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| NCLUDI NG A BUMPER BEAM BACKGROUND OF THE | NVENTI ON [0001]1 []Tlﬂli'?mh vention

rel at es |y to bunpers and, nore particularly, to_en sor bi ng
vehi cl e %@g@r@%@%st ens. [0002] Bunpers typically extend \Xﬁiﬁ[‘?&%@% Heross
the front and rear of a vehicle and are nounted to rails that extend in a

| engt hwi se direction. Energy absorbing bunper systens attenpt to reduce
vehi cl e danage as a result of a collision by managing i npact energy and

i ntrusion while not M I he vehicle. [0003]
Steel beans are conﬁgﬁﬁ?ﬁ ﬁbﬁ&é&@é@&%&am Is very stiff and
provi des structural streputhupndGrA BUNMPER BiEgel beans, however, are
heavy. In addition, steel beans can crush or buckle and do not maintain a

section nodulus throughout an inpact event. [0004] Sone bunper assenblies
I ncl ude shock aborbers. Such shock absorbers are positioned, for exanple,
bet wee BACKGROPUNIHQE T2 ENVENTIONe vehicle rails. The shock absorbers are
i ntended to' absorb at |east sone of the energy resulting froman inpact.

Addi ng shock abs%)ggfd iosg's ﬁe% r r@ﬁ%gn%%ergslﬁggl&tsg‘g'f,‘ er@”%@?dﬁﬁr cost and

conplexity as co beam 0 add’ wel geht to the

bunper mstioaidlyyto eMerghatissrbiseehivkepanpatystemsnce such added wei ght may
reduce the overall fuel efficiency of the vehicle. i [0005] Oher known

ener gy absor bi ng er_systens .i nclude .a . heam and ner absor ber. The
beam typically i ﬁ@@el B“%&Heréﬁ@‘ yfﬁg?ﬂdb%dt %Wﬂ?saﬂﬁg@ﬂt %/dtli‘?arst eel beans
i's foamgf FeR1P2AE Gré BRUAKIADIMPOES ety GRk I¥ngthwise direction. Energy

absorbing bumper systems attempt to reduce vehicle damage as a result of a collision

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 least some of the energy resulting
from an impact. Adding shock absorbers to a bumper assembly results in an added
cost and complexity as compared to a steel beam. The shocks also add weight to the
bumper assembly, which is also undesirable since such added weight may reduce the

overall fuel efficiency of the vehicle.

[0005] Other known 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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have sl ow | oadi ng upon inpact, which results in a high displacenent.
Further, foanms are effective to a sixty or seventy percent| {cPR1IIg§ssi on,
and beyon%nt hat point, foams becone inconpressible so that the igr})act
energy | YOB2363# | y absorbed. The -1 1 0 APR 2006 WD 03/ G5FE5§1/284

PCT/ US01/ 28453 remai ni ng i npact energy i s absorbed through defornmation of
t he beam and/or vehicle structure. [0006] The efficiency of a bunper
system or assenbly, is defined as the anmount of energy absorbed over

di stance, or_the apount of ener absor hed over opd. A high,efficiency
bunper Xeipeing HRCT it RabSHEro Yo Slo Srgonas b Bm e briiafle, ow
ener gy @ghseder. Hgh efficiency is achieved by building load quickly to
just under the rail load limt and nmaintaining that |oad constant until the

i npact energy has been dissipated. Known shockl ess bunper systens that
i nclude a steel bH®ASI The eHicienayrpEmbrmperysisnb or agsemblyaisidefifed/es an

efficiepcy less than fift ercent. (509 BRI EE. S ENTI ON
ooo7] TR AmsfECof iR dusohef S REBhiat o e S PSR abdertblorble ™ Vi ol e
i's provipg€dA bR SBETRRy Bunsice BYRGNRbiEBS mdré BRdrpppvass itorteedigtaasd an

