; YZe3eNKL(t, 6bT39WD 991 56990 FI ELD OF | NVENTION VEH CLE BUMPER 5 Novenber
2002 PCTNS99/0' 7688 This invention r rgy absorbing vehicle
bunmper systens. BACKGROUND COF THE | QMWW‘%@B t ypi cal | y5 Bsvemiser 2002
W dt hwi se acy®egsebée front and rear o and ar e nounpetiut®/o78ss S
whi ch extend in a lengthw se direction. DE¥%abl e bunper energy absorbing
systens mnimze vehicle damage by 5 managi ng the inpact energy of a
collision with a m nimal anount of ‘.'EFIII i j not exceeding the rail
load Iimt of the vehicle. The ideal e%%?%%%@?ﬁer achi eves high
efficiency by building | oad quickly to just under the rail load limt and
mai ntai ns that | oad constant until the inpact energy has been dissi pated.
10 A foam t ypHEDDNOEMNVENEION bed in U S. patent 4,762,352 to Kaisha. A
backup beamis connected to a pair of rails. A foamtype resin of

pol ypropyl ene, polyurethane or the like is positioned between the backup
beam and an out er "é/h;sm\ae.ntmmeﬁ@heséggn@rgyoabmblr\fgo\eﬁhmbppb@mgemtamSaed in
U S. patent 4,941,701 15 to Loren. As set forth, a sem-rigid resilient

fascia is sp \ ructure, and the vol unme defined
t her ebet men?&eﬁﬁéﬁ{%ﬂﬁ;ﬁﬁmﬁ%ﬁ n urethane foamthat is
resiliently deformable and integrally bonded to both nenbers. D sadvant ages

of foamtype syst eggmbRed 'cﬁi;cl?%ﬂt@ﬁ&ﬁwgitﬁmg'e_ I20RAGE 10 fredplk ARd B&dt! 641 N @

hi gh di spl acenent. Typically, foans are effective to a sixty to seventy
percent conpredddlerandBayentotthted poimils whias ektnain indengthesss direction.t hat
t he i npact energy is not fully absorbed. The \ |~ 5 Novenber 2002

remai ni ng i npaetirable Mmper £BSHEH APSPHHNBE gTY SERMS rmifimige orehicle damage byeam
and/ or vehicle structure. Foans are al .l.enperature sensitive so that

i spl aceront SATEEAE fnpadf Fhe Gy o GEBIRENA e iy Rt i anirgBgp
tenmperature. b G EXC&Eirg%WH@r?atiP'l@ad SirhBV6f g6k Vebddle .be?ﬁér%aeyi%geﬂggg' d
resulting in higher | oads. nversely, as tenperature rises, foans beCone
mor e conpl i andbsoeisar! ddhievesnhighgéfticieticyph ya benltelig lead quiddi tbgustetthdérethe
damage. U. S. patent 4,533, 166 to Stokes describes non-foam energy

absor bi ng systadnoad; ligithand Jpaiataingdhat leath spnganinupdid ithe dmpact aaergy has
contoured outer beam havj ng a channel shape cross section. The outer beam
has transver sl%eernicﬁ s‘??‘Ferfeni ng the vertical portion wth |ongitudinal
stiffeners running between the ribs. The inner beam has transverse

i nterbeag support AqehhPRHEBLEPEr ifdedieibe @ UY. patdast 12 33et0beABha. A

| nt er beam supports are positioned | ongitudinal displaced fromthe bunper
supports to abddkapt lbeaoutier cimeentedntrera tpait hef irniler beafoamentype resis paiced
apart relationship. The doupl e heam bunper s designed to be relatjvely

i nsensi tive tBOYREOPYERE; BHP)ﬂ‘Fref & 8F EP‘eo‘fkq h%&@?ﬂlé)é‘efjaPe%‘éeeén@fgbaCiuP
absorption ang A'nqggcatanfgr 89,5 £ concer ned with the purpose of elimnating
bunmper shock aBeorbers: e systemrequires separately nol ded outer beam
and i nner beam nenbers having a particul ar shape. JP patent 06-144133
describes a bunper AnevhadsystanoskiRDERM YN isaesdrited bt VLS| piiteht 441701 €
corrugated shock absorbing walls, which extend in the |ongitudinal

