WD 03/ 022639 PCT/ USO01/ 28582 ENERGY ABSORBER W TH CRASH CANS BACKGROUND OF
THE | NVENTI ON [ 0001] This invention relates generally to bunpers and, nore
parti cul awby3/oew3ener gy absorbi ng vehi cl e bunper systens. PCOOGR] 288nper s
typically extend wi dthwi se across the front and rear of a vehicle and are
mounted to rails that extend in a |lengthw se direction. Energy absorbing
bunper systens attenpt to reduce vehicle danage as a result of a collision
by managi ng i nmpact ener and intrusion while not exceeding a rail |oad
linit of the vehicl& Y HBSQRBERYWEFH §RAMR (ANAbsor ber is defined as
t he ambunt of energy absorbed over distance. A high efficiency energy
absor ber absorbs nore energy over a shorter distance than a | ow energy

absor be Adl&@FO%q}e‘PﬁEﬂW Hogved by building load quickly to just
erail load li [

under t imt and naintaining that | oad constant until the
i npact energy has been dissipated. [0003] Increasing the stiffness of an
ener gy absorber gEMMAI This iimenbes exslatére gehéially efoc \punipershendbgarrber since a

stiff ener. bsorber bhuilds | qga re uickly than a less stiff absorber.
' add PEbRRIR e ey Bbigrtide 8o BBBer AR, i (R e stirt ener gy
absorber than with a less stiff energy absorber. Increasing the stiffness

of the energy abseyiagr Burgwemgpicaltynexiesd whdthwiseaorosnthesoniahé réancr ease in
the wei ght of, the bunper syste Speci fi cal ly, nore stiff_energy
absor beP! gaRBick ¥l 18 thagekio raih it xiead dn gy 'engtﬁybsgdiuﬁeﬁwn-[ Bo#8Y Sore

Known eﬁ'c?s%ﬂ:)in%%%@ﬂ ﬂ@te%%&g§%%@ﬁ@% VaRedid d8ndee dORAINIESE DeolBlioh as
described in U S. "Patent No. , /62,352 and U.S.” Patent No. 4,941, 701. Foam

based siyutemsgity pinpadtepetgaaed sitowionoukilegotigxoeedingacdil loahiioht ofthsul ts in a
hi gh di spl.acenent. Further., foans are.effegtive to.a sSixt r_seventy
per cent V%B_%’BT es ¥ Sﬁ{,élegﬁﬂotgeai}oer?ﬁrgph o8t it ,Seﬁnbeén%s %lgcagi’“?ém_yﬁgc?ﬁ%rrggssi bl e so
t hat bt h@cz)sogBHd&ﬁ'%r eRemey. ashipiptfficitnty eadigp bbetiber EbSorbem@idéntggy sR@RCt ener gy
i s absorbe

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.

[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. Flirther, foams are effective to a sixty or seventy
percent compression, and beyond that point, foams become incompressible so that the
impact energy 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 waniohmage -1 WO 03/ 022639 PCT/ US01/ 28582 substamtisal/bssswi t h
tenperature. Typically, as tenperature is |owered, foam becones nore
rigid, resulting in higher |oads. Conversely, as tenperature rises, foans
becone nore conpliant resulting in higher displacenents and possible
vehi cl e damage. [0005] Some known bunper systens include crash cans. The
crash eshstanfipldly sefhateamerajure.adypicallys ds deraperetiae elowarede Erany beeymase beam i n

al i gnmept. _wW. . [ [ I § uring
mpact  Herg bR Gk g, e TopVaReh BFRofRRTBREN BBl T
beam Sepa¢ edmeplyant adsulti@tih highandispadeamhisnadtpgessiblevabiblecianmge.o t he beam
however, increases bunper assenbly costs and conplexity. BRI EF SUMVARY OF
THE | NVENTI ON [ 00 e aspect, a bu for aut onoti ve

. nbl
vehicle is provi 3@%055%%%&?1}?6 P%’%@%P’%}B‘% 5 ﬁ? "sra%l FEEM ' AAFRA i nj ecti on

ol ded EARIBY sepABROK IS RRAUNE ithéhell HBreB@RM thEMRa/NE hEYnAQR WikheCONMPr i SES
at | east one crash can. The assenbly further conprises a fascia for

cover i nyehible rhidsanTlmerastheans nbsogly enexpy dniheg impa@OE7g., amoffsbithpact.awdect , an
energy absarhber for. a bunper assenbly «.i.S. provi,ded. The: ene bsor ber
conpr) s SO el ind GRS BB Y sepipfiy fiutRing 8% SREHRE P oror | ses
a fir st ciaslabseeas sige aahl, horedRdandades BuSBper Seenbil lcogtpatbebmpledm.t he first
wal |, and at | east one crash can between the first and second walls. BRIEF

