10 APR 2006 WD 03/022639 PCT/ US01/ 28582 ENERGY ABSORBER W TH CRASH CANS
BACKGROUND OF THE | NVENTI ON [0001] This invention relates generally to
bunpers and, nore particularly, to energy absorbing vehicle bunper
systems. [0002] Bunpers typically extend w dthw se across %ﬁ@ dﬁont and
rear of a vehicle and are nounted to rails that extend |n ?engthmnse
direction. EnéP§P?2&bsorbi ng bunper systens attenpt to ﬁgﬂﬁﬂégﬁéhlcle
damage as a result of a collision by managing inpact energy and intrusion
while not exceeding a rail load limt of the vehicle. The efficiency of an
energy absorber is defined as the anmount of energy absorbed over distance.
A high efficiency ener g§NERSOABIORBIBE WIS CRAPB CANEr gy over a shorter

di stance than a | ow energy absorber. High efficiency is achieved by
building load quickly to just under the rail load |imt and naintaining
that | oad cEASKLROUND OF THEREVENTIGNt ener gy has been di ssipated. [0003]

I ncreasing the stiffness of an energy absorber generally increases the

ef ficiency of the abggp eﬁmﬁlﬁﬁﬁm@1§awﬁi Yio AhuERED end Piokeds | 0ad nore
qui ckly than a Iess g?l?f a%g;r er.. In aédltlgn there generally is |ess

i ntrusion mfﬁﬂmﬁ“yé?FWW”@ﬁ?F VIO PERICT DRSS wi th a | ess stiff energy
absorber. Increasing the stiffness of the energy absorber, however, can
result in an undesi r K904 iHWW@&WCélheKﬂqedwiéth@htamssthplﬁentbaﬁﬁelr system

Speci fical | ¥, et ﬁldsd.t(é xfn&mﬁeﬁ% s ABSKERE in RS d{reétén hegyler than a
| ess stiff absorber. [0 known ener gy absorb |ng bun?er syst ens

include a FHarmedum Hﬂsgﬁﬁﬁaﬁ?mﬁ@§éﬁ?%gﬂmi ajage as kRESI9R 762, 352 and
U.S. Patentbyhmm@égaﬂ&mﬂ&&gyEmamhbﬁﬁeﬁﬂsmﬁbﬁﬁam@ypmnwwﬂmmﬂmﬁﬂm sIOM/Ioadlng

upon i npact ’vehvl\’qfl: Clil{xe ei%?gnc% of ax% energg a sorbccia:l: %spcke%g%rrenhe amo Hnt Ko %rer?I oans are

effective to a Si npressi on, ond t hat
poi nt , foarr@bsgé)e@)mr dlﬁtemﬂpAéwlefﬂc@n@@n@rma@bsuh@ abﬂowa)ezelte eemi@rqyyr is not fully

absorbed. Thendier@iticE hal 18R CherBicter. | HigRBRQERPHE achieved by building
load quickly to just under the rail load limit and maintaining that load constant until

the impact energy has been dissipated.

[0003] Increasing the stiffness of an energy absorber generally
increases the efficiency of the absorber since a stiff energy absorber builds load more
quickly than a less stiff absorber. In addition, there generally is less intrusion with a
stiff energy absorber than with a less stiff energy absorber. Increasing the stiffness of
the energy absorber, however, can result in an undesirable increase in the weight of
the bumper system. Specifically, a more stiff energy absorber generally is heavier

than a less stiff absorber.

[0004] Some known energy absorbing bumper systems include a
foam resin, such as described in U.S. Patent No. 4,762,352 and U.S. Patent No.
4,941,701. Foam based systems typically have slow loading upon impact, which .'
results in a high displacement. Fﬁl’cher, foams are effective to a sixty or seventy
percent compression, and beyond that point, foams become incompressible so that the
impact epergy is not fully absorbed. The remaining impact energy is absorbed

. through deformation of a backup beam and/or vehicle structure. Foams are also

temperature sensitive so that displacement and impact absorption behavior can change
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t hrough deformati on of a backup beam and/or vehicle structure. Foans are

al so tenperature sensitive so that displacenent and inpact absorption
behavi or can change -1 WD 03/022639 10 APR 2006 PCT/ US01/ 28582
substantially with tenperature. Typically, as tenperaturf %ﬁ Z@ red, foam
becomes nore rigid, resulting in higher |oads. Cbnversqa? % enperature
ri ses, foams WQ@%W@”9nDre conpliant resulting in hi gher PV nent s and
possi bl e vehi cl e damage. [0005] Sonme known bunper systens include crash
cans. The crash cans are separately fabricated and attached directly to
the beamin alignnent with the vehicle rails. The crash cans absorb energy
duri ng i npactbstagtially withriengfefatise. Tymjsaldyt as tamgeratfira ds bwvered; ©aprbesomss i ng danmage to

the beam SeRAL ALighYsuliBP I Hdhbd 108s. AhvabdiR GiHeAhideiEriseS FRREL&BAS tO the beam
however, increases_bunper assenbly costs and conplexity. BRI EF SUMVARY OF

THE | NVENTI CROr$ erombpnt Fequltipsan bighss difplacgmepiygnd possible sbipladaiiage: an aut onot i ve
vehicle is provided. The bunper assenbly conprises a beam and an injection
nol ded energy absor §@l05k eSmmeddovirobuniper dystems indihde cemslecagy Tesosiber conpri ses

at | east on r enbly 4 Js ] ia for
covering.thgmgégﬁggﬁgayﬁgggﬁgggi aegg%%gégs%ﬂ%gg?g+%§§?bt%g@gaspect, an
ener gy absorvekiglefails. Fhesuash eqns ghserh giyirgy during e cipdn offiskimpprbragd absor ber

conpri ses a e pRRchigs RRMe ®XhE 86kl 9sdphRflyt #¥icatink AP attadiig: Oy conpri ses
a first transverse wal second transverse ced, fromthe first

| NS ]
wal |, and atFREEF OSRRPEP-LOHh HOBRT Wt 5P Yr”%sf“g $OLEGhd wal | s. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0008] Figure 1 is a cross-sectional view of a
known ener gyBRIBE SUWMARYE QBAHEINVENTPORL | npact condition; [0009] Figure 2 is
a cross-sectional view of a known energy absorber
[0006] In one aspect, a bumper assembly for an automotive vehicle is

provided. The bumper assembly comprises a beam and an injection molded energy
absorber secured to the beam. The energy absorber comprises at least one crash can.
The assembly further comprises a fascia for covering the beam and the energy

absorber.

