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Yet other embodiments contemplate the use of integral skin urethane foam
molded in situ between TECHNICAL BACKGROUND
and bonded to the surfaces of particular members of the bumper structure.
When these embodiments This invention relates to an impact energy   5   of
the bumper of the present invention receive [err] bumper structure for
vehicles as speci-   impact forces, specific structure component mem- fied
in the preamble of claim 1, for example as    bers and specific portions of
foam are deformed. disclosed in US-A-4 533 166.
Resulting tension and compression forces created in the bonded foam inhibit
and delay the member BACKGROUND ART                                io
deformation and assist in postimpact structural re- stitution. The
cooperative combination of the ele- A number of vehicle bumpers have been
de-      ments of the bumper structure provide for a pro- signed for the
purpose of managing moderate im-    gressive deformation of the structure
members and pact forces without incurring damage to the bump-  thereby
significantly enhances its impact energy er or to the vehicle to which it
is attached. One   15   management capabilities. approach has been to use
plastic bumper mem-          Still another embodiment of the present inven-
bers having a greater thickness at their centers and  tion contemplates the
use of gas assisted injection ends to provide added rigidity to areas where
im-  molding to create channels to reduce stresses in- pact forces would
most likely tend to displace    troduced during molding processes and to
increase them. Another approach has been to use plastic  20  the resistance
to the deformation and displacement bumper members having ribs and
multicellular en-   of the bumper structure, thereby contributing to its
ergy managing material. Yet another approach has  impact energy management
capabilities. been to mount bumpers to vehicles with shock          A
specific embodiment of the invention pro- absorbers or with
impact-displacing, corrugated or  vides an energy managing bumper structure
adapt- staggered supports. See, for example, U.S. Patent  25  ed to mount
to a vehicle for receiving and man- Numbers  2,320,835;  3,866,963;
3,933,387;       aging energy associated with impacts, said bumper
4,061,384;  4,070,052;  4,208,069:  4,328,986;     structure comprising: an
elongated plastic body 4,385,779;  4,386,799;  4,533,166;  4,586,177;
coextensive with the lateral dimension of the ve- 4,586,739; 4,586,866; and
4,586,984. Furthermore,  hicle, said body having, in cross section, a shape
the documents US-A-4 413 856, JP-A-59-118 548   30  varying in its lateral
dimensions and configuration and JP-A-62-240 514 are to be considered as
as a function of distance from mounting positions additional prior art.
for providing thereby predetermined amounts of The present invention
comprises an effective   resilient opposition to impact forces applied at
spe- combination of elements that at once minimize the  cific points along
said body. weight and cost at the bumper while maximizing its  35  Said
body may comprise a plastic beam adapt- capacity to prevent damage to the
bumper or to    ed to receive a fascia in mating relationship. the vehicle
upon receiving impacts.                   Said plastic beam may be
injection molded. In such a construction including a fascia, said fascia
DISCLOSURE OF THE INVENTION                         may be, at least in
part, secured to said beam. 40     In one bumper structure according to the
in- In accordance with the present invention, a    vention, said body may
comprise a plastic beam bumper is provided that is capable of managing
having resiliently deformable plastic foam molded moderate impact forces
without damage to the      in situ cooperatively to at least a portion
thereof for bumper or to the vehicle to which it is attached,  assisting
said beam in absorbing and distributing that can be manufactured and
assembled ec-  45  impact forces applied at specific points along said
onomically, and that is relatively light.          body, thereby delaying
the deformation and pre- The invention provides a bumper beam accord-
venting the premature collapse thereof, and for ing to claim 1. One
embodiment of the present      assisting in postimpact structural
restitution, said invention contemplates an impact energy managing  foam
having an integral skin bonded effectively to bumper structure having a
configuration and com-  50  said beam. ponent members that cooperatively
provide, as a       In another bumper structure according to the function
of position along its length, predetermined  invention, said body may
comprise an injection levels of resilient opposition to deformation and
molded plastic beam having resiliently deformable displacement. Other
embodiments contemplate the    plastic foam molded in situ cooperatively to
at least addition of various means for increasing specific  55  a portion
thereof for assisting said beam in absorb- energy managing properties at
predetermined       ing and distributing impact forces applied at spe-
points along the length of the bumper structure.  cific points along said
body, thereby delaying the deformation and preventing the premature
collapse 2 



3                 EP0323038B1                       4 thereof, and for
assisting in postimpact structural  ing said beam in absorbing and
distributing impact restitution, said foam having an integral skin bon-
forces applied at specific points along said body, ded effectively to said
beam.                     thereby delaying the deformation and preventing
In said one or said another bumper structure   the premature collapse
thereof, and for assisting in according to the invention, said beam  may be
5   postimpact structural restitution, said foam having adapted to receive
a fascia in mating relationship.  an integral skin bonded effectively to
said beam. Furthermore a fascia may be further included, said   Moreover in
said specific embodiment of the fascia being, at least in part, secured to
said beam.  invention, said body may comprise an injection Furthermore in
said one or said another bump-  molded plastic beam having at least one
integral, er structure according to the invention the lateral  10
resiliently deformable rib molded cooperatively dimensions and
configuration along the lengths of  thereto for assisting said beam in
absorbing and said beam and said foam molded thereto may
distributing impact forces applied at specific points provide for the
management of energy imparted by  along said body, thereby delaying the
deformation impact forces applied at mounting positions primar-  and
preventing the premature collapse thereof, said ily by allowing said beam
and said foam to be   15  beam  having resiliently deformable plastic foam
laterally and may be resiliently deformed by pre-  molded in situ
cooperatively to at least a portion determined amounts and at points away
from        thereof for also assisting said beam in absorbing mounting
positions primarily by allowing said beam  and distributing impact forces
applied at specific and said foam to be laterally and resiliently dis-
points along said body, thereby delaying the de- placed as well as deformed
by predetermined   20  formation and preventing the premature collapse
amounts.                                          thereof, and for
assisting in postimpact structural In such a construction, the lateral
dimensions  restitution, said foam having an integral skin bon- and
configuration along the lengths of said beam  ded effectively to said beam.
