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ENERGY ABSORBI NG DEVI CE HAVI NG NOTCHES AND PRE- BENT
SECTI ONS TECHNI CAL FI ELD OF THE | NVENTI ON The present

WO nendiien rel ates generally to the field of PCT/US2005/010717

ener gy- absor bi ng i npact devices and, nore
particularly, to an _ener absor bi ng devi ce havin
hot ches andENEBCHABSCIEING DE \HAGHERBING NRTEHES

| NVENTI ON Ener gy- abs&NB RREiBRPEE SEGSIPONSs absorb
and/ or attenuate energy during an inpact event for
different applications, such as an errant vehicle
TEOENICAY FMELDAOF TNV ENDEONI de safety), a vehicle
i mpacti ng anot her vehicle (vehicle crashmorthlness

an ocifpBiseent ipution gelates ogangizdly gp ehe tlisdt .oﬁgnewmbﬁorbmg impact
[ [N

PR B mBEpE sy P08 & B EORYBlne CRRE 1 0e iGhes and pre-ben

sgetaomsf or occupant safety), to nane a few A crash

cushion is an energy absorbing device that is placed

in front of a fixed hazard to "cushion" the hazard.

BASKOROUNDOFTHEINGENGgONNE | mpact severity of an

errant vehicle Tnpacting the hazard by absorbing the

ki netEnsrgnalysgybing imprst dowmgabwhlmﬂ@r iarterzuateoeTter gyt dufmg an impact
A cra .on._shou

PR s Ao B O Se S560 B, B rGTE a2ty 7S road hazard

(Poadtibe el on v%hﬁled%pﬁdtlﬂgeaﬂo&hdrsvdlﬁkﬁélqzlelﬁiicfeobra?;}‘xw&thmess) an
i mpacts to occur. There are several cra cushi on

Qﬁéwna@ésmawmgabl@llamle edeenpi ecolwand ogqupaniaafetybagrslda helicopter

g3 2" B B i o8 BafEL B fpr oo
shﬁp@pmrﬁhkﬁn&ator System ("CIAS"). Both of these

systens utilize the transverse, col |l apsing of cylinder
( st eeh cEashgypRian ps PR SB§TEZY FbERBEREHlaVIcedhal i§yplaeddp front of a fixed

E%}ﬂ% "‘ngsh ”qﬁé haﬂ?&@l’t? rfun&h%ﬁ??todl%ﬁh&nﬁe lfﬁ‘n?a&'sreﬁéﬁt? of an errant
cylinders that are oriented about a vertica

vehate ﬂnm’agtlngjdierﬂaizaﬂlxlb)sabs'ﬁl'hjsg thehlaneyd émad@r sf theembdbvageehicle in a
and oIIa seip a.later ther tha -on manner

cppae ek moger, 8HE‘P ﬁ‘i“ﬁ@“t%f Q&?fia “Bis ik oFTadly CHSAN SHqUIS Asoahe able to
r%&q%génjg?lggf bgmaqufﬁﬁﬁﬂ%%n kilekQusRion® MBEY sifé& §i'is dRSsible for such

impacts to occur,

There are several crash cushion devices available. For example, some are barrel-
based crash cushion systems, such as the Reusable Energy Absorbing Crash Terminal
(“REACT”) 350 or Connecticut Impact Attenuator System (“CIAS”). Both of these
systems utilize the transverse collapsing of cylinders (steel or polyethylene) to dissipate
energy of an impacting object. However, these designs use circular cylinders that are
oriented about a vertical rather than longitudinal axis. Thus, the cylinders are loaded and
collapse in a lateral rather than end-on manner. Most of the remaining crash cushion
systems utilize an energy absorbing component like a polymer cartridge (QuadGuard), a
metal tearing (TRACC), or a pneumatic (air chambers) crash cushion that need another
component for side impact protection, which is usually steel rails or steel plates arranged

in an overlapping configuration (fish-scale pattern).
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nmetal tearing (TRACC), or a pneumatic (air chanbers)
crash cushion that need anot her conponent for side

WO paodsipr ot ecti on, which is usually steel raiP&I/U82005/010717

steel plates arranged in an overl apping configuration
(fish-scale pattern). SUWARY QF THE | NVENTI ON

According to one enbodi nent of the invention, an
SMeMIXRIDSP M MINVENTEONI Nncl udes a section of materi al

having a plurality of crush zones along a | ongitudinal .

| engthccordingdp, ore fenbodinagnistf theninvgntiqeatplenergyrabyorgng device
- Lpcl udi ' i T bends::, 1
EMHALL # e brallal B Pyb B blurlhy BPEREF B aRyg P i gindinal lengen
theredf, arfirsecrpsti zonefofahp phealit o€ ordh hemdanélodingd pair & opposed first

third side andg a fourth side_ of the section, and a
ﬁqniisorgr@a B et éﬂésanspaa&f@an%ﬁ@sﬁﬂ the peticRet PRITGH qnpgsed second
REas khedtina {h%géiééJQhJ‘%'fghr% @igleq{f tROLEQDROMGH AFirkOset of notches

the first bends and second bends. The first bends
gprajdearvunda pedimeter taf ahe sdvéivn ias adnegividinahweratdomredrresponding to the

utward and the seco bend oj ect .in di.rection .
RS a7f herongperdio. T S BenagroAyt induBreching B F pae of imward
U SHUHA RORES N Heh¥dBRj @t P& WNdctBH offosROHHRRF the first bends.
spaced around the perineter of the section.