[0007) In another aspect, an energy absorber for a bumper assembly
is provided. The energy absorber comprises a frame and a body extending from the
frame. The body comprises a first transverse wall, a second transverse wall spaced

from the first wall, and at least one crash can between the first and second walls.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a cross-sectional view of a known energy absorber

shown in a pre-impact condition;

[0009] Figure 2 is a cross-sectional view of a known energy absorber

shown in a post-impact condition;

[0010] Figure 3 is an exploded perspective view of one embodiment

of a bumper assembly including a beam and injection molded energy absorber;




shown in a post-inpact condition; [0010] Figure 3 is an expl oded
perspective view of one enbodi nent of a bunper asseinbly including a beam
and injection nolded energy absorber; -2 W 031022639 10 APR 2006

PCT/ USOL/ 28582 [0011] Figure 4 is a perspective view of g @hhgn of the
bunper assenbly shown in Figure 3; [0012] Figure 5 is a cross-sectional
view of the bWAI¥P?3Esenbly shown in Figure 3; [0013] ¥YGPE3E2i s a
perspective view of an energy absorber with nmagnified partial perspective
views of alternative w ndow arrangenents; [0014] Figure 7 is a perspective
view of a portion of a bunper assenbly including a snap fit crash can; and
[0015] Figure 8 is al®Hbsdtigettiipaaprspeciéng @i ethe restiorpel thadweaebl y  shown in
Figure 7. DEIAbERIREICRLRIBON OF TIE I NVENTION [0016] A bunper systemthat
i ncludes an energy absorber of the non- foamtype wth crash cans is

descri bed belowin d b .. The-.crash cans are sometines desgribed herein
as being integral w ﬁ]ﬁ%]hel?1%%%§g1§/aé: (’ésdsrenhleorm.’;i'l et €F k\um%etrélsﬁ?mzﬁyneans t hat
the crash cahewmin€ighws3hed as a conponent of, and not separately from the
energy absorber, which results in a one-piece unitary structure for the

ener gy absorber. Wi [@13]t hBgieé 858 2 GRRpIRveSRRAbRLE erlefod biohRr ®Rr gy absor ber,
as described bel.ow i i uni tary energy absorber

i.n nore detail a ane piece,
i ncl udi ng t H&aggllﬁg(g}/?’?nbaé%egpFcélv%‘gie‘f’seﬁélae"fagvef‘ﬁ‘gﬁi M RS Y hnuf act uri ng as wel |
as assenbly of the ener absorber to a bunper rail. [0017] Conbining a non
f oam type energy abs&?oég])r/ Kigwr 7cis asherspestise views|a Borfion of HOWPSF system t hat
achi eves f asdsseln®gGhch@ing B chap it éredheft aner gy absor pti on

[0015] Tigure 8 is a cross-sectional view of the bumper assembly

shown in Figure 7.
DETAILED DESCRIPTION OF THE INVENTION

[0016] A bumper system that includes an energy absorber of the non-
foam type with crash cans is described below in detail. The crash cans are sometimes
described herein as being integral with the energy absorber. The term integral means
that the crash cans are formed as a component of, and not separately from, the energy
absorber, which results in a one-piece unitary structure for the energy absorber. While
the crash can be separate from the energy absorber, as described below in more detail,
a one piece, unitary energy absorber including the crash cans is believed to facilitate

manufacturing as well as assembly of the energy absorber to a buraper rail.

[0017] Combining a non foam type energy absorber with crash cans
results in a bumper system that achieves fast loading and efficient energy absorption
upon impact. Specifically, impact forces during low speed and high speed 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 low
speed impact is over, the energy absorber refurns substantially to its original shape and
retains sufficient integrity to withstand subsequent impacts.
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upon inpact. Specifically, inpact forces during | ow speed and hi gh speed

i npacts are nmaintained just below a predeterm ned | evel by deformng the
energy absorber and beamuntil the kinetic energy of the inpact event has
been absorbed. When the | ow speed inpact is over, the qrﬂe{ﬁ,gﬁ @bsor ber
returns substantially to its original shape and retains's fp ient .
integrity to WORER&Rd subsequent inpacts. -3 WO 03/ 022BSUSAPR 2006
PCT/ US01/ 28582 [ 0018] Further, conbining the efficient energy absorbing
properties of a thernoplastic energy absorber with the integrated crash
cans is believed to provide inproved inpact absorbing performance over
traditional nmetal bedf¥ 8 Furtherf camhimethe pifialog endygyr sorffing adpkirisson, t he

t her nopl ast i S (Y kNt : <ol elieved to
pr ovi do. mor e ey P pleple=iaf abebel Wil BDIntlla ol g 303l O
t her mopl ast | RoEfeipovehimey epsorhingperfgananest overisdivigenl metsk beamawdth [ 0019] The
ener gy absor Rgh efdr§QbReTREse HORdBL, el tRRhopRRES Mo PbBRhd Wit hteghhR@N 1 Mpact with
a lower leg. Specifically, inpact forces and ippactor geonetr during

i mpacts (e.g™® SK?T]%%FV%&?)B‘Q’?@? LGP enﬁ’éqpﬁ?t&gﬁ??@ °’6\F‘f"ﬂi’t??1 B¥88et er mi ned

| evel s by dewil siharoplistic ereeyy ghsorbbs @abdnot ifcladeesi dand. | er nmanner. Once the
inpact is over, the absorber returns substantially to its original shape

and retains sufficienboro] NtREheLY athsQodMalsh 8RR cBlRZQAUENIbsdrpRACt . Such an
arrangenent provides | ower | edestrian inpact protection. [0020]