directi o andtesparard Apset fanthi s eemirigid aesidient éascianis spared forvaardly of e

wal | . When a shock force is appljed to the front of the b er. he, shock
Bbsor bi ng. wal PUTREE STRAPES Sih b atolnans Idetineno tirsabetiveto Biled (il ol

direction to Te r ' i ' 1hec -

cner gy absor biAeea <14, 3Rifne ToRnPURAFTL SRR Rl GIMELRE hiely
fast | oadi ng apAded td bb8ineaftsdrdy absorption upon inpact. |npact forces
during | ow speed inpacts are maintai ned just bel ow a predeterm ned | evel by

deform ng the energy absorber until the kinetic energﬁygf the inpact event
has been absor bed. arttegesnpfdoam type/systemaénclude sy loading mpon impact

st any | el o S MRlosSf0t, S AR el LS LY oby

to seventy percent compression. Beyond this point, foams become

incompressible so that the impact energy is not fully absorbed. The
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WO 99/ 56990 SUMVARY OF THE | NVENTI ON 5 Novenber 2002 PCTI US99/ 07688 The
ener gy absorbing systemof the present invention has a configuration which
promot es superior energy absorption efficiency and with faaNaYemeI#08g. The
configuration permts the systemto be packaged into a relatively snall
space conpared to conventional foam systens. This gives 5 autonotive

designers the freedomto style bunper systens with reduced overhang while
enhanci ng TeRaining epachepergy rituaboreed thaeughy defermationneintedaskvip beam rpdtar
per for nan%gfc'i@&ﬁlc S FtOQlPE qAuGed LR Ay fseﬁs‘?tg@é {o Ih?if]dﬂs \Qlcéggl?(aad impact

f ender - benders™ and greater occupant satety during higher spee
col | i si onsabs&@ptice b¢Hagigpchmatiange bsisstdntially sythttemperamrd €T yritdl By edtemiperatiare
unitary 1Q and i ntegral gg/ nol ded t her popl astic eg,g'bneiéi ng resin, the
primary ed%ﬁ@?’e s IPBINGEORES e OB 1840 T88IETNG, P eRighers Joadsy n Conperselyi @snot
utilized, QAS iesdngn H%a&tm " ; L er
vari ed ter%pglltial g‘%ﬁ%gg&z\got he?é/cgg{sei Ilrﬂa | e crﬂgipggsgﬁﬁgﬁlc ep?ﬁ%@%@éﬁ?l%ﬁ is a
snoot h, prmdsibleaishie]e dapzgeng response, which is insensitive to |oading

di rection. Thi 5is e i important. for front EA applications where
Consi stent bumies SyERE TR de Hifhde STRRE Girist bopdSeh sonSElepiige Steb <.

I n accor dapgg Mhﬁn%h%a?é&%%? bleAtH §f¥sitdAed ildfdeCa kontBHRY! ARG RANCRAASY a
absor bi ng bunper assenbly for a vehicle conprising an el ongated energy

absor bi ng oheaned shahepiress egtiomt {The lowtentbeam hngitehngedisectibs stiffening drer edtiod

mounting is to an.inner beamwaich in turn is noynted tg.rails or structure
of the vetﬁogll%n. Vﬁh |P°sf1%g}“?8%c t#?% RS ﬁgﬂwefﬂetﬁ‘ér{é gy%gﬁslgﬁ)ri ﬁaanﬁel?ﬁs may
al so be atitaneVi@st tiftefRams Bhpoed skdtiohs teldedsii she BRRridl ofidat of 0O EhGn.
absor bi ng neans conprising a corrugated nenber and an adj acent nenber,