Anfsadione iof sheoptheherusingenssiindlugas v sedendsat piimetches spaced around the
te.che?ej %‘?g as(ggt%}} ages. Enbodi nents of the invention may
ReRCIde WQ, sofre, or none of these advantages. An

ener PBmbhiveRis Ngf day i @eeRR0hebvide ta0 nmimberbefiteahnicabfadvantages.
the present invention is sinple in design and is

Embgdyaents of thednyepsiopmayjaelpds all; sems; wac ok heshadvantages.

head SAP Encgg)\/ i%fr}é%zl%ipé YeOfE agfgpéﬁq gg@ gﬁ ’em%ogl%(en? O 8 gﬂce? esent invention

absorbs "an nuat es ener urrng an 1 np
iewsanplefiardedighf &rde it magiplai datilsouss, ofsspebialg-desipmedt terminal heads or

vehi cl e on road_hazard, vehicle crash t hi ness, .
4yicERpst B eg@e@mqﬁl@ 2 BAXIRIMIOR AP SRR (AR oF BitEnuates enerey during an

iﬁ%la&tc%hﬁ E?rl @l agﬁli‘{]aﬁoh&_ GER B&rRhACEH WG] Sof hazard, vehicle

n-reusabl e crash lon is warranted, such as rura
argshesrthimgsd, ovllgodild ereeringateuinocand ovlapsibie kel@ogter landing gear. It
absor hi ng conponent of .the device may serve as _.a
AR BEr fﬁeﬁn@hqf ﬁcrtqnorﬁuso@wlaﬁz disfife I TR cUThrelrelyroads and

18% &t tke b dafioh¥VOA R QARG @Bictbihg lcofpBndrd BE tHeQ¥ice may serve as a
systens. The system may bé nmade of a sheet or sheets

rediregtipg dinctian ppwelinthterddating complexity assgeiatedayithytved exepbnents for
sectiaon (rectangular, circular or. any other form.. The ,
RS ogeEmt By B ot M e derir BERa ARy o various
lﬁzitexff@& tafesmnggdnertle daded deddio €recRNGNIGY cAbSIar & 4 other form). The
a I cation.

sec?t?on may be optimized to attain a desired buckling or collapsing force for a given
energy absorbing application.

Other technical advantages are readily apparent to one skilled in the art from the

following figures, descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the invention, and for further features and

advantages, reference is now made to the following description, taken in conjunction with

the accompanying drawings, in which:
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O her technical advantages are readily apparent to one
skilled in the art fromthe follow ng figures,

walemsndqato ons, and cl ai ns. BRI EF DESCRI PTI ON QFCT/HE2005/010717
DRAW NGS For a nore conpl ete understandi ng of the
i nvention, and for further features and advant ages,
reference is now made to the foll ow ng description,
t akerFIGUREEN] AN bAd 10 drb pblISeAG 6 PIRAMH REVEH W 1RYS, respectively,
in which: FIGURES I A, IB and 1C are perspective, plan,
odnah ehengsit dbsprbingwsyice egpecsprdaats Wit oap wnkadyment of the present
iabesrl IEIQJ ng device in accordance with one enbodi nent of
the present invention; FIGURE IDis a partial plan
Vi eWRIGURE eDeik Qypatisioplhh Riewd ey ae @néngy abestbilande i inhaccordance
anot her enbodi nent of the present invention; FlIGURE 2
with anofer pbedimeat of BEPEFCHANHEPYY absor bi ng devi ce in
accor : :
et OoR e pAARRIRE IR TBhay dbs BN RE Th aecordance with
aacther ehinglimentarfeheproaaiit imehti@f, t he i nventi on; and

FI QU illustrates .the crash cushi on of FlI GURE 3A.
Ful Ty TODRE & TS AIBHTRIE A Fr kSO BIE 1§ 4 GHpdiment of the
isvdagh-ngeRt of the invention. DETAI LED DESCRI PTI ON

FIGURES I'A, 1B and 1C are perspective, plan, and
el evaIGURE/BBwHlusrgspelt icxash ycustobn ai FRAIR) -HoSolpicneghed under

devi.ce 100 i n,accordance wt e enbodi nent of the
P SRpat Ausang Re R SteERodhent oS BUERRR0r bi ng. devi ce
100 absorbs and/or attenuates energy during an inpact

event for different applications, such as crash

DEMILAIE DESORIRTHMNNt ed att enuat ors, bunper isol ators

for i ] Sl ' ; e VAP OLiR i
couprdr TR LER AT RE s BB E it ARl kAR despectivey,
of AT Gi¥rAbarbiing dedyd ¢00 10QAchriage Ubith oae@nibddament of the present
suitabl e application. In the il]lustrated enbodi nent,

iRyrargy- abseFHin eraERy-Rsoote iR dde abseEst anshor aernyptes energy
ATE b Sapl215 8, By Bt Sl 50 50055, 12h R mountc
ademacddrs,0bumper esodatons- &os autbmobilee vianding Ofearss amdienatggehbsorbing

by arrow 103. Each . : : .
co%{plers. However, I%he present invention contemplates energy-absorbing device 100

being utilized in any suitable application.

In the illustrated embodiment, energy-absorbing device 100 includes a section 101
of material having a plurality of crush zones 102 along a longitudinal length thereof. The
longitudinal direction for energy-absorbing device 100 is indicated by arrow 103. Each
crush zone 102 includes a pair of first bends 104 formed in a first side 106 and a second
side 107 of section 101, a pair of second bends 108 formed in a third side 109 and a fourth
side 110 of section 101, and a plurality of notches 112 spaced about the periphery of
section 101 at a longitudinal location corresponding to first bends 104 and second bends
108 in additton to the intersection of crush zones 102,

In the illustrated embodiment, section 101 has a varying cross-section along its
length. In addition, although section 101 is represented in FIGURES 1A-1C as having a
generally rectangular cross-section along its length, the present invention contemplates
section 101 having any suitable cross-section along its length, such as having a circular,

triangular, hexagonal, or other cross-section. Since FIGURE 1 illustrates section 101 as
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crush zone 102 includes a pair of first bends 104
formed in a first side 106 and a second side 107 of

weemsiesed 01, a pair of second bends 108 for neRCT/OSA05/010717

third side 109 and a fourth side 110 of section 101,
and a plurality of notches 112 spaced about the
peri phery of section 101 at a | ongitudinal |ocation

bEiRk M @;rady REctirguldr kedtioRemad sid24 08NHa s Bs ek dpiddierel®8s the “top”

in addition to the intersection of crush zones }02 In
of h@ctuonl 194 tanglt ferirth sistisdi [9emey be aeferred ta bareitaas theyBpypmg of section

161 ° a(ﬁF ti%ﬂ[ (?ﬂstéf)le%]sglééf 1’?‘1{1239 ?%ﬂﬁ%d%gghkg Q?ﬁfn lt’ IBQHcghand second

sec I'S represen as havi

bancg;elm)errﬂzi)l byt re@sfednghb@ Srosszarat bemdsal ong its
| ength, the present .invention contenplates sectlon 101
haV| .Ege%%ar;ﬂbéerbt%ri@we? dQQ Y theys A8 ongteblesdimsygiops and may be

