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WO 2004/ 009406 PCT/ US2003/ 007583 FLARED ENERGY
ABSORBI NG SYSTEM AND METHOD TECHNI CAL FI ELD OF THE

WO DMERTI4GN This invention relates in general tRPCEOS20g3007583
absorbi ng systens, and nore particularly to an energy
absorbing systemused to reduce severity of a
collision between a noving notor vehicle and a hazard
| ocat ed adj acent to a roadway. 5 BACKGROUND OF THE
| NVENTI (J\I Various inpact attenuation devices and
ener gy absARE %@S%@%@X SAERHANI MFERIOR  or
reduce danmage resul ting froma collision between a

ﬁwg Dﬁh‘ﬂfm@aﬁ:@o i xed roadside hazard or

afnpres—or prrof—tnpact attenuation devices

and Tfis eRe&AbnARSNES IR pSNGHERS ErtEdyH Chs6FbAs s@lb't%ﬁisorh%d more
or crash barriers with vari ous structures and

pactmulaalyﬁe 128 enmra@sqrbmgwaﬁtb@ uspdteetivtuce sovprdly of esesffision between a
barrie inert.d e when
mepeme cfr Sﬁlé’ ?4 aéls% % }%idr%%rd lgc a%{céé(ﬁ era 2‘1 1{953\%%6 an i npact

to absorb energy. Sone of these devices and systens

have been devel}aged for use at narrow roadsi de
BAGEGRAY QB JtHE INVENTIAN;s at the end of a nedian

bar rVaﬁ‘“[du N aé%fatt@mpa?lr 5'&51cg§%ﬁ1%ﬁ%r hg @gstérﬂg h806en used
of adwa e si'gn pos cant roadway,

to Qjﬂéifehf bﬂ@u@a Hiuﬁﬁ@ suldes e la)loel'lﬁlonSnHIWeeﬁm andving motor vehicle
attenuation devi ces and ener gy ab;grbln systens are

and aofpxgd ragqisiderhagardor phstacle o ExfRplss SEPEpRt faitenygtion devices and

o s Lo D R e b A iay ptures

antl hentaieats ihdeing azastdbleExlemphtes Ofhegerash diarpers peleon inertia forces

act attenuation devices are n U.S Patent

sopga atgd ghenpaieialspeh achaRg is 3! %ﬁ;ﬁnllwa@@ absorb energy.
ALt eI & GRese)iRYRES ard systelRHER béen?tﬁzgel%ﬁéd fo? rﬂl"sé 51! ®Rftrow roadside
Shear Action and Conpréssion Energy Absorber; U

haPale nt Obst@zlss m @natl theeid Steamiednarbartierpand of a bamer extending
Att 0 and.U. S.  Pa 944,187 ent.it] ed

9\/5 g“i ﬁ*ﬂ%ﬁ W&é”t larRyat gt POS%&P:%"I@EE%& ‘?ﬂ%’é‘i‘/’aﬁq ge pillars or

ceﬁfe@bie@sﬂ a8 YchERfyasy atRRE I NFiRY 5he _Bﬁer%z QbSIIBB siyftemblar® installed
Patent 4,928,928 entitled Guardrail truder Term nal

inancefiortgo mmmme the e¥gniebpers@abiyiny| asgvetlas daapge to an impacting

m nal e at t.enu t| on
el Sy SN o bR gl B s RASRY e ¢ o,
use Exanilésl sivVicnenl pmpage ﬁﬁpmpménha@dw\@em@e@ rayé §ieown in U.S. Patent
vehicl e are own In US. Patent 5,248,129 entitled

5,8He 29y entilsd rNﬂrﬁ@w Retiesrtelnmass HitmaatiosrSystgrs. U BaPalet 4,352,484

enfiP S ol YR BB oo P LB Gk D595 emited

Sté¥idran Bhpdeg Alemiogion Syktém; Hait@.8t Pdteﬁ%%ﬁllﬁi&?eemﬂteﬂ ®dadway Impact
| npact Barrier for Vehicles,

Attenuator. Examples of specialized stationary energy absorbing systems are shown in
U.S. Patent 4,928,928 entitled Guardrail Extruder Terminal and U.S. Patent 5,078,366

entitled Guardrail Extruder Terminal.