whi ch al sdniesleapesuperts gir eesitienednlopgitudieal (dismhaged frora|the umpengerioyts 4ad
extend in I i i I i I i dn a
i recti on e ARG Sl RAnbat (O hcr Bapt indtabllh ot bpdst Bfo RS The
cor r ugat edionbltieamttminigee isadbispaedto berehsively Theensitiee gy thalisatibh 06 theamist of
conprising an elastomeric or material, 3 SUBSTTTUTE SHEET (RULE 26) VO
991 56990 SMRAT ADBRPISPERRIY N RNGIEP3FL 10F4er 1285 epftcemed with therrprigseodby

sai d ribs &pdnkiRiohdnicth SRAKTRINSES. %feg&&bﬁgd@%@géa&e%%ﬁm@ oh&?%@t pon

i mpact for absorbing the energy of inpact. in acc ance wt
present i randnnnesheam meenshees hpyingospartiewlai shape.ovi ded as a urutarv and

i ntegral nol dedt her mo i art.which is 5 adapted for attachnment. BRI EF
DESCRI PTI ON G:leHEatBﬁA@\h@{%i% 5?5‘{“’% A OWBRer BEVIRE ébx?’%g a@r‘?&%"ﬁg S§cfign
ener gy absfhal with nivgligiticertgfited §iock ABsorBidiz Gtls, Whith eZtend il tie ORSinsEEdli onal

view of the energy absorber as nounted to a 10 an inner bunioer
r ei nf or cerfiigetion-angl spacedsagartgipithe vertic rditeptéons aelrany antd 8 geaseyall. ®hen ashogk o

perspecti \ﬁgrc\éiig\@(pﬁlri.'éﬁv‘f.on@letf{:lﬁlt %?itﬁéalfaﬁfms&? 'ﬁ%ysh%gﬁ %B?oqrf)ing walls are buckled and
elastically deformed in the longitudinal direction to absorb the shock.

The present invention is directed to an energy absorbing system of the non-foam

type which is designed to achieve fast loading and efficient energy absorption upon

impact. Impact forces during low speed impacts are maintained just below a

predetermined level by deforming the energy absorber until the kinetic energy of the

impact event has been absorbed. Once the impact is over, the absorber returns

substantially to its original shape and retains sufficient integrity to withstand subsequent

impacts.



Detai | ed Description of Preferred Enbodiments Fig. 1 is a schematic
representation of the systemshow ng | engthw se 15 extending frame rails 11
of the vehicle 13 which project outwardly for attachment of agiNevemigyr 2002
absor bi ng buNP&#s/5699&6t em 15. The support neans or inner beam 1PCTHS¥A7688hed
to the respective rails 11 and extends w dt hwi se across the front of the
vehicle 13. The inner beam 17 may be of steel, alum num or conposite

const ruct i on.SUMMARY ©F THEINWMENTEON: hat t he support 20 beam may be
formed of a thernoplastic resin in the formof conposite nolded beam The
bunmper assenbly 15 includes an el ongated energy absorbing neans 19 adjacent
and affixed to thdhenrenergpasbiorbingl sysdemy Qutther grrgsent dxventiay | jag o

bsor bi , i mpagt. The | beam 17 i s typically 25 fixed|
At ached t o GRBHEHFTEN WA ArBPLS SHRBRG ELe ot oURRY SO vt
SUBSTI TUTE S E.2 : 9 : 0 8
anergy absor UFG" eRnEBT ol b, P AROR Dol YT e b ohcaRR B0

The el ongat ed-eRitRieby sﬁﬁfﬁloéﬁﬂdégcdmflﬁi&dofo CORV @GR FOBRT systeds Thisl ghoas dly
facing portion which nmay be fixedly attached to the inner beam 17. The

present 3 nverautomosiveutlesignersbthel fneedenh by style bempsr ofystemsiopitle meducede 5

various attachnent neans are cont | ated. The energ bsor ber I ncl ydes
an upper cor re{faRae ?mﬁc%?h{]%b@?ﬂﬁyp%r P iEpPe ea%ﬁsgfé’@n'gEgr\#@ﬁﬁ 23.