ﬁeg fﬂﬁnl?iﬂ is0@atfe Glatdrial aFor E{d@%@;ﬁ:q{ e ABRAIRAR! theUimensions of

r cr os -section. Since iI'lustrates’
s&m@hll@m rﬂz@dbeagﬂmefaﬂ\lg taodestavidt by twedteahiphl tar theecindarhalf feet long,

third s 09 may, be referred, to her s the !
sy mEGER) BRY P82 SHPR ST HTASHEL s9eh fngHA e, 4§ PP A992, and

Héet‘hf‘dkﬂeésmﬁ)h Be HEkR @bpl‘%@(lrﬁzﬁé’l&'t@@lv%%ge ah® apASkih By cight gage.
first bends 104 may be referréd to herein as

Agaiy, thec@menbem;l shigkntss edbhe k@émmermgomyrg}eahsefbemg device 100 is
to . herein.as " |zont ner gy-absor, bi . .

e 1B P v EPERE rl BT Sorah eflien o3 byBihe agpie 100 i

chREMBRtIAr FirtBdm &Y deatidre 1 OBIGY balfornfearfréy arigde slicBt M@aterial or
enbodi nent, the dinensions of section 101 may be

frgléfn@r farmd tfygen petiplg; sa@etwf faserfabdn apy ghitahje Manaer. aRer example,

Egﬂef lth]; (gtleének smtb e'ro\@mnggé mi'f‘éﬁ.ﬁph%g%)e from one another

alﬁchﬁheh h\re&leﬂ&ﬁmhmwlsb gaonbai mgetnerap msmx bmgﬁ—bb’sofrbﬂﬁg \zlevgag@o
and appr oxi nat el he di nensi o
t hi cRyiysditaignym %r fmﬁﬁtzéf"?sa'lozf%‘? 0%@1@lyte§6>§dh%ngent invention.

Aqee\%aﬁl?at io g%G?REgv\LAf‘EhhellﬁgtpﬁQ qleﬁg)nomlng azg\)ﬁ?%e ti% SI'UIS}SI zones 102,

ener gy- absor evi
wmdatFé@blleB £ld .11l kmrates er seoti @) 4Gleast havimgl ide ommyh benek @02e FIGURE 1D

S BSR40 AT el T, ot

1 F2Tor @AY Satiof OTBERRNI0 2l nSRBEIYTRLERLR,HigksADY 'rﬂz?y A®have any
may be formed separately from one another and the

smﬁ%&d@ﬂ@h ot herwi se joined together to form

ener devi ce,10 y. sui t.abl e nunb o .
oo $enOD R 9 e Sy e A1 G P - MR iy, projecting cither
iHWi¢ @ R W 88 - thASerR¥%3diNeeGon HICHIRESWAA frdfa thk lcusteF 8f Section 101. The
section 101 as having three crush zones 102, while

apx@IENdDl G4 may proaecs veard e iogvardly amy shuahilp gistange from a vertical
pféhy.s I,lszo%nteﬁlustpeﬁed i %ﬁ?ﬁ [?B, vertical bends 104 are angled bends; however,

bends 104 may have any suitable contour, such as being curved. Another example of
vertical bends is shown and illustrated in FIGURE 1D, which is a partial plan view of an
energy absorbing device 400 in accordance with another embodiment of the present
invention. In this embodiment, each vertical bend 404 is associated with a respective
crush zone 402 and is generally centered within its crush zone 402. Although vertical
bends 404 may have any suitable contour, in the illustrated embodiment, vertical bends
404 are angled bends and are disposed between two flat sections of a side 407. Notice the

alternating projections of vertical bends 404, Hence, vertical bend 404a projects inwardly,
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Is described in nore detail below Crush zones 102 may
be defined by bends 104, notches 112, or a conbi nation
wobkoobeysdso 104 and notches 112. Crush zones 102P@EYSBDSG10717
have any suitable length. Vertical bends 104 cause
sides 106 and 107 to be non-pg anar by projecting
either inward toward the center of section 101 or
vartitalabehdf B04B tphgeasrduewardfy, st ch@nlOHomwer ameXpreient invention
bends 104 may ggro ject inwardly or outward

coigrpRiples agy gt Eepm%mrhdlwlpn &yl veﬁrcahl%endAé‘%est
i UR fe@'ﬁ béc'ﬁ tglﬁé@%ﬂ%'lAvﬁft &%@hsa Qﬁﬂ%m]egé At Q/ertlc%ll bends 104

angl e however ends’1 e any suit
areoammm;)latgdldjy de pesay iawmnvied. Fmotkmmple,xanphe eafbodiment of the

vertlcal bends, is shown.and i]lustrated ip_F RE | D, .
YRR psdescpbed indporsdsiailpelowy wrcoanmeh ag}“é’ﬁéﬁﬁbﬁ%yqemcal bends

16eMb Gt 4Q8t.1 T AREAEBNESEIIWehT) ANPHRAR er@RbAR ”Rm iRfludes vertical
the present invention. In thi's enbodi nent, each

bands t1Ddavhe ik dibdr ¢ryshasmws i Hi2bd 103c) may m@shpectvcmeal bends. Other

crush zo dj ener al | ntered within

et G R deteat RindsQ o AR el FeE bR AR e e,
any AdbtabligsteeatiaWIGURE 1Oendrizbhigt beHded 08 kheditBp b9 and bottom
vertical bends 404 are angled bends and are di sposed