?’”
energy absorber. The bunper has greater than fifty

[ [ | .%Ee}r cent (m
ef fi ci ¢hay 2 lpweoeizy absetber. nHigh-efBeiency i§ ashisved by bailgingjead ¢ yis
provi de N . G L nfi gur ed
Fo havats ulEnRSarloen T A86y Al e pPtodk OSEEBAMARE M AR LA™ OVt
anot herhaa dpectissipatednEaowasheckiésy bamppr systeng thathiecimle £ staélibgamerdtit o mai nt ai n
a sectiop nodul us . throughou n i t.event | s provided. . The assenbly
further? Eoéﬁ‘p?qe%%’sabéﬂrbéﬁ ‘?”cﬁ/aﬁ-‘é(g"%‘? gg&@’é’ﬂﬁf @as ?Ihﬁn DSESSH, (591%3 a fascia
attached to the energy absorber substantially envel ops the beam and energy

absor begRIEBREERNIRRSROF THER IV ERIEORRAW NGS5

[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 buniper has greater than fifty percent (50%) efficiency.

[0008] In another aspect, a beam for a bumper assembfy 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 pf a known energy absorber

shown in a post-impact condition;



[0010] Figure 1 is a cross-sectional view of a known energy absorber shown
In a pre-inpact condition; [0011] Figure 2 is a cross-sect%o% gﬂ ew of a

known ener absorber shown in a post-inpact condition; - ?(9 /.022638 10
APR 2006 WPB{928/881/ 28453 [0012] Figure 3 is an expl oded g&EEPOMBRE vi ew of
one enbodi nent of a bunper assenbly including a conpression nolded |-beam
and injection nolded energy absorber; [0013] Figure 4 is a cross-sectional
view of the bunper assenbly shown in Figure 3; [0014] Figure 5 is a rear

P To0ts] i olioadls”Rigusd P i im SHioEGielshoeN i it i giberBidab !t he °
ener gy ?f%ﬁﬁ}ﬁj?&r ass ihﬁu?ih?‘ér&%l es3d8 Moldbd® Lbeam fand Yhjction olded r ont

per spec e of a portfon o he energy absorber shown’in Figures 3 and 4;
[0017] é&niengyrabs@bes a cross-sectional view of the energy absorber shown in
Figures 3 and 4 in post-inpact condition; [0018] Figure 9 is a perspective

vi ew of an energy rbher with illustrati,ng nmagnj.fi rt.d erspective
vi ews of alternat E@giﬁn %@ﬁﬁ? & }saméxé)ﬁ%ﬁ?c&onalaﬁgw[ %% ﬁ%geuratgée Y a

per specgﬂoﬁmiﬁ%@\g; a portion of an energy absorber illustrating snap fit
and tight fit features. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[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;

{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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[ 0020] A bunper systemthat includes a conpression nolded gl ass mat
thernopl astic (GMI) beamis described belowin detail. Injp zﬂf@

enbodi ment, an energy absorber of the non-foamtype is attacﬁle 0 the
beam OBA93MAB a high stiffness thernopl astic beam wi t RCHUSYR348am t ype
energy absorber results in a bunper systemthat achieves fast |oading and
efficient energy absorption upon inpact. Specifically, inpact forces
during | ow speed inpact are maintained just below a predeterm ned |-evel by

deform ng the en y absorber and beam uynt.i he - 03/.0 38 10 APR
2006 Pmmmwaea@geme@tuwe@h@s@yew bsprhed; r%g %WtSP?FzS{s‘mé?ééﬂ absor bed.
When the | S, eed I thiBs

subst aftf" ﬁﬁ\'{v‘i/ ggytasggri)%gl naynsoﬁggsgmg% ‘r%gﬁgs%ggﬁépfsaiﬁ%l Eelﬁ% II"T; ntegrity to

Wi t hst §@mc§ﬁbﬁwgﬂ%mmubé&ﬂaﬁhmﬁmml ning the high stiffness
properties of a conpressi on nol ded beamw th the efficient energy