€9
Further, the"RORSTBAF Wi 8 DT 1€a PPERtqsty iappstiforgss sndsipRpqlor SRy as conpar ed
t 0 convent i ofring figdats (y.8] @0rEm/Hrhigpadid) @REDbé MRinthesd Githin prédaemediear e have

enhanced 1 egQom) - b XYL 6 UURELS, M| - AENENLNG. PEdeSt L an, fmpact
requi rements. S0, SINCE ener gy absor bl ng system can: be unitary and
integral |y notetdte abserear rrefping sutisenttp itn de piigigp! skepé apd rehis enicigy absor bi ng
system can bgrsagid WitlsBaY Shhsluent F 8% S5uch AR ThSLENGY prd¥iaq 1dwx REhi eved over
vari ed tenperatures, 1 n conparison-to f oam '

pedestrian impact protection.

[0020] Further, the energy absorber can be packaged in a small space

as compared to conventional foam systems. The automotive designers therefore have

enhanced freedom to style bumpers while achieving pedestrian impact requirements.

Also, since the energy dbsorbing system can be unitary and integrally molded

thermoplastic engineering resin, the energy absorbing system can be easily recycled.

Greater consistency also is achieved over varied temperatures, in comparison to foam

systems. In addition, the energy absorber provides a smooth, predictable loading

response regarding of the impact direction.

[0021] Although the bumper system is described below with
reference to specific materials (e.g., Xenoy® material (commercially available from
General Electric Compaﬁy, Pittsfield, Massachusetts) for the energy absorber), the
system is not limited to practice with such mateﬁals and other materials can be used.
In addition, the beam need not necessarily be a steel beam, and other materials and
fabrication techniques can be utilized. Generally, the energy absorber is selected from
materials that result in efﬁcient energy absorption, and the beam materials and

fabrication technique are selected to result in a stiff beam.
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systens. In addition, the energy absorber provides a snooth, predictable

| oadi ng response regardl ng of the inpact direction. [0021] Although the
bunper systemis described below with reference to specific materials
(e.g., Xenoy(r) material (commercially available from Gehaprjyf ectric
Company, Pittsfield, Massachusetts) for the energy absorber the system
is not |imteWOPHZB%hctice with such materials and ot hePCHRSPWB®AI s can be
used. In addition, the beam need not necessarily be a steel beam and
other materials and fabrication techni gues can be utilized. Cenerally, the
energy absorber is selected from materials that result in efficient energy
absorption, and the HeR2) rsfernghev srcificadlalbr the dbwings, Fippknilqud2ar e sel ect ed

o resul t i nefsklakdiolP i 3 é%agyags% R 3KA%2 ARG IBL 28562

[ 0022] Referring now specifica raw n and 2 are
cross- sect i gREforgredirgn I@W\&ha‘é proy inplydeyupesr anmQovees flergeil4and Hssoci at i on

with a rei n%%eaivag, mﬁmﬁzmﬁn&foﬁ%v@ﬂ&?%&a{mJe@béaapwd% shtRReh and | over
fl anges 14 upon jnstallatjaon overlap a portion

ctive
of beam 12. 20%5‘“ ﬁ‘i%ﬁnﬁijpegluﬁmeéﬁgm%@rm Fesobwg gud dissiprtiek e as opposed

to absor bi ngmmﬂeﬁr@ﬁmﬂ&ﬁgfﬁgli&mmmmpact energy resulting froma collision.
[0023] Figure 3 is an expl oded perspective view of one enbodi nent of a

bunper system 20. Sygpgs) %@@@Mﬂ%@&ag&@;{e&w@albvs%b&ren%ama@& a beam 24.
Ener gy absorber, 22 is positioned between beam 24 and a_fascia 26 which,

when  assentt éob“mﬁ’i)‘rs?ﬁt"én Fereter W psiudes ameneigy ahsprigery2 ahadrat #bd by t hose
skill ed in tkhergyaibiorbebeain piitibsedtetvase ®chnt 94 b@rbgfam sewaxhemdhng frane

rails (not s 024 i a 26 Ls astic materi al
which is arfgér)la % %)Qn%l m"gﬁ’."%‘ﬁ tAﬁ ﬁlh‘z"fl‘%ge%“ ?’f?/t%c’ﬁﬁ’ly tﬁﬁf n&%ﬁq’g}h@ pai nting
and/ or coat|ngeatné’émﬁeﬂhe@0leﬂatbmsae@@deaﬁahmp@(mwwaher gy absorber 22 and
beam 24 such that neither conponent is visible once attached to the

vehi cl e. © [0024] TFascia 26 is formed from a thermoplastic material which is
amenable to finishing utilizing conventional vehicle painting and/or coating
techniques. Fascia 26 envelops both energy absorber 22 and beam 24 such that

neither component is visible once attached to the vehicle.

[0025] Beam 24, in the example embodiment, is steel and has a
rectangular cross sectional shape. Beam 24 is hollow, i.e., a channel 28 extends
through beam 24, and includes openings 30 for securing beam 24 to the frame rails of
the vehicle, as described below in more detail. Rather than steel, beam 24 could, for
example, be fabricated from a glass mat thermoplastic (GMT) or another plastic that
provides a strength and stiffness required for a particular bumper application.