DESCRI P %@ Flgure 1 is a cross-sectional view of a
known e%@b%w | m-i np act condition; [0009] Figure 2 is
a cross-sectional view of a known energy absorber shown in a post-inpact
condi ti on; [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;



[0010] Figure 3 is an expl oded perspective view of one enbodi nent of a
bunper assenbly including a beam and injection nol ded energy absorber; -2
WO 03/ 0226893P2h59JS01/ 28582 [0011] Figure 4 is a perspecPCrasei/essnl a
portion of the bunper assenbly shown in Figure 3; [0012] Figure 5is a
cross-sectional view of the bunper assenbly shown in Figure 3; [0013]
Figure 6 is a perspective view of an energy absorber with magnified
partial perspective views of alternative w ndow arrangenents; [0014] Figure
7 is a perspectivé0Qildw Higug dis pinsHpertive Havwpe @ pestinef jhe hempdti ng a snap

fit crasgfy > 10 ih@9dnk sFigure 8 is a cross-sectional view of the bunper
assenbl y ey stiwt ‘bi ré7. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0016] A

bunper systemthat includes an energy absorber of the non- foamtype with
crash cans is des¢p0l12¢d Mghrovd ina dessaisbctiofiak viemash tleahsmaereassemblyi mes
descri bed herei.n as being integral with the energy absorber. The term

i nt egrals %H&lg‘ﬁﬁ’;’ the crash cans are fornmed as a conponent of, and not
separately from the energy absorber, which results in a one-piece unitary

structure for the[eyeg¥ighss bsea.pewlpbétﬁze Ve 6f ashneay NBobepdi@te from
the energy absorber, as described belowin nore detail, a one piece,

uni t ar y "&8BHIY Papiad perepedtive Visaysify alteraateveakindew srangerptts;eved to facilitate
manuf acturing as well as assenbly of the energy absorber to a bunper rail.

[0017] Conbining goman froaRetyRe aeﬂééﬁ?éti@@%?év@‘?{f w&bﬁi&f 38R G@fiser results

in a bunper systemthat achieves fast |oading and I cl ent energy

absor pt iasssmblspionluidmgacmap Spewish cambnd/, i npact forces during | ow speed and
hi gh speed inpacts are nmintained just below a predeterm ned | evel by

deforming the ener[gé(lsﬁb Sfﬁé@grg %ng 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 bumper 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 returns substantially to its original shape and

retains sufficient integrity to withstand subsequent impacts.



beamuntil the kinetic energy of the inpact event has been absorbed. Wen
the low speed inpact is over, the energy absorber returns substantially to
its origiwelo3shmpe and retains sufficient integrity to wPChdatSaneBss2
subsequent inpacts. -3 WD 03/022639 PCT/ US01/28582 [00181 Furt her,
conbining the efficient energy absorbing properties of a thernoplastic
energy absorber with the integrated crash cans is believed to provide

i mproved i npact absorbin erformance over traditional netal beans with

f oam ener gy absor B@QIS] | iqopbpning e effieierbpneisy irbsabiaggyopmsey ber with
t t
reoraed g e SIS LR S Lt

not i nclpuciede imsiovedapadt &Bﬂcﬁ])m“gnmrﬁmma@; @fes auatigional m@ta:hcbbarﬁyeﬁthef ficient
ener gy sor ct wi.th-alo ecificg i npact
forces ﬁ‘ﬂ L% lu%meﬁﬂel?nr?ﬁgg?“se?eg% %)SO‘&@ RH%HP% giipdct s) can
be nai mc?dsﬁ%é"’istméh@vﬁ ?dicgﬂo%{d@ M6 efhielRl Fngakt SSLAEN@ak RREHGRLAY absor ber
in a controller manner. ce the inpact is over, the a%sorber returns
subst anthéhaghenmphs@co?nmgynMOrbd:raﬁ@t dodotrineladmerasiuéanisci ent i nt egrity to
wi t hstand subsequent inpacts. Such an arrangenent provides |ower |eg
pedestrian i npact e 0 0 t het h r can be
packaged in a snal[(l{)mgg Cltﬂe erﬁer%/ oa%%gl%gﬂgﬁgoo&%éeﬁsgen Cgenﬁlgfg%gyaggso% t%s. The
aut onot iupen depagneitis at lbezreeﬂe:gr e Spevificallgn hapaze dorfcee @ald impactst yéotnduynper s

whi | e achi.evi n estr act qU| rements.. Al sq, since the ener gy
absor bi r’i]ﬂjng%é ﬁ?%gﬁgbe‘ioumgfynam S)i S0l g}ainyalﬂﬁ‘ﬁ Judhin oy nedtic

engi neendyags E;?&éfﬂmmh@ §h& BRI GY BRI Th AL AN SHE ThARRr. PR MnfRE¥C! ed.