1 Kktonbe monydarar &ty preisciing $ither mwardidowad, theigenise afsection 101 or

mﬂlvta d ﬁ'@{ﬁ Er% égen fé Cftgeetpo% ?@ V?—fogzggtial %g&gsl(%o ﬁla%gl%gg ea’ny suitable

ver I Ca projects Inwardly,vertica

cohieth gadomeytdeviatet ﬂoamd:h YorizdmdalsglagnanyHewveabdd' distdnee. As examples,
pr esent i nvention contenpl ates any suit abl elﬁﬁgj ection
heqizoatadl berdss HS pay ke p 99BIRYE as 8o WIRas AR iHGURE kCt ¢ may have a

cdnt o ¥rtic YAty S108" hARE SBRGUREN DY ©Th | 8@ltion, the present
sy F dSﬁ gy ﬂeﬂ

are contenpl ate present ‘i nventi on.
infettionx aoptaplatas orezoatub dende r108 .otﬁavlrt@ anywsarthble narragement For

described in re detagie 8WIn co ction with
exemplgrpnoons, gmppdigreny, @ 011%)4? dd Rete 519 ﬂt beloy mneanywpction with
m'ﬂﬁhzorﬁﬂl B(enfdk Ne8 dorbt Rx%PNen bARA ehbOlMAESs, horizontal bends

vertical bends 104a while the other crush zones (102b,
10_802@)) emg/mrwv shigabde vrash towl 10Be fds ﬁxm}ﬁe,rmairrraamrgémnt@dlment of

thF ﬁQ/Vee rt I i OIB%cg&al %ﬁqjsg[q%gfeggs 1%?@3]%;&@*3}1@ hel‘l remalmng crush

zd?l@ﬂlmﬁt ?d2c§)ﬁﬁ ol ehaHsethIRndP9 and bottom 110 to
be non-planar by projecting either inward toward the

centlar org egbedingmt, 1M1 owler dutfoghate thenreriwlied mollepsamg of energy-
abgﬁﬁ)tr%gg{i]elegell d_bnr W Q'tc‘?‘ent pnceia'ﬂggr %18%65%’1 Iﬂ:% § laﬁ%ncp a(it in a direction

e con our an evli a roma OrIZ
opiplogifee thany f St rbpatide senzmaletaenes 164 armlr @xampbR( reformingl to FIGURE

1}{,8? ggm,%,gqug% égégavperm%ctc 1?1r\}vta?dl'll)ri, tﬁg’n }?c?r?zonta? %grtldsl 1%8E|p%JJect outwardly,
and vice versa. In addition, in one embodiment, horizontal bends 108 and vertical bends
104 are in longitudinal alignment. However, the present invention contemplates
horizontal bends 108 and vertical bends 104 being slightly longitudinally misaligned while
still meeting the objectives of the present invention.

Notches 112 may have any suitable size and any suitable shape. For example,
although notches 112 are illustrated in FIGURE 1B as being trapezoidal, notches 112 may
also be rectangular, circular, or other suitable shapes. As described above, notches 112 are

spaced about the periphery of section 101. In the illustrated embodiment, notches 112 are

formed proximate the four corners of section 101. Notches 112 may be formed only in top
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contour simlar to vertical bends 404 shown in Fl GURE
ID. In addition, the present invention contenplates

whoeoospemnit@l bends 108 havi ng any suitabl e arr anQgERDEWS/010717

For exanple, in one enbodi nent as described in nore
detail below in conjunction weth FI GURE 2, horizontal
bends 108 do not exist. In other enbodi nents,

100732 kB DENEISsedQéh MBY, a8 XM Sskrated, 8Mha§ belfBRh& BStHIR top 109 and
zone 102. For exanple, in a(gartlcular enbodi nent of

stdee 1i0Ay &0 prsHor beitgm SéQiazé)rﬁi b 1pentY, roshowriagd despribed below in
. T i NJ- ,
SRR 00 R P RRE T R TRERLIAERHED 0GR gl 0R0 112 fmed oy

i€ fpo M@ botiomn OI@BrtotpPeviearany snagging bé eeattvehlcleddhat impact either

col | apsi ng of energyabsorbi ng device 100 in an
sderliOgia st de@Aner, hori zontal bends 108 project in a

di r ey ' ' ' rio
L1 O AR ol BBk AL LIRSS kgL 12
ewbotlincait ilhended IO FEGPRES At throughrldl, wotchbe hl Zapt 1 29 2¢ correspond

L2k 3B BeRoh G e TR e ERront s 108l Lpfg of secton

198! 4ddaRicHRe N3 4 BYe@otBsgoRA%H tHedhRANec@dsHT¥RIh-zones 102. Other
However, the present invention contenplates horizontal

shigrhde at@Bgementy emndi loaatidse nfigiotedds Hdngres¢angémplpted by the present
longitudinally.m.saligned whil till. neeti t h
e T Rk SRS Ak Flisnoinlt & bPhchol gy we as he
tARVST rditYridllbint akRness Z6? s86ttbnalTN caH ibk dd fiéh@PRhievedifferent desired
exanpl e, al though notches 112 are illustrated in

apsaIRE RS fer beqrayrabsospiag siediger 1 0Actepprding 1ponle applisation.  This
| | . i
o3 oh B DR R ol B o 1l b4 o R S Bencs 108

Foe exyhsle yeretgys sinbttomg d&dce 100 inhg be lutilisgéd At £crash cushion application
odi ment, notches 112 are formed proximate the

mbod f L
260 HRUERCI0 BRGH TGRS £8HAIn ReALLIRETIS F MefRERapgFtned: gﬁ{cp is herein
iﬁ{%{ﬁ&@é@%gg&@reﬂ%.tom 110 of section 101, as
|

ustrated, or may be fornmed both in top 109 and
si dedn dp&atidiOFf @reckhndrodbnértt ofithed Ovennidn sutdezsngldBrgytabsprbing device

d.descri bed below jn conjunction wth .
1B DRI LA DL i e g S PURACHG, FcpBle) stikes the
froh2edPEAREHAN 01 inthé AReHOR iANELAPET 21031 Sebtfon 101 then starts to

prevent any snagging of errant vehicles that inpact
l@igitudinaly ¢ella36 inrordérde dissipatéTe greegent ajqeutroli¢domanner so as to

contenpl at es _any. suitabl e acipng.for notche 12...1n . .
P cBodrabac i i AlpBaBff turdesl Ly Burgn Satertes e is
cORbERed drlifiatenddPbocadsk2CerGil bESROITat RotBiwAed tde@l the inside of
bends 104a, 104b, 104c and horizontal bends 108a, .
sqqy®p, 10l08gkhilefhasiweniabpends 108a move away from the inside of section 101.
Second, crush zone 102b collapses because vertical bends 104b move inward toward the
inside of section 101 while horizontal bends 108b move away from the inside of section
101. Lastly, crush zone 102c collapses because vertical bends 104c move inward toward
the inside of section 101 while horizontal bends 108c move away from the inside of
section 101. Thus, energy-absorbing device 100 collapses in such a manner as to
efficiently dissipate the energy from the impact force at its front end.
FIGURE 2 is a perspective view of an energy-absorbing device 200 in accordance