[0026] Energy absorber 22 includes a frame 50 having first and
second longitudinally extending flanges 52 and 54, respectively, which overlap beam
24. Absorber 22 further includes a body 56 that extends outward from frame 50, and
body 56 includes a first transverse wall 58 and a second transverse wall 60 having a
plurality of tunable crush boxes 62 extending therebetween. Transverse walls 58, 60
are rippled including alternating raised areas 64 and depressed areas 66 which provide
transverse walls 58, 60 with added stiffness to resist deflection upon impact. The
width and depth dimensions of the ripples can be modified to achieve different
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[ 0025] Beam 24, in the exanple enbodinment, is steel and has a rectangul ar
cross sectional shape. Beam 24 is hollow, i.e., a channel 28 extends

t hrough beam 24, and incl udes openings 30 for securing beam 24 to the frane
rails of the vehicle, as described below in nore detaillg ffathgr than
steel, beam 24 could, for exanple, be fabricated froma gl ass mat

t her mopl ast i cWOR/MPPS3Hr anot her plastic that provi des aPSHP8HEIR and
stiffness required for a particul ar bunper application. [0026] Energy-
absorber 22 includes a frame 50 having first and second |ongitudinally
extending flanges 52 and 54, respectively, which overlap beam 24. Absorber
22 further ismmiemaaerna&yas%uedaacmbmdsz owldvesidd vaklo 68,fap @nter 50, and  body
56 incl udes 2{) transy tex 52 second transverse wall 60

havi ng a pl“ﬁ‘}1 s °1°5flarteuna e Cr ush boxes 2 extendi ng t her ebet ween.
Transverse walls 58, 60 are rip ed i ncl udi ng)scalt ngti ng rgi sed areas 64
and depressed areas 6827k #dienip @ush bexes fd @ cieel Wat° wi t h added
stiffness t%sraﬁ‘cﬁb@ﬁndd@é‘ﬁ@ﬁ&de@fb KRR (exiallPagith thd Pdiclewdit raaincng®pt h di mensi ons
of the ripples can _be no achi eve dlffer n 2006 WO

03/ 022639 P S PR RS SO Pl PR 76 gt 2200 10 e
62 i ncl ude gisdet sadnldso fife S&N outer wall 70, and open areas 72 that extend
to inner frame 50. [0027] In addition to crush boxes 62, crash cans 74 are

' bEth\Nelen val : s 58 aRCﬂo& %%nafgeopi@&bl Wﬂﬁ@ﬂsiﬁbrs?édl@'hc(vﬁdﬂa@bﬂuyﬁ Wltﬂ t he "
vehicle rails. Crash ¢ i nc in, t 0 oneyco
shaped struc @P’@Eerfﬁseﬁ‘ﬁg %gpg?fhaff“égg Is” gligned, a@t en E]??rgaaqrrlgqg [ 0028]
Referring tq:oﬁmgiedeet&eenwhslc%xtssﬁm(}pshbqa@s:m mhameemlom ofe poberiofn  of bunper
assenbly 20, .cr a§he§n%me%‘&g§gz)§(du? dgg&g%u%gst%;ﬁlrgqug&e% & wehingdie, and is

posi ti oned b crus oxes 62 can ve any one of a
nunber of  disempleenish hexent hevean QreyB Harerdmension &shapryagt ?‘ﬂ‘@r?e‘?"ﬁé requi renments

for the vehi &ltgp portion 82 adjacent first transverse wall 58 and a bottom wing portion 84

adjacent second transverse wall 60.

[0029] Crash cans 74 also can have any one of a number of different
geometries depending on the impact energy requirements for the vehicle. Example
crash cans 74 have an overall square dimensional shape with honeycomb shaped
structure 76 therein. Crash cans 74 facilitate absorbing energy during an offset
impact, i.e., when the impact involves only a portion of bumper assembly 20. Crash
cans 74 also provide a stiffness tunability in order to meet the desired impact load
deflection criteria. That is, modifications can be made to crash cans 74 for any given
application in an effort to meet the targeted criteria. For example, the spacing
between the walls and the size of honeycomb structure 76 can be selected depending
on the particular application.

[0030] The tunability of crash cans 74 can also be tailored for
specific applications by varying the wall thickness. For example, the nominal
thickness of the walls may broadly range from about 1.75 mm to about 3.0 mm. More
specifically, for certain low impact applications the nominal wall thickness may
generally range from about 1.75 mm to about 2.0 mm and for other applications the

walls would more likely be in the range of about 2.5 mm to 3.0 mm.
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Exanpl e crush boxes 62 have an overall three-dinmensional |-shape including
awng or top portion 82 adjacent first transverse wall 58 and a bottom

Wi ng portion 84 adjacent second transverse wall 60. [0029] Crash cans 74
al so can have any one of a nunber of different geonetripg ﬂgﬁ@pding on the
i npact energy requirenents for the vehicle. Exanple cras 74 have an
overal | squar ¥O8PPR#8i onal shape with honeyconb shaped PSFYW¥BHRe 76
therein. Crash cans 74 facilitate absorbing energy during an offset

i npact, i.e., when the inpact involves only a portion of bunper assenbly
20. Crash <cans 74 also provide a stiffness tunability in order to neet the
desired inpact |oad [0@8] eCinstohoxss iRerfi snerghhatisorbes, 22neieliidecaeigdns can be

made to cras 4. for j B0 RohA adish Boted 68 Brokié ®rtant 0 NMeet the
targeted criatrgseor?i‘j‘eg.52Iilg{rrnIgeég?al@l ?éte,g‘}e%ﬁﬁreknspaggﬁg’ bet \7\/e,een ?ﬁe wal | s and the size

of honeycontexis erygt meds iy Goth Aprrigrend ppndulmdmaeticisemding to SR YIWE ¢ i cul ar
appl i cati on.yvdnQ@38]fety tRantiat FNIVES)Yandf CREBSNMERN Velide SaiySiddartte t ai | or ed

for specific applicatjons varying th |1 .thickness. Fppr _exanple, the
nomi nal thi@?’ﬁgﬁ% 6:1‘“5{‘%8"“6\2??@" H’éi’/‘g%m’é%‘?%%’éaﬁéfg' ‘Pr%% tzﬁ’bnéeﬁf{hi. 75 nmto
about 3.0 nMaesiMari@pacs pad iéfiectimh lopterif. OFhat By madifivatiomwvcinpacde topmishcat i ons t he