forvardly and'URBD: PPURCL BE IORRER op R DR o HARER. IR oF by I Y

€ I nner beam In spaced apart an

substanti al | YSlpé@aa*ﬂeﬁBef-Bbﬁ&éx@”SJhcp-gréatlz@ ddcupaht ifedy ARRRE Higher 2pebdi N
t he upper corrugated nenber 21 to the upper adjacent nenber 23.” The  upper
corrugat ed nemdblésioRd. Simde ttheprippay abdpringtsystenbean RS achieeed witld & aniitaey
across the fracl)qr;:{?,of tage vetii cl.e. al ong t he | ongi tudinal direction of the
absor bet019. infegrally mPlged tHREROPIASHC ARSNGB FeSisther BEMASY 4Nersgy

I ongi t udi nal eﬂ;sro?gikkog}s?&g dafli B Egkquf %c’%fe‘a. 8f\ce foam is not utilized, greater

consistency of impact performance may be achieved over varied
temperatures. Another desirable characteristic of the invention is a smooth,
predictable, loading response, which is insensitive to loading direction. This
15 is especially important for front EA applications where consistent bumper

system response is important to crash severity sensors.

In accordance with the present invention, there is provided an energy
absorbing bumper assembly for a vehicle comprising an elongated energy
absorbing means adapted for attachment to said vehicle. A preferred

20 mounting is to an inner beam which in turn is mounted to rails or s&ucMe of
the vehicle. It is also contemplated that the energy absorbing means may also
be attached to and shipped with the fascia. The elongated energy absorbing
means comprising a corrugated member and an adjacent member, which also
may be corrugated. Each of the members project forwardly and extend in a

25 longitudinally direction. A plurality of ribs extend in a direction transverse to
the longitudinal direction for joining the corrugated member to the adjacent

member. The energy absorbing means comprising an elastomeric or material

SUBSTITUTE SHEET (RULE 26)



15 portions of the upper corrugated nenber 21 and the adjacent nenber 25 so
as to forman upper hollow section 27. As illustrated in Fig. 4, the upper
corrugat ed nmenber 21 conprises an undul ating surface w th uppeNozmbdr@00P
spaced apar tWR®PiS629At al surfaces joi ned by upwardly extendi ng REGIVUSII/OFES8h
of the upper ribs 25 are preferably 20 joined to the upper surface at one
end and to the adjacent nenber 23 at the other end. The terns inwardly and
out wardly dessfrduificient iffewtbilitydivteetbprarheibe irkh ishghidivhl anembéfs d&BpRCt
to the interior of the bunper assenbly and exterior of the assenbly. Wth
respect to trendprogressigalyebllgpsa npor smipantforabisasingithe energy ofkinapanty t he
| ength thereof with the widthw se direction being transverse thereto. The
ternms upper and Iomg},f,verti al and hqrizontal are peant to indicate the

position of rel atid50f BhpteoEdapee pith theREgsent MSHIQH the @naEgy aksogber is
[im i . 5 T] T . | 569 b 002.
PIC'InJ/ tugglg? 876é§%¥ﬁéﬁéog§g§@%%s (agﬂé%br g\}/?ldé“\@qf‘%a ?ﬁ%gé)%ﬁﬁ%%\é??aégégém etfr ee

of stiffaness Jmdib® f6OitaGFhac. menber so as to resist deflection upon

i npact. Upon 1 nmpact the corrugated nmenber 21 tends to curl whereupon ribs
25 tend to stretch and act as further restraint against separation of the
corrugat ed andREF RESARIREKDNIQF THE RIpHEYINGDr ugat ed nenber 21 and the
upper adjacent menber 25 may curl and crush upon inpact. To control

