WO 03/ 022638 PCT/ US01/ 28453 BUMPER BEAM AND BUVMPER ASSEMBLY | NCLUDI NG A
BUVPER BEAM BACKGROUND OF THE | NVENTI ON [0001] This invention rel ates
gener al | ywoosloeasper s and, nore particularly, to energy alpsarusongg4sehi cl e
bunmper systens. [0002] Bunpers typically extend w dt hwi se across the front
and rear of a vehicle and are nmounted to rails that extend in a | engt hw se
direction. Energy absorbing bunper systens attenpt to reduce vehicle
damage as a result of a collision by managi ng i npact energy and intrusion
whi | e not exceedi ng BUMPERIBEAM ANDIBUMPHReASSEMBILE. [ 0003] Steel beans
are comonly used as bu e L very stiff and provides
structural strength andwéggm% wever, are heavy. In
addition, steel beans can crush or buckle and do not maintain a section
nodul us t hroughout an inpact event. [0004] Some bunper assenblies include
shock alBXOEGROGNDNOE MeIKINVENTIMNEr s are positioned, for exanple, between
a steel bunper beam and the vehicle rails. The shock absorbers are

i ntended to absorh at |east sone, of the energaé resulting froman inpact.
Addi ng shock absorlB8YY tbhis Byppion slalesnesperdyulte sbymHPER dde®orecost and
conmpl exif.hid ﬂ%/)\%r Qordi BlcldG A Ber Egembflocks al so add weight to the
bunper zfsaélerrﬁ@? |e§%%bsoaf o‘%ur?dem raetglgs%si nce such added wei ght may
reduce the overall fuel efficiency of the vehicle. [0005] Qher known

ener gy absorbi ng H08¢Hr Bympestypicadly edtend widdavisarmossithe frentgandaisetor ber . The
beam typi.cal Ly .is _steel . An,ener.qy,.absorber omonl v ;used w.t h eel beans
o oamet ool 2ud B meatRait SR8 305 R ¢ SFOBIR0Y RO toon

i mpact , abkdrbihgtedipet Systéindatbdngh t6lrsipkaoetieiBtdantage bhafesuftedarollnich ef f ective

to a sixty or seventy percent conpression, and beyond_that  point, foans
by managing impact energy and intrusion while not exceeding a rail load limit of the

vehicle.

[0003] Steel beams are commonly used as bumpers. A steel beam is
very stiff and provides structural strength and rigidity. Steel beams, however, are
heavy. In addition, steel beams can crush or buckle and do not maintain a section

modulus throughout an impact event.

[0004] Some bumper assemblies include shock aborbers. Such shock
absorbers are positioned, for example, between a steel bumper beam and the vehicle
rails. The shock absorbers are intended to' absorb at Jeast some of the energy resulting
from an impact. Adding shock absorbers to a bumper assembly results in an added
cost and complexity as compared to a steel beam. The shocks also add weight to the
bumper assembly, which is also undesirable since such added weight may reduce the

overall fuel efficiency of the vehicle.

[0005] Other knpwn energy absorbing bumper systems include a
beam and an energy absorber. The beam typically is steel. An energy absorber
commonly used with steel beams is foam. Foam based energy absorbers typically
have slow loading upon impact, which results in a high displacement. Further, 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
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beconme i nconpressible so that the inpact energy is not fully absorbed. The
-1 WO 03/022638 PCT/ US01/ 28453 renmining inpact energy is absorbed through
def or nat i wo 03/0226B® beam and/ or vehicle structure. [0006] pPChaisei/pd463 ency of
a bunper system or assenbly, is defined as the anount of energy absorbed
over distance, or the anount of energy absorbed over |oad. A high

ef ficiency bunper system absorbs nore energy over a shorter distance than
a |l ow energy absorber. Hi gh efficiency is achieved by building | oad quickly
to |j ustemaiderg itpact edekgyl v atisdrbed threngl defirmativmiofitheteam dndédt vebiskt ant unt i |
t he i npact energy has been dissipated. Known shockl ess bunper systens that
i ncl ude SEYSPEe| beamwith a foam energy absorber generally have an
efficiency less than fifty percent (50% . BRI EF SUVWARY OF THE | NVENTI ON
[0007] In one aspgobpsla Bo&KLRES, UHMBhper\§item) bosssanblaisaefihéd/ss vehicle
is provided. The bunper system conprises a thernoplastic _beam and an

ener gy absampwit of Energy Abparbedaver glistancer on the maunt f e yeghsorbsd gyer

efficie - her : is

ot ovi dedodt S eEidesiO thider §30RE hsofb 18B8 bibkeyPo WA INENGSERARCY {21 el

t 0 have than 4 hev ebalcaabsabandiligh efiidardyds achiteshedbuibngtoad quidddio | n yet