1 nal |1, thi ; : | | t bout 2.0
mmand for olN! S n B, e, % BRSO BAH) e BB, D0 g

of about 2. Sexemple.ccrBsh(honen 62-igelude a/mwRalitp 06 Windr w336 2Wedagw aydg1/ 28582
[0031] Cr usr‘coﬁﬁ%ﬁ&i B2 n¥e GRESIMarFDEHBERRT shipes tihg 28 8O QuGHlarabsor ber 22

during an inpact event. In this regard, crush boxes 62 provide for an

axi al crush #BHSUPh both barrier and pendul uminpacts according to Federal
Motor Vehicle Safety Standard (FMSS) and Canadi an Motor Vehicle Safety
Standard (CWSS). Crig632] b@hetmsilitylof erugr beres 62 fans alp o Eadlered &fabi ity in

order to rTeegpeéi_ﬁ(,eapp]ica’cions by varying the side and rear wall thickness. For example, for the
nominal wall thickness of the side and the outer wall may broadly range from about
1.75 mm to about 3.0 mm. More specifically, for certain low impact applications the
nominal wall thickness may generally range from about 1.75 mm to about 2.0 mm and
for other applications, particularly those for a 5 mph FMVSS or CMVSS system, the
nominal wall thickness for the side and rear walls would more likely be in the range of

about 2.5 mm to 3.0 mm.

[0033] Another aspect in appropriately tuning energy absorber 22 is
the selection of the thermoplastic resin to be employed. The resin employed may be a
low modulus, medium modulus or high modulus material as needed. By carefully
considering each of these variables, energy absorbers meeting the desired energy

impact objectives can be manufactured.

[0034] More specifically, the characteristics of the material utilized
to form energy absorber 22 include high 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, as referenced above. Of course, other engineered thermoplastic
resins can be used. Typical engineering thermoplastic resins include, but are not
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desired inpact |oad deflection criteria. That is, nodifications can be nade
to crush boxes 62 for any given application in an effort to neet the
targeted criteria. For exanple, crush boxes 62 include a plurality of

wi ndows 86. W ndows 86 can be configured to have one of 1 MPR/Zﬂﬂﬁfferent
shapes dependi ng on the particular application. [0032] The tunability of
crush boxes 6Y°0¥H* so be tailored for specific applitQH{818%By varying
the side and rear wall thickness. For exanple, for the nominal wall

thi ckness of the side and the outer wall may broadly range from about 1.75
nun to about 3.0 nm More specifically, for certain |low inpact applications
the nomi nal limite|to;taiyloritde butadigpe-ghamer GHES), mb’ngbm&tﬁ,mwiymate/ABS’S mm t o about

2.0 nmand #iga Hthel @m&te ést@P% o nph FMWSS or
CWSS system the (Qﬁg(r:n nal \gva ‘f’r}é&ﬁ%&%} fldor t%ﬂ § ar}%dm?%ef?lr wal | s woul d

nore |ikely @YIFIP? I’c"WB“’Pﬂﬁiﬁedl@Fme 5‘8’3@?‘1 e d D, @ewlwmethpmaaﬂ Anot her
aspect in aplﬂérﬁplbf@b@ﬂ)bén)ﬂéﬁﬂleﬂ@r/@uﬁm QORYLOETXB %o Gerdehh® ERBIi€Ct i on of the

rpdul o, - ned R S SRRLRUERETPHE. dobie s e Rty car of ul 1y
consi deri ng Ja@cbﬁﬂr(ﬁCENﬁ‘é@eresmﬁomlﬁewal mew&mg;on@ht@wpbsmdemmenyh@et he desired
energy | MPaglnddREGA! hofnf Al PR HACULE Jord 02 Mg, aRgC 1 cal 1y

the characteristics o material”’ gy “absor ber 22
i ncl ude hi ghdeasiygpbiddong (hdpe). |P919’£’f°RYF?éP @)Wt@mla@wmﬁgwp@ener gy absorption

capacity, a good nodul us-to-elongation ratio and recyclability. Wile the
ener gy absorber may t{QOSﬁDIHgtdeiih;a%@mﬁ@alﬁéwoﬁbsﬁhipafassamBlgzcan be of

uni tary Conskliig Qi BRAZ: LA fggrg%hggﬂs S e Sl

material for t sorber Is reference ot her

engi neer ed tHAEMHIHINES 19%cvelded & TH%SQ; anwelbasfyeesh omsppige 3 in beagi Herod i ng
t her nopl ast i &erkifssiif SnckdyGbisetRr 220 WundkLashiibly 20/ indBaid iRe AN\ Q9 3/ 022639

PCT/ US01/ 285’% therefore is’ easily and readily secured to rails 80 without requiring separate
alignment and attachment of crash cans 74.

[0036] Figure 6 is a perspective view of a portion of energy absorber
22 illustrating magnified partial perspective views of altemative window
arrangements. As illustrated in Figure 6, integrally molded connecting members 110
extend vertically between the first and second {ransverse walls 58 and 60,
respectively. Connecting members 110 may be in the form of vertically extending
posts or may have a cross shaped structure including both a vertically extended posts
and horizontally extending posts. Regardless of the configuration of connecting
members 110, connecting member 110 may have a minimum average width to height
ratio of 1:5 along the inuner wall of the vertically extending post, the height being
measured as the distance between the first and second traverse walls 58 and 60,
respectively. If connecting mermber 110 includes windows 86 the width to height ratio
is 1:3.