defl ecti on upon inpact, the upper adj &cen.t mepber. 23 curls in a simlar

fashion to the corFigal e§ AeAbREMBHE FRWING SHOYEREe the r SRErBYn APERIVEE | Wy i n
| ongi t udi nal | h box 27. As the | ongitudinal nenber deforns
during 10 inp%(l: g&%ﬁ#%g‘ﬁé@@s‘*és develop in the ribs 25, resulting in
stretching of the ribs. It is also contenplated that the upper corrugated
menber 21 may haveFigl @dk arcrdsd fdotional viwn otthe@djeﬁ?)eabde@Ebﬁé meuwseditbal
greater |load is distributed to the horizontal shelf 18 of the inner beam
17. In fifi s namirgrer bumper reinforcement.

Fig. 3 is front view of the energy absorber.
Fig. 4 is a perspective view showing the unitary energy absorber.
Detailed Description of Preferred Embodiments

Fig. 1 is a schematic representation of the system showing lengthwise

15 extending frame rails 11 of the vehicle 13 which project outwardly for
attachment of an energy absorbing bumper system 15. The support means or

inner beam 17 is attached to the respective rails 11 and extends widthwise

across the front of the vehicle 13. The inner beam 17 may be of steel,
aluminum or composite construction. It is also contemplated that the support

20 beam may be formed of a thermoplastic resin in the form of composite

molded beam.

The bumper assembly 15 includes an elongated energy absorbing
means 19 adjacent and affixed to the inner beam 17 and facing outwardly or
exteriorly for absorbing energy upon impact. The inner beam 17 is typically

25 fixedly attached to the rails 11 with bolts and nuts (not shown) with the
4
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| oads are preferentially distributed to the strongest portion of the inner
beam 15 rat her than the unsupported m d-section. This results in reduced
damage to the beam when conpared to foam systens where prefer gmndvambbo2ai2ng
i s not possiwomys§ie absorber 19 includes a | ower holl ow sect ip@TAZ990%688
simlar construction to the upper hollow section 29 which is spaced
therefromand 20 extends in substantially parallel relationship thereto.
The | ower hol ' j.nel R r’gﬁg@e(;

projecting foérn\%ggg?géqrgms%%sﬂag%tl?gﬁ%ﬁpér %@l&e#&rsc%gggg%ggért reﬁ_a;t}ilg'nghfp
with a | ower @@‘mdgal@ated@egia%saaoing Plebifidilort eheofy | BsBELEr DS has drPifwhhBy

| ower corrugated nenber 31 to the | ower adjacent nenber 33. The | ower
corrugat ed nefabiag partiond which 28apdpenfizadlyt avachert b ethe3Bnex tieradn di7ondha

| ongi tudi nal directjon of the || ow sectjon .29 and w dt hwi se across an end
of the vehi clRFe§eNt IMVERLPR f:hcvﬂafn?%%ﬁmtsé byt the raeans PhAtiPERmEnt incee

| ongi tudi nal i ti QLN & d portions of the |ower
corrugat 2d e ré®%ﬁ%§ﬁ§(§qﬁ§%%m%%}%§éﬁée\ggﬁgt%rrber 33 so as to formthe

| ower hol |l ow section 29. 6 SUBSTTTUTE SHEET (RULE 26) 5 Novenber 2002 As
illustrated in Fi grheenérghy abisdrbéry1 Pincheldiéd 40 tiphpek icBSrifpAté® mierhBer PPRRA
hol | ow section 27 to the Tower hol |l ow section . As illustrated in Fig. 4,
t he additi onahwarbdly ggacednapper adjpedreimembes 280 Thesiippet berrugatkehmendfert he

upper and | ower hol Low sectigns, 27 anpd %g to ve away from each ot her
during 5 i npact anAdhe UpRer Aabiasent mnemper 35 RIRiechAWIINE and pwayJremidgd in

a direction t, Lyongai ynal, di J: f orher 19 and
are joined atlkgi%g%g%%e]téﬂl Ig};eﬁggp%?drggﬁgggnﬁ gunésﬁ%rtérlﬂgégﬁﬁ%ﬁzrgﬁg ergend
to the hower SilirAESdf ib§35G}birﬁtHeQ@T%‘{béxO&brjrugéteHrlﬁieﬁﬁ)eE@q for @Rtumstaes