Eﬁff’éb"esgtﬁrﬁfiﬁ'es S BBt bielo SUEDFT BEPFORANE e o0t 1 adi ti onal
metal REaHRsibd tbREd AR WiaP RAOIRLie: LibrapdbirbRit. pldericbaimpl astic

energy a er an am conbi nation is believ to provide nore
ef fi ci eidrmoplpstict emdrgprapsorbar witniss aleelbehe@dstwwrm@ﬁ improyebiEpatc energy

urper S EEPFaURRECE Y Bk UBUGTFLIEH PoPer dpb e grebpodpfes AT 1'C
(e J ég&o 6h(the tﬁ%%glaédm CAQBYRbSO R laxtd @MTI lﬁbinecdmlﬁﬁmuoﬁzﬂé)lehevbdc Shel by,

l'tTTha for the beam as described in U S. Patent No. 643 989)
and Xe ro pEoviderenoes iefficiqns dmmaetc pbsorpjionban é‘l?P]ebanWEér?eF]%ﬂm‘E ric

Conmpany, P|t sfield C BRr gy absorber), the systemls
not | ififeéd StOBbeﬁg gﬁfﬁfﬁc %Btf??%ér%eg}uiﬁ%&aﬁd other materials can be
used. In addition,

[0022] Although the bumper system is described below with

aad
n

reference to specific materials (e.g., Azdel® material (commercially available from
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 in
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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t he beam need not necessarily be a GMI' conpressi on nol ded beam and ot her

materials and fabrication techniques can be utilized. Geneéa{zﬂy t he energy
absorber is selecting frommterials that result in effitld [@hergy

absor pt iwo,03/ar3% he beam materials and fabrication techprCTjuso18¢3sel ect ed
toresult in a stiff beam [0023] Referring now specifically to the

drawi ngs, 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 | ower flanges 14 and 16, respectively,

whi ch yaReh, iviehakdeaiblal) foverl wbicle panpéronAoihonkhbe tiddersteodbptiostn  Fi gure

2, absorber 10 tends to buckle as opposed to absorbin n | ssi pating the
i mpact skibled iy the axheam 2 Fragiachedds lenedivase exiengsug @W%@?lé%@qisgo@. expl oded

perspective view of one enbodi nent of a bunper system 20. System 20

I ncl udes an ener S : eRRErid2 which is
posi ti oned bet miﬁozéia%r@%%&n%‘ﬁ §§a<1:1?aﬁ‘?ﬁn%?ﬁ°srﬁ?mﬁ)eﬂ%{%ﬁ%ﬁb@osg 022638 10 APR
2006 REEHIPRKEAB4SS ahérmmble vhdinidimeutilizilg cboventianalevéhitle potn#sér . As

shoul d be understood, by those _ skj Iégd i n thelart beam 2 iésergtzt ached to
| engt hvandier esatingdechpiareaneenaaily theEcia HillA5VelqmbRih FIGRY 2pRER 4% s

gener al Jred R AR ABE Sorfiftnbiit i visitb iofife Bft@hed apthy | s
amenablagﬁtréﬁrl ni %%l&ﬁg]zat%ﬁ I?zilﬂricg convent’i onall vehi cl e painting and/or

coat i ngrehfebdini ques. Generally, the fascia will envel op both energy absorber
22 and reinforcing beam 24 such that neither conponent is visible once

attached to the Lcl.e. 26] Beam 24, i eo%g;i\ ipent, is a
conpressi on ol Jé@gél g?%,t e&'ﬁo%aglg’ § (?H]Pg%%e%gﬁgp%sc configured as an
| - beamm&iRedplasd 8%t thekhepladth(GMT) knd Bovonfgasd ts yn ddeaine Gepatkiridor exanpl e,
a C or Wcross-sectional .