with another embodiment of the present invention. In this embodiment, energy-absorbing

device 200 illustrates rectangular notches intermittently spaced along a longitudinal length
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101, and notches 112d and 112e correspond to the

i ntersections of crush zones 102. Ot her suitable
wa@eaangsaeent s and | ocati on of notches 112 are PCT/US2005/010717

contenpl ated by the present invention. In one

enbodi nent, the shape and di imensi ons of notches 112 as

well as the type of material and thickness for section

of k0seneANy hectammidrisedionO 1a6hE eMBodihiche mBfthesl2si hRdocated proximate
absorbi ng rates for energy-absorbi ng device 100

thel Eparedimess abdie redtengugs| seetzan oy, argigrancg| ig bophngidpn2faud87 and top
he n d cat i,on_,0of rti e 0 . -

o OUTRSS 2300 LD YR b1 00, REPE 945008 e i

vetttal ®ends0004aly hbezditdll bendd 1081 dHsvash) asuddltied above, the present

. application and designed so that it neets certain X
INYEHAP COREalet CRCBIRPORERBE tdewise 20RHiavg anhetigple vertical bends

antdff ﬂBH%Iﬁ‘él%P@sty iﬁlra fiRIGNG glgnélfi‘tagﬁ%ﬁﬁjep Bf QlisiPPbhes.

enbodi nent o e 1 nventi util1zing
enerijige albsontedng FAGURES2 104 mipaEl dRES endcaf C20 anupled to a front

i,mpact force (froman auto ile, for_exanmple ri kes .
enflil 1 GFFRAGRt SFCTSBR b SSOAPIF AAHE oIt Rt 220 ' fiitrated in
FIGUHEat ed m{viﬁé F 9Vl 3ircPRF LdhaPe; 1RdwtNeN cRhear E\ﬁha'bi% shapes and

I'ongi tudinally col lapse in order to dissipate the .
cogfigurgiionisnara cootempdatédebly tenpresens onvestion  pmpactdicadidP0 functions to

. ts in th tonobi e, .Fi 102a, . .
nefi i8S Shdey frog o RS RTRD o st 706 ol HE el Rl AiBiping device
ZOﬁederC@daTgié)dﬁe ifpzct MRMLcdrdVBoeh hiPWwadothoblie ih RSgdRradfdirection as

section whi l e horizontal bends 108a nove away from
nofadeby ABPWe22dfr Aak tshisabla structmak aisanbet op srembsse arpoggmtemplated for

. I because vertical bends 104b nove i nward
'm@%&é%%§?%% i nsi de of section 101 whil e hori zont al

bendsn dpbri soyoravwaybddiraenttdfenéngsialsorbingske1de V0T FIGURE 2 is
Lastly, crush zone 10Q2c cqllagses because verti cal

sipdde thae! Frsvey-rhrReRies devies 400 RE FIGERES bh-1€eerqegh that notches
2134k phiideGnd Bﬁéﬁﬁ%thé(?iigﬁ#ﬁ)?l él?eoégtiWﬁ&agy@é’rﬁ?%m&ggﬁ%%device 200

I nsi de of sectio ener gy- absor
coi@thsanl bends eThis) feuehnplermfiaes fase swikes fmpace htdd/220, a portion of

di,ssi e th ner fromthe i.npact force at its
tof P33 RS b orm A Do b e, BE felep Aoshes fagy Sther outward or

inG RS- FRR[EPb NG dEeXI6C QO’ZQ&T@SBO@&HQE@%%SW& Bf Aehd&hove in a
enbodi ment of the present invention. In this

direpthmdoprmaits thanef tpp- 2sardiattgnd210. cEha0@notheupaertian @f top 209 and
ect ul ar notches intermttent spaced, al on .
oot G (LA TAP Ty o OF P of SPIcy s EBPE A G ot Sard grgvard and
anbﬂhepPSrti%ﬂb&déiH&nQ%, M7CaRtespordin & HRCAHE GePbPNbIFRELmove in a
the tour comers of the rectangular section and are

diregtiqreappasitacghit of dus peuBn ohPPaRed tanp trY9mMaRH0-bothedirection of
mcI?vE]e%enFE)? rsg%:?gﬁésn? rp%Hb%s %?decfogggﬂoﬁ%16,h§)n\ﬁnside%%%, 56 is opposite

ude” el
that of previous directions. In other words, if the initial movement for top 209 and bottom

210 1s outward, then the next direction is inward.

FIGURE 3A is an example of a crash cushion 300 according to one embodiment of
the invention. In the illustrated embodiment, crash cushion 300 includes a plurality of
energy-absorbing devices 310 arranged in an end-to-end manner. Energy-absorbing
devices 310 may also couple to one another in any suitable manner, such as bolting,
welding, or other suitable joining processes. In one embodiment, energy-absorbing

devices 310 are coupled to one another via suitable structural frames coupled to the end or



10

15

20

25

30

vertical bends 104 or horizontal bends 108. However,

as descri bed above, the present invention contenpl ates
wenwsgysiabsor bi ng devi ce 200 havi ng any sui t abb@r/US2005/010717

vertical bends and/or horizontal bends in addition to

any suitable nunber of crush8ones. Also illustrated

in FIGURE 2 is an inpact head or end cap 220 coupl ed

erld® of ehérglab&ibingfdelites B BBt RAEY|sricta L tiagiesiniay@hy formed from any
sui tabl e manner. Inpact head 220 is illustrated in

suppldpRRiarigdssuplgs prglaireeiormpd efistaictunlayieel. Foowgyebsorbing devices

; : _ . ; ‘ .
SIDGREL (Y L SRR, BRCFAP UL 9, WprellBrorping deyigg 200, or
othetrsaitatda sorifipuieions ciithecthe espehinys 6f thmimventiopact into

the sides 206 and 207 of energy-absorbing device 200.
For Tes@ppRsorting dPWﬁ%ﬁct’)qua}ﬁy&fnﬁlpPPra?ﬁb S 2aplugtipiof suppert posts

rec 0 :
13 FECEPPre o Rreraae BT BOMR “uBSOROLR12 3R haye pny, suitable
cohfguratipaonahbadol. frém ayyesuathbleo maérianend maydargrcedbpart any
eqﬁrgg#absoFbiQ% dgvice 200, qﬁ Fl tE 2 is.simlar to 312
suptpble d5fanste f Oy “XABWLT 17 A GBOILRERGY 1B I PREGREGIPPRItRESEs 312 are
fo%&R Bont RALctiR] CHES hb2alelRced NBark NpRIAGHhieNd three to four feet.
| ocations for the section because energy-absorbing