of these respectivé nmenbers 23 and 33. e additional ribs 43 are spdced in

a | ongi t udi naddjacendi mentbern23.nt dheedpper commgatep eveinber upbemdarnbe | qupar
ribs, 25 and 35. As a result, ener rominpact has a ndency to be
spread out ev‘%‘g%ﬂ‘é@i’-‘%ﬁ‘ge‘f eé*@%r‘géjrt{"'fﬁ@?e W@%F"@fé@’é‘ég Jeetiele alangothgi ng
energy due to| 1S4 f.Qryar 189 [ 1
tend to crusﬁloaggﬁghﬁl %‘Q?ﬁ{a&} r?g erﬂl%bé%%)f{)gﬁﬁ tgﬁgbﬁé‘%g%%epgﬁf\pé% ‘?ﬁg %pper
and | over hol &@8ngeghhdfgse 24 @edlotkinlifal direeHoRYardd jbiehe floARER RAd
whi ch joins and extends between respective interior enc] portions of the

respectilfe upperticascf| thearppeatj Grengatad rhember 23 and ti@Sadjacatemember 25 sbhe
i nner fl ange 37@5@ fixedl a‘t_\t@ched t.o ége i nner beam 17, by fasteners in
the form of n®t IMATSHRReF NPYOWSRECHOR 24ni ng screws or ot her neans as
illustrated 20 in Fig. 2. The inner flange 37 may conprise a ribs which

join the upper adj ggqn&srgﬁfé‘ggﬁb%ig.shpﬁhgp ASEE 'éa%ﬂén{ﬂ%i"%?.rco@ﬁ?%rés}@%n

upper and | ower corrugat spectively, inc

respective outrdufatidgoascfa@dwatit upber taddi®vefephcad hpiadheiizesfaientfates t he
inner beam 17. It is contenplated that other neans for fixed attachnent may

be utilized. Pnedby upysanddy exytending gvalls. dgathrofthe4ippergibstbateeprefgably
shown as _a unjtary. and integral, part. The absorber 19 .is preferable farned
Fr om an 2ng! nisinecg5 Pk HRBET SaHiRES ALERR AU ARG (Bdbe AdiAEnpPiRIEPEY X abficnr
i njection nol dj pgocess. In an alternative enmbodinent a structure simlar
to the one described nay be achieved via a bl ow nol ded process. This

configuration 7 WD 991 56990
The terms inwardly and outwardly describe an inward direction and

outward direction with respect to the interior of the bumper assembly and
exterior of the assembly. With respect to the bumper assembly, the
25 longitudinal direction is along the length thereof with the widthwise direction
being transverse thereto. The terms upper and lower, vertical and horizontal
are meant to indicate the position of relative features of the present invention

and not as a limitation.

ut
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5 Novenber 2002 PCT/ US99/ 07688 may be devel oped through a nultiple hollow
sections with corrugated and adj acent |ongitudi nal nmenbers which may be
broken into pods across the front of the absorber 19. The ihNewmten2eR? ded
confi gur at i oWO99456998t s of a staggered "W section with rei nfPETYSH7688
corrugations and ribs. The 5 configuration is of a preferred one piece
construction. It is contenplated that blow nolding, thernoformng,

conpr essi on nol di nEherreriugaipRy &8 sIOViRRd dex dmparting @n rHdedrdagsee of

characteristics,of the,material of ian_ingl hi gh .