Examples of impact attenuation devices and energy absorbing systems appropriate
for use on a slow moving or stopped highway service vehicle are shown in U.S. Patent
5,248,129 entitled Energy Absorbing Roadside Crash Barrier; U.S. Patent 5,199,755
entitled Vehicle Impact Attenuating Device; U.S. Patent 4,711,481 entitled Vehicle Impact
Attenuating Device; U.S. Patent 4,008,915 entitled Impact Barrier for Vehicles.
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WO 2004/ 009406 PCT/ US2003/ 007583 2 Reconmmended
procedures for evaluating performance of various types
w@boohioghivemy safety devices including crash cuBti/os=03/a07583
presented in National Cooperative H ghway Research
Program (NCHRP) Report 350. A crash cushion is
generally defined as a devige designed to safely stop
an inmpacting vehicle within a relatively short
di streRefmeadHRRREROI: edaatind $RImEARSS VatiBEs /RS Bf highway
cushions as either "redirective” or "nonredirective".
safty devicescincluding asbh custhomsnisi westatsidgmeNational drapierativa dHighway

di t ' j i t f
Résfirgh e tpn INCHIE RAIERS 6305 A& o 5 RS efined as a
defitk Qlégiigﬂgd it Qafle®y Et@f;lda&li Hﬁpd@ﬁﬁg’ﬂ!‘v@hiclﬂoﬁfitﬁﬂi ﬁ&@laﬁVﬁy@h@ﬁfuistance.
cushions are designed to contain and capture a

NGBRPcRepprnipdéd i fiythgovwlsssifiesmerasbnreugheonsose eftherhéredirective” or

n Cr ash hi 10..Redi r [ crash hi ons . .

R E 8T L TE kA BV § P BTV, et o v

impestingedownstregat frttfl aCricdehorcandifGhe ictashRaslies ifgee ohéming traffic
all ow control |l ed penetration of a vehicle durin

exferginerfroe @ieadridmbazars dNerredirretive ssah ctugHprsrarg dgsighrd to contain
ange%ﬂﬂ% ng ‘%Bicllee qglﬁogctﬂf A6wls ron® T tht hl‘?osgr@iSIﬁile cF]ash cushion.
cushion. A nongatrng Crash cushion is designed to have
Radéditivecdraghincushiopa biel futthesclaskified as eitharitgatisg"l @rigbhgatih@" devices.
SUMVARY OF THE | NVENTLON I n accordance with teachings ,
A gptingragy @sbion if Ayedesigivd R pLaw vant RedatngH ayehicle during
inPIG P AAnYhbLL B BY CRNR RAFSIYPRR Vel NSk gided (L
11T@rrpacth%\ttenuati on de{/%i cgs Eave @%er?gsnﬁ%lsgtsantllggﬁloy ed (LON)
ofr tsducresh @usledn.n Aanengati@gecraspeathiofh it hdesggned etot have redirection
i nvention i.ncludes an 20 energy absorbi ng system which
Caﬂ%iﬁtbeé q‘f%%q e%&?@cent to relatively wide or |arge
roadsi de hazards to protect occupants of a vehicle
during collision with such roadside hazards. The
MARY 19l TEECINJEN3 ONeast one energy absorbi ng

o R VAR SR Bl lsfieswa probtems
as§oRafisd dethhR&abes enef; a%iﬁ@s?@i&n@'aﬁ@ impadt UBRnPAIMA| Eevices have
and associ ated panel support franmes to redirect a 25

bege Ribstaatiphy sdurethonglinginaied h Sne sispret of therpespps inwantion includes an

e S0 SpRERS RO PSR o e

rodd3idRClgpaTiR dat gowct 6cdipants AT GE vélteld sduidghertiadies with such roadside
Anot her aspect of the present invention_ includes

hagardyi Hhagysiem eyeiegfuderd deast ong ensyaytabsorhang asgerably which dissipates
- _ : .
el ' PGPl 082 BS540, oBRASL Tl SOud hr