and said foam molded thereto may provide for the     Further, in said
specific embodiment of the management of energy imparted by impact forces
25  invention, said body may comprise an injection at points increasingly
distant from mounting posi-  molded plastic beam having at least one
integral, tions primarily by allowing said beam and said    resiliently
deformable rib and at least one integral, foam to be laterally and
resiliently displaced as  resiliently deformable buckling column molded co-
well as deformed by amounts directly proportional  operatively thereto for
assisting said beam in ab- to the distances of the impact force application
30  sorbing and distributing impact forces applied at points from mounting
positions.                   specific points along said body, thereby
delaying Such arrangements may further include at least  the deformation
and preventing the premature col- one hollow portion disposed effectively
therein for  lapse thereof, said beam having resiliently defor- assisting
said beam in absorbing and distributing  mable plastic foam molded in situ
cooperatively to impact forces applied at specific points along said  35
at least a portion thereof for also assisting said body, thereby delaying
the deformation and pre-   beam in absorbing and distributing impact forces
venting the premature collapse thereof.           applied at specific
points along said body, thereby Furthermore said foam may extend forwardly
delaying the deformation and preventing the pre- of said beam.
mature collapse thereof, and for assisting in post- Still further said foam
may extend rearwardly of  40  impact structural restitution, said foam
having an said beam.                                        integral skin
bonded effectively to said beam, the In some arrangements, said foam may
extend    lateral dimensions and configuration along the forwardly and
rearwardly of said beam.            lengths of said beam, said buckling
column, said The cooperative combination of said beam and  rib and said
foam providing for the management of said foam may provide for a
progressive deforma-  45  energy imparted by impact forces applied at tion
under an applied impact force, said foam ex-  mounting positions primarily
by allowing said tending forwardly of said beam being deformed     beam,
said buckling column, said rib and said foam first.
to be laterally and resiliently deformed by predeter- In said specific
embodiment of the invention,  mined amounts and at points away from
mounting said body may comprise an injection molded plas-  50  positions
primarily by allowing said beam, said tic beam having at least one
integral, resiliently  buckling column, said rib and said foam to be
deformable buckling column for assisting said     laterally and resiliently
displaced as well as de- beam in absorbing and distributing impact forces
formed by predetermined amounts. applied at specific points along said
body, thereby  In such structure, the lateral dimensions and delaying the
deformation and preventing the pre-  55  configuration along the lengths of
said beam, said mature collapse thereof, said beam having resil-  buckling
column, said rib and said foam may pro- 



iently deformable plastic foam molded in situ coop-  vide for the
management of energy imparted by eratively to at least a portion thereof
for also assist-  impact forces at points increasingly distant from 3    5
EP 0 323038 B1                     6 mounting positions primarily by
allowing said      lapse thereof, and having resiliently deformable beam,
said buckling column, said rib and said foam  plastic foam molded in situ
cooperatively to at least to be laterally and resiliently displaced as well
as  a portion thereof for also assisting said beam in deformed by amounts
directly proportional to the   absorbing and distributing impact forces
applied at distances of the impact force application points   5   specific
points along said body, thereby delaying from mounting positions.
the deformation and preventing the premature col- Furthermore, said beam
may have at least one   lapse thereof, and for assisting in postimpact
struc- hollow portion disposed effectively therein for as-  tural
restitution, said foam having an integral skin sisting said beam  in
absorbing and distributing   bonded effectively to said beam and to said
buck- impact forces applied at specific points along said  10  ling column,
said buckling column extending for- body, thereby delaying the deformation
and pre-    wardly of and said foam extending forwardly of venting the
premature collapse thereof, said hollow  said beam. portion being formed by
a gas assisted injection       Yet further, in said specific embodiment of
the molding process and additionally reducing stresses  invention, said
body may comprise an injection introduced during the molding process.
is   molded plastic beam having at least one integral, The cooperative
combination of said beam,       resiliently deformable plastic buckling
column mol- said buckling column, said rib and said foam may   ded
cooperatively thereto for assisting said beam provide for a progressive
deformation under an     in absorbing and distributing impact forces
applied applied impact force, said buckling column and     at specific
points along said body, thereby delaying said foam extending forwardly of
said beam being   20  the deformation and preventing the premature col-
deformed first.                                    lapse thereof, and
having resiliently deformable Said buckling column and said rib may each
plastic foam molded in situ cooperatively to at least have at least one
hollow portion disposed effec-   a portion thereof for also assisting said
beam in tively therein for assisting said beam in absorbing  absorbing and
distributing impact forces applied at and distributing impact forces
applied at specific  25  specific points along said body thereby delaying
points along said body, thereby delaying the de-   the deformation and
preventing the premature col- formation and preventing the premature
collapse    lapse thereof, and for assisting in postimpact struc- thereof,
said hollow portion being formed by a gas  tural restitution, said foam
having an integral skin assisted injection molding process and additionally
bonded effectively to said beam and to said buck- reducing stresses
introduced during the molding   30  ling column, said buckling column
extending for- process.                                           wardly of
and said foam extending forwardly and In said specific embodiment of the
invention,   rearwardly of said beam. said body may comprise an injection
molded plas-       Yet further, in said specific embodiment of the tic beam
having at least one integral, resiliently  invention, said body may
comprise an injection deformable plastic buckling column molded coop-  35
molded plastic beam having at least one integral, eratively thereto for
assisting said beam in absorb-  resiliently deformable plastic rib molded
cooperat- ing and distributing impact forces applied at spe-  ively thereto
for assisting said beam in absorbing cific points along said body, thereby
delaying the  and distributing impact forces applied at specific
deformation and preventing the premature collapse  points along said body,
thereby delaying the de- thereof, and having resiliently deformable plastic
40  formation and preventing the premature collapse foam molded in situ
cooperatively to at least a    thereof, and having resiliently deformable
plastic portion thereof for also assisting said beam  in   foam molded in
situ cooperatively to at least a absorbing and distributing impact forces
applied at  portion thereof for also assisting said beam  in specific
points along said body, thereby delaying  absorbing and distributing impact
forces applied at the deformation and preventing the premature col- 45
specific points along said body, thereby delaying lapse thereof, and for
assisting in postimpact struc-  the deformation and preventing the
premature col- tural restitution, said foam having an integral skin  lapse
thereof, and for assisting in postimpact struc- bonded effectively to said
beam, said buckling     tural restitution, said foam having an integral
skin column extending forwardly of and said foam ex-    bonded effectively
to said beam and to said, rib, tending rearwardly of said beam.
so  said rib extending rearwardly of and said foam Further, in said
specific embodiment of the     extending rearwardly of said beam.
