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RADIATOR SUPPORT COVER

Field of the Disclosure

[0001] The present disclosure is related to passive devices for improving
motor vehicle/pedestrian impact safety, and more particularly to a radiator
support cover configured to reduce leg injuries during pedestrian impacts.

Background of the Disclosure

[0002] Vehicle safety ratings are an important factor in the design of a
vehicle and can have significant impact with regard to governmental approval
and decision making by purchasers of vehicles, among others.

[0003] When the front end of a vehicle contacts the lower extremities of a
pedestrian, the legs can be rapidly accelerated up to the speed of the vehicle
while the head and torso of the pedestrian remain relatively still. As the vehicle
continues to move forward, the lower extremities begin to wrap around the
contour of the front end of the vehicle and portions of the vehicle in contact with
the pedestrian may continue to exert force upon the pedestrian based the
speed of the vehicle and the amount of impact energy dissipated by the vehicle
itself through deformation of components (e.g., bumpér, radiator support cover,
hood, etc.)

[0004] In the past, car manufacturers have installed pedestrian protection
airbags or active hood systems to enhance the pedestrian protection features.
Such active systems can be costly and difficult to design/construct.

[0005] In addition to active systems, passive designs have also been
implemented. However, while such passive systems are less expensive, there
is a desire to continually to improve such systems so as to reduce the possibility
of injury.

[0006] JP 2012-179925 discloses a radiator support upper member, an
upper member deformation permission part permitting a hood lock to be moved
rearward from an impact load coming from a vehicular front side. A hood

lock support member or a body constituent member is provided, and

a support member deformation permission part permits the hood

lock support member to be tilted rearward by an impact load. On a mounting

- part of the hood lock to the radiator support upper member is provided hood
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lock separation parts for separating the hood lock to the rear lower side with the
rearward movement of the hood lock and the rearward tilt of the hood
lock support member from an impact.

SUMMARY OF THE DISCLOSURE

[0007] Currently, it remains desirable to provide vehicle structures capable
of reducing impact forces with the goal of reducing injury to pedestrians during
collision with a vehicle.

[0008] It has been determined that prior systems include a relatively stable
(i.e., designed to stay in place permanently) and rigid radiator support cover.
Such stable and rigid structures may not deform upon impact and may therefore
may cause increased risk of injury to a pedestrian.

[0009] Therefore, according to embodiments of the present disclosure a

radiator support cover for a vehicle is provided. The radiator support cover
includes housing means separably attached to the radiator support cover, e.g.,
integrally formed with the radiator support cover, and configured to permit
operation of a hood lever housed at least partially within the housing means and
at least one weakening means positioned offset from the housing means and
configured to encourage deformation of the second side when a force is exerted
on the radiator support cover.

[0010] By providing such a radiator support cover, the risk of injury upon
collision with a pedestrian may be reduced, because, embodiments of the
present disclosure may limit the impact force, thus limiting or preventing risk of
injury.

[0011] One or more release means configured to facilitate release of one or
more releasable fasteners attaching the radiator support cover to a grille of the
vehicle may be provided.

[0012] Such release means and releasable fasteners may further reduce the
transfer of impact energy to the pedestrian by allow portions of the radiator
support cover to move away from the pedestrian.

[0013] The one or more release means may be configured as a through-
hole having at least a portion of its periphery opening into an elongated slot.
[0014] The one or more release means may be configured to receive the
one or more releasable fasteners, for example, a releasable clip.
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[0015] The housing means may be separably attached, e.g., integrally
formed, to the radiator support cover via one or more breakable support ribs.
[0016] The weakening means may include an élongated through-hole in the
structure of the radiator support cover.

[0017] The one or more weakening means may extend over at least 20
percent of a width of the radiator support cover, better 30 percent.

[0018] At least two weakening means may be provided in the radiator
support cover.

[0019] The weakening means may extend along an axis from a front of the
vehicle to a back of the vehicle. For example, it may extend entirely along such
an axis.