[0037] As shown in Figure 6 and with respect to the tunability of
crush boxes 62, windows 86 can be, but are not limited to, squares and rectangles of
different dimensions as shown at 120, 122, 124, 126 and tear drop shapes as shown at
128 in order to achieve the desired stiffness of the crush box. To form the windows, a
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limted to, acrylonitrile-butadi ene-styrene (ABS), pol ycarbonate,

pol ycar bonat e/ ABS bl end, a copol ycarbonat e- pol yester,
acrylic-styrene-acrylonitrile (ASA), acrylonitrile- (ethylene-polypropyl ene
di ami ne nodified)-styrene (AES), phenylene ether resins,1] MRengs of

pol yphenyl ene et her/ pol yam de (NORYL GIX(r) from General Electric

Conpany), bl er)s“:”B?z“jgol ycar bonat e/ PET/ PBT, pol ybut yl ene’tEV¥HEHHal at e and

i mpact nodifier (XENOY(r) resin from General Electric Conpany),

pol yam des, phenylene sulfide resins, polyvinyl chloride PVC, high inpact
pol ystyrene (1BPS), low high density polyethylene (1/hdpe), polypropylene
(pp) and t haypiapheld il inoludd dppexifreiely)e. 5° PPBBEYR kg e e t6 obtan @ittty ss- sect i onal
vi ew of the bug%&r ‘n%%&?ﬂmﬁ/ 20 secured to rail 80. As shown in Figure 5,
bolts 100 exXtena th ough openings in a' nounting plate 102 welded to rail

80, as well as through openings, 30.in beam.24 and _openi 4N energy
absorber 22. Bunper 3a¥8 GX%&D“}O?%Y%‘??%&“P%P%%%%’I‘S @&aaélhqg%cghg 74,

t her ef or e i Shol@dShdryiopditic el iabsgrbaaoupl@ictotastiff bidnsis Seliewsd: thptevide equi ri ng
separate alignnment and attachaent o - {0038kesRbgure 6 is a
per spective @gﬁ%oefnergy g%sf’ ?l%nne o?leng%e?nhéﬁ%gggﬁ%géﬂtz%mi |Tustrating magnified
partial per spancdd ostsof wpsr if loal peadrifeniiey denderstiond reduesdayshielpdsmage As
illustrated jn, Hi; 64 cdF BE Rk, sl SRR i6 AR REGAN NG BERRarst 110  ext end
vertically bdelﬁaﬁ{iél%ﬁ%ﬁpee?ic,rst and secsond transverse tI ‘S S&easmd 60,
respect i vel yereags pensistery 9T impats arlomanes aPegeiqvRd QYR RS S Ve ti cal 1 y
extending posts or may have a cross shaped structure including both a
vertical l'y extended {0839% Rathe thaoiritezeatingibe yregixeaahitthge peacrlasiRegar di ess of

the conf i Our gLlo0 B Bfuef AINERIded MRS LA A00MaEH Rfuiembar 110 may
have a m ni num-average wdth to h

| eight ratio of 1:§@Io§?theinner wal |
of the vert i tapieeyakotgtrnd gitispdeched Ree-fditgher B Hgodeds iy T 8s t he
di stance bet yWa&@hertdd Qvithi thé bunipdfirail.e Gepachtd fabriaticeofinad bsres 8bsaher 80,
respectively. |f connecting.nmepber i nclu i RB4k AR width to
hei ght rati ocmlk‘sca’f HOVEG 3 vaﬂ{ég% J&%%encr%hgcggic%n%g%th ?espect to the
tunabi | ity ofsbricated sising matsialé ZiffewhtnitomshegBaterthussd to Bricaler8° ASEEYl i nited to,
squares and gb%grﬁé’?}n Qif%gurgéc, various aftachment techniques other than a press fit or snap fit

" (e.g., bolts) can be used to secure the crash cans to the energy absorber or rail.

[0040] For example, and referring to Figures 7 and 8 which are a
perspective view of a portion of a bumper assembly 150 including a snap fit crash can
152 and a cross-sectional view of bumper assembly 150, respectively, components in
Figures 7 and 8 identical to components in Figure 4 are identified in Figures 7 and 8
using the same reference numerals in Figure 4. As shown in Figures 7 and 8, a
honeycomb structure 154 (i.e., crash can 154) includes a flange 156 and a snap 158
spaced from flange 156. Energy absorber 22 also includes a wall 160 having an
opening 162 therethrough, and opening 162 is sized so that structure 152 can be
partially inserted therethrough. Crash can 152 is inserted through opening 162 until
flange 156 abuts wall 160. Snap 158 snaps over wall 160 so that wall 160 is trapped
between snap 158 and flange 156.

[0041] Of course, other attachment techniques can be used fo attach

crash cans to an energy absorber. For example, the crash cans can be press fit or
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di fferent di nensions as shown at 120, 122, 124, 126 and tear drop shapes as
shown at 128 in order to achieve the desired stiffness of the crush box.

To formthe windows, a -8 10 APR 2006 WD 03/ 022639 PCT/ USQ1/ 28582 typica
nmold will include approximately a 5 open draft angle so 8 APR 1Bt ai n

sui tabl e nanufacturlng conditions. [0038] As expl ained above |ntegrat|ng
crash cans wi 'R ﬂW‘i%jectlon nol ded t hernopl astic enerﬂf}r % “her coupl ed
to a stiff beamis believed to provide enhanced energy absorption
efficiency. Enhanced inpact perfornance translates to reduced costs of
repair for |ow speed "fender benders" and reduced vehicle damage during

hi gher speedviergion weldghis themperemibsorbesi FigusestToad illystratajushencickampleof i t i s

bel i eved t haiow sefaf:ddlPlabieils isdh@AGYarbe sboiRa & anRedfohsRee My be achi eved
over varied tenperatures. [0039] Rather than |ntegrat|ng the crash cans

wi th the thernoplasti Lo J & nt enp hat the crash
cans can be forned ségﬁﬁgpﬁk%%%ﬁg%? éggﬁQF8§ a s P%%r an %glé%er attached
to, e.g., prewhbexes willkihe Prergy ahwortgeptovides at ¢fcien dasylpadicgradedoeslledr with t he

bunper ' r ai | . jmpePakAt %f‘sﬁga'e%kh&qs&ﬁe\w%rsgaﬁfngfxcmﬁg&éa‘aém Aflcie Cr ash cans
provi des an advant ngﬁgvgnat the crash cans can n nore readily be

fabri cat ed Arapingthe lopdsfirapsisriet o thrateliele srucy®ed to fabricate .