other than an I-beam geometry can be used. For example, a C or W cross-sectional

shape can be used to provide a desired section modulus 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. Beém 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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shape can be used to provide a desired section nodul us dependi ng on the
particular application in which the beamis to be used. [0QP¥]iBeam 24

i ncludes a conti nuous upper flange 26 and | ower flange 28. Beam 24 al so

i ncl udesWOMBR0288 achnent sections 30 havi ng openi ngs 32 Z6T/USREIS4HH| ts (not
shown) can pass therethrough to secure bunper system 20 to the frame -
rails. Beam 24 further includes cross-ribs 34 for stiffening. R bs 34 on an
upper surface 36 of beamare visible in Figure 3. Identical ribs (not
shown) also are on a |ower surface 38 of  beam 24. &Pcat r cutsouts 40 in

upper  flefestien 2pon doipast: atkhe Wit tand depie dipensions Hfethe BPRIG EELRF 24 as

descri bed,. bel . ow.,.[ 002 : 4 | e f ; aving first
and s ogihtge%I 18 heﬁﬁ%f%@?@%egﬁglﬁ%éaﬁﬁ %t%ggga%g&g'ngr%ﬁl ,Hoﬁigflge‘égltdievel y? whi ch
over | agideR@lls 72 2um ctder WAlRTY)@nd dpérsareassTiheiexiond tb teerigeerdipnia®). udes a fi nger

56 which forns a snap fit with flange 28 of beam 24, i.e., forger 56 snaps

over an end of flange 28. [.0029]  Absqrber, 22 f her, i ncl ud body 60
that extends out BRI Heforing & l@ﬁ?gaﬁ‘aﬂbg?ﬁps ‘faﬁcl}aﬁlﬁélgygggf’?gt

transv 'ilﬁ'%eé\ﬁll %iﬂ@%n@%%orﬁeﬁ@sc@éﬁn %%"tﬁé %ﬁpac‘f\@hélgﬁgile inegts dopther al i ty of

tunabl e"Cru oxes extendi'ng therebet ween. I ransverse walls 62, 64
are ri pphiett. iBxatmptt argstebdxes Gathiane an averall thaecediznegsionsld-shaps laeWdMs areas 70

whi ch i de the t, : | i t h i t

s ot A Bingor ApPabte S drsrabams e SRR fHGE b Bbtdohne L0

The wi %tzha@:tm?fﬂ@&bﬁd HaERSEONEI064 bhie patallel 65 fiearopeportimdighiveith o achi eve
|

di fferent fness characteristics_as desired, Crush boxes bng%ude si de
wal | s Aangitadinalicrss wagmberdporting &padiomingtoryand haitom,pafians Y% fitr i nner

frame 5Q. 030].Ref erri | -1 89 mhigdactany one of
. andeh PRI P O chpteydanuBel 22 Mae gk dosepa a2 gt iR
requi r esvest Snftlis rédagd, crush boxes 66 provide for an axial crush mode in both barrier

and pendulum impacts according to Federal Motor Vehicle Safety Standard (FMVSS)

and Canadian Motor Vehicle Safety Standard (CMVSS). Crush boxes 66 also provide

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 funing energy absorber 22 is
the selection of the thermoplastic resin to be employed. The resin employed may be a
low modulué, medium modulus or high modulus material as needed. By carefully
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vehi cl e. Exanple crush boxes 66 have an overall three-dinensional I|-shape
including a wing or top portion 80 adjacent first transvéfd@Rdlltl 62 and a
bottom wi n ortion 82 adjacent second transverse wall 64 and parallel to
first topo 3 #26%h 80 with a longitudinal cross menber pBFTU 8‘1‘1”%4153adj 0i ni ng
top and bottom portions 80, 82. Crush boxes 66 of energy absorber 22
stabilize energy absorber 22 during an inpact event. In this regard, crush
boxes 66 provide for an axial crush node in both barrier and pendul um