invention, said body may comprise an injection         Moreover, in said
specific embodiment of the molded plastic beam having at least one
integral,  invention, said body comprises an injection molded 



resiliently deformable plastic buckling column mol-  plastic beam having at
least one integral, resiliently ded cooperatively thereto for assisting
said beam   55  deformable rib molded cooperatively thereto for in
absorbing and distributing impact forces applied  assisting said beam in
absorbing and distributing at specific points along said body, thereby
delaying  impact forces applied at specific points along said the
deformation and preventing the premature col-  body, thereby delaying the
deformation and pre- 4    7                 EP0323038B1
8 venting the premature collapse thereof, and having  at specific points
along said body, thereby delaying resiliently deformable plastic foam
molded in situ  the deformation and preventing the premature col-
cooperatively to at least a portion thereof for also  lapse thereof, and
having resiliently deformable assisting said beam in absorbing and
distributing  plastic foam molded in situ cooperatively to at least impact
forces applied at specific points along said   5   a portion thereof for
also assisting said beam in body, thereby delaying the deformation and pre-
absorbing and distributing impact forces applied at venting the premature
collapse thereof, and for    specific points along said body, thereby
delaying assisting in postimpact structural restitution, said  the
deformation and preventing the premature col- foam having an integral skin
bonded effectively to  lapse thereof, and for assisting in postimpact
struc- said beam, said rib extending rearwardly of and   10  tural
restitution, said foam having an integral skin said foam extending
forwardly of said beam.        bonded effectively to said beam and to said
buck- Furthermore, in said specific embodiment of     ling column, said
buckling column extending for- the invention, said body may comprise an
injection  wardly of, said rib extending rearwardly of and said molded
plastic beam having at least one integral,  foam extending forwardly of
said beam. resiliently deformable plastic rib molded cooperat-  15
Moreover, in said specific embodiment of the ively thereto for assisting
said beam in absorbing  invention, said body may comprise an injection and
distributing impact forces applied at specific  molded plastic beam having
at least one integral, points along said body, thereby delaying the de-
resiliently deformable plastic buckling column and formation and preventing
the premature collapse    at least one integral, resiliently deformable rib
mol- thereof, and having resiliently deformable plastic  20  ded
cooperatively thereto for assisting said beam foam molded in situ
cooperatively to at least a    in absorbing and distributing impact forces
applied portion thereof for also assisting said beam  in   at specific
points along said body, thereby delaying absorbing and distributing impact
forces applied at  the deformation and preventing the premature col-
specific points along said body, thereby delaying  lapse thereof, and
having resiliently deformable the deformation and preventing the premature
col-  25  plastic foam molded in situ cooperatively to at least lapse
thereof, and for assisting in postimpact struc-  a portion thereof for also
assisting said beam in tural restitution, said foam having an integral skin
absorbing and distributing impact forces applied at bonded effectively to
said beam and to said rib,   specific points along said body, thereby
delaying said rib extending rearwardly of and said foam     the deformation
and preventing the premature col- extending forwardly and rearwardly of
said beam.    30  lapse thereof, and for assisting in postimpact struc-
Again, in said specific embodiment of the in-   tural restitution, said
foam having an integral skin vention, said body may comprise an injection
mol-  bonded effectively to said beam, to said buckling ded plastic beam
having at least one integral, resil-  column and to said rib, said buckling
column ex- iently deformable plastic buckling column and at   tending
forwardly of, said rib extending rearwardly least one integral, resiliently
deformable rib molded   35  of and said foam extending forward and
rearwardly cooperatively thereto for assisting said beam  in  of said beam.
absorbing and distributing impact forces applied at specific points along
said body, thereby delaying  BRIEF DESCRIPTION OF THE DRAWINGS the
deformation and preventing the premature col- lapse thereof, and having
resiliently deformable  40  In the drawings, in which like reference char-
plastic foam molded in situ cooperatively to at least  acters indicate
corresponding parts in all the views: a portion thereof for also assisting
said beam in     Fig. 1 is a fragmentary plan view, partly broken absorbing
and distributing impact forces applied at   away and partly in section, of
a preferred em- specific points along said body, thereby delaying
bodiment of the impact energy managing bump- the deformation and preventing
premature collapse   45  er; thereof, and for assisting in postimpact
structural   Fig. 2 is a fragmentary perspective view from restitution,
said foam having an integral skin bon-  the front of the bumper structure
of Fig. 1; ded effectively to said beam and to said rib, said    Fig. 3 is
a fragmentary perspective view from buckling column extending forwardly of,
said rib     the rear of the bumper structure of Fig. 1; extending
rearwardly of and said foam extending   50  Fig. 4 is a section view taken
along line 4 - 4 of 



rearwardly of said beam.                              Fig. 2 and
illustrating added energy manage- Yet again, in said specific embodiment of
the     ment means; invention, said body may comprise an injection
Figs. 5 and 6 are vertical section views, partly molded plastic beam having
at least one integral,     broken away, taken along the line 5 - 5 of Fig.
1 resiliently deformable plastic buckling column and   55    and
illustrating  added  energy  management at least one integral, resiliently
deformable rib mol-  means; ded cooperatively thereto for assisting said
beam     Fig. 7 is a vertical section view illustrating added in absorbing
and distributing impact forces applied   energy means and taken along the
line 7 - 7 of 5    9                 EP 0 323 038 B1                   10
Fig. 1;                                        line extending vertically
through the center of the Fig. 8 is a vertical section view, partly broken
beam 12 and the remainder of which are disposed away, taken along the line
5 - 5 of Fig. 1 and  in pairs that are parallel to and equally spaced
illustrating the disposition of energy manage-  therefrom; however, the
ribs and vertical buckling ment means;                                5
plates may be arranged in any manner to suit Fig. 9 is a vertical section
view illustrating an  specific requirements. additinal embodiment of the
bumper structure       Equally spaced from the center of the beam 12 and
taken along the line 5 - 5 of Fig. 1; and   are formed mounting portions 34
for effectively Figs. 10 through 12 are vertical section views,  attaching
the beam  12 to the column rails 14 similar to that of Fig. 9, illustrating
additional  10  shown in FIG. 1. At the outer ends of the mounting
embodiments of the invention.                   portions 34 are vertical
members 36. A metal plate 35 may be disposed on the forward surface of the
DETAILED DESCRIPTION OF PREFERRED EM-             mounting portion 34 to
distribute resultant impact BODIMENTS OF THE INVENTION
forces across the mounting portion 34 and may be 15  used as a tapping
plate for fastening. The vertical With reference to FIG. 1, shown is an
impact   ribs 32 disposed behind the front portion 16 of the energy
managing bumper structure having a body    beam 12 and between the mounting
portions 34 10 secured to a vehicle by, for example, a pair of  may be
coplanar with the like-positioned vertical column rails 14 disposed
parallel to and equally  buckling plates 28 projecting forwardly from the
spaced from the longitudinal center line of the   20  front portion 16 of
the beam 12. vehicle. Also shown is a resiliently deformable fas-  As shown
in FIG's. 1 through 3, the mounting cia 60 disposed forward of and
substantially en-  portions 34 form, with first and second horizontal
closing those portions of the body 10 that would  buckling plates, or force
distribution members, 38 otherwise be exposed to view when the bumper
and 40 respectively, channels 42 having, generally, structure is mounted.