[0020] According to further embodiments of the present disclosure, a vehicle
comprising the radiator support cover according to any of the previously
described aspects is provided.

[0021] According to still further embodiments of the present disclosure, a
radiator support cover for a vehicle is provided. The radiator support cover
includes a hood lever housing separably attached, e.g., integrally formed, to the
radiator support cover and configured to permit operation of a hood lever and at
least one elongated hole positioned offset from the hood lever housing and
configured to encourage deformation of the radiator support cover when a force
is exerted on the radiator support cover.

[0022] One or more release slots configured to facilitate release of one or
more fasteners attaching the radiator support cover to a grille of the vehicle may
be provided.

[0023] The one or more release holes may comprise a through hole having
at least a portion of its periphery opening into an elongated slot.

[0024] The one or more release holes may be configured to receive the one
or more releasable fasteners, for example, a releasable clip. ,

[0025] The hood lever housing may be separably attached to the radiator
support cover via one or more breakable support ribs.

[0026] The at least one elongated hole may be a through-hole in the
structure of the radiator support cover. '

[0027] The at least one elongated hole may extend over at least 20 percent
of a width of the radiator support cover.
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[0028] At least two elongated holes configured to encourage deformation of
the radiator support cover when a force is exerted on the radiator support cover
may be provided.

[0029] The at least one elongated hole may extend at least partially along
an axis from a front of the vehicle to a back of the vehicle. For example, it may
extend entirely along such an axis.

[0030] According to further embodiments of the present disclosure, a vehicle
including the radiator support cover according any of the previously described
aspects may be provided.

[0031] It is intended that combinations of the above-described elements and
those within the specification may be made, except where otherwise
contradictory.

[0032] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are
not restrictive of the disclosure, as claimed.

[0033] The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the disclosure
and together with the description, serve to explain the principles thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Fig. 1A shows a first exemplary view of a prior art radiator support
cover installed in a vehicle;

[0035] Fig. 1B shows another exemplary view of the prior art radiator
support cover of Fig. 1A;

[0036] Fig. 2A shows an exemplary radiator support cover according to
embodiments of the present disclosure;

[0037] Fig. 2B shows an enlarged portion of the radiator support cover of
Fig. 2A;

[0038] Fig. 3A shows a cross section along A-A of the view in Fig. 2B;
[0039] Fig. 3B shows a cross section along B-B of the view in Fig. 2B.

DESCRIPTION OF THE EMBODIMENTS

[0040] Reference will now be made in detail to exemplary embodiments of
the disclosure, examples of which are illustrated in the accompanying drawings.
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Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0041] Fig. 1A shows a first exemplary view of a prior art radiator support
cover 1 installed in a vehicle while Fig. 1B shows another exemplary view of the
prior art radiator support cover shown at Fig. 1A. Prior art radiator support
covers 1 typically include a rigid hood lever housing 2 formed unitarily with
radiator support cover 1. Such a hood lever housing 2 is intended to enable
access to a hood latch (not shown in Fig. 1A) which functions to open and close
hood 12.

[0042] In addition, a plurality of fastening holes 7 configured to receive
fasteners (not shown), e.g., screws and/or bolts, are provided to enable such a
radiator cover to be affixed to a radiator support 4 and, e.g., a grill 5 of a vehicle
as shown at Fig. 1A. A first headlamp 9 is also shown for reference to
designate a first side of the vehicle, while a second headlamp 21 is show for
purposes of referring to a second side of the vehicle.

[0043] As noted above, based on the rigid structure and fastening scheme
of prior art radiator support covers, a force peak during pedestrian impact may
be formed and a higher force may be transmitted to a pedestrian leg.

[0044] Fig. 2A shows an exemplary radiator support cover 1 according to
embodiments of the present disclosure. Radiator support cover 1 may include
at least one weakening hole 10, one or more release holes 6, one or more
fastening holes 7, and a hood lever housing 2, among other features.