Sugppoit st G0 2ot abyde i errratabsoThing deviges ék@mphey switabdg manner.

a force strikes | t _head ,220 ortion of t.0 09
ol SRR, SIRoR Py T e man aPRIE Elrertie B PV aBlorRE c@ides 310 or
anf GG b@sal NRAReseihbN Ble BbdRED (HRFev ithyairdnan8e FoRmdd iddéprlf with the
sides 206, 207 corresponding to the first set of )
stryeiueh deamgsy dnj apeenhodenentosipepiH Popts S 12 Hagags a Pais ofgail members

3 lggﬁ%t%}égﬁngé got IIJ' gﬁan@%tug?erd B %én?&réj f Rlli? Rlnegl?o%ﬁsggﬂl may have

rresp Ing to the next set o
anfyBugatde thefigupationatochlioty fonwkdallcaundvanait € supmsort pests ®f2 along rail
si des_206, 207 correspondin o0 the next set. of.
mefBREh Lt ARETEhabIotRE ft\il%?ﬁ%é{% 5@@4% roPeAn SK-ghirapact
Dor 1 . . . .
ool 3SR VAhBN208 R’ Nyl el A tal impact, o
illthtedandasoded 6286&0rdi0F to snopmbsdinent hfitheomhvarten oAs illustrated,

directio In other words, if the jinitial vement,
SUPRSIT PGS 35 Nafks s Flopi o ik memhreitd a5t B (N ADPrRmately three
engrigryea%%rgﬂlg! RvicRY¥aIch, 3 FO3Nbe BAcico1aite&X BERIRE 8f néiches associated

crash cushion 300 according to one enbodi ment of the '
withnersngy-ebsorbing tdewices Bistthatens andbsiddsneineachcangrgy-absorbing device

T L R NS IR e T
allBWe re@¥rod®e6Miniddevices 310 to absorb and/or attenuate energy for the impact
from direction 316.

Many different types of designs for many different types of applications and
expected impacts are possible with energy-absorbing devices of the present invention. For
example, with reference to crash cushion 300 of FIGURES 3A and 3B, the energy-
absorbing devices 310 may be sequentially designed to be stronger in longitudinal
compression (i.e., harder to collapse) as their location moves from a front of crash cushion
300 to a rear of crash cushion 300. In other words, referring to FIGURE 3A, energy-
absorbing device 310a may be designed to be a little bit weaker in longitudinal
compression than energy-absorbing device 310b, and so on and so forth along the

longitudinal length of crash cushion 300,



devi ces 310 may al so couple to one another in any
sui tabl e manner, such as bolting, welding, or other
WG iosAa1e0 | oi ni ng processes. | n one enbodi mentPCT/US2005/010717
ener gy- absor bi ng devi ces 310 are coupled to one
anot her via suitable structudal frames coupled to the
end orends of energy-absorbing devices 310. These
st r ugfindugh e&ﬁlﬂﬁﬁ%nﬂﬁ)}ﬂnﬁ@lti 6f e GnVdnAbh aAY sSiHé bAtHeR advantages are
mat erial,” such as angle irons fornmed of structural
deserihei . in Rletailgy-pepsoor dhilleg ineth? @etscoidmaly verires alkesatiamsngdditions,
ener sor 0] ener
an eOlegselo%B’,atl?lglrlt g agtl C%Yro a hl%es%g:%tn | SRl g?l ggtég \ﬂl??sﬁnt invention as
deffined bjaﬂiéhipﬁﬁideﬂfcldlﬂﬂe. i nvention. Energy-absorbing
devi ces 310 may be supported by a plurality of support
posts 312 that couple to or engage the ground. Support
posts 312 may have any suitable configuration, may be
formed fromany suitable material, and nay be spaced
apart any suitable distance. For exanple, in one
enbodi nent of the invention, support posts 312 are
formed fromstructural steel and are spaced apart
approximately three to four feet. Support posts 312
may coupl e to energy-absorbing devices 310 in any
sui tabl e manner. For exanple, support posts 312 may
couple directly to energy-absorbing devices 310 or any
structural frames that are associated therewith, or
may be formed integral with the structural frames. In
one enbodi nent, support posts 312 engage a pair of
rail nmenbers 314 that nay or nay not be ground-nounted
rail nmenbers. Rail nenbers 314 nay have any suitable
configuration to allow for slidable novenent of
support posts 312 along rail nenbers 314 as energy-
absor bi ng devi ces 310 col | apse from an end-on i npact.
FIGURE 3B illustrates crash cushion 300 fully crushed
under a frontal inpact, as illustrated by arrow 316,
accordi ng to one enbodi nent of the invention. As
illustrated, support posts 312 have slid along the
rail nmenbers 314 as the first approximately three
ener gy- absor bi ng devi ces 310a, 310b, 31Cc have
col | apsed. Because of notches associated with energy-
absor bi ng devi ces 310, the tops and sides of each
ener gy- absor bi ng devi ce 310 have buckled to generally
formeither horizontal or vertical bends, as
illustrated. This allows energy-absorbing devices 310
to absorb and/or attenuate energy for the inpact from
direction 316. Many different types of designs for
many different types of applications and
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expected inpacts are possible with energy-absorbing
devi ces of the present invention. For exanple, with
wo edosoexiee to crash cushion 300 of Fl GURES 3A eaiiuS®ps/010717
t he energyabsorbi ng devices 310 may be sequentially
designed to be stronger in |bhgitudi nal conpression
(i.e., harder to collapse) as their |ocation noves
whremect ApotEefs: crash cushion 300 to a rear of crash
cushion 300. Tn other words, referring to Fl GURE 3A,
enerlgyabsfbit phangy- d@pr@eggqn@@,ﬁampnenaesu gned to be a
litt] e I
eneroy dbSBRE ot R A3t SR BARRC BB R crush zones
al@lganigngihelihD ngigtiudiersal; | engt h of crash cushion
300. Al t hough exanpl e, enbodi nents of the invention and
soneead?cw%mnemsa@es are described in detail, a
person skj éél? rtf AP bads %?Mle&j I'ir%kf?rs\’@fd' oéh%l a second side of the
alteration t| ons, om ssions wt
sedemarti ng fromthe spi r|t and scope of the present
i nvention as f| ned ended cl.ains. J.1S .
CLAI NED |a§a"1° %‘%ﬁ‘? ﬂ‘h’i}; 1opeArd dbottoghpl the seegion; and
a single asﬁl‘ﬁ?}ht?fof Rt ks %m{éarﬁ%%nhaﬁé Qh@nﬁ@t%&dtf%ﬂs of the vertical
having a plurality of crush zones along a Iongitudinal
beh@vgtdrhwuemteblﬁendemﬁ crush zone conpri SI ng a pai r of
vert