25   U-shaped cross sections and extending along the As shown in FIG. 2,
the body 10 includes a     beam 12 from vertical members 36 to 44. beam 12,
which may be made of injection molded       With the bumper structure shown
in FIG's. 1 plastic, having a front portion, or substantially verti-
through 3, an impact force would be resiliently cal surface, 16, an upper
flange, or upper substan-  opposed by reaction forces created as the body
10 tially horizontal surface, 18, and a lower flange, or  30  resists
displacement and deformation. Increasing lower substantially horizontal
surface, 20. The up-  amounts of impact force would be opposed by per
flange 18 and the lower flange 20 coextend    similarly increasing reaction
forces created as more along a substantial length of the front portion 16
and more of the body 10 and its component mem- and form with it a channel
21 having, generally, a  bers are displaced and deformed. For example, an
U-shaped cross section. Shown disposed along a   35  impact force applied
generally between the mount- substantial portion of the rear edge of the
upper  ing portions 34 would be subjected to initial dis- flange 18 is an
integrally molded channel 22 hav-  sipation due to its opposition by
compression and ing, generally, a U-shaped cross section integrally
tension forces created primarily as the vertical formed of an upper flange
24 and a lower flange   buckling plates 28 resist displacement and de- 26.
The channel 22 is an optional member that  40  formation. Any remaining
impact force would be may be used to provide increased beam stiffness
further dissipated due to its opposition forces cre- and to fasten the
fascia 60 to the beam 12 as     ated primarily as a result of the
compression and shown in FIG. 8.                                   tension
of the front portion 16, of the flanges 18, Integrally molded with and
extending vertically  20, 24, and 26, and the ribs 30 and 32 as the body
across the front portion 16 of the beam 12 are  45  10 is displaced and
deformed. energy managing vertical buckling plates, or force   An impact
force applied to the body 10 at a distribution members, 28, one of which is
disposed  point outwardly disposed from one of the column 



along a line extending vertically through the center  rails 14 would be
dissipated due to its opposition of the beam 12 and the remainder of which
are     by reaction forces created primarily as a result of disposed in
pairs that are parallel to and equally  so  the compression and tension of
the front portion spaced therefrom.                                 16, the
flanges 18, 20, 24, and 26, the horizontal FIG's. 2 and 3 show that,
integrally molded    buckling plates 38 and 40, the vertical member 36,
with and extending along a substantial portion of  and the ribs 30 and 32
as the body 10 is displaced the length of the rear surface of the front
portion 16  and deformed. An impact force applied to the body of the beam
12 are horizontal ribs 30. Integrally  55  10 colinearly with one of the
column rails 14 would molded with the horizontal ribs 30 and with the rear
be dissipated due to its opposition by reaction surface of the front
portion 16 of the beam 12 are  forces primarily as a result of the
compression and vertical ribs 32, one of which is disposed along a  tension
of the horizontal buckling plates 38 and 40, 6    11                EP 0
323 038 B1                   12 and the vertical members 36 and 44 as the
body    plates 48 in recovering their pre-impact shapes. 10 is deformed.
To dissipate greater impact forces applied Since the body 10 is secured to
the column     along the length of the body 10 at points between rails 14,
it is not free to be displaced with respect  the mounting portions 34
(shown in FIG's. 1 thereto by an impact force applied to these areas;   5
through 4) than can effectively be opposed by and the reaction forces
acting to dissipate the   reaction forces created by the component mem-
impact force are created principally by the compo-  bers of the body 10,
additional energy managing nent members of the body 10 as they resist com-
material, such as plastic foam, 56 illustrated in FIG. pressive
deformation. Since the body 10 is free to  5 may be added forward of the
front portion 16 of be displaced by an impact force applied to other  10
the beam 12 and between the vertical buckling areas along its length,
reaction forces created as a  plates 28 and the vertical members 44. The
foam result of the compression and tension of the com-  56 may be
self-skinning and have different resilient ponent members of the body 10 as
it is displaced  properties than those of the vertical buckling plates
represent a significant component of the total reac-  28, and it may be
bonded to the vertical buckling tion force acting to dissipate the impact
force.  15  plates 28 and the vertical members 44 and to the To dissipate
greater impact forces applied col-  forward surface of the front portion 16
of the beam inearly with a column rail 14 (shown in FIG. 1) than  12. This
foam may also be added within and out- can effectively be opposed by
reaction forces cre-  board of the mounting portions 34. ated by the
component members of the body 10,        An impact force applied generally
between the additional energy managing members, or inserts,  20  mounting
portions 34 (shown in FIG's. 1 through 4) 46 illustrated in FIG. 4 may be
added forward of  would be subjected to dissipation, similar to that the
mounting portions 34. The inserts 46 may be   previously described, due to
its opposition by com- formed of resilient plastic buckling plates 48
integ-  pression and tension forces created as the body 10 rally molded to
a backing member 50. The buck-    and its component members are displaced
and ling plates 48 may be disposed in a number of  25  deformed. More of
the impact force is dissipated arrangements to form, for example, parallel
slots or  by reaction forces created as the foam  56 is honeycomb-shaped
chambers. The slots or cham-     stretched and compressed. If the foam 56
is bon- bers formed between the buckling plates 48 may    ded to the
vertical buckling plates 28 and the be filled with a plastic foam 52 having
different  vertical members 44 and to the front portion 16, as resilient
properties than those of the buckling   30  the former is deformed by the
impact force, sub- plates 48, and the foam 52 may be bonded to the
stantial portions of the foam 56 will be placed in buckling plates 48 and
to the backing member 50.  tension and compression, significantly delaying
the Inserts 46 may also be formed entirely of foam that  deformation of the
members and thereby providing may be bonded to a suitable backing member 50
additional reaction forces to contribute to dissipat- for support and to
facilitate mounting. Any com-  35  ing the impact force. The foam 56 will
also assist bination of plastic inserts, foam inserts or plastic  the
vertical buckling plates 28 and other energy inserts with foam in situ may
be mounted to the   managing members in recovering their pre-impact bumper
structure wherever additional energy man-  shapes. aging means are
required.                              As shown in FIG. 6, plastic foam 58
may also With the body 10 secured to column rails 14 -  40  be added behind
the front portion 16 of the beam (shown in FIG. 1) as with mounting bolts
54, an   12 between the horizontal and vertical ribs 30 and impact force
applied to the body 10 colinearly with  32 respectively. As before, the
foam 58 may be a column rail would be opposed by reaction forces
self-skinning and have different resilient properties created as the insert
46 and the body 10 resist   than those of the ribs 30 and 32; and it may be



deformation. In addition to the reaction forces cre-  45  bonded to the
rear surface of the front portion 16, ated primarily as a result of the
compression and  to the ribs 30 and 32, and to the upper and lower tension
of the horizontal buckling plates 38 and 40,  flanges 18 and 20
respectively. The foam may also and the vertical members 36 and 44 of the
body    be extended rearwardly to fill a substantially great- 10, other
reaction forces are created as a result of  er portion of the channel 21.