Thengereim ghalyr dfd includdt paneBsindoazeod sted anglr aypponffidhe to redirect a

g

vegl%?eeljmpacting with either side of the system. At least a portion of the panel support
frames and panels may be flared or diverge relative to each other to accommodate wide or
large roadside hazards.

Another aspect of the present invention includes providing an energy absorbing
system having a plurality of panel support frames and panels which may be installed
between a roadside hazard and oncoming traffic. At least one set or group of the panel
support frames and panels may be slidably disposed relative to each other. At least

another set or group of the panel support frames and panels may be securely disposed
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support frames and panels may be slidably di sposed

relative to each other. At |east another set or group
w@boothe4panel support franes and panel s nay bePGEHUS2003/§07583

di sposed WD 2004/ 009406 PCT/ US2003/007583 3 relative

to each other. Wen a vehicle collides with one end of

the energy absorbing systenrfacing oncomng traffic,

the first group of panel support frames and panel s may
rel ﬁézee?oc oR%h Qﬁlelcomsg Vel R éd‘lﬁdésowﬁﬁ%e%h%f thjé%ergy absorbing

irst group of panel support franes assocl at ed

sytanefasing rohcomivey trafficptheefinsts gmhp toiff epaad(m@poﬂ kfmmnetm amg panels may

syst em cogper atf with 5 ea otﬂ@r t o absor eti
tolgiepe Pt FPUREHEA B e Py % SR P pind Supfort frames
ass%%&?édsﬁﬁfelsoﬁld WhEN b \Af&rﬁslﬁ%t Gl elnbl@yt a%sBﬂnﬁ'g E’j/s'f@rﬁ Rooperate with

Injury to occupants n the vehiCle. The panel
eactupther to ﬁbsartekmamj epagg lfena Itlwmnmaofpm aclaclw and ravide deceleration

ther a her .co onents of . the r
willja GRS iR S SERRREETMRB) PRORFTR e hiAAR: §ec. The pancl
subA A GImRO dnd FakelOMB cooPerafonanaych OtHed Wha BtRerSdodonents of the
impact with the energy absorbing system 10 Techni cal

enaig\yabscagn@ gbteph dirast eehicleneway fiom theapadiedphagardiandgback onto

e it S SRR TR bR SRR DR Y S ™ D™

I oadichidcAladdvalitgas hf JE epx@maanv@mhgmcaﬁeoplblvnﬂng a relatively
systens incorporating teachings of the present

compeeineressy #hserbiagi sysicm h@angmat Fariable grdihytenaecopamegate relatlvely

T P

teadBingg of G/ pirbdnd hidtentivd ﬁ{ayaiﬁln@taﬂecbwﬁxh&s&eﬁ syrhaktriar & asymmetric
wel I known _to the highway safety ind

try. .The _ .
copigyplionsy The cRFHSY ARBITREE $sieaY Hay e fet%%&ef}r%ﬂeléﬂ&ely low cost
us%%e%ﬂ%ﬂgﬁ%[ li’da@é}lal Elgfgpiéc&k%%gne Lar@hfell to the glghway safety

edi cta and re support frames
1nqmtrgl sThayresdlﬂmg lysttahl @hionesl omatator $tmcauabm1d)deat:1gy absorbing

toBiAHGR e aiir Al BEatLctge i SEO Al SUHPIT i pRfnd pancls may

be%aaﬁéd 8h 1&&%09 rt@%%mmheaﬁetth@wldtﬁ &fﬁﬁ&gss&aﬁa%ame hazard or
be provided wth nultiple energy absorbing el enents,