anot her .aspect, a bunper. assenbl.y co ising a beam .configured to nmaintain
a secti st Nﬁé‘iﬂ tb%“tl]l"rl%‘&}%ﬁﬂnﬁé?ﬁl%ﬁﬁé‘g&%@% C?I?Paﬁ?mlgg?ﬂm&fﬁ@m&%ysenbl y
further 1GoBPE §iSSpABd. CREGFY SRRRREDBIMEGUDLiSHhs it i@udanditel BB avifASCI @
attached to the energy absorber substantially envel ops the beam and energy
absor bera. foaBRNEEYRESTREPRNORIDRVEHER abfnvreydssy than 6fty Prigetd59%0).s a
cross-sectional view of a known energy absorber shown in a pre-inpact

conditi MO&}M@U@@ ﬁm NOERTRSN sectional view of a known energy

absor ber

[0007] In one aspect, a shockless bumper system for an automotive
vehicle is provided. The bumper system comprises a thermoplastic beam and an

energy absorber. The bumper has greater than fifty percent (50%) efficiency.

[0008] In another aspect, a beam for a bumper assembiy is provided.
The beam comprises a glass mat thermoplastic and is configured to have a

thermoplastic energy absorber attached thereto.

[0009] In yet another aspect, a bumper assembly comprising a beam
configured to maintain a section modulus throughout an impact event is provided.
The assembly further comprises an energy absorber coupled to the beam, and a fascia

attached to the energy absorber substantially envelops the beam and energy absorber.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a cross-sectional view of a known energy absorber

shown in a pre-impact condition;

[0011] Figure 2 is a cross-sectional view of a known energy absorber

shown in a post-impact condition;



shown in a post-inpact condition; -2 WO 03/022638 PCT/ US01/ 28453 [0012]
Figure 3 is an expl oded perspective view of one enbodi nent of a bunper
assenbl y woaeBehedgy a conpressi on nol ded |-beam and i nj ect iPocm/usol/zgad ener gy
absorber; [0013] Figure 4 is a cross-sectional view of the bunper assenbly
shown in Figure 3; [0014] Figure 5 is a rear perspective view of a portion
of the energy absorber shown in Figures 3 and 4; [0015] Figure 6 is a
front perspective view of a portion of the energy absorber shown in
Figures 3 and 4; [[00ID4] Higgerdisaniespldéd perspgstivs yéot of enoembodioesti on of t he
ener gy

Cross- sé’?tg' 0 b%E \9?5289 HFHE‘II%%?‘Z@I?%@%} ﬁié’ ({e(agﬁl%%ﬁﬂf?l%yﬁ&%d?}é?m dedid 4 in

post - i mﬁ%ygggyilbérl on; [0018] Figure 9 is a perspective view of an energy

absor ber illustrating magnified partial perspective vi evvs of
alternative w ndow arrangenents; and [00191 Figure 10 is ectl ve
vi ew of a porti on [8013n Kawiegd 15 atsesstsestional yigw &fithg d ti ght

fit feat m%ﬁ%‘ 4.ED DESCRI PTI ON OF THE | NVENTI ON [0020] A burrper system
that inc u es a“conpression nolded glass mat thernoplastic (GMI) beami s

descri bed below in det ail. I'n an exanple enbodinent, an energy absorber of
t he non- foam type [0814t tElgMdS is telepdrspmetive Gombohi pgrtanmfglme energyf ness

t her mopl eam, th a ALoamtype energy absorber results in a
bunper §‘tr ?ﬁ H&'{““a da | oadi ng and efficient energy absorption

[0015] Figure 6 is a front perspective view of a portion of the energy

absorber shown in Figures 3 and 4;

[0016] Figure 7 is a front perspective of a portion of the energy

absorber shown in Figures 3 and 4;

[0017] Figure 8 is a cross-sectional view of the energy absorber

shown in Figures 3 and 4 in post-impact condition;

[0018] Figure 9 is a perspective view of an energy absorber with
illustrating magnified partial perspective views of alternative window arrangements;

and

[0019] Figure 10 is a perspective view of a portion of an energy

absorber illustrating snap fit and tight fit features.
' DETAILED DESCRIPTION OF THE INVENTION

[0020] A bumper system that includes a compression molded glass
mat thermoplastic (GMT) beam is described below in detail. In an example
embodiment, an energy absorber of the non-foam type is attached to the beam.
Combining a high stiffness thermoplastic beam with a non foam type energy absorber
results in a bumper system that achieves fast loading and efficient energy absorption
upon impact. Specifically, impact forces during low speed impact are maintained just

below a predetermined level by deforming the energy absorber and beam until the
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upon inpact. Specifically, inpact forces during | ow speed inpact are

mai ntai ned just below a predeterm ned | evel by deform ng the energy

absor ber wod3bzmss until the -3 WO 03/022638 PCT/ US01/ 284B8T/UShnef4sE ener gy
of the inpact event has been absorbed. Wen the | ow speed inpact is over,
the energy absorber returns substantially to its original shape and retains
sufficient integrity to withstand subsequent inpacts. [0021] Conbining the
hi gh stiffness properties of a GMI conpressi on nol ded beamwi th the