i mpacts according to Federal_ Motor Veh cle Safelégé r% egis FI\N S) and
Canadi comsidoting evaihpt fhessaragahlost E’i*f‘él@f& QRIS eC % | so provide

a stiffne t qto meet the desired inpact |oad deflection
criterPPac %’1 R’Qé%,ahg\érr{l%}u%m difications can be made to the crush boxes 66
for any given application in an effort to neet the targeted criteria. For
exanpl e, crush bi@og3] 6AS|ﬂm1simateda1n Fignral 6, t intagrallss @en%@w B8 i n side
and outer _walls 72 _ and, 6]? As de bed bel vm ndeo 8 can be
conf i geagers 0 f?étﬁ@dffﬁ@c yh%m’fe’al %‘?ﬂd SEH S‘éf’é?) | ng on

parti Cfg ctiglh | CaineQihg hidhbtls 906ndy8akh lihd Yorh oﬂﬁbkﬁbalﬂ)pxﬂﬁmﬁﬁgcan al so be
tallore or speC| I C appllcatlons by varying the side and rear wall

t hi cknpesis 92:Gur enydmyt &, cioss shaped shopiureincivding qﬂl@kvpé@%a liyrexdended 72 and
t LI b f 7 0 Mb
opect f Pets Py, giorgnly Pt pat Sip Ry & R SRty o0, I ore

thi cknggsheRB; ﬂl@ﬁlﬁé@bb}’c&ﬁi&g&l% frebeb o0 nay hikbe mhmm&hcaubrage @idtm and for
ot her appli ca% I ons articular

h f 5 S
the. ntmheight Teb o 115 elene g819r otk e oL eRSCHHCER GHRTG BT S PR o | 1 kel y
be in h.e ; aei?gfre&) b th8 QP Ince 12 B}Ué@ﬂb’tﬂe ﬁlé aﬁ'&@ecgﬁ)@ég\}er&nﬂﬁlﬂ's%z Q@P@ﬁ in

appr opPF uning energy a the selection of the
t her rmpésgséﬁvely[ qscmemﬂ@mmbng@mcludém m@wsr%dhpm@'fédo wgighbratly | ow

ggdxpéfgbgg%#eg] nﬁ%%l al%g a Jacent%l;e (r)TIII)tG 206 0 eta%'lr ﬁ/-? Wh%? eﬁ&%?%gsor@f ggarefully -6

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 suitgble

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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WD 03/ 022638 PCT/ USOL/ 28453 consi dering each of these variabl es, energy
absorbers neeting the desired energy inpact objectives capﬂgpﬁ 06

manuf act ur ed. %%033] As illustrated in Figure 6, integrally no g%
connect i W§ 03(8#B%rs 90 extend vertically between the firSCTAMYE¥Ebnd
transverse walls 62 and 64, respectively. Connecting nenbers 90 may be in
the formof vertically extending posts 92 or may have a cross shaped
structure including both a vertically extended posts 92 and horizontally

ext endi ng posts. 94. Regardl ess, of the_confi gurat.i on. of onnecting nmemnbers
90, codinget Inyhichfpaps ‘96!1%?&@1m@aﬁgﬁ%Pﬁ{lﬁﬂ%’a@gﬂﬁg%ﬂ&%@éma%oﬂgi ght ratio
of 1:5 leﬁ@%fg&%r 8vvall 96 of vertically extending post 92, the height

bei ng asure che di stance between the first and second traverse walls

62 and 64, respectively. If connecting menber 90 includes wi ndows 98 the
width to height fa837 Tte thBacténnties ofathe M@eral cutilifed denformhaeedht er face of

Fi g, _ Phsetbens? Brbts peaeBRer S, aGHTY eae el sperdy doniiel | pact
condi t ioffsciths a (@Rl AR o BRREMon RSGI ART redfclatii| Fenilwthe aeoyt d remi n