tempcbnarysWo&@lrean panel s and a second set of panels

di s sed acetl to ar zardfac .
Rt P athet TR PresaiRietbfa Bl gushion may be

prévidsd wﬁﬁtrmgﬁple %ﬁ@ﬂ@ aambﬁng RleH) d fEQlseOPbf mﬁgl ahd WBécond set of
be vari ed based the wdth of an associ at ed

pandadsﬁpd@dh@medﬂm haeadside dwegird Jaqing ooeemamgdraffic. The spacing or

an GBS b Pt & AN R s BPAE B T RS fased om

thkli@W of alhyasﬁ@:létb@ rédueide thagdrd C{ﬁ&ﬁiue F@tuciig PRfIringfce eapabilities of
vehi cl e i npacting one end of the crash cushion

thopsosy ehsorhingsystran.r Shelencisy theerreg clements canpgrate vifeeach other to
LTI Btor RSl B ML b oo e
cras@hdughies ,opposite from the roadside hazard. For example, the crash cushion may
include a first, relatively soft portion to absorb impact from small, lightweight vehicles, a
middle portion with increased stiffness and a third or final portion with the greatest
amount of stiffness to absorb impact from heavy, high speed vehicles.

Further technical advantages of the present invention may include providing

relatively low cost crash cushions and safety systems which meet the criteria of NCHRP
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m ddl e portion with increased stiffness and a third or
final portion with the greatest 30 anount of
W@ okoomes t o absorb inpact from heavy, high sSpeBUsS2003/007583
vehi cl es. Further technical advantages of the present
i nvention may include providing relatively | ow cost
crash cushions and safety syétems whi ch neet the
criteria of NCHRP WD 2004/ 009406 PCT/ US2003/007583 4
AGB ot Snaa 5 -
AR 280 RGP Tt e B A et
relatheedls wdde tvadsidd hasudhsuwh difive fbetetigheiqghor iwedther regnired width.
other required width. A _crash cushion.having. an .
A iR Gy JiaNingy h SEEH| PSP BOFRLh POmREHingteoghings of the
prdsBS inPERRBNha) DEGALLBRARYuRE E@hb Hafdl Kehthd t@Hions and is not
éurl ng harsh weather conditions and is not 5 sensitive
setstiveotodcald emimwisture. The caergy ppsarbing bystagn syast bm qasjy installed,

onfigief BREeted $hE il ab i SR B0 OFAEl PR mew or existing
asalt D IcBBcre®$RAR! FicRf asSQNBKIremPad Stteiniblof d@siReMdVa Bsic energy

| nggct attenuation deviceS and a basic energy _
abstivking Islystgmsars mehreguisedoEasibiyeplasdablEnsits ¢llove yuinke &3y eost repair

arts allow gqui.ck, |0 st. repai frer | sanece .
ot Y o i e 88 B RiPRERT S eoo PR D Fept materals
fuiflier @@Bithized Gt cffRt OF by FarhOed HbiRlisdice it 286/of BRIe impacts with

effect of any damage from nui sance hits and/or side
the grpdicqushigiit h t he crash cushion. An energy absorbing
svyst i i i . . .
et piSREFRRRHAhL PR REARRIY ebctp ¥ R bresent jpvention may
befarmedd fompairitast baggsoupnst askippsiti fetaidsyardi apeBedidably disposed
relative to each other and anot her group of panel