t oughness/ duc?Mm§sg, ©; Wgr(??gﬁ% t%c?a %E&Ih%%getﬁe eﬁﬁé%ﬂ%ﬁb@?b‘ﬁ"%dﬁ?@ﬁy, 10
good nodul us- L?fo?\' iRt HetorAldated ARedHer 21ltendd i ARI WheRidoh rifs¥® Brgf er red
one piece construction includes a pair of adjacent nenbers, 23 and 33,

proj ecting fotastretcl and aspacfadthep gestraint againstshparation of tivacatirygaséd and
respective u r and | oper rrugated nenbers 21 a 31., These nmenbers 23
33, p213 and gggﬁF@tﬂi{“}gﬁsz ity éPFSng%dramee}]beig?raé‘g’éPF SRERE gglé\?% eac%
other in hori zontial. 84 RRTERH -anERefusRf uddie iMPRE! @Bdcoh@aggrdeﬁe 0 3p6H

menbers, 21 an 1, and the upper and l'ower adj acent nenbers have

respective foimpad, ahe uppr wadjiakeahdnpmber @3scunds phua almilyr édshiorbso 2heand 35
join the nenbers as arevi usgﬁ di gﬁ:ussed., The upper aﬁ,d |_OV\FI’ sectiQns, 27
and 29, and t R&FTRERFETEYTEeL _Hfb _E‘eapﬁ%%ﬁ?e?‘ge TLHIf§uses Boloaskupieilyi oned
SO as to .te”dc%&ixﬁib ULMBROb& 170t | AN (RIAYNE HOIINER GRerRbAe defRnS dhfin

col |l apse inwardly and stretch the ribs upon~inpact for absorbing eneggy.
For esthHtic impscnsensile siresqes efeyekop i the tiby @51 tesubtictgein siretofinghef thanper
15 encl osed with fascia 45. The, fascja may attached to {he_absorber 19,
irectly to  RES s oIskeaRPIa Htthe BN CORBEReReTarbonal TRY TENEr gy
absor bi ng MeMmyels LNGHAGell thiye HBPEE;aB0A LRMREerS 95T LOMNA! GrBlef qbally Of
unitary construction froma tough plastic material. Preferted materials are
engi neeri ng t léstribptedsta hertewiaontal Bpelfckl oftlg imeer bagmsl 7SUBSTRIS bleanSHEET

(RULE 26) ' loSaCQIO are ng%g{ere%%%ﬁy\ﬁ%t?i%h?e%gtgoothzgﬂo%%%sgtl Igol?igg of the inner beam

15 rather than the unsupported mid-section. This results in reduced damage to

the beam when compared to foam systems where preferential loading is not

possible.

The absorber 19 includes a lower hollow section 29 of similar

construction to the upper hollow section 29 which is spaced therefrom and

20 extends in substantially parallel relationship thereto. The lower hollow
section 29 includes a lower corrugated member 31 projecting forwardly in
substantially parallel spaced apart relationship with a lower adjacent member

33. A plurality of lower ribs 35 join the lower corrugated member 31 to the

lower adjacent member 33. The lower corrugated member 31 and the

25 adjacent lower member 33 extend along a longitudinal direction of the hollow
section 29 and widthwise across an end of the vehicle 13. A plurality of lower

ribs 35 extend transverse to the longitudinal direction and join the forward

end portions of the lower corrugated member 31 and the lower adjacent

member 33 so as to form the lower hollow section 29.

SUBSTITUTE SHEET (RULE 26)



t hernopl astic resins include acrylonitrile-butadi ene-styrene (ABS),

pol ycar bonat e, pol ycarbonat e/ ABS bl end, a copol ycar bonat e- pol yester,
acrylic-styrene-acrylonitrile (ASA), acrylorutrile-(ethyl eneSpvepIepPP&he
di am ne nodified)-styrene (AES), phenylene ether resins, blends of 5

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

bl ends of pol ycar bgoaletResd MiIFg. @D%gﬂ@faﬁ bhadaitRnal bk qng@ih tﬁedi[ﬁge?r
(XENOY resin from General Electric npan bl ends of pol yCarbonate / PET /
PBT, pol yani dhellowkectjdre2ibtcs thef lother hollowssechion 28] W svillwgtrated inrFiges, tRwC, and
Hi gh-inpact Pol ystyrene | PS). 10 SUBSTI TUTE . SHEET ( RULE, Z6 5
Novenber 20023@%153!0 TS “i‘};t‘?bﬁi)tpa?’ift@\ BhRpiodESishidieger Mr‘lgi the "JPPShén%dapt ed
for attachmeniotd RolGD!dekons Frdatiflioaty FHONINHBHLEEN YA Bluigy ToaNS
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staggered "W" section with reinforcing corrugations and ribs. The

5 configuration is of a preferred one piece construction.