ef fi ci einednengyy abtwribipact ereophasttices adorteed. t Whemths! lawtspeedmenagiisabsor ber

with is also believed t rovi de inpraoved inmpact. .absorbing.p rmance
over tr &UFt i tBe FneiEt %Psoglﬁgr@qﬂlﬁ ﬁ“%@ﬁ?@hé?g@s %@Wges?‘%?e Iaﬁd rg.%gll tion, the
t her moplsasicit SRS tARTRART sudBdueAimpeas conbi nation is believed to

provi de nore efficient inpact absorption than steel beanms with a

t hernopl astic energy absorbers or GMI beans wth foam en?rgyé\gior bers.
[0022] Al t hough t KO mfeambipinge the s highs ctitess HRICBGHURF t AT e nce to

specific mater.ials ( e oljiuny =Y Ro¥| i le from
Azdel , Icﬂ'El.p,resgﬂ%lIB?/lfd%nglﬁaﬁﬁégﬁl{‘)ltﬁ%la@%rgﬁtt ﬁlléerg%am agiggég%%eﬁ%%daﬁﬁ U. S.
Pat ent MasrmoplaBd3 cRGRY AbeckbXendil iy alsatteticedd (« promde iimpioyedvmiphetbl e from

Ceneral Electric _Conpany, Pittsfield, Massachusetts) for, the energy
absor berdpsorbig P§§f§'{f’éﬁ‘ﬁ°f3sOVﬁ’bfra‘thPP’Harltn_é‘ﬁf‘ltt@a‘ﬁFé’@g} @’émb\f He% El]?fgﬂg’r?ﬁst gl?‘i al s and
other maligiA! the fiﬁé}mgglagﬁ@@nergy aBSflbdr 208 GMI ek asmbiagebitbenerassarily be
a GMI conpression nol ded beam™ and other materials and fabrication

t echni quepredde bereteifidiesdmpBenabsatition there sierkbepmapdbr b &rerpeplagisl ect i ng

frommaterials that r in effi-cie sorption, and the beam
mat er | alege%&?’?o BT BE&MB?%%W%S%M%%IQ%C €d to result in a stiff beam
[0023] Referring now specifically to the drawings, Figures 1 and 2 are
cross-sectional vijeez2]a Ahsoughenlss dyungles osystem 18 dssaibed belows sathi at i on
¥V: ;2925 rrggregl;% rtc(i!ggegcﬁ?c? ?nrgtejhzdls er.lg.,r %dﬁ%sr%;tgggl %c%rrin[fe(:i'lmlé }Ef\ Svaidie frgrrrlld | over

Azdel, Inc., Shelby, North Carolina for the beam, as described in U.S. Patent No.

5,643,989) and Xenoy® material (commercially available from General Electric
Company, 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 GMT compression molded beam, and other
materials and fabrication techniques can be utilized. Generally, the energy absorber is
selecting from materials that result in efficient energy absorption, and the beam

materials and fabrication technique are selected to result in a stiff beam.

[0023] Referring now specifically to the drawings, Figures 1 and 2
are cross-sectional views a known energy absorber 10 as used in association with a
reinforcing beam 12. Energy absorber 10 includes upper and lower flanges 14 and 16,
respectively, which upon installation overlap a portion of beam 12. As shown n
Figure 2, absorber 10 tends to buckle as opposed to absorbing and dissipating the

impact energy resulting from a collision.

[0024] Figure 3 is an exploded perspective view of one embodiment
of a bumper system 20. System 20 includes an energy absorber 22 and a beam 24.

Energy absorber 22 which is positioned between beam 24 and a fascia (not shown)
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respectively, which upon installation overlap a portion of beam 12. As
shown in Figure 2, absorber 10 tends to buckle as opposed to absorbi ng and
di ssi pat iwQ 08022638 npact energy resulting froma collisionPCra®au}84F gure 3
is an expl oded perspective view of one enbodi mrent of a bunper system 20.
System 20 i ncludes an energy absorber 22 and a beam 24. Energy absorber 22
whi ch is positioned between beam 24 and a fascia (not shown) -4 WO

03/ 022638 PCT/ US01/ 28453 which, when assenbl ed, forma vehicle bunper. As
shoul d khi¢h) Gefen tasgthbist, tfons @ vehkilé bedpem Ahehand be oderstzad by theseached t o

| engt hwi se extending frame rails ot .shown). 10025] The fascia {S
gener al ISyilled g apty bﬁ?‘ﬁhg% ﬁeﬁtﬁ?ﬁlﬂﬂdalgg?r@twee?’%t%‘{m%\ﬁ?%ﬁ radfse(flgtrsg%%j'i s
anenable to finishing utilizing conventional vehicle painting and/or

coating techni queggoisgnerirl fayoia Hsh%’enfe?afﬂ?if@rrﬁ@cﬂ fro@ny Hefipoflastie mmerigy absor ber
22 and reinforcing béam 24 such that neither conponent is visible once