G eater consistency also is achieved over varied tenperatures, In

conpar i Ser, tthe @ ersiggiragrsubstantialiylite iitsnoriging shape gydab‘eambsxfﬁpcmw des a

oo21] ARERENGR hBen b gk TaRANE sERA sotfedtolipuBohet et o

pedestnan 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 avaijlable from
General Electric Compahy, Pittsfield, Massachusetts) for the energy absorber), the
system is not limited to practice with such materials 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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reference to specific materials (e.g., Xenoy(r) material (commercially

avail able from General Electric Conpany, Pittsfield, Mssachusetts) for

t he ener gyoabmeasher), the systemis not |imted to practipca/usot/bsssuch
materials and other materials can be used. |In addition, .the beam need not
necessarily be a steel beam and other materials and fabrication

techni ques can be utilized. Cenerally, the energy absorber is selected from
materials that result in efficient energy absorption, and the beam
materials and faldP¥22at iReferriag meing seeciically do dlot dawingsy &igvires 1 and 2st i f f

he or angee popd i wigtn sietl sredRero SR AR bSO aERRb dver oy |

absor betreihfbreing bead 12N Easggabsirban (intladés uppet addbwengatieany drd 1Ener gy
absorber 10 includes upper and |ower flanges 14 and 16, respectively,
whi ch ufEREFHEA| WiEh gRonirstallegon qysHler drpastiomehibeam 12as Ashdwiwni . Fi gure

2, abso t = - Ji:ssipating the
Cpact  Gagre 20 sbaRH, ECIUS K Bule MRARDELA £ BEDALY Bk ANPHATHR ) D0
per specilipectenengy oésubing fembadoliieion. of a bunper system 20. System 20

i ncludes an energy absorber 22 and a beam 24. Energy absorber 22 is
posi ti oned betwee m. 24 and a fasgi,a,26 whi.ch, . whe ass led, forma
vehi cl e bunper. AEO@iuIPig%ggdﬁaﬂreyg’gadB?S?%ng%vﬁeﬁ‘f ?f‘é‘&? ‘?rﬁg‘f Bty ¢ peam
24 is abfadhgfber @ystan QONVE e 20 encludg 4 gy #sbihef 20tand oW 254 0024]
Fascia 26 is forned froma thernoplastic material which is anmenable to

fini shi KT fhserhey 28 da westtiopadbe cheanh A infl iy faspid/ 2 Vil i Wapn
techniq i b 4 such
hat | nar TRAGE Sl £ 3oRPl DO PLNRIRY 6 pBRREREEy kel SRS RN 506,
Beam 24 artj beanh24 eadiapiied te hdngtliwienextending framk ralsdndtahown).r ect angul ar cr oss
sectional shape. Beam 24 is hollow, i.e., a channel 28 extends through

peam 24, and i ncl {65 ORERLNGR %ef8la BESHE ' ImBSAME haldial Mhuldf 3 rail s
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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the vehicle, as described belowin nore detail. Rather than steel, beam 24
could, for exanple, be fabricated froma glass mat thernoplastic (GVI) or
anot her pwesBiozzéBhat provides a strength and stiffness r@egmiused24§582 a
particul ar bunper application. [0026] Energy absorber 22 includes a frane
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 fromfrane 50, and  body 56 |ncI udes a first

t r ansv estiffnevethars@erastids as d@ﬁtmdd Erugh SoBess62 jralndestide mpil h§%a2n BFFal ity of
tunabl e c oxes 62 di.n RELYe Transverse walls 58, 60 are
ri ppl ed™f 26 B Pt éf‘ ?]g}%é)ggﬁegr 645 64 and depressed areas 66 which
provi de transverse wall s 58 60 with added stiffness to resist deflection
upon inpact. The [ogd} haaddititepolerahrbenss 6hsrash cmtse74rarppb‘@®6@mﬂbe modi f i ed
to achieve different -5 CT/ US01/ ftne

char act &% prd P $nd $rejpesitionge t%ﬁ(ﬂ%‘h%%‘ba;i]é’ Vg% b g ﬁlﬁ §}1§1e gﬁ%@ an outer
wal I, 70, kit 86k Mb%hbﬁ@ﬁm&ﬁ@éﬁ&&d d&ﬁa?dasl n