[0045] Radiator support cover 1 may be configured to provide protection for
a radiator of a vehicle while also providing protection for the radiator's
supporting structure 4 (e.g., from road debris and water entering from an
exterior of the vehicle). As shown at Fig. 1A, depending on an engine
compartment design for a particular vehicle, radiator support cover 1 may be
installed to be offset, more or less, toward a first side of a vehicle (in the present
case, toward first head lamp 9), e.g., to allow for the presence of other
componehts on a second side of vehicle (in the present case, toward second
headlamp 21).

[0046] Radiator support cover 1 may be fabricated of various materials,
including, for example, plastic, metal (e.g., steel), and/or a combination thereof.
For example, radiator support cover 1 may be formed of
polypropylene/ethylene-propylene) ABS (acrylonitrile butadiene styrene), and
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any suitable mix thereof, by way of an injection molding or a compression
molding process. Alternatively, radiator support cover 1 may be formed of steel
or stainless steel, formed by way of, for example, a stamping process.
According to some embodiments, a radiator support cover 1 may be formed of a
first material (e.g., metal) and then over-molded with another material (e.g.,
ABS plastic). One of skill in the art will recognize that any suitable method for
forming a desired size and shape for radiator support cover 1 may be
implemented without departing from the scope of the present disclosure.

[0047] Radiator support cover 1 may have any desirable thickness for
purposes of carrying out its function of radiator and support protection, while
also providing for desired impact energy absorption. For example, radiator
support cover may have a thickness of, for example, between 1 and 3 mm,
between 0.5 and 5 mm, and between 1 and 4 mm.

[0048] At least one weakening hole 10 is provided in radiator support cover
1. Weakening hole 10 is configured to encourage deformation of a portion of
radiator support cover 1 when a force is exerted upon radiator support cover 1
during an impact. For example, during an impact with a pedestrian, force
exerted by the pedestrian on radiator support cover 1 (e.g., via hood 12, grill 5,
etc.) may cause deformation of radiator support cover 1 about weakening holes
10 such that absorbed peak force is reduced via the deformation. Such
deformation may be encouraged by the presence of weakening holes 10,
among others.

[0049] Weakening hole 10 may be provided offset from a centerline of
radiator support cover 1, for example, toward a second side portion df the
vehicle as referenced by headlamp 21. Such an offset may be configured
based on a position of hood latch housing 2, for example, to provide
deformation symmetry, and/or peak force symmetric behavior, between
deformation on first side portion of radiator support cover 1 (e.g., where hood
latch housing 2 is positioned) and deformation on a second side portion of
radiator support cover 1 (e.g., toward second headlamp 21). Hood latch
housing 2 will be described in greater detail below.

[0050] Weakening hole 10 may be a through hole or a blind hole, and where
a collection of more than one weakening hole 10 is provided, any combination
of through holes and blind holes may be comprised by the collection of
weakening holes 10. For example, a first weakening hole 10 may be a through
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hole, a second weakening hole 10 may be a blind hole, followed by another
through hole, and so on in an alternating manner. Alternatively, only through
holes may be used. One of skill will recognize that a collection of weakening
holes may be designed for a particular application so as to provide a desired
level of weakness resulting in deformation on impact.

[0051] Weakening hole 10 may be elongate in form and may extend along
an axis in a direction from a front to a back of radiator support cover 1, as
determined by a front and back of the vehicle based on an installed position of
radiator support cover 1. In other words, when radiator support cover 1 is
installed in a vehicle, a front of radiator support cover 1 is oriented toward a
front of the vehicle in which it is installed, while a back of radiator support cover
1 is oriented toward a back of the vehicle. Where desired, weakening hole 10
may extend in other directions, for example, a triangle wave pattern may be
formed along an axis in a direction from a front to a back of the vehicle. One of
skill will understand that additional patterns, e.g., square wave, sine wave, etc.,
may be formed as desired.