at t achedvhich tpheferablyhis caneenablo 26 |finsbung pilizing copgendionplVehiglisitient, is a

conpr essi | ded. gl ass r i ‘gy(g[% bSvCBhguned as an
| - beam aé@ﬁgga%nggechg{%g% gﬁ%er{ lgﬁﬁ t@%é%%wéegéret r b‘?g(r%n%%yuse . For exanpl e,
a C or \Whahessrsiagbeanas suishaps mithetb@mipadnttie visibleiotee atteldsd tethesect i on
nodul us depending on the particular application in which the beamis to be

used. [OBhiFje.Beam 24 incl udes a continuous upper flange 26 and | ower
flange 28. Beam 24 al so includes rail attachment sections 30 having

openi ngs 32 so  thggpd)olBénd Nt iAh@WNdxaGiple RABSIina i aoUgpressiGecur e
bunper system 20 to the frame 'rails. Beam 24 further includes cross-ribs

34 for sholiidplasgmaRhosmaplagic E@Mipprd is cwufigeed 2360 depBanYEBEWESI bl e i n
Fgure BtE%gﬁ?nxgl?xg i—b?aa%%{%%&gtg;[r P f& &Bﬁgg@ faaciok oS UEdRAmEl 38 Of

beam 24.° I'n-upper flange itate locating energy
absor bershage 64h headed2d provide acteshetisdeebowmodulus depending on the particular

application in which the beam is to be used.

[0027] Beam 24 includes a continuous upper flange 26 and lower

flange 28. Beam 24 also includes rail attachment sections 30 having openings 32 so

" that bolts (not shown) can pass therethrough to secure bumper system 20 to the frame
rails. Beam 24 further includes cross-ribs 34 for stiffening. Ribs 34 on an upper

surface 36 of beam are visible in Figure 3. Identical ribs (not shown) also are on a

lower surface 38 of beam 24. Locator cut-outs 40 in upper flange 26 facilitate

locating energy absorber 22 on beam 24 as described below.

[0028] Energy absorber 22 includes a frame 50 having first and
second longitudinally extending flanges 52 and 54, respectively, which overlap the
beam 24. Flange 52 is u-shaped and flange 54 includes a finger 56 which forms a
snap fit with flange 28 of beam 24, i.e., finger 56 snaps over an end of flange 28.

[0029] Absorber 22 further includes a body 60 that extends outward
from frame 50, and body 60 includes a first transverse wall 62 and a second transverse
wall 64 having a plurality of tunable crush boxes 66 extending therebetween. The
transverse walls 62, 64 are rippled including alternating raised areas 68 and depressed

areas 70 which provide the transverse walls with an added degree of stiffness to resist
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[0028] Energy absorber 22 includes a frame 50 having first and second

| ongitudinally extendi ng flanges 52 and 54, respectively, which overlap the
beam 24. Wbange2632 i s u-shaped and flange 54 includes a fipogarsobBs4shi ch
forms a snap fit with flange 28 of beam 24, i.e., finger 56 snaps over an
end of flange 28. [0029] Absorber 22 further includes a body 60 that
extends outward fromfranme 50, and body 60 includes a first transverse
wal | 62 and a second transverse wall 64 having a plurality of tunable
crush baxfsti6h wshanpacty tlherelith weénlepthdimenstons vér the Nignlessc@pbe64 are

rippled including .alternating.raised areas 68,and.depress . 70 which
provi demodtiedrig 3Ehigyes ff\[%Ean %t%e?wﬁ C]%?ﬁa‘g?fbszi S ﬁse%?ﬁggd‘oﬁ PusS?l i 0?‘ %Segl?@gsr esi stI :
-5 WO Qﬁd@%%?%ﬁ,%ﬂ{u%é%%l?%%ﬁd of&f drepticfatremditoTRdiner Trenab@it h and dept h
di mensions of the ripples can be nodified to achieve different stiffness

characteristics as desired. Crush boxes include  sid s 72
\lg/a:cl 74, and gpen[%@hs@@mm@@%& ?féshweﬁrﬁ@;anﬁ}%aﬁ@ng@pe%ggﬁmer
eferring to e . : f
i e eﬁa?nééaroca-fe@ﬁrge?%ﬁe%é%ﬁ%n%%’éﬁﬁpﬁ R e O e "t he
vehi cl eyelfsRMpxempleustshiiwses 66 fiavwareowanal btheseadimensiowd Iehagmistlodialg | - sh
including  a wing or, t08 portion 80 adjacen irst transverse | | 62 :ES a
bot t om W igs 96190 BRftionS AGja5 eSS ERSNESE P2 sé{?e e é\%%?‘i“lé%“%ﬁa%%’élr allel to
first tQD MOILHOLBH Wahlychse han4 bl pataller @5 srstanh goritar 80 ovidB4 ad) of ning
top and bottom portions 80, 82. Crush boxes 66 of energy absorber 22
tS)t abi | |6 1@1g5etuéitlgy cmlssmdmdveraz)lr@@n i84gadipiningptept ande haitem IPCH%i?lPﬁ 80y 8%ard, crush
boxes rovi de for. an axial.cr ' Hhi L ‘ I
e ME’?‘?%T{SE&}; eﬁiﬁif@ iﬁi}%ﬁfﬁ pidigh fissaegon ing AAERR T