addi ti oﬁlcﬁlﬁgcl?lﬁgﬁ %%@gg e%%o 1cr ash c?r?s 74 are between walls 58 and 60 and
are pos78 imhedehdtoafrargn5¢.axi al ly) with the vehicle rails. Crash cans 74
include, in the exanple enbodi ment, honeycomb shaped structures 76 and open
areas 78 that ex t r ane f 5{,3 dionWhich is a
perspective view ﬁ‘&g] p%’% na?lgtosj? Jﬁ?r@é&ﬁ%hsag gk/)&glvggclzr as %I’lor?l is

al i gnedopbihpeRbdseBBly0R0,acrvghéa 24 1alatigne81 wpxhsuaﬂlfﬁ)neﬂab@fmné@mndrlash boxes

62. Crush boxes 62 can have any agne diff rentb ec%metrl es
dependi nesidonedretyespa@rshdozey r@&ﬁpg’éﬁ%gg qﬂﬁ?avfﬁ@'%%?ﬁ %xanpl e crush
boxes Gagg%g FBnfRes Ia&égeﬁdhﬁg%nGlhér%ﬂ@h&r@ie 5%r ﬁaﬂﬁ@&n&rﬂ@ E@tdtnagvemm ng or top

portion rst transverse wal a bottomw ng portion 84
adj acenExslﬁpIerm‘uﬂr boses S2 davevan lovedll t{lﬂﬁziglpel@lfa@hl-é}éﬁ}i@ irjudipg @ Wa§ have any

one of %r rt]gpn%glttmn 89 IadJacen% rlest transverse wall 58 and a bottom wing portion 84

adjacent second transverse wall 60.

[0020] 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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geonetries depending on the inpact energy requirenents for the vehicle.
Exanpl e crash cans 74 have an overall square di nensional shape with
honeyconbwehiapem3s structure 76 therein. Crash cans 74 facipirtsoe2ssbsor bi ng
energy during an offset inpact, i.e., when the inpact involves only a
portion of bunper assenbly 20. Crash cans 74 al so provide a stiffness
tunability in order to neet the desired inpact load deflection criteria.

That is, nodifications can be made to crash cans, 74 for Q%/ %Qven
application in an[@¥Xldr Cruth beses Reof HGEDYe ALY Lt Stal gl e, the

R IR i MR e 5oc Bt S Shis GeBra OO BORR o pueidy @r 8 Can, be

sel ecte par I'cu Ication 0030] The tunability of
crash cagsl Zﬁsl@axlibc@ ifthoiebiraict andederddotum smpedts ecoadipg ite HedaalsMoiorvar yi ng

) s B IS o T
certain (':WSDS:}E %1 @E)%'xbsc@ﬁ a0 r&l?iﬁe '&Oslﬁfﬁ@hs wabbilityinChraes o Ryt thgeneral |y

rangef om a mnto a .0 mm and for other applications the
wal | s wdedibdnmrpact lohéldy:ﬂ«b;élonmntdm rHﬂ@es,dﬁO@EWIOHQ cen hemasledo oTufth -6 WO

03/ 022639 P S01/ 28582 0 .Cr US orfher 22
st abi | i gx"egnqéé é‘@é@lrvﬁgrapé% gﬁ% lﬂgana% r?)%gshfl eﬁ\;@%}{a@é}ﬁ? tX]f‘{[l%is)1 ar elgcgr d, crush
boxes 62xRheN @ﬁlslefoxésr‘& axdlade @rpll@’@hﬂ?Ddewiﬂdob;@t% meﬂcﬂﬁs 86|d:apmul um

i npacts according to Federal Motor, _ Vehi cI e S St and M{SS) and
Canadi asonbgwed \iehhavee omafelt jasy Hiffarat b %Peﬂ as‘hn A so

provi dea 11calt1o{1ness tunability in order to neet the desi red i npact | oad
defl ecti Criteria. That is, nodifications can be made to crush boxes 62

for any given application in an effort to neet the targeted criteria. For
exarrpl e, crush bo>{é@32§]2 Thec tandlility of wrashi byxesf62nicatialee 86 failretidds 86 can

p ar t Icgmslag ed tl?ce O\pa(xa'ynqé tHeside éjr{dfrfegrrv%gﬁ th%]&@gss FF Q%}Hfﬂ@ IoPhd e
nommal wall thlckness 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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[0032] The tunability of crush boxes 62 can also be tailored for specific
applications by varying the side and rear wall thickness. For exanple, for
the nomwelo3medeBd t hi ckness of the side and the outer wal lPCrays0bessazll vy
range fromabout 1.75 mmto about 3.0 mm More specifically, for certain
| ow i npact applications the nom nal wall thickness may generally range
fromabout 1.75 mmto about 2.0 nmand for other applications,
particularly those for a 5 nph FWSS or CWSS system the nom nal wall

t hi cknedinitegrtoy parylomiaileapigadieng styigne ARSI Relyasrtwonhiek pplycasbortiate/ABS r ange of