t he energy absorber O course, various attachnent techni ques other than a
press fit or snap fi {004¢k. While bl@limvsx)tiou&as ben dssedbetl Gn Beouefevatidve crash cans
Lo the ener GheaRSARORRaRL todl diitich A0k R lrock ML o BREhibELARE | NO 1O
Figures 7 an which are a perspective view of a portion of a bunper
assenbl y 150PeHieer o mpdiicxien yithinthepigind eogpe of 5 xlalip®l a cross-sectional vi ew
of bunper assenbly 150, respectively, components in Figurés 7 and 8
identical to conmponents in Figure 4 are identified in Figures 7 and 8

using the sanme reference nunerals in Figure 4. As shown in Figures 7 and 8,
a honeyconb structure 154 (i.e., crash can 154) includes a flange 156 and
a snap 158
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spaced from flange 156. Energy absorber 22 also includes a wall 160 havi ng
an opening 162 therethrough, and opening 162 is sized so that structure
152 can be partially inserted therethrough. Crash can 152 is inserted

t hrough opening 162 until flange 156 abuts wall 160. Snap 158 snaps over
wal | 160 so that wall 160 is trapped between snap 158 and fl ange 156.
[0041] O course, other attachnent techniques can be used to attach crash
cans to an energy absorber. For exanple, the crash cans h&AP%HMEress fit or
-9 10 APR 2006 WO 03/022639 PCT/ US01/ 28582 vi bration wel ded to the energy

absor berwHATOIS EBATMEMASS il lustrate just one exanple of how separately
fabricated crash cans can be secured to an energy absorber. [0042] The

conbi nati on of the tunabl e crash cans and the tunable crash boxes with the

ener gy ﬁbsorQESH ggﬁﬂggmsgﬁ%ﬁéﬁnt, fast |oading and controlled inpact
1y gor : : i . .

event. This hi BrraeTe etieved to result in facilitating reducing
vehicl e bunpeseapf f sets wi thout increasing the |oads transferred to the
vehicl e structure. [0043] Wile the _ invention has been descri b%d in terms
of various d$PdBicEtien i SREREy Abserhes secykad o sgid heapmy gaig onesgy| 30seBeHgni ze
that the, ¥§€%lon can be practiced with nodification within the spirit
and scope e clains. t 10 APR 2006 WHAT IS CLAIMED IS: 1. A bunper
assenbly conpri si rayleasteoriecansh can, é:aahesaidi amshmahcbempeisiaggmesiﬁsmrshactusaecur ed

to said beam said energy absorber. S st one crash can,
each said cré?ﬁ“@%ﬁf ﬁﬁxﬁn¢€8| HE%R ggﬁ%@%Wer bsitioned in an
openi ng extendi ng atiim’n%l‘,@ﬁaﬁl@lfgr SRELHYNtI0 390 BEAm; and
a body extending from said frame, said body comprising a first transverse
wall and a second transverse wall spaced from said first wall; and

a fascia for covering at least a portion of said beam and said energy absorber.

2. A bumper assembly according to claim 1 wherein said beam is at least one of

steel and a thermoplastic.

3. A bumper assembly according to claim 1 further wherein said energy absorber
comprises a unitary elongated thermoplastic member adapted for attachment to a vehicle,

said crash can being integral with said energy absorber.

4. A bumper assembly according to claim 1 wherein said crash can is attached to

said energy absorber.
5. A bumper assembly according to claim 1 wherein said energy absorber comprises

a first crash can between said first and second transverse walls and aligns with a first

vehicle rail.
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a flanged franme for attachnent to said beam and a body extending from said
frame, said body conprising a first transverse wall and a second
transverse wall spaced fromsaid first wall; and a fascia for covering at

| east a portion of said beam and said energy absorber. 2. A bunper assenbly
according to claim1 wherein said beamis at | east one of steel and a

t hernopl astic. 3. A bunper assenbly according to claim1l f rp@ﬁﬁ wher ei n
sai d energy absorber conprises a unitary el ongated therno ﬁa % menber
adapted for attachnent to a vehicle, said crash can being integral with
sai d engy gy aDsempar assé}nbl’_e\a@éﬁf@ﬁ@_t@@ﬁﬁﬁ@'Whe?&ﬁ@éi@'eﬂ@rgg%b%r%ﬂﬂoﬁlpﬂﬁ@i ern
said crash can is attached to said energy absorber. 5. A bunper assenbly
accor di rigsacond cesh can\iieswedmsaid ififsteansk sppoad sionsisrsecwalls prdsliges Withst crash
can betmeendsa&dlfiﬁst and second transverse walls and aligns with a first
vehi cl e TN VI APR 2006 6. A bunper assenbly according to claimb5
wherein said energy absorber conprises a second crash can between said
first and second transverse walls and aligns with a second vehicle rail.
7. A bunper dtbenperrscerding tgidaim Whewsimsasd iest pnd secopd fraswesadvalls arisver se
wal | s aQﬁ)lgippled. 8. A bunper assenbly according to claim1l wherein said
energy a gbdber conprises at |east one crush box between said first and
second transverse walls. 9. A bunper assenbly according to claim8 wherein
a plurality of crush boxes are  spaced apart along the body and have open
areas di%pos et bumBereassslE gecording A0 Blai d rwhesei Apidyengiey ROERTRES 905UEE m 8

wher ef n 5 fl,d G UBRNBRK bRAS e Ra RN seddiiSEndiRNSIANal |- shape and
wherein said crush box conprises at [east one w ndow. 11. A bunper assenbly
according to claim1l wherein said crash can conprises a

9. A bumper assembly according to claim 8 wherein a plurality of crush boxes are

spaced apart along the body and have open areas disposed therebetween.

