal beam 2 extending opposite the front
end 14 in the transversal direction, as shown in Fig. 2.

The reinforcement element 6 comprises a first flank 20 extending substantially parallel
to the floor panel 1 and a second flank 22 extending from the first flank 20 towards the floor
panel. In other words, the first flank 20 extends in a plane containing a longitudinal direction
and a transversal direction, i.e. a horizontal plane in regular use of the vehicle. The second
flank 22 extends substantially perpendicularly to the first flank 20, each of the first and
second flanks extending between the longitudinal beam 2 and the lowerside sill part 4.

Date Regue/Date Received 2023-03-08
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The first flank has substantially a triangular shape, with a first side 24 extending along
the longitudinal beam 2, a second side 26 extending fransversally between the longitudinal
beam 2 and the lowerside sill part 4 and a third side 28 joining the front end of the first side
24 to the second side 26 and extending between the longitudinal beam 2 and the lowerside
sill part 4, the second flank 22 extending from said third side 28, meaning that the third side
28 of the first flank 20 is also a side of the second flank.

The second flank 22 extends substantially in a plane forming a non-zero angle with
the longitudinal direction, meaning that the second flank is slanted between the longitudinal
beam 2 and the lowerside sill part 4 such that the second flank 22 extends transversally as
well as longitudinally. According to the embodiment shown in the figures, the second flank
22 does not extend in a single plane and can be slightly arcuate between the longitudinal
beam 2 and the lowerside sill part 4.

Moreover, the second flank 22 is not planar and comprises stamped ribs. These ribs
ensure the requested stiffness along the elevation direction of the reinforcement element 6.

The second flank 22 extends between a first side 32 extending from the front end of
the first side 24 of the first flank and a second side 34 extending from the end of the second
side 26 of the first flank in contact with the lowerside sill part 4. The third side 28 of the first
flank 20 joins the first side 32 and the second side 34 of the second flank 22 and forms the
lower side of the second flank.

The second flank 22 extends between the lower side and an upper side 36, opposite
the lower side, also extending between the first side 32 and the second side 34 of the
second flank.

The first and second flanks 20 and 22 each comprise assembling edges 38 arranged
to be applied against the longitudinal beam 2 and the lowerside sill part 4 to form
assembling surfaces with these parts as will be described subsequently.

According to the embodiment shown in the figures, the first flank 20 comprises fixing
holes 32 for assembling the reinforcement element 6 to the cradle of the vehicle.

The reinforcement element 6 is made of a press hardened steel part having a tensile
strength higher or equal to 1200 MPa. The material presents a martensitic microstructure.

The composition of the press hardened steel may comprise for example, in % weight:
0.15% < C < 0.5%, 0.5% < Mn < 3%, 0.1% < Si £ 1%, 0.005% < Cr £ 1%, Ti < 0.2%, Al
0.1%, S < 0.05%, P < 0.1%, B = 0.010%, the remainder being iron and unavoidable
impurities resulting from the elaboration.

According another preferred embodiment, the steel composition comprises for
example, in % weight: 0.20% < C =< 0.25%, 1.1% < Mn £ 1.4%, 0.15% < Si < 0.35%, Cr <
0.30%, 0.020% =< Ti < 0.060%, 0.020% < Al < 0.060%, S < 0.005%, P < 0.025%, 0.002%

Date Regue/Date Received 2023-03-08
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£Bs 0 004%, the remainder being iron and unavoidable impurities resulting from the
elaboration. With this composition range, the tensile strength of the press hardened part is
comprised between 1300 and 1650 MPa. )
According another preferred embodiment, the steel composition comprises for

-example, in % weight: 0.24% < C < 0.38%, 0.40% < Mn < 3%, 0.10% < Si < 0.70%,

0.015% < Al £0.070%, Cr< 2%, 0.25% < Ni € 2%, 0.015% <Ti £0.10%, Nb < 0.060%,
0.0005% < B < 0.0040%, 0.003% = N < 0.010%, S = 0,005%, P < 0,025%, %, the

remainder being iron and unavoidable impurities resulting from the elaboration. Wlth thls
composition range, the tensile strength of the press hardened part is hlgher than 1800
MPa.The steel may be coated, for example galvannealed or galvanized by any suitable

. process stich as hot dip coating, electrodeposition, vacuum coating.

By martensitic microstructure, it is meant that the structure of the éteel consists in
more than 95 % of martensite after hot stamping. The reinforcement element 6 is made

) from a planar blank which is hot stamped to form the first and second flanks 20 and 22 in

a smgle operatuon.
" The obtained remforcement element 6 has a very high tensﬂe stﬂeng[h which mak&s

’ ;lt particularly robust against deformation.

The above-described reinforcement element 6 is attached to the longltudrnal beam 2

_ by one of its transversal ends, formed by the first side 24 of the first flank 20 and by the
'ﬁrst side 32 of the second flank 22, and to the lowerside sill part 4 by the other of ifs”
transversal ends, formed the end of the second side 26 of the first flank 20 and by . the

second side 34 of the second ﬂank 22. According to the embodiment shown in Fig. 2, a
part of the inner front pillar part 19 is also attached to the setond side 34 and extends
between the reinforcement element and the outer lowerside sill part 18. The junction

_.between the lowerside sill, the front pillar 18 and the reinforcemerit element 6 is therefore

" particularly robust.