_ ' . s v tuni

ener oy Snh cBrolyariBha BN er MALRE L RRRIERIMILAPPASR] Bhiintishd' Do

enpl oyecclethjllla:aae—p<|-ir]5'j)1ra>pglepléI O%ﬁdié}ﬂ&ﬁodiﬁeﬁ)l-?tymme LgaYGRY d),upherfywﬁb Lmhhdi‘})@?ihlbl,s or high
I i ) n ering each o ese

Uglffagf@ig%g :fg?%‘ﬁ?éﬁglgﬁﬁ‘g r%hq%efygﬁﬁ?g;* Qgéggio @@ nﬁ?‘%yGeil%a_EleC%j ectives

can be RMHaA0), BidMs ok?g%irbBM@PEP@‘E’[f,' %ﬁJbtzlgyxerfeh e-ggm%@%hﬁa'iﬁ%&s of the

material utilized to form energy absorber Inclu | _
t oughnegaydiicrt ({ENQY® resimfibiny Genesd| Blectiic dPompany),qyolwnsidesp phenylempaci ty, a

-to-el i i . | abi l.i . i h
Iboor berttids ang RIeAhY BubRi BYET hips Siad htbertieus MBS o lopon Y ar
const r u@khsdty polbehyfl s/ ) Uy pRbRSdHp rthéﬁnopﬁ@ti@é%ﬁﬁ% ﬁ%@m erial for

the absorber is Xenoy, as referenced above. O course, 0 engi neer ed

thernoplastic resjns_can be used. Typical_ engineering thernoplastic resins
i ncl ude, but are m8935]- FigiedIr axpwsoepionalsst Pgbe bumpersseably 30

acryl onistdukrd @1 pkRgH. LNy HMCRSFIEARS » bddR! NPALRANARoudAOINERED GRL €/ ABS
r, acry ri

bl end, a copol ycarbonat e- pol yest i c-styrene-actyl oni e (ASA),
acryl onimoupnfing plate h92 enkled ¢ yaplr Bpys well adittanirgle opadindsi 3Edh-bety 2dremd( AES) ,

henyl ene et her resin bl ends, of pol nyl ene et her/ pol yam de ( NORYL
arx(1) PR o Bt &2 Buesh R R orSpa B, AR Erser) per,
pol ybut yhetieréfere phedsillyadml sadily Rpagéd 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 1illustrating magnified partial perspective views of alternative window
arrangements. As illustrated in Figure 6, integrally molded connecting members 110
extend vertically between the first and second transverse 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 inner 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 member 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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nodi fier (XENOY(r) resin from General Electric Conpany), polyam des,

phenyl ene sul fide resins, polyvinyl chloride PVC, high inpact polystyrene
(HIPS), I|wa/ohiogds39 density pol yet hyl ene (1/ hdpe), pol ypropypceanso(/pgss2 and
thernoplastic olefins (tpo). [0035] Figure 5 is a cross-sectional view of

t he bunper assenbly 20 secured to rail 80. As shown in Figure 5, bolts 100
extend t hrough openings in a' nounting plate 102 welded to rail 80, as
wel | as through openings 30 in beam 24 and openings in energy absorber 22.
Bunper @pieaininbld @] inchide agprogiiatels griglopen dsaft angle so zs1to eHYRSHBANC | s' easily
and readi l&’ secured to rails 80 without requiring separate alignnment and
at t achnBARRAFUIRGEIYGNS- 74 [0036] Figure 6 is a perspective view of a
portion of energy absorber 22 illustrating nmagnified partial perspective
views of alternatjopggpi AdaswplaniedabgedentegratiAg crashusns atitachn injecligur e 6,

integrally nol ded connecting nenbers 110 extend verti.cally between the
first am@f/@ééb‘?@(’@}aéﬂ%%?rglé aborlpes °8‘§’18‘i1116° 8§k fet?e@?p’éclfe:h\%ffdy% EHRect i ng

