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The efficiency of an energy absorbing bumper system, or assembly, is defined as the
amount of energy absorbed over distance, or the amount of energy absorbed over
load. A high efficiency bumper system absorbs more energy over a shorter distance
than a low energy absorber. High efficiency is achieved by building load quickly to
just under the rail load limit and maintaining that load constant until the impact

energy has been dissipated.

To improve the energy absorbing efficiency, shock absorbers sometimes are
positioned, for example, between the steel bumper beam and the vehicle rails. The
shock absorbers are intended to absorb at least some of the energy resulting from an
impact. Adding shock absorbers to a bumper assembly results in an added cost and

complexity as compared to a steel beam. The shocks also add weight to the bumper



i npact. Addi ng shock absorbers to a bunper assenbly
results in an added cost and conplexity as conpared to
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InOdno¥IRk tasfk, 4 bamperaids@fiBly forf 4ahukdRsile vehicle is provided. The
bumper assembly includes a beam having a top surface and a bottom surface, an
energy absorber coupled to the beam; and a fascia attached to the energy absorber to
substantially envelop the beam and the energy absorber. The beam is configured to
attach to the vehicle, and the energy absorber includes a body having a first side and
an opposing second side with the second side facing the beam, a plurality of crush
lobes extending from the first side, and a plurality of vertical translational crush lobes
extending from the second side. Each vertical translational crush lobe engages the top

surface or the bottom surface of the beam.

In another aspect, an energy absorber for a vehicle bumper system including a bumper
beam having a top surface and a bottom surface is provided. The energy absorber

includes a body having a first side and an opposing second side, a plurality of crush
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extending fromthe second side. Each vertica
transl ati onal crush | obe engages the top surface or
wo bwehsissom surface of the beam | n another aspeDU$S208$1028528
ener gy absorber for a vehicle bunper system i ncl uding
a bunper beam having a top surface and a bottom
surface is provided. The energy absorber includes a

lobesdaxtémaingnigora the fiest side.candanpluzhitopipcesticad traedaimakirds) lobes
lural ity of crushlpbes ext i ng. fromt first
it Bl SeofLiA, PER Bl r B ioh i Ghe o Sbigyed o
erlgdfethe € Qirfhcgr fhe dottbMsusResTdhsbégn. Each verti cal
transl ational crush lobe is configured to engage the

top surface or the bottom.surface of the beam BRIEF
BRESRESERIRTIGN Dl HRRFARENES ur e 1 i s an expl oded

perspective illustration of a bunper assenbly in
Fig&eOr fancépbdel r;@f‘sg@é_ RediiiRAkioR fof alRinie® 388 kbly in accordance
rnvention. "Figure I's a rear perspective illustration
wish an habbdimset ofitbe presént imveotien.i n Figure 1. Figure 3 is
a cross-sectional illustration of the bunper assenbly
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t he nol ded energy absorber to translate ) )
(GMT). The energy absorber, in the exemplary embodiment, is fabricated from
Xenoy® material and is tunable so as to meet desired impact criteria, €.g., pedestrian
and low speed impacts. More particularly, the energy absorber redirects the
horizontal impact during low speed FMVSS, CMVSS, and ECE42 impact to the
upper and lower surfaces of the bumper beam. The bumper system provides
over/under-ride impact performance by using the molded energy absorber to translate
lateral forces to the upper and/or lower beam surface. Impact forces during the
specified types of impacts are maintained just below a predetermined level by
deforming the energy absorber and beam until the kinetic energy of the impact event

has been absorbed. When the impact is over, the energy absorbers return substantially

to their original shape and retain sufficient integrity to withstand subsequent impacts.



| ateral forces to the upper and/or | ower beam surface.
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FiEh@W & Brdaf plrspective illustration of bumper assembly 20, and Figure 3 is a

cross-sectional illustration of bumper assembly 20. Referring to Figures 1-3, bumper
assembly 20 includes an energy absorber 22 and a beam 24. Energy absorber 22 is
positioned between beam 24 and a fascia 26 which, when assembled, form vehicle
bumper assembly 20. As should be understood by those skilled in the art, beam 24 is

attached to lengthwise extending vehicle frame rails (not shown).