L Qh M€ & YesSbel EMyaSpl ciSslastodb ox bsthoBarag i
o o o SR (PGS o o
criterian ulurp dmpacsy ROHIRHE FIACEY PeRTer ¢aHC | & h boxes 66
for any a%'dt%ﬂﬁ(ﬁ%mo?&t\yéﬁ%le Fgfggﬂséﬁﬁéa?& tCMY S eCridheokad §8hIes pfvideer i a.  For

exanpl e,” crus oXes 66 1 nc
a stiffness tunability in order to meet the desired impact load deflection criteria. That

is, certain modifications can be made to the crush boxes 66 for any given application
in an effort to meet the targeted criteria. For example, crush boxes 66 include a
plurality of windows 86 and 88 in side and outer walls 72 and 74. As described
below, windows 86 and 88 can be configured to have one of many different shapes

depending on the particular application.

[0031] The tunability of crush boxes 66 can also be tailored for
specific applications by varying the side and rear wall thickness. For example, for the
nominal wall thickness of side 72 and outer walls 74 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.

[0032] 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
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plurality of windows 86 and 88 in side and outer walls 72 and 74. As

descri bed below, w ndows 86 and 88 can be configured to have one of many
di ff er entwehafpezx3s dependi ng on the particul ar applicati onPCra3812843he
tunability of crush boxes 66 can also be tailored for specific
applications by varying the side and rear wall thickness. For exanple, for
the nomnal wall thickness of side 72 and outer walls 74 may broadly range
fromabout 1.75 mmto about 3.0 nm Mre specifically, for certain |ow

i npact egpisldetiag icacts of igeseniahles, emdrgy thsaheregueating e rdosied woerghige from
about 1,75 mmto, about 2.0 an for other applications, particularl

t hose fEﬁPaﬁt@JﬁﬁWeFﬁmlﬁﬁn‘gg@@gsystem the nominal wall thickness fgr

the side and rear walls would nore likely be in the range of about 2.5 nm

to 3.0 nm [0032] [Ole,gg){ hal aRReskd i FRREOS,T Biadryllyt wndlded evangyingbsor ber 22
is the selection of the thernoplastic resin to be enpl %&, The resin
enpl oyethembyprst extendortivatiyiberseensla first FRIFGEUS! EHNSKETEHW R Ghterial as

needed. By caref ull -6 / [ i each of

hese. vEPRNES: EhireghiaSaier S0 s Prih OREZer enaly Rhing o

obj ecti F@&s 02 rorhfay Ravef Detoss ethpell (DBBlreAmchidingsbothtaevertinallsi guended,

integrally nol ded connectin menbers 90 extend vertically bet t he

first anpests&2omd ]PQ%EVHVS@?‘WQP}%?@S gad g ,ar&]?ﬁs%t;h’tei P! %Sﬁﬁogfgti ng

menber Sc&gqaegﬁ%g BRbBrstdde b ReBtind méRibel 9@ nlay 1B¥¢ angliniBumpRstage X2ddr ey have
e

a Ccross s structure including both a vertically extended .posts 92 and
hor i zont@héightertiendilrfyalong tisned 4valRBG af dewisalloextending ot Yot NEBIof

connecting nenbers 90, nnegtin 1} erage
Coatn: " baRadranter at s GRAREDCLPERTRF R a0 sy Y LulOCIUR BT A0S,
post 92 yedhb&ivRB). af bonrREliMgmMRRBELIOE thohglet héndbivst Hnihe Widthviedwighheativi r st and

second traverse walls 62 and 64, respectiyvel | f- connect]n er 90
i ncl udeds Wandongs vodl Y6ovse wiiseentithe Awegieee P ]P‘?EB%/ 24 when energy b

is attached thereto.

[0034] Referring to Figs. 7 and 8, energy absorber 22 is shown in a
theoretical post impact condition. As can be seen, energy absorber 22 crumples but
should remain in contact with beam 24, particularly along first and second

longitudinal flanges 52 and 54, respectively.

[0035] Referring to Figure 9 and the tunability of crush boxes 66,
windows 86, 88 can be, but are not limited to, squares and rectangles of different
dimensions as shown at 100, 102, 104, 106 and tear drop shapes as shown at 108 in
order to achieve the desired stiffness of the crush box. To form the windows, a typical
mold will include approximately a 5° open draft angle so as to obtain suitable

manufacturing conditions.