the compression and tension of the buckling plates  50  With such an
arrangement, an impact force 48 and foam 52. If the foam 52 is bonded to
the   applied generally between the mounting portions insert buckling
plates 48, as the former is com-  34 (shown in FIG's. 1 through 4) would be
sub- pressed by the impact force, larger portions of it  jected to
dissipation similar to that previously de- will be placed in tension and
compression, signifi-  scribed; but substantially greater tension and com-
cantly delaying the deformation of the insert buck-  55  pression forces
would be created in the foam 58 as ling plates 48 and thereby providing
additional re-  it significantly delays the deformation of the various
action forces to contribute to dissipating the impact  component members of
the body 10, particularly force. The foam 52 will also assist the buckling
the upper and lower flanges 18 and 20 respectively 7    13
EP0323038B1                       14 and thereby provides additional
reaction forces to  the body 10, as the former is deformed, substantial
contribute to dissipating the impact force. The foam  portions of the foam
56 will be placed in tension 58 will also assist the flanges 18 and 20 and
other  and compression, significantly delaying the defor- energy managing
members in recovering their pre-  mation of the fascia 60 and the body 10
and [err] shapes.                                5   thereby providing
additional reaction forces to con- As shown in FIG. 7, plastic foam 58 may
also  tribute to dissipating the impact force. The foam 56 be added behind
the front portion 16, of the beam  will also assist the fascia 60 and the
body 10 and 12, that is outwardly disposed from one of the    other energy
managing members in recovering mounting portions 34 (shown in FIG's. 1
through 4)  their pre-impact shapes. and between the horizontal and
vertical ribs 30 and   10  FIG. 9 illustrates how the plastic body 10 and
32 (shown in FIG. 3) and the upper and lower      the fascia 60 may be
molded with hollow portions flanges 18 and 20 respectively. The foam 58 may
62 to substantially reduce in-molded stresses, be bonded to the surfaces of
these members and    which often cause deformation and structural weak- may
also be extended rearwardly to fill a substan-  ness, introduced during
their manufacture. After tially greater portion of the channel 21.     15
molten plastic has been introduced into a mold and The dissipation of an
impact force applied to a  begins to cool, it hardens from its outer
surface point on the body 10 outwardly disposed from the  inwardly. Gas
injected at appropriate points into the mounting members 34 would be
substantially as     plastic at this time will expand into the warmer,
described for a force applied generally there-    softer central areas,
pressing the plastic outwardly between.
20  against the mold and creating hollow portions 62 in As shown in FIG's.
1 and 8, a resiliently defor-  the plastic. In addition to reducing the
stresses mable fascia member 60 may be added forward of    introduced
during a molding process, the hollow the body 10. As also shown in FIG. 8,
plastic foam  portions 62 also increase the strength of the body 56 may be
disposed between the fascia 60 and the  10 and the fascia 60 and increase
their resistance body 10. The foam 56 may be molded in situ by   25  to
deformation and displacement, thereby contri- positioning the fascia 60 and
the body 10, which  buting to their ability to dissipate impact forces.
extends substantially the full length of the fascia  When a large part is
injection molded, multiple 60, in the desired spaced relationship and
introduc-  gating is usually required to fill the mold; and high ing the
foam 56 into at least a portion of the    injection pressures are usually
required to properly volume defined therebetween.                 30  form
the part. Multiple gating results in knit lines, Foam surfaces not bounded
by the fascia 60     which are structurally weak, being created as mul- and
the body 10 are bounded by core pieces        tiple flows of resin join.