The transversal ends of the reinforcement element 6 are attached to the Iongxtudmal
beam 2 and to the lowerside sill part 4 by welding. This welding can be performed by

- resistance spot welding, arc welding or laser welding the assembling edges 38 of the

reinforcement element 6 to the longitudinal beam 2 and to the lowerside sill part 4.
According to the embodiment shown in Fig. 4, the underside body structure
comprises a left reinforcement element 6 joining the left longitudinal beam 2 to the left
lowerside sill part 4 and a right reinforcement element 6 joining the right-longitudinal beam
2 to the right lowerside sill-part 4.
According to this embodiment, a transversal beam 40 extending between the left
longitudinal beam 2 and the right longitudinal beam 2. The transversal beam 40 extends
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along the same transversal axis as the left and right reinforcement elements 6, meaning
that the transversal ends of the transversal beam 40 extend opposite the transversal ends
of the left and right reinforcement elements 6 attached to the left and right longitudinal beam
2. The transversal beam 40 is for example made of a press hardened steel part having a
tensile strength higher or equal to 1200 MPa.

The composition of such steel may comprise for example, in % weight. 0.15% < C s
0.5%, 0.5% < Mn < 3%, 0.1% < Si £ 1%, 0.005% < Cr £ 1%, Ti < 0.2%, Al £ 0.1%, S <
0.05%, P = 0.1%, B =< 0.010%, the remainder being iron and unavoidable impurities
resulting from the elaboration.

According another preferred embodiment, the steel composition comprises for
example, in % weight: 0.20% < C < 0.25%, 1.1% < Mn < 1.4%, 0.15% < Si £ 0.35%,Cr <
0.30%, 0.020% = Ti < 0.060%, 0.020% < Al < 0.060%, S < 0.005%, P < 0.025%, 0.002% <
B = 0.004%, the remainder being iron and unavoidable impurities resulting from the
elaboration. With this composition range, the tensile strength of the press hardened part is
comprised between 1300 and 1650 MPa.

According another preferred embodiment, the steel composition comprises for
example, in % weight: 0.24% < C < 0.38%, 0.40% < Mn < 3%, 0.10% < Si £ 0.70%, 0.015%
< Al < 0.070%, Cr < 2%, 0.25% < Ni < 2%, 0.015% < Ti s 0.10%, Nb < 0.060%, 0.0005%
< B £ 0.0040%, 0.003% < N = 0.010%, S < 0,005%, P < 0,025%, %, the remainder being
iron and unavoidable impurities resulting from the elaboration. With this composition range,
the tensile strength of the press hardened part is higher than 1800 MPa.

In normal use of the vehicle, the reinforcement element(s) have an anti-torsion
function to maintain the transversal and longitudinal orientation of the lowerside sill relative
to the longitudinal beam 2 and to maintain the cohesion of the underside body structure.
For this function, the reinforcement element 6 can also be referred to as a torsion box.

The function of the reinforcement element(s) 6 in case of a small overlap crash will
now be described in reference to figures 5 to 8.

Figs. 5 and 6 show respectively from below and from above a conventional vehicle
underbody structure after a small overlap crash and Figs. 7 and 8 show, respectively from
below and from above, a vehicle underbody structure according to the invention after a
small overlap crash.

In case of a small overlap crash, the wheel 42 of the vehicle extending in front of the
front pillar 18 tends to rotate towards the rear and the interior of the vehicle.

Date Regue/Date Received 2023-03-08
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As can be seen by comparing Fig. 5 and Fig. 7, the invention makes it possible to
strqngly limit the intrusions in the passenger compariment. Indeed, in the case of a

"6onventional underbody structure, the rotation of the wheel 42 crushes the lowerside sill

part in the transversal direction and enters the vehicle compariment. In this case, as
shown in Fig. 6, the space 44 for receiving the feet of the passenger is also crushed
between the lowerside sill and the longitudinal beam 2, which can badly injure the

* passenger.

With the underbody sfructure of the invention, the reinforcement element 6 prevents
the lowerside sill to enter into the vehicle compartment and thus strongly reduces the

. crushing of the space 44 for receiving the feet of the passenger.