Fascia 26 typically is generally formed from a thermoplastic material amenable to
finishing utilizing conventional vehicle painting and/or coating techniques.
Generally, fascia 26 envelops both energy absorber 22 and reinforcing beam 24 such

that neither component is visible once attached to the vehicle.
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cross-sectional illustration of bunper assenbly 20.
Referring to Figures 1-3, bunper assenbly 20 incl udes
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embodiment, the wall thickness varies from about 1 millimeter (mm) to about 7 mm,
in another embodiment, from about 1.5 mm to about 5 mm, and still another
embodiment, from about 2.5 mm to about 3.5 mm. In further embodiments, the
thickness of the walls is constant from front-most portion 66 to rearmost portion 68
and is between about 1 mm to about 7 mm. In still further embodiments, the
thickness of the walls are stepped. Particularly, the thickness of the walls of front-
most portion 66 is constant and the thickness of the walls of rearmost portion 68 is
constant with the walls of rearmost portion 68 thicker than the walls of front-most

portion 66.



and 54, side walls 56 and 58, and outer wall 60. In
the exenpl ary enbodi nent, traverse walls 52 and 54,
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transl ati onal crush | obes 70 redirects the hori zont al

overian dieamo 24 ¢ad ctiarh geigy, et rVSsPeamads, 1nydbe exemplary
rgm&tt oA 1Y é@%llﬁglogf e PR3 YahasorB? cRish h@@mo is

I'n the exenp ary e diment first transverse wal
infe2rdl svithufirsefthngan §6ionseosé flasges#ond traverse wal | 74.
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toughness/ductility, thermally stable, high energy absorption capacity, a good
modulus-to-elongation ratio and recyclability. While the energy absorber may be
molded in segments, the absorber also can be of unitary construction made from a
tough plastic material. An example material for the absorber is Xenoy material, as
referenced above. Of course, other engineered thermoplastic resins can be used.
Typical engineering thermoplastic resins include, but are not limited to, acrylonitrile-
butadiene-styrene  (ABS),  polycarbonate, polycarbonate/ABS  blend, a
copolycarbonate-polyester,  acrylic-styrene-acrylonitrile ~ (ASA),  acrylonitrile-
(ethylene-polypropylene diamine modified)-styrene (AES), phenylene ether resins,
blends of polyphenylene ether/polyamide (NORYL GTX® from General Electric
Company), blends of polycarbonate/PET/PBT, polybutylene terephthalate and impact
6



Ener gy absorber 22 also includes a first flange 86 and

a second flange 88 extendi ng from second side 44 of
weomhgyi3absor ber body 40. First and second fl| argEESB65/028528

and 88 overlap beam 24 and attach energy absorber 22

to beam 24. In the exenplary enbodi nent, second
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(XENOY(r) resin from General Electric Conpany),

pol yam des, phenyl ene sulfide resins, polyvinyl

chl oride PVC, high inpact polystyrene (H PS), |ow high
density pol yethyl ene (1/hdpe), polypropylene (pp) and
thernoplastic olefins (tpo). As shown in Figure 3, a
hei ght A of energy absorber 22 is less than a height B
of beam 24. Figure 4 illustrates another enbodi nent
where a height C of an energy absorber 90 is | ess than
a height D of a beam 92. Al so, height B of beam 24
shown in Figure 3 is less than the height D of beam
92. Vertical translational crush |obes 70 in energy
absorber 22 permt bunper assenbly designs with | ow
profile beans as illustrated in Figures 3 and 4 while
provi ding high and | ow offset inpact protection.



VWil e the invention has been described in terns of
various specific enbodi nents, those skilled in the art
wowdob/08Ba0HgNi ze that the invention can be pracePCTEs2005/028528
with nodification within the spirit and scope of the
claims. WHAT IS CLAIMED I'S: 1. A bunper systemfor an
aut onobi | e vehicl e, said bunper system conprising: a
WhEERSH aLARYED tSop surface and a bottom surface, said
beam configured to attach to the vehicle; and an
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a beaihaving b usmbirface ahd arbestor aibvfase esaidebinngorifigaradstai attach to
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vertical translational crush |obe engaging said top
anSeief ACHsObe SuPlR b gambéaﬁfsaﬁperﬁt%s@ds&beﬁ@dﬁpr?s_ing%
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said bottom surface of said beamto translate | ateral
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absorber conprises a vertical dinension that is

ofgedsheam. t han a vertical dinmension of said beam 5. A
bunper systemin accordance with Claim1 wherein each

sai d,c ?§Q I C ' . . V. - , :
2'seco‘?1‘dg rav eS?gt gm\/vaﬁ{r?%dog&?lfgs‘{qhgi é%H\AgI T%g&gmgg%h& ne ?%i 8retlcal
tramglakipna relsh noteudoatprising 3 plamlity 6 didds, saidpkra sy whkides defining

saj d second traverse , said first
a ho%low vergca translat\llona cru\s/halolbe.

3. A bumper system in accordance with Claim 2 wherein each said vertical
translational crush lobe extends from said body of said energy absorber to said top
surface or said bottom surface of said beam to translate lateral forces to said top

surface or said bottom surface of said beam during an impact event.

4, A bumper system in accordance with Claim 1 wherein said energy absorber

comprises a vertical dimension that is greater than a vertical dimension of said beam.