In conta eam 24, particularly al on i rst and second | ongitudi nal
f | ange sbS@bandaphe mobisddu segra¢ns, the aBstberalse can heyof witary; GPSUYCHY "t he

tunabilit f crus es 6p.. . W,nd 6 r t limted
o oqmidRomd Pih BRTowanricl, APERARp R IR uiSpetitr R 1 T (0
104, 108 rapsrdcedhbélfeoPOS doRnes ABersiipimrerid thifhdpinstioretins ¢an Fechiwedve t he

desired stiffness of the crush box. To formthe i\%gdgws a tﬁ Lcal nold
wi |l i rEspicsd engipeesie heraloplastic resinsringide.: bus A not diguted 1. ATHPEHIICS i ¢ abl e

por 1 o aR=FAR | LOBEY O Fpefller, [ ol CaBoRRUARET | HRnk St e

f eat ur empoksarbbaaterpblyestergur ecrilic-semenegacrylonitrile  (ASA),  acrylonitrile-
(ethylene-polypropylene diamine modified)-styrene (AES), phenylene ether resins,
blends of polyphenylene ether/polyamide (NORYL GTX® from General Electric
Company), blends of polycarbonate/PET/PBT, polybutylene terephthalate and impact
modifier (XENOY® resin from General Electric Company), polyamides, phenylene
sulfide resins, polyvinyl chloride PVC, high impact polystyrene (HIPS), low/high

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

[0038] As explained above, coupling an injection 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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absorber flange 52 is u-shaped. Extensions 150 fromflange 52 facilitate
formng a tight }‘it wth bearr? 24.h TEat is,feﬁensions 150”]aﬁ %%bexi bl e and
acconmodg} e erance in the thickness o ange 26 o % see
Figure 4 Ostg%ﬁfé? absorber 22 fornms a tight fit with be%ﬁt@% / §o, and as
descri bed above, flange 54 includes -7 WO 03/022638 10 APR 2006

PCT/ USOL/ 28453 finger 56 which forns a snap fit with flange 28 of beam 24,
i.e., finger 56 snaps over an end of flange 28. [0037] The characteristics

f th paterjal .utilized.t g . b 22 1 i.gh
? oughﬁ@ggs/ g‘trgi%? ‘ffﬁiL’l’Féﬁ; ’czsﬁ\é"rl}%ﬂti 3{’ %gﬂfg yfﬁ‘?lﬁl%a% é?e m§b¥%@f# iqglrlllmegapaci ty, a
good ”Bﬁk%ntgy‘tgga%ﬁg%gig @8 1581sitfandfetkell €6 W velicld dthuctirdli The [beameier gy

absor ber in segnents, the absorber also can be of unitary

const r endrizy Bbsomtesd eofmbinatian furtheh gpvesgise do pdighhyeaght, imppagkelfsicat. fferi al for

t he absorb L. S Xenoy as . r o ve, ourse, other engineered

t her nnﬁ?%&e?#%&h‘?ee%’?tﬁ’%‘t@%fﬁn??és ﬁ@gfﬁa%%ﬁ%g?q%gﬁ%%%eri ng thernopl astic resins

i nclude, but are not limted to, acrylonitrile- butadiene-styrene (ABS),

pol ycarbonate, poho4oRr PRt e ABSeticinHas Beenciepraibyd dn et of paiopest er,

acrylic-styrene-acrylonitrile (ASA), acrylonitrile- | ene- %gl ypr opyl ene
of

eth
di ami neperiii embetlimenty,those ghilted)in the aryyillzecogpige that Qﬁ(lﬁg‘?&m&"é‘ﬂ
| yph l. L0l Je @l% | Electri
gg%g&%wg&g@%r pcg*%lggprl ontglte E‘?ﬁﬁ?&’)"ﬁg@g}ﬁ?gﬂg terggh[ Ihgll ate and

impact nodifier (XENOY(r) resin from General Electric Conpany),

pol yam des, phenylene sulfide resins, polyvinyl chloride PVC high inpact
pol ystyrene (HI PS), |ow high density polyethylene (1/hdpe), polypropyl ene
(pp) and thernoplastic olefins (tpo). [0038] As expl ai ned above, coupling
an injection nolded thernoplastic energy absorber with a stiff beamis
believed to provide enhanced




energy absorption efficiency. Conbining and Azdel |-beamw th a Xenoy
energy absorber, as described above, is believed to result in a greater