ds
o aahg Perrifl ey PisiEtnk o dighitin, Bl Gk o FaRGEL TS pusyerd and

thé Rorfzoh P bedild paojb@irigdMaiiret tish SpobitOihat GMEle Remkalbahis.y
of notches forned proximte the intersections of the

vertical bends and horizontal bends; and the verti cal

en pr C |r IS f

Do P U9 R UBA g hePR R Y buncin s
peflineee bf @froapamisifitie §¢dedbn.of the vertical bends. 2. The

device of daiml, further conprising a structural

franme surroundi ng a perineter of a front end of the

secti on. 3. d f [

an Prpact TRk sobo P A, e tenri il AP imBRIHLA Blpled 10 5
froht eﬂ'meftdevécmlenof Caim1, wherein the materi al

conprises structural steel

4, The device of Claim 1, wherein the material comprises structural steel

having a thickness from approximately twelve gage to approximately eight gage.

S. The device of Claim 1, wherein the notches have a shape selected from the

group consisting of rectangular, trapezoidal, and circular.

6. The device of Claim 1, wherein the notches are formed only in the top and

bottom of the section.

7. The device of Claim 1, wherein the notches are formed in both the top and

sides and the bottom and sides of the section.



10

15

20

25

30

having a thickness from approxi mately twel ve gage to
approxi mately eight gage. 5. The device of Caiml,
wobmsedTed he not ches have a shape sel ected fr opat/b£2005/010717
group consisting of rectangul ar, trapezoidal, and
circular. 6. The device of Alim1, wherein the
notches are forned only in the top and bottom of the
sectg. on. An eddigy-d836ri6iRg Qbvicd, abmpdisingher ei n the not ches
are formed in both the top and sjdes and the bottom .
and assegten of matesiak beting A pduralily of fepshyzoaps alopg @gongitudinal length
jce, conprising: a section of material having a
théjr?é{ : rral
pl'urality of crush zones along a | ongitudinal |ength
t heraefist crasi tonstof cieysiiralionef aplishtdoeepdamipisiigy of crush
zones conprisipng: a ir of opposed first bends forned
“n a fir P eeohpeehshbeida TR 1B (THeSiduand g accond side of the
seP@ly: of opposed second bends formed in a third side
and’a fourth side of the section; a first set of
not ches speated epposadtseaopd bemistfermaf int hthisledé and afowath side of
Iongipudinal | ocation corresponding to the first bends
the,$f§Y8%cond bends: and the first bends projecting in a
di rectiony tihat sdt SofOR6tcREs spuodd chraiill QupdahélePRE thbBesection at a
second bends projecting in a direction opposite that
lorgitudinal facetsan ¢eeregpondaretohefiest bensls apd agnongd hendst anche
ot her crysh.zones, K conpri.ses a second,set of t che
spaced arBUAL CRAVHRPITUTEN BETERI TSR] [sgfhe ¢ I and outward
and@vd se€odf bdaldabrj&tingheh airecttdﬂﬁ)p‘g%ifd thit dfShefi@eb&ide) dnd
rectangul ar section, the first bends are.substantiall¥
ver tylesein ahenst pre 8B disnetheresrash apnes SopPriaes p apgand set of notches
sp c%'af&{l?ltd%e ?&?Retgp(fftggyécﬁgnpf Qaim9, wherein at
east one 0 € other crush zones conprises an
addi tional set of vertical and horizontal bends. 11.

The device of Claimg@8, wherein the material conprises
stret ur dibestate RhGIAE & (HIEURES SEFUAR ppr &RFTRY elegtangular

seétyéﬁll, Yite HRAYBAR ﬁ@@ﬁQﬁéﬁfﬁil?l%n%aﬂ hihd9R88econd bends are substantially

horizontal.

10. The device of Claim 9, wherein at least one of the other crush zones

comprises an additional set of vertical and horizontal bends.

11.  The device of Claim 8, wherein the material comprises structural steel

having a thickness from approximately twelve gage to approximately eight gage.

12. The device of Claim 8, wherein the first bends and the second bends are in

longitudinal alignment.

13. The device of Claim 8, wherein the first bends and the second bends are

selected from the group consisting of angled bends and curved bends.

14.  The device of Claim 8, further comprising an impact head coupled to a

front end of the section.
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12. The device of Cdaim8, wherein the first bends and
the second bends are in |ongitudinal alignnent. 13.
wdbmsdesisce of Claim8, wherein the first bendeCcEDs2HE10717

second bends are selected fromthe group consisting of
angl ed bends and curved bends 14. The device of Caim

8, further conprising an inpact head coupled to a

front end of the section.15. The device of C aim 8,
wherei n the notches have a shape sel ected fromthe

gr ould- conEhesdavieg abiClaiar B amisspiarthe potahrsAsive alshapmyglected from the
[ |.ar: j [ wherein the

& ﬁ%l{ %%ég'[l% ép?egt;gﬁgﬂglgxﬂlae%og({a%’ggatcm@aﬂand fourth sides

of the section. 17. An energy-absorbing device,

conpri si ng: hori zontal |l y-oriented section : .

conpt si nﬁ‘.e C&P”r@t"f éﬁ%"@éé’%ﬁéﬂ% S’@é’s"t‘%‘ﬁﬁ AreHgUMeony in the third and
rohfRsHeosEhshsbantial Iy vertical bend therein, the

first and second sides configured to collapsibly fold

during a longitudinal inpact; a top and a bottom each

havilgg at, | east otgsr% subst anti al | ﬁ horizontal bend

therdin, YheTEHAANPPHEYUET COWPEYRET gured to

col | ARgsizBhMI§RHenddsédtignichbmpligingi t udi nal inpact; the

vertical bends projecting in a direction that is one

of i nwar dirsingndosecord sidesheachhiaving atzleast ane isubsiantially vertical bend
th rrglo t ?@eta 1?% eaqugss;%ccgr{ﬁf(’jgig%sleggnef?@?%dz H g%lzahgltbl ggol%iﬂtguring a longitudinal
impadét] zont al bends being in |ongitudinal alignment. 18.