menber s | f &y, VBAldnead ip&ot tRpRiMshce RASEIStedto MRY have a
Cross s Ié%g%é@;éfé}eg@{ h&g}é}ﬁ)c %??ﬁg yboth a vertllocalr{%y ext ended posts and
hor i zontedhited estseviiepgir fastos: siRed &fedfesbenderst had gehiced tYﬁ]éiF]iedf?H@geconnect i ng

menbers 110,  connect | ng,. .nenb 10 may  have ). idth to
hei ght dyg @gg?r $pe ﬁg%'ﬁ nf'?bé’r&lﬁhéwcﬁ??m(ﬁ %?ﬂ]é{ﬂé/%?ﬂtggﬁls& g?(lﬁiéa?ldi ng post,
the hei gﬂ:ﬁwﬂé&ﬁ%wﬂ@?%? WhEbt Berférhenel mipbe ecthetodeser vhidfiemstratares. second

wa

travers s 58 and 60, respectively. If connecting nmenber 110 i ncl udes
w ndows 86 the width to height ratio . i 003

and with respect 1®3fhe Rathearhan ‘Pﬁﬁgﬁ’ltm:gcs?h‘t’lj%%S%%%%%E%Qﬁlﬁh%b%&g%Flcgﬁr gef3
o ey LA oL ais i Bl cepanucd o
to achi ewenths deabeethdstithef ateskeddp, ¢.peptesuehsianiit, weldediodhewgeigyndows, a
"8 WO 013{)3)%)26?30% v@gﬂ_ /tI%JeS %%r/nlzogr5§a1. Separate fabrication of the energy absorber and

crash cans provides an advantage in that the crash cans can then more readily be

fabricated using materials different from the material used to fabricate the energy

absorber. Of course, various attachment 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 to attach

crash cans to an energy absorber. For example, the crash cans can be press fit or

9.



typical nold will include approximately a 5 open draft angle so as to
obtain suitable manufacturing conditions. [0038] As expl ai ned above,

i nt egr at iW@ 0302289 cans with an injection nolded thernopl 2ETTUSOELESBYY
absorber coupled to a stiff beamis believed to provide enhanced energy
absorption efficiency. Enhanced inpact performance translates to reduced
costs of repair for |ow speed "fender benders"” and reduced vehicl e damage
during higher speed collisions. Further, since foamis not utilized, it is

bel i eveditrafign wejdediocthe eagrgy sosoresy. Bisurasyaand Sidlnstoatedust engwxpmple afchi eved
over vakj : ' ' t he crash cans
wth théb?ﬁ%ﬁﬁ%%ﬁg%@ﬁ%ﬁa%ﬁégggggB@%@%%??%??y?%&%%gi%%%ﬂ%?ed that the crash
cans can be fornmed separate from the energy absorber and either attached
to, e.g., press of0&Rdp Thet comhatead, of thet taratdoeraglt caabsod ke tumablei t h t he

bunper rai Separate fabrication of. .the ener absor ber and sh cans

pr ovi de§“’§JH b%‘?ﬁa‘ﬂ’tﬂégﬁ PREY) %FOIFFF@TBYIQM §leg‘;|§asﬁ ER?FP cp { be

fabri catggadisidig. m;s%%abﬁicwnw & RMbydd 18 Feduliin TR BfatiRb rdimBHl e benitRDr | cat e
the energy absorber. O course, various attachnment techniques other than a
press fibumper offigps Without frerepsingiibe logyls wansfareediie die vabiclestrcture.he crash cans
to the energy absorber or rail. [0040] For exanple, and referring to
Figures 7 and 8 i ar ct i =3 POrt| unper
assenbly 150 incrﬁgﬁﬁé gﬁgﬁ%Sﬁf?ﬁB@%%%Kﬁkgﬁﬁw%géﬂ%ﬁhgﬁ&%ggggp@%%ﬁional Vi ew
of bunpepecasanbbdimenis, thossgdalied inahy art calipesvgnize that thd-inyeniém canded 8

i dentical t.o conpon s..in Figure 4 are .identified.in Figures 7 and 8

usi ng tﬁgwgﬁﬁgwggpgﬁg%@goﬂ@ﬁ%&%ﬂ?SP%”??%ﬂ?@eﬂ¥ﬂﬁ§$§ﬁﬁmm in Figures 7 and 8,
a honeyconb structure 154 (i.e., crash can 154) includes a fllange 156 and
a snap 158 spaced fromflange 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
fl ange 156.
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[0041] O course, other attachment techni ques can be used to attach crash
cans to an energy absorber. For exanple, the crash cans can be press fit or
-9 WO 03/ WwD28BRN6BLCT/ US01/ 28582 vi bration wel ded to the ememgsoakssez ber .
Figures 7 and 8 illustrate just one exanple of how separately fabricated
crash cans can be secured to an energy absorber. [0042] The conbi nation of
the tunabl e crash cans and the tunable crush boxes with the energy
absorber provides an efficient, fast |oading and controlled inpact event.
Thi s hi gWE¥E ISCRAEMEDSIShel i eved to result in facilitating reducing vehicle
bunper offsets without increasing the |oads transferred to the vehicle