5. A bumper system in accordance with Claim 1 wherein each said crash lobe
comprises a first traverse wall, a second traverse wall, a first side wall, a second side
wall, and an outer wall, said first traverse wall, said second traverse wall, said first

side wall, said second side wall, and said outer wall defining a hollow crash lobe.



side wall, said second side wall, and said outer wal
defining a hollow crash | obe. 6. A bunper systemin
waemoensiaaee with Claimb5 wherein at | east one pPET/ESi0ds/028528

traverse said first traverse wall, said second
traverse wall, said first side wall, said second side
wall, and said outer wall conprise at | east one

6.0penf\rhymper spstimnipescceidancenvitn Glew Sdwhereinnitt Igast aaerafisaid
wher.ein i.d_ener bso [ (IS a_ther hC .
Rt R A R A T S S N
sedonthsitewhll Sl GaidRited Yvatladaipdise acleifdiohs 6pendip. i Nj ecti on
nol ded thernoplastic material. 9. A bunper systemin

accordance with ¢l aim31 wherein, sai eam caonpri ses  at
7| past WHWCHFYLERAR aceqridnch Lnﬁ%l ﬁlﬁé%ﬂ b’fq’ﬁéet“i‘ é?‘gpa?ﬁafgél absrber
: j A bunper assenbly for an
co&ﬁrgﬁ%ﬁﬁé&ﬁé@ﬁ%dgﬁg@}t@%i d bunper assenbly conprising: a

beam having a top surface and a bottom surface, said
8.bearh dumipieg gy wein tin ageardarise twith kéaimehivdierein said energyyabsorber

absor ber. coupl ed ai d be nd,a fascia attached
i ‘é’heéﬁg’&}ma"%i‘%r‘@%@"tp oas@%g ezf\lr?{'i ally envel op said

beam and sai d energy absorber; said energy absorber
9.conpAibainpg: systeavityacheidang: with Oladin 5 ivtlereandhidbeanp panprigs at

second_si de, said second side facing said beam a
legst gpepf stgel Gilumpyah thegmaplaghic apdielass MAGAFEAPASHE T st

side; and a plurality of vertical translational crush
1d.0beg Sﬁfﬁl?&d b BGmbIP ToS @ind a8R&RIBHe Sidfele, €368 B@hfer assembly

vertical translati‘onal crush | obe engaging said top
comprisinge or sai d bottom surface of said beam 11. A

bunper assenbly in accordance with C aim 10 wherein

' i.cal | at l..C 0 risj

o GO HhE a6 ploft obl e ARy P B R ERRRY o3l o
thavhigitlepw vertical translational crush | obe.

an energy absorber coupled to said beam; and

a fascia attached to said energy absorber to substantially envelop said beam and said

energy absorber;
said energy absorber comprising:

a body having a first side and an opposing second side, said second side facing said

beam;
a plurality of crush lobes extending from said first side; and

a plurality of vertical translational crush lobes extending from said second side, each
said vertical translational crush lobe engaging said top surface or said bottom surface

of said beam.



12. A bunper assenbly in accordance with Cdaim1ll

wherei n each said vertical translational crush | obe
we@zxaoensis3s r om sai d body of said energy absor bepCt/US®as/aR8528

top surface or said bottom surface of said beamto

translate lateral forces to said top surface or said

bottom surface of said beam during an inpact event.

1113, A\b@mme pssasbbivhl gecprdanescwith{aian wotwhectinjeash gaid vertical

NeS, SO s
RO A RSP OER e SR R BRI b s cepine
a lsdlodv gl trhﬂslaﬂbrﬁhfmaﬂoas.senbl y in accordance with
Cl ai m 10 wherein each said crash | obe corrpri ses a

firs traver se second ver a fir .
1} oA JIDer 4SSCmbDh i acaann Pith (i T gvecrin art S yepical

trirﬂsraﬁgnél [ AV 98e Wiehds %indsa?@‘BQd‘}d of 6AY nSGyWtkbrbeS R $hid top
first side wall, said second side wall, and said outer

supfatd odedidnbattpna smﬁadeow sanchbhamdbetrarmate Rtd¢salnfoeges to said top
ﬁsen‘ol ZdaIOBT acco ge i th aiml14. vvh reipn at | east
suffaee g Saldbajtopy %1‘{7 C4 FURg FLTRAS e‘(ﬁ& ‘I, said

second traverse vval I , said first side wall, said
133econdbwhpe wakmblyand aseirdarit @iithwaldimc 00pwhaeinataid energy
| east one opening. 16. A bunper assenbly in accordance
abgprbar e9rAPIses @ m«*«aéudﬁne&ml @ﬁbrSggre%fsrstaa@rV%% diggnsiop of
sald¥pppl astic material. 17. A bunper assenbly in
accor dance with Caim 16 wherein said energy absorber
conprises an injection nolded thernoplastic nmaterial.
1418 Abbmppleassasble'rib lagcoirdanae wathdalaioe lwv\tlhretm mcmsaﬂ crash lobe
erein ris at le n
co BT L 0 Stk Bieond g g% SE A sl lpf spyapd side
wdl. anAranCA\REDWalRDSQT et thoérs@ walhkgd %e&ihﬁﬂ@fvefs&iﬁzﬂmsald first
i ncl udi ng a bu beam having a top surface and a