The device of Caim1l7, wherein the section is _forned
from strdconrad abytam gagh Wﬁ“%g fihleagt g supstapially horizontal bend

nr i t i e i . .
GERY T B 205 ORIty BB 2 Rpiin
impad; t he hori zontal bends are selected fromthe group

gggf LJ)S’E Iagg% g{gpﬁ:g? {923452 grno?qs%ﬁ.g :.:llingglij %r%gté«?ne rt]}(ljast ' i% OéneAgf inward and

oug\gz{:rgﬁagﬂtst?g lehé;'ri%r.ﬁtﬁnlgéﬁs $PGELBIE FOMErk&IdAopddslis thaA the vertical
bends; and

the vertical bends and the horizontal bends being in longitudinal alignment.

18. The device of Claim 17, wherein the section is formed from structural steel

having a thickness from approximately twelve gage to approximately eight gage.

19. The device of Claim 17, wherein the vertical bends and the horizontal

bends are selected from the group consisting of angled bends and curved bends.
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a top and a bottom coupled to the first and second

sides to generally formfour corners; and a plurality
wotoosoesabes formed proximate the four corners BET/UR®05/010717

hori zontal | y-ori ented section, the notches

intermttently spaced al ong 81 ongitudinal |ength of

the horizontally-oriented section to allow the

hor izont GMyn@gy-@mnga@\tlb@réoh?ﬁgiegi apsibly fold
during a Iongltudlnal I npact e device of Caim

20, EWNeﬂ@PﬁlVﬁ@wn@ﬂéﬁé@nwavmﬂ@ngﬁape sel ected fromthe
gr oup cor}sljigénld%%c&fg St angul ar, trapezoidal, and

circul ar evi ce of C|a|m20 wherein t he

not ches ar pfandnEbtom youpled foetht dipstaind sbedridosidesftotgegerally form

hori zontal | y-ori ented section. 23. A crash cushion,
foursAsmsIsiang: “a plurality of energy absorbing devi ces,

each devi,oeGaTRY i Adicns SEGhLEHALiRL emealfoﬁ t@ of the

plurality h zones al ong a T ongi tudi nal
hohlzemtebf pnantéd se&tiony the howbesingimitteatlplspacad mtopgaﬁlongmsiimal length

sin ai.r of opposed first bends. forne
of ! fies oripantaly gnoised Skt oioa BPe Tt Maoadiy PanSh Settion 1o

con%sﬁbwffol@mﬁﬁgﬂI&f‘g@ﬁaaf#xabm%t formed in a third side
fourth Side ofthe section; a first set of

notches spaced around a perineter of the section at a

| ongy.t udi | ocat . C ond gt eflrt

and ‘secon 65W5§‘ﬁg§@rP%@ §llh§H3§qﬁ?gF¥%P, QP?ﬁegaﬂiﬁom
thél o8 tbistin ¥ réctarZifur qfapefmeandarﬁmrcqw&mr d and the

second bends projecting in a direction opposite that

of the first bends; and wherein at | east one of the

ot h cr ulsrgnd%gng%f %‘?A]Rrios %e?e};r‘? ff‘l%%%%h%f gre%?ﬂe%t (%Eg th the top and

spaced arou e perineter o e section

botteini cfeh®hor{Zoatally 3ienfedrskdidn. conprising a plurality of
support posts coupled along the |l ength of the
plurality of devices for supporting the crash cushion.

23. A crash cushion, comprising;
a plurality of energy absorbing devices, each device comprising:
a section of material having a plurality of crush zones along a longitudinal
length thereof;
a first crush zone of the plurality of crush zones comprising:
a pair of opposed first bends formed in a first side and a second side
of the section;
a pair of opposed second bends formed in a third side and a fourth
side of the section;
a first set of notches spaced around a perimeter of the section at a
longitudinal location corresponding to the first bends and second bends; and
the first bends projecting in a direction that is one of inward and
outward and the second bends projecting in a direction opposite that of the first
bends; and
wherein at least one of the other crush zones comprises a second set of

notches spaced around the perimeter of the section.
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25. The device of Caim 24, further conprising at
| east two ground-nounted rail nenbers engaged with the
w@bkaosadittyy of support posts to allow for slidabd®BUsS2005/010717
novenent of the support posts along the rail nenbers
as the devices coll apse. 26.14A nethod of absorbing
energy from an inpact, conprising: providing a section
of mat eriBle BaNiNOf T1RMUL Rl fuktheOborfiplisiie 2051BF1i@) 8RGusbort posts
| ongi tudi nal length thereof, each crush zone
couplep ieiosigiibe leagthal thegrlusadiby ¢ fdeviase frasuprariegithercrashicushjen.
side and a second side of the section; a pair of
hori zontal bends forned in a top and a bottom of the
sectison; Hrddevidel @ﬂ@laﬁrﬁ)&éloffurﬂm“r cbapritmgmededst oo gadumd-mounted
the intersection he. vertical bends and hori zont al
rayh gprabers preaged Wéilptaﬁg relgy of SPPR%EPO%% thaI%% far shidaklg gnovement
to nove in
o b0 AR FloR e e st 08 RO 0”and the
pai r of horizontal bends to nove in a direction
opposHeéhat of t EJ rst vertical.to coll apse at

| easkl par mgthqdipf &’r ingenergy fron an impact, comprising:

providing a section of material having a plurality of crush zones along a
longitudinal length thereof, each crush zone comprising:
a pair of vertical bends formed in a first side and a second side of the
section;
a pair of horizontal bends formed in a top and a bottom of the section; and
a plurality of notches formed proximate the intersections of the vertical
bends and horizontal bends; and
in response to an impact at a front of the section, causing the pair of vertical bends
to move in a direction that is one of inward and outward and the pair of horizontal bends
to move in a direction opposite that of the first vertical to collapse at least part of the

section.