relaiiyspén eaehy othss adganeileg| rowmi dhpans! gapgrh frapes garklpanels which
C : r
ecforifiPad Spldl et FRTRGR BIRE, THC PulR Sncht BRRLS rld AES may be
useher gatisfactorila absad emergyefrpmoh widhivaliety obwthicles gollidity with an
an energy absorbing system.at yarigus angles. " .
enprgy @ARgAr g§yﬂgmiqtrﬁ Qus anglesin \l,cép% gide GRS andygeverse" angle side
im'FSH%éCtS- Techni cal benefits of the present invention
ncl ude an energy absorbing systemthat 20 may be
us e Tevhnital henetitn efithe poesdst idecttianandsdeaoan eneygybabsedsig system that

m)%ed fromone tenporary.location (first work zone

mio 08 sl oV ith REBERY BT SHAUE B ok S3uHe movad from one

terhpdrhabcARB] kst Korlk Héhel EESRMer itéiﬂ]tﬁﬁﬁliy_qﬁga{tﬁﬁ'(%gﬁd &ork zone).
crash cushion which my be wused to mnimze the

r esu} fugthst agpesbbf thei pyasdpt invsbliom ingisies laecraghidcughion which may be
r padsi de. hazard. ..Th crash ,cushi on i n¢l ude. a
useh @Rl I ronytta 0 a RAGIRAE e v olily 4P agpidsit hazard. The
crddh 'cRSHibA MARbink A 24 drick S aWdebiNg abRenbly @gRnding haNfirsf direction
plurality of panels nay be |located on a first side of

fromh e fissieang pf s oedh eighiods ebvipluyalitytof panele mperrherlasatyd pma first side
of ttlbeeeﬁelré}g‘ tclbs%'rl&ﬁg ta'séjeﬁibl})- ré%teﬁé‘iﬂg | g%nerally in the first direction. The panels

preferably resist impact from a vehicle with the first side. The panels may have a first
section that may be generally disposed at a first orientation with respect to the first
direction. The first section of panels may extend from the first end of the crash cushion to
a location along the first side. The panels may have a second section extending from the
location at a second orientation with respect to the first direction. The second section of

panels preferably intersects the first section of panels at an angle.
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preferably resist inpact froma vehicle with the first

side. The panels may have a first section that may be
w@emenadsbey di sposed at a first orientation w tPCTESPER007583

to the first direction. The first section of panels

may extend fromthe first endg of the crash cushion to

30 a location along the first side. The panel s may

have a second section extending fromthe |ocation at

a seRNAnfY hpMoatiddNa Poitidn! SSBRCHirst @e&lﬁﬁ dfl pailels may have a first
direction. The second section of panels preferably

divengescs drang theh rst idirsetioneand; rieast armnmns oftheagecenmrybastiomof panels

o R BHALI ll rOE m v

unbduizdtio tHE \s8EHRANGIRergefd®. t Resd, ithé keddndeetbii® o8RfAndt may include a
| east a portion of the second section of panel s may

moypgele subsestion that m@wg%méraﬂlb'dmthm’rérsf flireption |W1Le@tthmlergm gbsorbing
'n{bsfé n%v%g G@%kggrs{]t% re&ﬁ)n &geétf?)fl Stg)caﬁﬁﬂ mn,a%/also include a

ence e secon SEC ron o

ﬁ;deﬂ@hbﬂéetlm withulealol eabidhbeedtioanisposéd ¢rose so Q&rﬁiﬁlaéﬂdyof the crash
in the first direction when the energy absorbin

cuglygr fsmythebres svbfe@w 4 pdyralfyrf pangls mapadse be %mated on a second
SlcV%ie thg Enafﬁ% &ﬁ) e S u eS e Cf 88?1&?53 pos e ﬁ S%(; gi g? %li&ﬁ?%g g%ﬂerally m

thd fn‘ss threa‘tdmofTItefBec@rcbsidlB oftpasbis amayt Hsmmspdsed byedetric with respect to
ﬁbse tign. A plurality of panels nay al so be | ocated
the)Hrshside 0bRM el de of the energy absorbing assenbly

oppqﬁiut endth@MdpB& bf BR! prebdf iB%IRD 'Iﬂ%{ GRS L yenbfgg%sorbmg

the first dire si)tl on. The second si pane S may
sysiempo diodt arstedmeetthe ceswits ¢f a edlxion between hecliclesind sirdadsafe hazard.