[0052] According to exemplary embodiments, a total span of weakening
hole 10 may extend over 5 percent, 10 percent, 20 percent, 30 percent, or more
(e.g., 50 percent) of a maximum width Wy, of radiator support cover 1. One of
skill will understand that a total span of weakening hole 10 may depend on a
desired level of weakening to obtain deformation, among others. Further, total
span of weakening hole 10 shall be understood to mean measurement on a
planar projection of weakening hole 10, such that the total span of weakening
hole 10 does not include spans that extend in directions other than alohg the
front to back axis of vehicle 1.

[0053] A width of weakening holes 10 may be determined based on a
desired deformation, an anticipated impact force, a thickness of radiator support
cover 1, and other suitable design factors. According to some embodiments of
the present disclosure, weakening hole 10 may have a width of between 50 to
500 percent of a thickness of radiator support cover 1. According to some
examples, weakening hole 10 may have a width of between 1 and 10 mm, e.g.,
4 mm. |

[0054] Fastener holes 7 may be provided at various locations on radiator
support cover 1 to enable secure fastening of radiator support cover 1 to
various pieces of the vehicle. For example, fastener holes 7 may enable
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fastening of radiator support cover 1 where deformation of radiator support is
less likely to occur, e.g., at headlamp assemblies 9 and 21, among others.
[0055] Fastener holes 7 may comprise a through hole of any suitable
diameter configured to receive a desired fastener to assist in installation of
radiator support cover 1.

[0056] Fig. 2B shows an enlarged portion 30 of the radiator support cover
shown at Fig. 2A. A separably attached, e.g., integrally formed, hood lever
housing 2 is provided on radiator support cover 1 to enable housing and
operation of a hood lever 13 (shown at Fig. 3B) for opening hood 12 and
maintaining hood 12 in a closed position on the vehicle (e.g., during operation of
the vehicle). The term “separably” in the present context should be understood
to mean that hood lever housing may become at least partially disconnected
(e.g., break away) from radiator support cover 1 when a force (e.g., from impact
with a pedestrian) is applied to hood lever housing 2 (e.g., via radiator support
cover 1).

[0057] Hood lever housing 2 may have a “box-type shape,” presenting
several (e.g., four) sides and openings enabling insertion and operation of hood
lever 13. One of skill in the art will understand that the box-type shape is
exemplary only, and any desirable shape may be used for forming hood lever
housing 2.

[0058] Hood lever housing 2 may be formed from the same material as
radiator support cover 1, or from different material, as desired. For example,
radiator support cover 1 may be formed of a plastic material, while hood lever
housing 2 is formed of metal. According to some embodiments, both hood lever
housing 2 and radiator support cover 1 may be formed of a plastic material, and
may, for example, be formed unitarily, understanding that in such unitary
construction, hood lever housing 2 is configured so as to be readily separable
from radiator support cover 1 during application of a force.

[0059] As noted above, hood lever housing 2 may be separably attached to
a first side portion of radiator support cover 1 (e.g., at a position offset toward
first headlamp 9). Such a separable attachment may be accomplished by any
suitable means. For example, one or more breakable ribs 3 may join radiator
support cover 1 and hood lever housing 2. Breakable ribs 3 may be formed
intergrally with radiator support cover 1 during fabrication of radiator support
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cover 1 (e.g., during a molding operation) or may be formed after via, e.g., a
cutting operation.

[0060] Breakable ribs 3 may be provided based on a size of hood lever
housing 2 and a desired retention/breaking strength with regard to an '
anticipated impact force. For example, between 5 and 30 breakable ribs 3 may
be provided, and breakable ribs 3 may have thicknesses, based on, for
example, the number of ribs provided, among others. According to some
embodiments, where 10 breakable ribs 3 are provided, each breakable rib 3
may have a thickness of between 0.5 and 3mm.