[0036] Figure 10 is a perspective view of a portion of energy
absorber 22 illustrating snap fit and tight fit features. As shown in Figure 10, energy
absorber flange 52 is u-shaped. Extensions 150 from flange 52 facilitate forming a
tight fit with beam 24. That is, extensions 150 are flexible and accommodate a
tolerance in the thickness of flange 26 of beam 24 (see Figure 4) so that absorber 22
forms a tight fit with beam 24. Also, and as described above, flange 54 includes
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Is 1:3. Inner wall 96 are adjacent the outer face of beam 24 when energy
absorber 22 is attached thereto. [0034] Referring to Figs. 7 and 8, energy
absor ber WP m3mIBOWN in a theoretical post inpact conditiPem/USAE2838"0 be
seen, energy absorber 22 crunples but should remain in contact with beam
24, particularly along first and second |ongitudinal flanges 52 and 54,
respectively. [0035] Referring to Figure 9 and the tunability of crush
boxes 66, w ndows 86, 88 can be, but are not limted to, squares and

rect angﬁagerd% which doramsta s rfdvsitoflanges Ssofdweamad4, 1.69 fingerD6 seRs 0Ya6 and t ear
drop Shgﬁ shogg at 108 in order to achieve the desired stiffness of
the cru e‘%? rmthe windows, a typical nold will include
approximately a 5 open draft angle so as to obtain suitable manufacturing
condi tions. [0036Jod37y UlT@leléhata‘E:t@sﬁ&r spakd imeterial aniliaéd ao form iemergyf ener gy

absor ber 22 |IIu_strat| snap fit and tight fit features. own in
Fi gure a@or@ﬁ@ﬂgmlu%blﬁglﬁ@ighﬂﬁéffb@ﬁg@ F@Hﬂa@hﬁﬂﬁﬁ gl preggy A&Fgrprl%’&%‘ from

flange 221 f(%}c”b]f] .egto%& gn&ﬂlrhgg geattlbﬂ %tl{) : aﬁldvi‘e{‘:ﬁla@)ﬁ 29milkh@b dpsrgyeXt ensi ons

150 ar e “fi% accomm erance€ I n the thickness of flange 26
of beamaBsri&agaybegmokled in se:gmdnset, tteebabooiber alsczcanﬂmtw%umtar}f epstragtiony t h beam

24. Al so, and as de cr| bed above, , fl an 54 |n 263

PCT/ Uso masig 4o atopgheplastis mpterl- 187 78 'gpelé W%Fﬁb?ciraér?gégé‘(é‘%r beam 24,
i.e., f 'agg%reﬁ@ecﬁm QYEorts, %ﬂﬂzr%gﬁl&&@@@h@%ﬁaopiaﬁlﬂﬁ?dsm'ghﬁndﬁalsadt eristics
of the material utilized to formener absor ber 22 includ

t oughnedgpitakengdingeying ﬁhﬂémnnlast}n ks [iRe gfuqtﬁ §ht @aaphimisd & pc ‘i’f“trﬁ%lpam ty, a
d t | |
9000 OGSO SLONO08) T 20 AcaRdplEcy Challado/NBS! © iy ener oy

absor be € ab er a so can be of unitary
construq;bg fcarbBidee lﬁcﬂgama t obghliphasneacridntilal . (APApxamshdomtiileri al for

the abs%rethy enelz-%of(yle)rrz)?)ylene diamine modified)-styrene (AES), phenylene ether resins,
blends of polyphenylene ether/polyamide (NORYL GTX® from General Electric
Company), blends of polycarbonate/PET/PBT, polybutylene terephthalate and impact
modifier (XENOY® resin from General Electric Company), polyamides, phenylene
sulfide resins, polyvinyl chloride PVC, high impact polystyrene (HIPS), low/high

density polyethylene (I/hdpe), polypropylene (pp) and thermoplastic olefins (tpo).

[0038] As explained above, coupling an ipjection molded
thermoplastic energy absorber with a stiff beam is believed to provide enhanced
energy absorption efficiency. Combining and Azdel I-beam with a Xenoy energy
absorber, as described above, is believed to result in a greater than fifty percent (50%)
efficiency. Enhanced impact performance translates to reduced costs of repair for low
speed “fender benders” and reduced vehicle damage during higher speed collisions.
Also, since both the energy absorber and beam can be fabricated with unitary and
integrally molded thermoplastic engineering resins, both the energy absorber and
beam can be easily independently recycled. Further, since foam is not utilized, it is
believed that greater consistency of impact performance may be achieved over varied

temperatures.