TSR S g RS ety 5 AR bR 8L heon fom
a fiREHEEoL e syasm! tﬁh@éne?gyﬁé’ésbfb‘ih% Bydagh \f@c@nheﬂ'eVaeﬁfSF ki®e located on

and a roadside hazard em may i'nclude an

one ﬁ@ﬁg’f/ thepanerdi a’qvgows\mmblemé adeq@dusrdedoccawcton another side of the

endlek 3o Bhe dsRT e it ¥ o boe oot iy SRy b gospective

pafils w(h[tfh rehisieandnph b e ehitilec AIHhe TiddtReleds HRWMc¥nd§de. aThe first and
second side |ocated on another side of the energy

seqeia sidss mepyameengsmprallytie the first digqctien aen @W@hISPBtl@mC@ itlgefirst end

of Wsa@%ﬁg R‘?‘I’e%s @fﬁ? 8{1 8¥ﬁ'h ﬁ@f‘gg? rﬁé{&'(J)eerhr{c8?}#1 %& i tr?g second side

a ve € Se

) Shzdethe 'ﬁheodplédspomﬁﬂs of theoidt sidel@saymey ofiented gemteresddey to the first
inthe first direction when a vehicle inpacts the
direptiony ndependentlyrofithesecpud @de. At | east a portion of the

f I o
RSN A Bt S Bl e o
panels efithedirsd dide amls’(he(sEcdnd sidee Ai keadt ond Iolfdtetﬂ)aml support frames may

i ndependent |y, of t e second side. The_ energy absor bi ng
eﬁ&?@&tﬂ@ypq e P %gﬁ%wuﬁeuwomaweéﬂn%gmc%ﬂﬁq pane] gumep frames

cob518& {osth@fseéo'ﬁ@ sfder Ht 1%9&@6%& E&r{cg s&;@aﬁ RS cofiplell 8 portion

one of the panel support frane
of the first side may bear upon or rest upon a concrete pad, portions of an associated

roadway or the ground adjacent to the energy absorbing system. The panel support frames
that are coupled to the portion of the first side may be coupled to one or more outboard
anchors to resist vehicle impacts to the first side.

Still another aspect of the present invention include a crash cushion operable to

minimize the results of a collision between a vehicle and a roadside hazard. The crash
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25 be coupled to a portion of the first side and
separated from ot her panel support franes coupled to

wo bw4pemond side. At | east one of the panel supEDD$2003/007583
frames coupled to the portion of the first side may
bear upon or rest upon a concrete pad, portions of an
associ ated roadway or the ground adjacent to the
ener gy absorbi ng system The panel support framnes

I . : fi ; o
cu 168 pRh T O HE Bergh ot A ROt Ly Pl D1 hoRht ShfiEs BRnding n o
firstediregtion dlonc b dirstrapnd of $hed arastheushionst Tisd etergySthsbibing assembly may
anot her ect of the present invention include a
Al B _Hloaaéﬁg e}htf&péwégne&coa Whithp gl Hpacisslfp festgind, The panel
suggclﬁ ity ﬂag;c ‘él‘f‘s%nbé‘nib%céll% Gnané Rt @RebHE DREMIE pardll® may be
a 4/ 009406 PCT/

sh WO 20 US2003/ 007583 6 cushion may
attachved tartheparelyuppbsdraniasexindeghtopemtly ip dreefirstdipption. The panels

frames extendi in a,.first direction.froma first
gy, Gree; o a st HeRion. = e PeRS: G A <Bith (g st end. Selectad
pafSIs Y HavEBann@]sSRa iR d TRUERD | L catle A9 ckichd thrhdietéRPone of the
when a vehicle inpacts the first end. The pane

chgusporiong ihemsede aelso The eablenisl deianchored faf a docation toward the

di rectlon. ltiple nel s e 5 attach o.th
6rf fr 01 8 ordtH it aRE AR o omo b G e it el gf the orash
cughibR.Ct TR cablBe nRgNALS ben@YipRAVIRr 8R pdneMstifpdrt fles. The energy
direction as the panels extend fromthe first end.