It is contemplated that blow molding, thermoforming, compression

molding and rim processes may also be used.

The preferred characteristics of the material of construction include

high toughness/ductility, thermally stable, high energy absorption capacity,

10 good modulus-to-elongation ratio, recyclable.

In more detail, the preferred one piece construction includes a pair of
adjacent members, 23 and 33, projecting forwardly in spaced apart
relationship and inwardly of respective upper and lower corrugated members
21 and 31. These members 23, 33, 21, and 31 are all in substantially parallel

15 relationship with each other in horizontal alignment. Each of the upper and
lower corrugated members, 21 and 31, and the upper and lower adjacent
members have respective forward and rearward end portions. A plurality of
ribs 25 and 35 join the members as previously discussed. The upper and
lower sections, 27 and 29, and the respective corrugated members 21 and 31,

20 are positioned so as to tend to an outward direction away from each other so

as to collapse inwardly and stretch the ribs upon impact for absorbing energy.

For esthetic reasons, it is preferable to have the exterior of the bumper
15 enclosed with a fascia 45. The fascia may attached to the absorber 19,
directly to the inner beam 17, or to the body sheet-metal.

25 The energy absorbing member including the upper and lower section
are preferably of unitary construction from a tough plastic material. Preferred

materials are engineering thermoplastic resins.  Typical engineering
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? 0
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§.- PAYE
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/polybutylene terephthalate and impact
modifier (XENOY® resin from General Electric Company) blends of
polycarbonate/PET/PBT, polyamides, phenylene sulfide resins, ), poly(vinyl

chloride) PVC, and High-impact Polystyrene (HIPS).
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10%4& () - "S@id uriitary elgirgdted Bherg) &BsdrBHgkndans comprised of a first corrugated member,
a first adjacent member, a second corrugated member and a second adjacent member,
each of said members projecting forwardly and extending in a longitudinal direction
across the width of a vehicle, a plurality of ribs extending in a direction transverse to said
longitudinal direction joining said first corrugated member to said first adjacent member,
said corrugated member to said second adjacent member and said first adjacent
member to said second adjacent member, said plurality of ribs comprising an
elastomeric material whereby said ribs stretch upon impact for absorbing energy.

2. An energy absorbing bumper assembly which extends longitudinally across the
width of a vehicle comprising a support means adapted for attachment to a vehicle, an
elongated energy absorbing means, as set forth in claim 1, adjacent said support means
for absorbing energy upon impact.

3. The energy absorbing bumper assembly of claim 2, wherein said support means
is longitudinally extending, said first corrugated member is an upper corrugated member,
said second corrugated member is a lower corrugated member, said upper and lower
corrugated members projecting forwardly in substantially parallel spaced apart
relationship, each of said adjacent members projecting forwardly in spaced apart
relationship inwardly of said respective upper and lower members and substantially in
parallel relationship thereto, each of said upper and lower corrugated members and said
first and second adjacent members having respective forward and rearward end
portions, said plurality of ribs joining said forward portion of said upper corrugated
member to a forward portion of said first adjacent member and joining a forward portion
of said lower corrugated member to said forward portion of said second adjacent
member to form two spaced apart hollow sections, said hollow sections comprising a first
upper hollow section being formed by said upper corrugated member being joined to
said first adjacent forwardly projecting member by a plurality of ribs, and a second hollow
section being formed by said lower corrugated member being formed to said second
adjacent forwardly projecting member by a plurality of ribs, said elongated energy
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