structure. [0043] MWile I | .heen described in terns of
various specific lénbod?keaﬁjpgl?ysgﬂ%@g@g@?ﬁlgg in the art will recognize that

the invention can be practiced with nodification within the spirit and
scope of the cl ai msheam]0 WO 03/ 022639 PCT/ US01/ 28582 WHAT IS CLAIMED I S:
1. A bunper assenbly conprising: a beam an injecti'on nol ded energy
absorber secured to .saitd beam .said eFerlg] abs‘grber. go%r}ﬁri sd'on% at | east
one crash can; anda Py Hofdsd cagigy Apspaberseptiad fo spid B 10T d beam
and sai tbedBErgympRisiRrab edast che caddéaRamndassenbly according to Caim1l
wherein said beamis at |east one of steel and a thernoplastic. 3. A

bunmper assenbly accfordi % to daim1l further wherein said energy absorber
conprises a unitary%81dAYacREInE S Mssh appTtionneingsid beam ol faidagnergnt t achment
to a vehjgdsBer said crash can being integral with 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 flanged frame for attachment to said beam and a body extending
from said frame, said body comprising a first transverse wall, a second transverse wall

spaced from said first wall.

6. A bumper assembly according to Claim 5 wherein said energy
absorber comprises a first crash can between said first and second transverse walls and

aligns with a first vehicle rail.

7. A bumper assembly according to Claim 6 wherein said energy
absorber comprises a second crash can between said first and second transverse walls

and aligns with a second vehicle rail.
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4. A bunper assenbly according to Claim1 wherein said crash can is
attached to said energy absorber. 5. A bunper assenbly according to Caim1l
wher ei n swoDd3eeEssyy absorber conprises a flanged frane f@CTASOEZISAENt tO
sai d beam and a body extending fromsaid franme, said body conprising a
first transverse wall, a second transverse wall spaced fromsaid first
wall. 6. A bunper assenbly according to Caimb5 wherein said energy
absorber conprises a first crash can between said firt }, and, second
transverse wal | s &nd élblgnBefvﬁCWFdngftPr@ﬁlnil/éh‘i"]&qr@nrsé’i‘f firsy anghsefiqhfer
assenbl ﬁr accordi tﬁg L9 1&{ m 6 wherein said energy absorber conprises a
second CPAYRSEIRBEISAEEN "sai d first and second transverse walls and ali gns
with a second vehicle rail. -11 WO 03/022639 PCT/ US01/28582 8. A bunper
according to Cai m5 whebaiipersasahlily astording te €dainyS whezgin el saergé| | s are

rippled. 9. A bunper assenbly accordi to Cl aj erej | ner gy
absor be @b¥sREs GoBWEIseY 24 %tto%n‘"emgl} E%%gweﬁéﬁﬁeg}ﬁ??sa& d° ?nrras?ﬁlgnﬁgsecond
tranversgy wal ls. 10. A bunper assenmbly according to Caim9 wherein a
plurality of crush boxes are spaced apart al ong the body and have open
areas di sposed therebetween. 11. A bunper assenbly according.to Caim9
wherei n sai d crush0. boA bamperrasgsdyypricordingto Glams fsvhsan 3 PuRiNSTang

wherei n sajd, crush _box S t ol en : er
assenbl Y& c]?)?’i‘ﬁsnﬁret &P aé%gr}rl)#a&t \%Eoélgelthr? §§c|§% a%? agw&g%\r%h c%grr%r iﬁ}ssgg%g honeyconb

St r uct uriBerebetween.

11. A bumper assembly according to Claim 9 wherein said crush
box has an overall three dimensional I-shape and wherein said crush box comprises at

least one window.

12. A bumper assembly according to Claim 1 wherein said crash

can comprises a honeycomb structure.

13. 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.
14.  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
at least one crash can between said first and second walls.

15.  An energy absorber according to Claim 14 wherein said frame,

said body, and said crash can are injection molded.