10. A bumper assembly according to claim 8 wherein said crush box has an overall

three dimensional I-shape and wherein said crush box comprises at least one window.

11. A bumper assembly according to claim 1 wherein said crash can comprises a

honeycomb structure.

12. A bumper assembly according to claim 1 wherein said energy absorber is
configured to maintain impact forces below a predetermined level upon impact below a

predetermined speed with a lower leg.

13.  An energy absorber, comprising:
a frame;
a body extending from said frame, said body comprising a first transverse wall, a

second transverse wall spaced from said first wall; and

12



honeyconb structure. 12. A bunper assenbly according to claim1l wherein
sai d energy absorber is configured to maintain inpact forces bel ow a
predeterm ned | evel upon inpact below a predeternm ned speed with a | ower

| eg. 13. An energy absorber, conprising: a franme; a body extending from
said frame, said body conprising a first transverse wall, a second
transverse wall spaced fromsaid first wall; and 12 10 APRAPRQEEat | east
one crash can between said first and second walls, each said crash can
conprising a resilient structure positioned in an opening extendi ng through
said energy ;aRsef SRS cradift car\Bet@RER GXidARSPARESecBRE Walls NéhchQald @hgh dah Wherein
said franme, said body, and said crash can are injection nolded. 15. An
ener gy absor sempasiagradiesigieniostaichirenpoSitiohrst i an epsnthecrxaeridingathroughi saidegr al
with said f%%g%y%ggrggjd body. 16. An energy absorber according to claim
13 conprising a©fi Ciash can between said first and second transverse
wal |l s and configured to align with a first vehicle rail, and a second
crash can between said first and second transverse walls and configured to
align wfth dnsecsamrbserniectpewording to daim Whwheich sgid Fame.rsaid boady. K
transver ar e ] . 17. An ener absor ber according to claim 13
whereinC§§P§§%%%Hg§aggg§§%§§' conpri ses a?yleast one crush bog bet ween sai d
first and second transverse walls. 18. An energy absorber according to
claim 13 wherein a plurgkgty of, crush, boxes are spaced apart along said

body and>haveMbEsEenirksaroenpeqnsdiag 19 pisiBdiisesin said crash canéy gees S8Mver

accor di %Q'dtf%%)ﬁé |d9dBpddier ei n said crash can conprises a honeyconb
structurel. : %{n gnerdgg absorber according to claim 13 wherein said crash

can is attached to at
16.  An energy absorber according to claim 13 comprising a first crash can between
said first and second transverse walls and configured to align with a first vehicle rail, and
a second crash can between said first and second transverse walls and configured to align

with a second vehicle rail, and wherein said first and second transverse walls are rippled.

17. An energy absorber according to claim 13 wherein said energy absorber

comprises at least one crush box between said first and second transverse walls.

18.  An energy absorber according to claim 13 wherein a plurality of crush boxes are

spaced apart along said body and have open areas disposed therebetween.

19.  An energy absorber according to claim 13 wherein said crash can comprises a

honeycomb structure.

20.  An energy absorber according to claim 13 wherein said crash can is attached to at

least one of said frame and said body.
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| east one of said franme and said body. 13 10 APR 2006 21. An energy
absorber according to claim 13 wherein said energy absorber is configured
to maintain inpact forces below a predeterm ned | evel upon inpact bel ow a
predeterm ned speed with a |lower leg. 22. A bunper assenbly conprising an
ener gy absorber, said energy absorber conprising a unitary el ongated

t hernopl asti c nenber adapted for attachnment to a vehicle, | east one
crash can, each said crash can conprising a resilient structure positioned
in an openi ng extendi ng through said energy absorber. 23. A bunper assenbly

according to gh %hgﬂgg'zaﬁsﬁfﬁéi‘eiccmm kS icRBma1 P OBreifdatt SRELYYabsabepider
secured to said beam and a fascia for covering at |least a portion of said

beam andnfgindd émeragyaiadspapiciorcegbelow bpredetermasd féne) uper onptichelow &l ai m 22
wherein S%%g cr.ash Q%P %@ integral with said energy absorber. 25. A bunper
assenbl PEESPHNPES Wik erein said crash can is attached to said
ener gy absorber. 26. A bunper assenbly according to claim25 wherein said
crash can is attached to said energy absorber by at |east one_of a snap
fit, a press 4ibumpssdassemblyd comprisingbymsasreasabsebhey, seidoerfiray abso®pai m 22

wherein sai d. enerqy. arber i.s nf.igured to Lntaidn i f.qrces bel ow
a pr edet® nﬁgn& F%éﬁ%%ﬁ S(fjor{%a f a%’feﬁg%ﬁ’%%maﬁleﬁnrbgﬁga? %?q%gnfga agg%‘e n\}m'qf) K a | ower
| eg. 14 vehicle, and at least one crash can, each said crash can comprising a resilient structure

positioned in an opening extending through said energy absorber.

23. A bumper assembly according to claim 22 further comprising a beam, said energy
absorber secured to said beam, and a fascia for covering at least a portion of said beam

and said energy absorber.

24. A bumper assembly according to claim 22 wherein said crash can is integral with

said energy absorber.

25. A bumper assembly according to claim 22 wherein said crash can is attached to

said energy absorber.

26. A bumper assembly according to claim 25 wherein said crash can is attached to

said energy absorber by at least one of a snap fit, a press fit, and a weld.
27. A bumper assembly according to claim 22 wherein said energy absorber is

configured to maintain impact forces below a predetermined level upon impact below a

predetermined speed with a lower leg.
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