This can adversely affect having shapes selected to provide the desired
con-  the resilient performances of the structural mem- figuration of the
exposed foam. The core pieces   bers when the latter are subjected to
progressively may be pretreated with mold release materials; and   35
increasing impact forces. These undesirable knit the volume-defining
surfaces of the fascia 60 and  lines can be eliminated by using gas
assisted in- the body 10 may be prepared to enhance bonding    jection
molding because only one gate need be by, depending on the materials
selected, adhesive  used to fill a mold and form a part. application, flame
treatment, priming or the like. A  The cooperative combination of the
fascia 60; formable plastic, preferably a resiliently flexible  40  the
vertical buckling plates 28, 38, 40 and 48, the urethane foam that cures
with a resiliently com-  vertical members, the ribs 30 and 32; the foam 52,



pressible core and an integral skin that tenaciously  56 and 58; and the
beam 12 provide for a progres- bonds to the surfaces of the fascia 60 and
the    sive deformation of the bumper structure, man- body 10, may be
introduced into the defined vol-  aging impact energy effectively as a
function of its ume and allowed to expand and cure to a semirigid  45
amplitude and its point and direction of application, state of desired
resilience and compressibility.  and preventing thereby a premature
collapse of An impact force applied to the fascia 60 would  that portion of
the structure in the immediate area be subjected to dissipation, similar to
that pre-  of an impact. viously described, arising from its opposition by
Distributing the forces associated with an im- compression and tension
forces created as the   50  pact is particularly important when the impact
body 10 and its component members are dis-        forces are confined to a
small area; and the integ- placed and deformed. In this case, the impact
force  rally molded ribs and the foam bonded to the is additionally
dissipated by compression and ten-  structure members contribute
significantly to this sion forces created as the fascia 60 is displaced
distribution. For example, if the bumper structure and deformed. More of
the impact force is dis-  55  strikes a relatively narrow object such as a
tele- sipated by the reaction forces created as the foam  phone pole, those
structure members directly in 56 is stretched and compressed. Since the
foam    line with the impact will begin to deform. As the 56 is bonded to
the surfaces of the fascia 60 and  members deform, resulting tension and
compres- 8    15                EP 0 323 038 B1                    16 sion
forces will be communicated to physically         to laterally distribute
impact forces incident at associated members by the ribs and foam; and the
the mounting surfaces. associated members will develop reaction forces that
will oppose and dissipate the impact forces   3. A bumper beam  as defined
by Claim  2, and reduce, by an amount proportional to the reac-   6
wherein each force distribution member com- tion forces developed, the
amount of deformation       prises a buckling plate. experienced by the
members in line with the im- pact.
4. A bumper beam  as defined by Claim  2, FIG. 10 shows a bumper structure
including a       wherein each mounting surface has first and body 10 and a
fascia 60 relatively disposed as  10     second force distribution members.
previously described. In this embodiment, the fas- cia has integrally
molded ribs 64 projecting toward  5. A bumper beam as defined by Claim 1,
further the body to provide additional impact energy man-      including
integral ribs formed on the body at agement.
selected positions to assist in management of FIG. 11 illustrates a
representative means for  15  impact forces. attaching the fascia 60 to the
body 10. The channel 22 formed along the upper rear edge of the body    6.
A bumper beam  as defined by Claim  1, 10 is designed to provide increased
body stiffness     wherein the body has an end portion at each and also to
provide a means for securing the fascia    end thereof and a center portion
disposed 60 to the body 10. As shown, the fascia 60 may be   20
therebetween and has a substantially arcuate secured to the upper flange 24
of the channel 22       shape in plan view with the center portion by a
screw 66 or the like. The fascia 60 and the       projecting outwardmost
from the vehicle. body 10 may, of course, also be joined along the upper
flange 24 by adhesive means (not shown).     7. A bumper beam  as defined
by Claim  1, FIG. 12 illustrates another embodiment of the   25  wherein
the body defines at least one hollow body 10 having a front portion 16, an
upper flange     portion therein, the at least one hollow portion 18, and a
lower flange 20. The upper flange 18 and     providing additional amounts
of resilient op- the lower flange 20 coextend along a substantial
position to the flexing and deformation of said length of the front portion
16 and form with it a      beam in response to impact forces applied at
channel 21 having, generally, a U-shaped cross  30     specific points
therealong. section. The front portion 16 of the body 10 is provided with
corrugations 68 to effectively in-   8.  A bumper beam  as defined by Claim
7, crease the stiffness of the body 10 by predeter-       wherein: mined
amounts.                                            the upper and lower
substantially horizon- 35     tal surfaces respectively form upper and
lower Claims                                                 lines of
intersection with the at least one sub- stantially vertical surface; 1.
Vehicle bumper with a bumper beam as the               the upper and lower
substantially horizon- 



principal energy management member of the          tal surfaces
respectively have distal edges ex- type adapted to mount to a vehicle at a
pair of  40  tending generally parallel to their respective mounting points
(14) spaced from the longitu-      lines of intersection with the at least
one sub- dinal center line of the vehicle, the beam con-    stantially
vertical surface; sisting of an integrally molded, one-piece,
the at least one hollow portion defined elongated, plastic body (12)
defined by a plu-     within the body is disposed proximate to and rality
of substantially horizontal surfaces joined   45  extends substantially
along a significant portion by at least one substantially vertical surface
of the distal edge of at least one of the sub- (16), at least one of the
plurality of substan-    stantially horizontal surfaces; and tially
horizontal surfaces being an upper sub-         at least one additional
hollow portion is stantially horizontal surface (18) and one of the
defined within the body and is disposed proxi- plurality of substantially
horizontal surfaces be-  50  mate to and extends substantially along a sig-
ing a lower substantially horizontal surface 20),  nificant portion of the
line of intersection of the characterized by a pair of mounting surfaces
at least one substantially vertical surface with (34) formed as recesses in
the at least one        at least one of the substantially horizontal sur-
substantially vertical surface and in alignment    faces. with the mounting
points.                  55 9. A bumper beam as defined by Claim 5, further
2. A bumper beam as defined by Claim 1, further        comprising:
comprising force distribution members (38,40)         integral ribs formed
on the body at se- 9    15                EP 0 323 038 B1
16 sion forces will be communicated to physically        to laterally
distribute impact forces incident at associated members by the ribs and
foam; and the      the mounting surfaces. associated members will develop
reaction forces that will oppose and dissipate the impact forces  3. A
bumper beam  as defined by Claim  2, and reduce, by an amount proportional
to the reac-   5  wherein each force distribution member com- tion forces
developed, the amount of deformation      prises a buckling plate.
experienced by the members in line with the im- pact.