[0061] Breakable ribs 3 may be cylindrical, rectangular, elliptical, or any
other suitable shape for forming such breakable ribs 3. In addition, breakable
ribs 3 may include areas of further weakness, e.g., an area of reduced
thickness of each breakable rib 3. For example, where breakable ribs 3 are
provided with a nominal thickness of 2mm, an area (e.g., near a connection with
radiator support cover 1) may have a thickness of 1Tmm.

[0062] Alternatively, for example, when hood lever housing is formed
separately from radiator support cover 1, breakable connections between hood
lever housing 2 and radiator support cover 1 may be formed, e.g., by brazing,
soldering, overmolding, etc. of the hood lever housing 2 and radiator support
cover 1.

[0063] During an impact, at least a portion or even all of breakable ribs 3 (or
other suitable separable connections) may become disconnected from radiator
support cover 1, thereby allowing hood lever housing 2 to become dislocated
from radiator support cover 1, rather than maintaining rigidity of radiator support
cover 1, which may cause an increase of peak force transmitted to a pedestrian
leg.

[0064] One or more release holes 6 may be provided in radiator support
cover 1 for enabling release of one or more fasteners 8 used in installation of
radiator support cover 1, e.g., fastening of radiator support cover 1 to grill 5.
[0065] According to some embodiments of the present disclosure, the one
or more release holes 6 may be configured as a through-hole having at least a
portion of its periphery 26 opening into an elongated slot 11 to enable a
releasable fastener to release via (e.g., “push through”) the opening when
subjected to a force, e.g., an impact force directed toward a back of the vehicle.
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[0066] Thérefore, according to some embodiments, release hole 6 may
comprise a circular through hole having a portion corresponding to between 5
and 180 degrees of a periphery of the through hole open (i.e., an absence of
material) toward elongated siot 11. One of skill in the art will recognize that
release hole may have any desirable shape, for example, circular, rectangular,
oval, etc., without departing from the scope of the present disclosure.
According to another example, release hole 6 may be square, and may have a
portion from about 20-60 percent of its periphery open (i.e., an absence of
material) to elongated slot 11. In addition, based on a desired release force,
open portion 26 may be designed accordingly such that a fitted fastener 8
subjected to said desired level of force may release (i.e., “break-through”) into
open portion and enter elongated slot 11.

[0067] As another example, release hole 6 may comprise a through hole,
the through holes being adjacent to elongated slot 11 (e.g., separated by
approximately 0.5 mm). In such an example, material delimiting a periphery of
release hole 6 may be easily breakable, such that upon impact, a fastener may
break through the periphery and move into elongated slot 11.

[0068] Fig. 3A shows a cross section along A-A of the view in Fig. 2B, while
Fig. 3B shows a cross section along B-B of the view in Fig. 2B. According to
some embodiments, fastener 8 may be inserted inside of a fastener housing 38
which may be configured to facilitate release of fastener 8 and housing 38 via
open portion 26 of release hole 6. Additionally, where desired, fastener housing
38 may include one or more elements configured to grip fastener 8 while also
possibly acting to clip fastener 8 when a force is exerted. This may further
facilitate release.

[0069] Elongated slot 11 may be configured to permit releasable fastener 8
to move in at least one dimensions following release and/or clipping of fastener
8. This may then allow radiator support cover 1 to also move in at least one
dimension, for example, toward a back portion of the vehicle during an impact.
Therefore, elongated slot 11 may comprise a through hole of any desirable
shape permitting such movement upon release.

[0070] While in the example described herein, certain features are indicated
as being positioned on a first side and/or a second side of the vehicle, one of
skill in the art will recognize that this is exemplary only, and the features may be
positioned as desired to provide weakness and deformation according to a
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particular design. In other words, a mirror image of the presently described
radiator support cover 1 may be implemented, as well as other designs without
falling outside the scope of the present disclosure.

[0071] Throughout the description, including the claims, the term
"comprising a" should be understood as being synonymous with "comprising at
least one" unless otherwise stated. In addition, any range set forth in the
description, including the claims should be understood as including its end
value(s) unless otherwise stated. Specific values for described elements should
be understood to be within accepted manufacturing or industry tolerances
known to one of skill in the art, and any use of the terms "substantially" and/or
"approximately" and/or “generally” should be understood to mean falling within
such accepted tolerances.