" than fifty percent (50% efficiency. Enhanced inpact perfornmance

transl ates to reduced costs of repair for |low speed "fender benders" and
reduced vehicl e danage during higher speed collisions. Also, since both
the energy absorber and beam can be fabricated with unitary and integrally
nol ded t hernopl astic engi neering resins, both the energy1 BiBBbIBEr and beam
can be easily independently recycled. Further, since foamis not utilized,
it is b¥hptdfeldimemis: great er consistency of inpact performance may be

achi eved over varied tenperatures. [0039] The strength of the |I-beam al ong
with the energy absorber tunable crush cans provides an efficient, fast

| oadi ng land cAnshooklesdbumpacdystevietbmprisBg\WOHBMOZIAS2E8 bddin ARR a20&ergy

PCTI USOL/ 28453 Thi s, high efficiency is believed to result in facilitating

r educi ngRbsiRet Feumeh i pad iﬁﬁ@eﬁ@gmaﬁba@mm%%asﬁﬁwex prad |ea ey abeavst er r ed
to the vehi I T = ' j ofy further
gi ves. iy seS A R ior AR Lo o B o O e B 2 e

t hat nedrand;MM8DodpdombtiSsg nduysti tramvesrsswall,60k0¢nd/tharseersdrevall spaed ifmm has

been descrjbed in ter f various specific enbodinents, those, skilled in
Che art Said 15 wel ghd s Bestisy OF ob i seToReLHEe yPabegt S fpnged

nodi fi catdpe cwnghbiagtdaqea%plohe tirRRH co8RRRPlo L SV& IR bddin AR 00 What i's
clainmed is: 1. shockl ess bunper system conprising a thernoplastic beam
and an éwenngy sysidys batieg seeeiep Hhed fifty pacant blrancyai d beam conprising a

fl ange, said energy absorber conprising a flanged frane for attachnent to
sai d beam and a body extending fromsaid

2. A shockless bumper system according to claim 1 wherein said energy absorber is
injection molded.
3. A shockless bumper system according to claim 1 wherein said beam is an [-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.

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 first and second
transverse walls are rippled, and wherein said crush boxes are spaced apart along the

body and have open areas disposed therebetween.

6. A shockless bumper system according to claim 1 wherein said crush boxes have

an overall three dimensional I-shape and comprise side and rear walls.
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frame, said body conprising a first transverse wall, a second transverse
wal | spaced from said first wall and a plurality of tunable crush boxes
extendi ng therebetween, said flanged frane conprising at |east one finger
configured to snap over said beamflange, said bunper system having
greater than fifty percent efficiency. 2. A shockless buﬁfbéPR #6t em
according to claim1l wherein said energy absorber is injection nolded. 3.
A shockl ess bunper system according to claiml| wherein said beamis an

| -beam and conprises_a first flange extending froma first surface and a
second f1-angeA shodkiess Bymper Bifier assersiies ©ualaigee wharein spigpide and fepr gells
stiffeni rst and second surfaces. 4. A
shockl ess Bu SQ%VIQ&“ZSE%H %ﬁéeg%g}%géh?%ead (aasfiir% 1 wherein said beam conprises a
conpr essi on rml ded glass mat thernoplastic. 5. A shockl ess bunper system

according to claim,1 rein said first and second transverse walls are
ri ppl ed,%and M@P%}f ?ﬁsgmeer%ﬁn@&ﬁ@élr&@ daigt b avheseinsal) GsEEy #sorisbdy and