16.  An energy absorber according to Claim 14 wherein said crash

can is integral with said frame and said body.
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13. A bunmper assenbly according to Claim1l wherein said energy absorber is
configured to maintain inpact forces below a predeterm ned | evel upon

i npact bewow3sm2sedet erm ned speed with a | ower | eg. 14. ARQTArSe1/g8582
absorber, conprising: a franme; a body extending fromsaid franme, said body
conprising a first transverse wall, a second transverse wall spaced from
said first wall; and at |east one crash can between said first and second
wal I s. 15. An energy absorber according to Cl aim 14 wherejn said frane,
sai d body, and said crAshenssgy asertienpecording todilaisy 14 109mpB g R fi absor ber

according .to im14. wher ei ' I |Sed idigsal d frame
and sai ﬁ%@ge%?lwdﬁﬁt%g&%#ﬁgﬁ%gg@%%&ﬁ g%%%HZé]gl\r{\%{/ 1absor ber
accor di gkt ehih 2hilNahd aceeqd ishgan bétivesi said fisdt andnedoat wassvesavdllti r st and

t vehicle rail,

second transverse walls and configured tqQ alj W th. fir

and a sG&Wf@@ﬂﬁoc@ﬁnb‘éﬂMéW%QiV&{‘leerr%ﬁ’ %&ng%%a@ﬁé%@ilsgcgn II's and
configu ! i second vehicle rail, and wherein said first and
second h??%’%%%?raislggrﬁ;ﬁﬁe%re ri ppled. 18. An energy absorber according to

Cl aim 14 wherein said energy absorber conprises at |east one crush box
bet ween sai d firsfi8andAseesrgy dhsamstanceringis) Cloim ¢ wheseip saifl gpetglsor ber

according to Claiml4 erein a pluralj . gvepaced apart
al ong s&gﬁ?ﬂ?ﬁd‘?m&’me%%%a%poéﬁ %&goxd#%t%ég%géldﬁrgfg%ﬁg 8&22%.%‘250. An ener gy
absor beryggcording to Caim 14 wherein said crash can conprises a

honeyconb structure.
' 19. An energy absorber according to Claim 14 wherein a plurality
of crush boxes are spaced apart along said body and have open areas disposed

therebetween.

20.  An energy absorber according to Claim 14 wherein said crash

can comprises a honeycomb structure.

21.  An energy absorber according to Claim 14 wherein said crash

can is attached to at least one of said frame and said body.

22.  An energy absorber according to Claim 14 wherein said energy
absorber is configured to maintain impact forces below a predetermined level upon

impact below a predetermined speed with a lower leg.

23. A bumper assembly comprising an energy absorber, said energy

absorber comprising at least one crash can.

24. A bumper assembly according to Claim 23 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.

25. A bumper assembly according to Claim 23 further wherein said
energy absorber comprises a unitary elongated thermoplastic member adapted for

attachment to a vehicle.
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21. An energy absorber according to Caim 14 wherein said crash can is
attached to at |east one of said franme and said body. 22. An energy

absor ber woamdnetepy to C ai m 14 wherein said energy absoripem/uise1/essst i gur ed
to maintain inpact forces bel ow a predeterm ned | evel upon inpact below a
predeterm ned speed with a lower leg. 23. A bunper assenbly conprising an
ener gy absorber, said energy absorber conprising at |east one crash can.
24. A bunper assenbly according to Claim 23 further conprising a, beam

sai d energy absorBér sdchmmger assembly aseaiingdad-1aing 23 vhereigsaddiiait ng at

| east a por.tion,of.said ai d energy absorber. 25. A bunper
assenbl fagi:sclg afa%glqlggf&eglgfﬁ%gﬁﬁher wherein said energy absorber
conprises a unitary el ongated thernoplastic nenber adapted for attachnent
to a vehicle. -13200 03 62R2(30RETblYSLIsABEIR Cladn 23 wherpiarsaislsaashpl y
according to Caim 23 V\/nereir?g sgi d crash can is integral with said energy
absor bercan gattaghad frsaid eRetey #BF Y ccor ding to O ai m 23 wherein said crash
can is attached to said energy absorber. 28. A bunper assenbly according to
Gl ai m 27 wherein 93i d o 3ghhpef Mieinblyddct@alifptiot Olaiaixd whee@ysanbaashber by at

| east one of a snap fit, a press fit, and a weld. 29. A bur}per assenbly
accor di ngntipat@chédicoRidvegray absoaber by lagst onenrior sap fits 2 Pgsse it A t o

mai nt ai n i1 act forces below a predeterm ned | evel upon inpact bel ow a
predet erMifred speed with a |ower leg. -14

29. A bumper assembly according to Claim 23 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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