[0072] Where any standards of national, international, or other standards
body are referenced (e.g., ISO, etc.), such references are intended to refer to
the standard as defined by the national or international standards body as of the
priority date of the present specification. Any subsequent substantive changes
to such standards are not intended to modify the scope and/or definitions of the
present disclosure and/or claims.

[0073] Although the present disclosure herein has been described with
reference to particular embodiments, it is to be understood that these
embodiments are merely illustrative of the principles and applications of the
present disclosure.

[0074] It is intended that the specification and examples be considered as
exemplary only, with a true scope of the disclosure being indicated by the
following claims.
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CLAIMS

1. A radiator support cover for a vehicle, comprising:

housing means separably attached to the radiator support cover and
configured to permit operation of a hood lever housed at least partially within
the housing means; and

at least one weakening means positioned offset from the housing means
and configured to encourage deformation of the second side when a force is
exerted on the radiator support cover.

2. The radiator support cover according to claim 1, comprising one or
more release means configured to facilitate release of one or more releasable
fasteners attaching the radiator support cover to a grille of the vehicle.

3. The radiator support cover according to claim 2, wherein the one
or more release means is configured as a through-hole having at least a portion
of its periphery opening into an elongated slot.

4. The radiator support cover according to any of claims 2 and 3,
wherein the one or more release means are configured to receive the one or
more releasable fasteners, preferably a releasable clip.

5. The radiator support cover according to any of the preceding
claims, wherein the housing means is separably attached to the radiator support
cover via one or more breakable support ribs.

6. The radiator support cover according to any of the preceding
claims, wherein the weakening means comprise an elongated through-hole in
the structure of the radiator support cover.

7. The radiator support cover according to any of the preceding
claims, wherein the one or more weakening means extend over at least 30
percent of a width of the radiator support cover.
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8. The radiator support cover according to any of the preceding
claims, wherein at least two weakening means are provided in the radiator
support cover.

9. The radiator support cover according to any of the preceding
claims, wherein the weakening means extend at least partially along an axis
from a front of the vehicle to a back of the vehicle.

10. A vehicle comprising the radiator support cover according to any
of claims 1-9.
11. A radiator support cover for a vehicle, comprising:

a hood lever housing separably attached to the radiator support cover and
configured to permit operation of a hood lever; and

at least one elongated hole positioned offset from the hood lever housing
and configured to encourage deformation of the radiator support cover when a
force is exerted on the radiator support cover.

12. The radiator support cover according to claim 11, comprising one
or more release holes configured to facilitate release of one or more releasable
fasteners attaching the radiator support cover to a grille of the vehicle.

13. The radiator support cover according to claim 12, wherein the one
or more release holes comprises a through hole, at least a portion of the
through hole periphery opening into an elongated slot.

14. The radiator support cover according to claim 13, wherein the one
or more release holes is configured to receive the one or more releasable
fasteners.

15. The radiator support cover according to claim 11, wherein the

hood lever housing is separably attached to the radiator support cover via one
or more breakable support ribs.
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16. The radiator support cover according to claim 11, wherein the at
least one elongated hole is a through-hole in the structure of the radiator
support cover.

5 17. The radiator support cover according to claim 11, wherein the at
least one elongated hole extends over at least 20 percent of a width of the
radiator support cover.

18. The radiator support cover according to claim 11, wherein at least
10  two elongated holes configured to encourage deformation of the radiator
support cover when a force is exerted on the radiator support cover are
provided in the radiator support cover.

19. The radiator support cover according fo claim 11, wherein the at
15  least one elongated hole extends at least partially along an axis from a front of
the vehicle to a back of the vehicle.

20. A vehicle comprising the radiator support cover according to
claim 11.
20
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