[0039] The strength of the I-beam along with the energy absorber
tunable crush cans provides an efficient, fast loading and controlled impact event.
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as referenced above. O course, other engineered thernoplastic resins can
be used. Typical engineering thernoplastic resins include, but are not
limted twpoaoea6BoHNitril e- butadi ene-styrene (ABS), pol yca&charsat/zy453

pol ycar bonat e/ ABS bl end, a copol ycarbonat e- pol yester,
acrylic-styrene-acrylonitrile (ASA), acrylonitrile- (ethylene-polypropyl ene
di am ne nodified)-styrene (AES), phenyl ene ether resins, blends of

pol yphenyl ene et her/pol yam de (NORYL GIX(r) from General Electric
ConpanyThis High dsficiénayoisyisdicheh & etRETIPET litpting brdugingnechide dpmineal at e and
inmpact podifier (XENOY(r) resin from General, H ectri L

pol yani efdssts Yfﬁb?f}fllﬁﬁéasnﬁﬁlf‘ il‘eles P@E‘Ffﬁg‘?g&o&‘\?\ﬁlﬁ'ﬁe SEWF@%?'SE@@@?&%{% i npact
pol ysty i fieb Yis® € ¥ & , itiblabigf@rienpaby pr opyl ene
(pp) anﬁ%eéﬂ%gﬁég?#%wgﬁ%rgﬁr@% po). [0038 _Aseeggfplﬁg ned above, coupling
an i nj ecsst-effectblecigstemtthes mmsts ENMVISS and regBEeIPOES- wWith a stiff beamis
believed to provide enhanced energy absorption efficiency. Conbining and
Azdel 1-beamw th nQy, .engr I aboyGiouss bel i eved
toresult in a gré@t‘@f t%hé% ﬁlﬁ%‘)}e@@?@{eaﬁ?{ef%g%%g? f|1t§i@r&e:hnscy. %r?ﬁlgnced

i mpact  gekimy dbsEmbibis TEbsetskilledan telart edll caspsizofhat thednverftion ceple speed
"fender benders" and, reduced _vejBﬁi cl.e %ﬁ&ge ﬁf’t@ ng. hi gher speed col |i sions.
Al so, sbrseticasovith medificalenyyyithindhe pRIft BAM CEF BB f abri cated with
unitary and integrally nol ded thernoplastic engineering resins, both the
ener gy absorber and beam can be easily independently recycled. Further,
since foamis not utilized, it is believed that greater consistency of

i npact performance may be achi eved over varied tenperatures. [0039] The
strength of the I-beamalong with the energy absorber tunable crush cans
provi des an efficient, fast |oading and controlled i npact event. -8 WO
03/ 022638 PCT/ US01/ 28453 This high efficiency is believed to result in
facilitating reduci ng vehicle bunper offsets wi thout increasing the | oads
transferred to the vehicle structure. The |-beam/



ener gy absorber conmbination further gives rise to a |ightweight, inpact
efficient, and cost-effective systemthat neets FWSS and || HS

requi r emeWD3/0p168810] Whi |l e the invention has been descri b@dTiusot/es48s of
various specific enbodinents, those skilled in the art will recognize that
the invention can be practiced with nodification within the spirit and
scope of the clainms. -9 WO 03/022638 PCT/ US01/ 28453 WHAT IS CLAIMED IS: 1.
A shockl ess bunper system conprising a thernoplastic beam and an energy
absor beWWHATAE € AIMBRIISt beam said bunper system having greater than
fifty percent efficiency. 2. A shockless bunper systemaccording to Caiml

wherein said energy aps rotf)l%{ﬁffleg‘é‘#ﬁérg%é %ng%”ﬁﬁﬁ%?% gﬁh?q@g’iﬁ%ﬁglbgﬁﬁ bunper

syst em accor di ng to @ amand conprises a

first fhangeefrbeistol@r EaupRdtofshidSheatl) shidtRnpesdtens BOGNE gfebiznganext endi ng
froma second surface, and a plurality of stiffening ribs on at |[|east one

of sai dfifiypstceninffisieedhd surfaces. 4. A shockl ess bunper system according
to Claim1l wherein said beam conprises a conpression nol ded gl ass mat

thermopl astic. 5..A Shgcmoemssbamﬁrs M&@%@ﬁﬁ@&gimxﬁ ? wlefimsdiawher ei n

said energy absorber conprises a flanged frame for attachnent to said beam
and a benktgy ebdoeediinigjebtiammebded. f rame, sai d body conprising a first
transverse wall, a second transverse wall spaced fromsaid first wall and

a plurality of tunabl e ,crush boxes extendin [ : shockl ess
bunper syst em accor di ng ?h(?c%eﬁsiol?ﬁ%p%&tg@nacggﬁdﬁl%etf’ ﬁqglgnmg%egeg%gé
transvepggn Wahh 3-6R6@ dnil RBhPEisesP tirsTRinge Rx®adide droush fhexesfaee endpaced
apart al ong the body and have open areas dj spos?_d t her ebet ween.

second flange extending from a second surface, and a plurality of stiffening 1ibs on at

least one of said first and second surfaces.

4. A shockless bumper system according to Claim 1 wherein said

beam comprises a compression molded glass mat thermoplastic.

5. A shockless bumper system 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 and a plurality of tunable crush boxes

extending therebetween.

6. A shockless bumper system according to Claim 5 wherein said
first and second transverse walls are rippled, and wherein said crush boxes are spaced

apart along the body and have open areas disposed therebetween.

7. A shockless bumper system according to Claim 5 wherein said
crush boxes have an overall three dimensional I-shape and comprise side and rear

walls.