have opeg ar& ﬁt%&ﬁmﬁébfemrebet ween. 6. A shockl ess bunper system

accordi ng to c al erein said crush boxes have an overall three

di nensi onal |I-shape and conprise side and rear walls. 10 10 APR 2006 7. A
shockl es m according to cI al m.6. wherei n said side and rear

ol ls BN R 3 SHB L OEooHABb | SHRFEn 38 WX LRORET cos
bunper Sdb'iﬂﬁﬁbsa&)&él{sﬂidgghétq’oxﬁl@hglht]ﬁt‘mﬁfﬁah@béd%d energy absorber forma
snap fit with said beam 9 ockl ess bunper system according to claim1l
wherei n said energy absorber corrprl ses extensions that forma tight fit

wi th saig, bea n_aut onptive vehicle conprising:
a ther fﬁ astiﬂlé’“%‘é’sa%sé%fﬂ@?u‘% %m?%‘f e&i‘ﬁ ° SOREY 5N nodul us t hroughout an

a thermoplastic beam configured to maintain a section modulus throughout an

impact event, said beam comprising at least one flange;

a non-foam type thermoplastic energy absorber coupled to said beam, said energy
absorber comprising a flanged frame for attachment to said beam, said flanged frame
comprising at least one finger configured to snap over said beam flange; and

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

said energy absorber.

11. A bumper assembly according to claim 10 wherein said beam is compression

molded and said energy absorber is injection molded.

12. A bumper assembly according to claim 10 wherein said beam is an [-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 bumper assembly according to claim 10 wherein said beam comprises a

compression molded glass mat thermoplastic.
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i npact event, said beam conprising at |east one flange; a non-foamtype

t hernopl asti c energy absorber coupled to said beam said energy absorber
conprising a flanged frame for attachnment to said beam said flanged frane
conprising at |east one finger configured to snap over said beam fl ange;
and a fascia attachable to said energy absorber to subst&btAPRligg envel op
said beam and said energy absorber. 11. A bunper assenbly according to
claim 10 wherein said beamis conpression nolded and said energy absorber
is injection nolded. 12. A bunper assenbly according to claim 10 wherein
sai d bealft-i s AnPUnRsEAArR]y aceorgings ks claimil0syhenengped erergndAbseFbEr dnfta fir st
surface i : : d

ol ur al (o SPRpRRN By AR SREL RPN boy BRERRT LA BT 1Bl o

sur f acesbody3confprizingpe firs smeasderye walt or shicogd transessie walOspabet fom siid flrdbeam
conpri ses onpr essi on | ded. gl ass mat . thernppl astic. 11 10 APR 2006 14.
A burrperw%ﬂgé‘%cﬁﬁgi))‘mjﬁ}%?ﬂm%@ePﬂlshgai‘%%%%?rﬁb§%ﬂeﬁlener gy absorber is a
unitary el ongated energy absorber and conprises a body extending fromsaid
frame, said body conprising a first transverse wall, a second transverse
wal | spated fAobumpérdafsembly awedridirentd algihud 4l wherenf saidnfitst eendr seshndboxes

extendi ng_t her ebetween.. 15.. A bunpper_assenbly accordin 0 clajm 14 wherein
ohi 11 rSpsAe SOUBE rippis ut UE PO bGH bt SHived ARGH AlRedled or ush
boxes argodyPafdekhvansfeh aéRNHsfoIed tREBetwBsh, RAMErBREPo L aRSIHE SPEF@EI

t her ebet ween, said crush boxes having an overall three dinensional |-shape

and conphreselimierrsongh i shapgrandapmpriseigde mdygapeallsassenbl y according to clai m
10 wherein said energy absorber forns a snap fit with said beam 12

16. A bumper assembly according to claim 10 wherein said energy absorber forms a

snap fit with said beam.
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