s%wlbrﬁﬁ@mef: napq:mla a@ﬁémg@u@bwlwﬁn@@r@mﬂ@w@ashdobe

body having a flrst side and an opposi ng second side;a

§’| ur&"b‘ufnﬁaepgss i | RS Farf WARAL ‘;lra;’\%eqréfndat fle%a[sts(gne %f said

ity of vertica ational crus
traivtetses sadtf&stdﬂrn@rs‘erwaﬂ $a1ddsesemxbtrdvasajwpll,ea’¢d1 fisdisdle wall, said
rans n crush. | obe Sg%onfl ur, ed t o engage

se{:?e.rrglt stlgepwg (A élgl Suter %%111 comprise at least one opening

16. A bumper assembly in accordance with Claim 10 wherein said energy

absorber comprises a thermoplastic material.

17. A bumper assembly in accordance with Claim 16 wherein said energy

absorber comprises an injection molded thermoplastic material.

18. A bumper assembly in accordance with Claim 10 wherein said beam

comprises at least one of steel, aluminum, thermoplastic, and glass mat thermoplastic.

19.  An energy absorber for a vehicle bumper system including a bumper beam

having a top surface and a bottom surface, said energy absorber comprising:

a body having a first side and an opposing second side;
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bottom surface of the beam 20. An energy absorber in
accordance with Claim 19 wherein each said vertical
w0 ean®s3ss onal crush | obe conprising a plural i pgr/v$2005/028528
sides, said plurality of sides defining a hollow
vertical translational crush [obe. 21. An energy
absorber in accordance with C aim 20 wherein each said
a plaralityof crushalobpsextending Eemspid fapfeideiephds from sai d
second side body of said energy absorber and is
= GARHLEUT SR RRARNSH Lk 1B Sl Pl o h ARl goch
saidpesicalf &anslafronhh erusbtlolancenfiguack tofengdge the atop dwrfacg or the

an i 22. An energy absorber in accordance
b%%r%a H?%Q\ﬁﬁ‘@rel n each said crash | obe conprises a

first traverse wall, a second traverse wall, a first
20 deAﬂ@hérgyaabg&@@mm SdcHRlaned With T1Gin@N 9 OMkeRéin ek said dleftical
first traverse wall, said second traverse wall, said

tranislatipnalicenshyiabs comprisingseplyrlits phisidesaFaid phuselity oF sidesidefining
low ge%{l!:ﬂ'tﬁgsl"é]‘n&%ll LW, fliash Iobe. 23. An energy

I'n accordance wth Caim22 wherein at | east
one of said traverse said first traverse wall, said
2 ]S e COAn chery eabserbwairi accemiadcef withtClging éOWaderein sacld said vertical
nd sid and_.sai d. pute e at

trng PNy fLu 7: ﬁéten(ésélfrmﬂnsa {}d V\%gcpfogéro Is energy absorber

aRCROCABBERIWb Ldhg %@’t}{@ 5B éﬁﬁﬁéé‘«‘bﬂ tl%b%&ﬂ%ﬁ&ﬂc@@fs febBdam to
conpri seés a ther nmopl astic materi al An ener gy '

traiskaty laterali farcgs twthednp sunfice for Cheabottoza, swrﬁageeqf theshdach during an
; ene{% fabsor ber conprises an injection nol ded

LTS B'ast ic material. 26. An energy absorber in

accordance with Claim 19 wherein said beam conpri ses
2at | Aﬁ&her@;ﬂ absirbatie atcorddnoerivithrQlainh €9 mbpteis tdoh, sa@ndash lobe
gl ass t her nopl asti c

comprlses a 1rst traverse wall, a second traverse wall, a first side wall, a second side
wall, and an outer wall, said first traverse wall, said second traverse wall, said first

side wall, said second side wall, and said outer wall defining a hollow crash lobe.

23.  An energy absorber in accordance with Claim 22 wherein at least one of said
traverse said first traverse wall, said second traverse wall, said first side wall, said

second side wall, and said outer wall comprise at least one opening.

24.  An energy absorber in accordance with Claim 19 wherein said energy

absorber comprises a thermoplastic material.

25.  An energy absorber in accordance with Claim 24 wherein said energy

absorber comprises an injection molded thermoplastic material.

26.  An energy absorber in accordance with Claim 19 wherein said beam

comprises at least one of steel, aluminum, thermoplastic, and glass mat thermoplastic
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