8. A shockless bumper system according to Claim 7 wherein said

side and rear walls comprise windows of predetermined shape and size.
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7. A shockl ess bunper system according to Claimb5 wherein said crush boxes
have an overall three dinensional |-shape and conprise side and rear

wal | s. 8.wAoshesks ess bunper system according to Caim7 wegresomssas d side
and rear walls conprise wi ndows of predeterm ned shape and size. -10 WO

03/ 022638 PCT/ US01/ 28453 9. A shockl ess bunper system according to Claim1l
wherein said energy absorber forma snap fit with said beam 10. A

shockl ess bunper system according to Claim1l wherein said energy absorber
conpri ses extensi o‘xs t hatshdaliless Aumipghsystem agdotding i Qlareanwhdrein sdibeam for a

bunmper i d_beam i Si a glass mat thernoplastic and
confi gu%ém%%%egﬁgg?ﬁép%ﬁfﬁﬁis?:ldz’%%rpgy absorber attached thereto. 12. A
beam according to Claim 11 wherein said beamis an |I-beam and conprises a

first flange extentl ng Arhookéest bumpessiisteas Bcoariin@tos€R@Ad Whaefesai@xt endi ng
froma second surface, and a plurality of stiffening ribs on at |east one

of sai FRFISYAPSUREr BB wiersippe dhat farm atighdfihvathosrdbesgt o O ai m 11

wherein said beamis conpression nolded. 14. A bunper assenbly for an

aut oot i ve vehi cl e IcOMK ipShfGor ab_ﬁlﬁ%@f@gkﬁsi' %ai@%%%%flgg{ggfgfags mai ntai n

a section nodulus throughout an inpact evenf; an energ er coupl ed
to sai d ddhermzapdastic fand coafigired ¢h bV e atthersmipthstin enggy absmbdreattached
substantdflé';}goy envel op said beam and said energy absorber. 15. A bunper
assenbl y according to Cl aim 14 wherein said beam '

1Z. A beam according to Claim 11 wherein said beam is an I-beam
and comprises a first flange extending from a first surface and a second flange
extending from a second surface, and a plurality of stiffening ribs on at least one of

said first and second surfaces.

13. A beam according to Claim 11 wherein said beam is

compression molded.
14. A bumper assembly for an automotive vehicle comprising:

a thermoplastic beam configured to maintain a section

modulus throughout an impact event;
an energy absorber coupled to said beam; and

a fascia attachable to said energy absorber to

substantially envelop said beam and said energy absorber.

15. A bumper assembly according to Claim 14 wherein said beam

is compression molded and said energy absorber is injection molded.

16. A bumper assembly according to Claim 14 wherein said beam
is an I-beam and comprises a first flange extending from a first surface and a second
flange extending from a second surface, and a plurality of stiffening ribs on at least

one of said first and second surfaces.
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i s conpression nolded and said energy absorber is injection nolded. 16. A
bunper assenbly according to O aim 14 wherein said beam is an |-beam and
conpri seswea 0BioexBs8 f | ange extending froma first surface amdTassezsand

fl ange extending froma second surface, and a plurality of stiffening ribs
on at |east one of said first and second surfaces. -11 WD 03/022638

PCT/ US01/ 28453 17. A bunper assenbly according to Caim 14 wherein said
beam conprises a conpression nolded glass mat thernoplastic. 18. A bunper
assenbly accordi ng7t o & minpet 4sseinbiye perosding te flaingyl4 whetsibeaid bsam uni tary

el ongat ed energy absor.ber omprises a flanged frame for attachnment to
sai d be%%ll%ﬁﬁﬁsgCBW%R{‘B}?Z‘?%&%%@%@&‘OP{@ s said body conprising a
first transverse wall, a second transverse wall spaced fromsaid first wall

and a plurality 9§ tunahingesasiembbosesrding anCiaiig 14 ndreedinsaidenergy9. A
bunper assenbly according to Caim 18 wherein said first nd second ‘
t r ansveahserbealis @ unitary plopgaterl engiay RRETBHAKFNRIISES f %561;88@ g‘)ﬁaced apart

along th od nd. hay e i e hdisfmeush boxes
havi ng atgaﬁgﬂ?é?%l ﬁ% C{L%}ragie&gll ﬁn%‘?éf ﬁzﬂhﬁgﬁg&g@ﬁ%ﬁgg%ri 5o c???esa%d r ear
wal |'s. 20ird huigverse asdembiegomt transliersg well Gbaderh ftomm \shisk Bish vedl andaer gy

absorber forns a snap fit with said bea -12
plurality of tunable%rushﬁ)oxes exten?hng tplereg‘étween.

19. A bumper assembly according to Claim 18 wherein said first
and second transverse walls are rippled, and wherein said crush boxes are spaced apart
along the body and have open areas disposed therebetween, said crush boxes having

an overall three dimensional I-shape and comprise side and rear walls.

20 A bumper assembly according to Claim 14 wherein said energy

absorber forms a snap fit with said beam.
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