4. A bumper beam  as defined by Claim  2, FIG. 10 shows a bumper structure
including a       wherein each mounting surface has first and body 10 and a
fascia 60 relatively disposed as   10   second force distribution members.
previously described. In this embodiment, the fas- cia has integrally
molded ribs 64 projecting toward  5. A bumper beam as defined by Claim 1,
further the body to provide additional impact energy man-     including
integral ribs formed on the body at agement.
selected positions to assist in management of FIG. 11 illustrates a
representative means for  15  impact forces. attaching the fascia 60 to the
body 10. The channel 22 formed along the upper rear edge of the body   6. A
bumper beam  as defined by Claim  1, 10 is designed to provide increased
body stiffness    wherein the body has an end portion at each and also to
provide a means for securing the fascia   end thereof and a center portion
disposed 60 to the body 10. As shown, the fascia 60 may be   20
therebetween and has a substantially arcuate secured to the upper flange 24
of the channel 22      shape in plan view with the center portion by a
screw 66 or the like. The fascia 60 and the      projecting outwardmost
from the vehicle. body 10 may, of course, also be joined along the upper
flange 24 by adhesive means (not shown).    7. A bumper beam  as defined by
Claim  1, FIG. 12 illustrates another embodiment of the   25  wherein the
body defines at least one hollow body 10 having a front portion 16, an
upper flange    portion therein, the at least one hollow portion 18, and a
lower flange 20. The upper flange 18 and    providing additional amounts of
resilient op- the lower flange 20 coextend along a substantial
position to the flexing and deformation of said length of the front portion
16 and form with it a     beam in response to impact forces applied at
channel 21 having, generally, a U-shaped cross  30    specific points
therealong. section. The front portion 16 of the body 10 is provided with
corrugations 68 to effectively in-  8. A bumper beam  as defined by Claim
7, crease the stiffness of the body 10 by predeter-      wherein: mined
amounts.                                           the upper and lower
substantially horizon- 35      tal surfaces respectively form upper and
lower 



Claims                                                lines of intersection
with the at least one sub- stantially vertical surface; 1. Vehicle bumper
with a bumper beam as the              the upper and lower substantially
horizon- principal energy management member of the         tal surfaces
respectively have distal edges ex- type adapted to mount to a vehicle at a
pair of  40  tending generally parallel to their respective mounting points
(14) spaced from the longitu-    lines of intersection with the at least
one sub- dinal center line of the vehicle, the beam con-    stantially
vertical surface; sisting of an integrally molded, one-piece,           the
at least one hollow portion defined elongated, plastic body (12) defined by
a plu-    within the body is disposed proximate to and rality of
substantially horizontal surfaces joined   45  extends substantially along
a significant portion by at least one substantially vertical surface    of
the distal edge of at least one of the sub- (16), at least one of the
plurality of substan-   stantially horizontal surfaces; and tially
horizontal surfaces being an upper sub-        at least one additional
hollow portion is stantially horizontal surface (18) and one of the
defined within the body and is disposed proxi- plurality of substantially
horizontal surfaces be-  so  mate to and extends substantially along a sig-
ing a lower substantially horizontal surface 20),  nificant portion of the
line of intersection of the characterized by a pair of mounting surfaces
at least one substantially vertical surface with (34) formed as recesses in
the at least one       at least one of the substantially horizontal sur-
substantially vertical surface and in alignment   faces. with the mounting
points.                 55 9. A bumper beam as defined by Claim 5, further
2. A bumper beam as defined by Claim 1, further       comprising:
comprising force distribution members (38,40)         integral ribs formed
on the body at se- 9    17                EP 0 323 038 B1
18 lected positions to assist in management of        gewAhIten Stellen
geformten Rippen zur Unter- impact forces, the integral ribs forming lines
of  stttzung der Handhabung der StoBkr~fte. intersection with the at least
one substantially vertical surface; and                          6.
StoBstangenholm nach Anspruch 1, bei dem at least one further hollow
portion defined   6  der Holmkorper an jedem Ende einen Endbe- within the
body and disposed proximate to and      reich und einen dazwischen
angeordneten extending substantially along a significant por-   mittleren
Bereich aufweist, in der Draufsicht tion of at least one of the lines of
intersection  eine im wesentlichen gebogene Form hat und of the at least
one substantially vertical surface  der mittlere Bereich am weitesten vom
Fahr- with the integral ribs.                   10       zeug vorsteht. 10.
The bumper beam as defined by Claim 7,         7. StoBstangenholm nach
Anspruch 1, bei dem wherein the at least one hollow portion is         der
Holmk6rper wenigstens einen hohlen Be- formed using a gas-assisted
injection molding      reich aufweist, der zusatzlichen rUcklfedernden
process whereby gas is injected into injected   15  Widerstand gegenUber
der Verbiegung und molten plastic material used to form the body.
Verformung des Holms bei an bestimmten Punkten entlang dem Holm
auftretenden StoB- PatentansprUche
kraften ergibt. 1. StoBstange fUr Fahrzeuge mit einem StoBstan-  2o   &
StoBstangenholm nach Anspruch 7, bei dem "'   genholm als hauptsachliches
Energiehandha-          die obere und untere im wesentlichen waage-
bungsglied des Typs, der geeignet ist, an ei-     rechten Flachen jeweils
obere und untere nem Fahrzeug an einem Paar Befestigungs-
Schnittlinien mit wenigstens der einen im we- punkten (14), die von der
Langsmittelachse         sentlichen senkrechten Oberflache bilden, des
Fahrzeugs beabstandet sind, befestigt zu   25  die obere und untere im
wesentlichen waage- werden, wobei der Holm aus einem als Ganzes
rechten Flachen beabstandete Rander auf- geformten, einstickigen,
langlichen Kunststoff-    weist, die sich im wesentlichen parallel zu den
k6rper (12) besteht, der sich aus einer Mehr-      entsprechenden
Schnittlinien mit wenigstens zahl im wesentlichen waagerechter Flachen,
der einen im wesentlichen senkrechten Flache die durch wenigstens eine im
wesentlichen   30     erstrecken, senkrechte Flache (16) verbunden sind,
ergibt      wenigstens der eine hohle Bereich innerhalb und wovon
wenigstens eine der Mehrzahl von         des Holmk6rpers in der Nahe zu dem
entfern- im wesentlichen waagerechten Flachen eine          ten Rand von
wenigstens einer der im wesent- obere im wesentlichen waagerechte Flache
lichen waagerechten Oberflachen angeordnet 



(18) und eine der Mehrzahl von im wesentli-  35    ist und sich im
wesentlichen Ober einen be- chen waagerechten Fl~chen eine untere im
deutenden Teil des entfemten Randes er- wesentlichen waagerechte Flache
(20) bildet,       streckt und gekennzeichnet durch ein Paar Befestigungs-
wenigstens ein zusatzlicher hohler Bereich in- flachen (34), die als
Ansktze in wenigstens        nerhalb des Holmkorpers vorhanden ist, in der
einer der im wesentlichen senkrechten Flachen   40  Nahe der Schnittlinle
wenigstens einer der im geformt sind und zu den Befestigungspunkten
wesentlichen senkrechte Flachen mit wenig- ausgerichtet sind.