Consequently, the distance d separating in the transversal direction the longitudinal

.beam 2 from the lowerside sill 4 is maintained or reduced- by a small amount
- Cbrisgé;uénﬂy, the space 44 for receiving the feet of the passenger keeps its integrity after

the crash and the passenger is protected. _
* As an example, the distance d separating in the transversal direction the front end of

. ‘the lowerside sill and the longitudinal beam 2 is Substantially around 280 mm in normal

state of the vehicle. In case of a small overlap crash, this distance is reduced to around
160 mm in a conventional underbody structure while said distance is reduced from 1 or 2
mm, i.e. around 288 imim, with the tnderbody structure of thé invention. '

" Consequently, the use of the reinforcement element 6 according to 'the invention
greatly improves the behavior of the vehicle in the case of a small overlap impact.
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CLAIMS

. Vehicle underbody structure, comprising a floor panel, at least one longitudinal beam

extending in a longitudinal direction of the vehicle under said floor panel and at least
one lowerside sill part extending in the longitudinal direction adjacent to the floor panel,
the vehicle underbody structure further comprising at least one reinforcement element
extending in a transversal direction, substantially perpendicular to the longitudinal
direction, said reinforcement element extending under the floor panel and being
attached at one of its transversal ends to the longitudinal beam and at the other of its
transversal ends to the lowerside sill part, wherein :
- the reinforcement element is made of a press-hardened steel part having a
tensile strength higher or equal to 1200 MPa,
- the reinforcement element comprises a first flank extending in a plane
substantially parallel to the floor panel and a second flank extending in a plane
perpendicular to a plane of the first flank, said first and second flanks both joining
the longitudinal beam to the lowerside sill part, the second flank extending in a
plane forming a non-zero angle with the longitudinal direction.

. Vehicle underbody structure according to claim 1, wherein the reinforcement element

has a martensitic microstructure and wherein at least one of the longitudinal beam and
lowerside sill part has a structure which is not fully martensitic.

. Vehicle underbody structure according to claim 2, wherein both the longitudinal beam

and lowerside sill part have a structure which is not fully martensitic.

. Vehicle underbody structure according to claim 1, wherein the first flank has a

substantially triangular shape, a first side of said triangle extending along the
longitudinal beam, a second side of said triangle joining the longitudinal beam to the
lowerside sill part and a third side of said triangle extending along the second flank.

. Vehicle underbody structure according to any one of claims 1 to 4, wherein the

reinforcement element is attached to the lowerside sill part at a front longitudinal end of
said lowerside sill part.

. Vehicle underbody structure according to any one of claims 1 to 5, wherein the

reinforcement element is welded to the longitudinal beam and to the lowerside sill part.

Date Regue/Date Received 2023-03-08
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Vehicle underbody structure according to claim 6, wherein the welding of the
reinforcement element to the longitudinal beam and to the lowerside sill part is a
resistance spot welding or an arc welding or a laser welding.

Vehicle underbody structure according to any one of claims 1 to 7, wherein the
composition of the press hardened steel comprises in % weight:
-0.15% = C = 0.5%, 0.5% = Mn < 3%, 0.1% < Si £ 1%, 0.005% < Cr = 1%, Ti < 0.2%,
Al £ 01%, S £ 0.05%, P < 0.1%, B £ 0.010%, the remainder being iron and
unavoidable impurities resulting from the elaboration; or
-0.20% = C =0.25%, 1.1% < Mn £ 1.4%, 0.15% < Si < 0.35%, Cr = 0.30%, 0.020% <
Ti < 0.060%, 0.020% < Al < 0.060%, S < 0.005%, P < 0.025%, 0.002% < B < 0.004%,
the remainder being iron and unavoidable impurities resulting from the elaboration; or
-0.24% < C £0.38%, 0.40% < Mn < 3%, 0.10% < Si < 0.70%, 0.015% < Al = 0.070%,
Cr < 2%, 0.25% < Ni < 2%, 0.015% < Ti < 0.10%, Nb < 0.060%, 0.0005% < B s
0.0040%, 0.003% < N = 0.010%, S < 0,005%, P < 0,025%, %, the remainder being
iron and unavoidable impurities resulting from the elaboration.

Vehicle underbody structure according to any one of claims 1 to 8, wherein the press
hardened steel part is coated.

Vehicle underbody structure according to any one of claims 1 to 9, further comprising a
front pillar attached to the lowerside sill part and extending in an elevation direction
substantially perpendicular to the longitudinal and transversal directions, said front pillar
extending from a longitudinal front end of the lowerside sill part.

Vehicle underbody structure according to any one of claims 1 to 10, comprising a floor
panel, a left longitudinal beam and a right longitudinal beam, both extending in the
longitudinal direction under said floor panel, and a left lowerside sill part and a right
lowerside sill part, extending in the longitudinal direction on either side of the floor panel,
a left reinforcement element extending between the left longitudinal beam and the left
lowerside sill part and a right reinforcement element extending between the right
longitudinal beam and the right lowerside sill part, said left and right reinforcement
elements being made of a press hardened steel part having a tensile strength higher or
equal to 1200 MPa.

Date Regue/Date Received 2023-03-08
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12. Vehicle underbody structure according to claim 11, further comprising a transversal
beam extending between the left longitudinal beam and the right longitudinal beam, said
transversal beam extending along the same transversal axis as the left and right
reinforcement elements; said transversal beam being made of a press hardened steel
part having a tensile strength higher or equal to 1200 MPa.

13. Vehicle body comprising a vehicle underbody structure according to any one of claims 1
to 12.

Date Regue/Date Received 2023-03-08
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