abgbingt asgembplyfany inedydens movertda sladsdispased 1ok thet fiest end of ghe crash
e y t r I e a I

cfihe TR U@ U0 edlor 6951 %08 ol gy ARG o

sl@t a location toward the first end of the crash

cushi on and al so gé a location away fromthe first end
of tkrshpicalsheneits: ok thegpresenf dnveappp dn a|§@hpushion operable to

min Rk &8s tQukd gﬁg%ﬂlsi&uf?&@/@én b rRARR anq;? r ﬂﬁfdgyhazard. The crash
absor bi ng assenbly may 1 nclude a noveable sle
cushisp asgdinaiide ha dhergytabsordlingf assérablyrexsdndingishd first difeetion from a

cabl e anchored at, a | gcation toward the fjrst end may _ .
firgleengholfiF ePsh suphian. JPEcPnereyARPRINE BEREP I Bay e peverble in the

ﬁrgtgcﬁﬁe%ﬁén WRYE Bh‘eﬁ’f&le‘ inliJaé’tg Al aﬁﬂ M&Iﬁﬁﬂegga&p %ﬁgh%mes may be

mnimze the resulfts of a collisio t wee

meweablel ip thadirst dioention.ddVunbipde danclh enayrtas httached e die panel support

e PSP SV o P S0 BGFHP: e BPgypeiehd Trom the firs
end Ui q;raneﬁhﬁgcﬁﬂ AhANs ARTYeRIIALHIFSSHIEA 1 ARY0RSHRME 28& rotation
inthe first direction when a vehicle inpacts the

whenrasyeheglel impagts thelpenglandlhe pamgl suppdrt amss may bgelidably coupled to

veabl,e in the first direction..Miltiple pangls na .
RO RS A ot o of 6 rBnCicioRBH: b e s "y dsorbine
assembl1¢liaM€@ ey Be @iplddetofan @itbshrd @fEHRN TAS Pahel @@?@It $rames may be

extend fromthe first end. The E)anel support fTrames

sligelly seurled daprshosowph el least e pbihs pepclasippert fessnestbearing on the
aj i e icle e : I
sy A B 6 G LT RBEI i BAREL may
slidably coupled to anchors with a hook located in a channel. The channel may be
oriented in the first direction. The hook may be coupled to one of the respective panel

support frames or the anchor.
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anchors with at | east one of the panel support franes

bearing on the energy absorbing assenbly and may be
w@owpledos o an out board anchor. The panel suppP€T/US2003/007583

frames may be 25 slidably coupled to anchors with at

| east one of the panel suppor7t frames bearing on the

ground and may be coupl ed to‘an outboard anchor. The

panel support frames may be slidably coupled to
BI@[E‘F%%MTI‘}ONMBIE%@#ﬁ@IU@ a channel . The channel
N ' ' ITst direction. The hook may

be coupdredcanapleteeurniferstardinge oHdlnd presegamebnticguppgr be acquired by

ranes or t anchaor. WD 2004/ 009406, PCI/ US2003/ 007583 .
relphri, B (B OHP PHECHESEPRE BRI ERIREPS Kihpioroopanying