stens einer der im wesentlichen waagerechten Rachen angeordnet ist und sich
Ober einen 2. StoBstangenholm nach Anspruch 1, mit Kraft-
bedeutenden Teil dieser Schnittlinie erstreckt. verteilungsgliedem (38,
40), um StoBkrafte, die  45 an den Befestigungsflachen auftreten, seitlich
9. StoBstangenholm nach Anspruch 5, mit zu verteilen.
einstOckig am  Holmkorper an ausgewAhIten Stellen geformten Rippen zum
Handhaben von 3. StoBstangenholm nach Anspruch 2, bei dem
Stoskr~ften, wobei die einstickig geformten jedes Krafiverteilungsglied aus
einer Beulplatte  50  Rippen Schnittlinien mit wenigstens der einen
besteht.                                          im wesentlichen
senkrechten Oberflache bilden und 4. StoBstangenholm nach Anspruch 2, bei
dem           wenigstens einem weiteren hohlen Bereich in- jede
Befestigungsflache erste und zweite Kraft-    nerhalb des Holmkorpers, der
in der NWhe verteilungsglieder aufweist.              66       wenigstens
einer der Schnittlinien wenigstens der einen im wesentlichen senkrechten
Ober- 5. StoBstangenholm nach Anspruch 1, mit zusatz-       flache mit den
einsttckig geformten Rippen lichen, einstickig mit dem Holmkorper an aus-
angeordnet ist und sich im wesentlichen Uber 10    19                 EP 0
323 038 Bi                     20         C   L   M M einen wesentlichen
Bereich dieser Schnittlinie       partie centrale entre ces extremit~s et
prdsente erstreckt.                                           une forme
sensiblement arqu6e dans une vue plane avec la partie centrale s'avangant
le plus 10. StoBstangenholm  nach Anspruch 7, bei dem           &
l'extdriour du vWhicule. wenigstens ein hohler Bereich durch ein gas-   6
>'-~    unterstUtztes SpritzgieBverfahren geformt ist,  7. ProfiW4 de
pare-chocs solon la revendication 1, bei dem Gas in das eingespritzte,
geschmolze-        dans loquel le corps definit on lui au moins ne
Kunststoffmaterial, das zum  Formen des           une partie creuse, cotte
au moins une partie Holmkorpers benutzt wird, eingespritzt wird.
creuse fournissant des quantitds supplimentai- 10      res de resistance
6lastique a la flexion et a la Revendlcatlons
deformation dudit profild on reponse aux for- ces de choc appliqudes en des
points specifi- 1. Pare-chocs pour vdhicule ayant un profil1 de
ques le long du profile. pare-chocs comme principal 6lment de ges- tion
d'energie du type adapte pour un montage   15   8  Profle4 de pare-chocs
solon la revendication 7 sur un v~hicule au niveau d'une paire de
dans lequel: points de montage (14) espac~s de la ligne              les
surfaces sensiblement horizontales su- centrale longitudinale, le profil4
comprenant un     perieure et inf~rieure forment respectivement corps
plastique de formo allongee, en une           les lignes superieure et
infdrieure d'intersec- pikce, integralement moul6 (12) defini par une   20
tion avec au moins une surface sensiblement pluralit6 de surfaces
sensiblement horizontales      verticale; reunies par au moins une surface
sensible-              les surfaces sensiblement horizontales su- ment
verticale (16), au moins une surface de la      p~rieure et infdrieure
possadent respective- pluralit6 de surfaces sensiblement horizontales
ment des bordures distales s'6tendant g~ndra- 6tant une surface
sensiblement horizontale su-   25  lement parallblement a lours lignes
respectives pdrieure (18) et une surface de la pluralit6 de
d'intersection avec au moins une surface sen- surfaces sonsiblement
horizontale etant une          siblement verticale; surface  sensiblement
horizontale  inffrieure           la au moins une partie creuse , dMfinie a
(20), caracteris4 par une paire de surfaces de      l'int6rieur du corps
est disposde prfs et montage (34) form~es comme des 6videments  so
s'etend sensiblement le long d'une partie si- dans au moins une surface
sensiblement verti-        gnificative de la bordure distale d'au moins 



cale et enalignement avoc les points de mon-         une des surfaces
sensiblement horizontales; et tage.
au moins une partie creuse suppl~mentai- re est d~finie & I'int~rieur du
corps et est 2. Profil de pare-chocs solon la revendication 1   35
dispos~e pros et s'6tend sensiblement le long comprenant, de plus, des
6lments de r~parti-        d'une partie significative de la ligne
d'intersec- tion des forces (38, 40) pour repartir lat~rale-     tion d'au
moins une surface sensiblement ver- ment les forces de choc appliquies au
niveau        ticale avec au moins une des surfaces sensi- des surfaces de
montage.                             blement horizontales . 40 3. Profile
de pare-chocs selon la revendication 2,   9. Prof 11 de pare-chocs solon la
revendication 5, dans lequel chaque dl6ment de repartition des
comprenant on outre: forces comprend une plaque d'appui.
des nervures int~gr~es formdes sur le corps a des positions choisies pour
aider a la 4. Profli1e de pare-chocs solon la revendication 2,  45  gestion
des forces de choc, les nervures int6- dans lequel chaque surface de
montage com-           gr~es formant des lignes d'intersection avec porte
des premier et second 6lments de rd-          au moins une surface
sensiblement verticale partition des forces.
et au moins une partie creuse supplementai- 6. Profil1 de pare-chocs solon
la revendication 1,  50  re a l'interieur du corps et disposde prbs et
comportant, de plus, des nervures int~gr#es         s'6tendant sensiblement
le long d'une partie form~es sur le corps au niveau de positions
significative d'au moins une des lignes d'inter- s~lectionndes pour aider a
la gestion des for-       section d'au moins une surface sensiblement ces
de choc.                                         verticale avec les
nervures integr~es. 55 6. Profil4 de pare-chocs solon la revendication 1,
10. Profil de pare-chocs solon la revendication 7, dans lequel le corps
comporte une partie ter-        dans loquel au moins une partie creuse est
minale a chacune de ses extrdmit~s et une           formde en utilisant un
processus de moulage    21                  EP 0 323 038 B1
22   111111   II par injection assists d'un gaz de sorte quo le gaz est
introduit dans le mat~riau plastique fondu injects utilis4 pour former le
corps. 5 10 15 20 25 30 35 40 45 50 55 12    