- drdtidgs ﬁ%@ﬁi@h Tifte P fefefibe ﬂ&ﬁ@&y Indidaveitd RBuPRUNB S IREGH I ed

by “referring to the foll ow ng description taken in
conjRIGURI A isvatscherhaticadrewimgashpiniige anl ensngy gbsdarhingtsystiem installed
dIiket reference nu grﬁ indicate |i ke features and
AdipRentdo fne gn %9 8328 % chemat i ¢ dr awi ng showi ng an

eneryURIS 24 Bhepufé @fﬁv&&iﬁb@d/iﬁﬁ' a phti AERRFitH SorfiBAs Bdften away
of a roadside hazard; FlI E 2 is a schematic draw ng

of greawpdrideshazhedhand; eagrayi absorpgtsysies BAdbREalvay of the

a?a%ﬁé@gé" %siaarS gc %121%“’% ?r%“.g%g %?03%1[1% I&r? %ﬁ%? chﬁlg\?{fwitl:ﬂ [%%lt:\;gns broken

awia§ QTEL EhtCervplaw mdt & pedrby @bsorbingkRBemBl) awRis Ofpldality of energy
cutter plate and an energy absorbi ng assenbly havi n% a
abgsirbying) ielopacats ndr gtgppoatwo?'/?@amg @P@W@Fﬁt@gamcglaﬁﬁo?ﬁ ithgy present
impﬁagﬁ. i ncorporating teachings of the present
Invention; FIGURE 4 is a schematic drawing in section
W t IFIGUIRE dnis b echicantiawywingkiansectddro agthl peresnst bébkeh away taken
FI GJRE 3 show ng the box beamtype cross section of

3
alongalinsset-dyof HESERE G phavgng dae kex \pearp tppeeraess jsgctipn of the energy

bsctﬁ&%g%é aw ng showi ng an isonetric view wth
? port Sns. b?%’ken away of the energy absorbing assenbly

of HIGURE 3isd $chembhie demengyshoalisg atbisometioevrewtveith patiens broken

been cut or ripped while a ' ener from -
o GE RR QR D BB o T LA P W AR gORarbing clements
ha®€6denQit ¥ & Mﬁl%oﬂ@&ﬁr@%%@ﬂcﬁm&@t; an

ener gy absorbing assenbly incorporating another
enbddGHRT 6 0f atshkenprtissdravingnnesctionyith PoGHIRE broken away showing

expl oded schemati.c draw ng. show,n j.sometrjc view. .
an P BT P BTG eGP OL B R GT HEPOURELA! s prepept invention;
whi GIGURE §NRI &Y e A6 Edh8mats dW g shBGinsd8S isometric view with
progressively thicker energy absorbrng el enents al ong
portipms| lwpkgrh obfstitl amother embodiment in which the energy absorbing assembly
includes progressively thicker energy absorbing elements along the length of the
associated energy absorbing assembly to stop an impacting automobile with a gradually
increasing deceleration or stopping force applied to the impacting automobile;

FIGURE 8 is a schematic drawing showing an isometric view with portions broken
away of an energy absorbing element having a plurality of cutouts to minimize damage to
a light weight motor vehicle during impact with an energy absorbing assembly;

FIGURE 9A is a schematic drawing showing a plan view with portions broken

away of another energy absorbing system incorporating teachings of the present invention

installed adjacent to a roadside hazard,
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associ ated energy absorbing assenbly to stop an

i npacting autonobile with a gradually 25 increasing
waelemelexied i on or stopping force applied to thePCT/US2003/007583

i npacting autonobile; FIGURE 8 is a schematic draw ng

showi ng an isonetric view wi th portions broken away

of an energy absorbing elenment having a plurality of

cutouts to mnimze danmage to a |light weight notor

vehiml#eitigp g | BhRelatM drBwiil SIGSY 23NRPVRIW Yith portions broken

assenbly; FIGURE 9A is a schematic draw ng show ng
avplyaftey b evotor vdhigho hed enlBddst wikk or iBpactadagnecindanidhdrenergy absorbing

ener LNg systemincorporating teachings of the
Syﬁ?%@ﬂﬁﬁagﬁaégéion install ed adj acent to a roadside
haz grgiMD920R4 QLA8hakc Wih@%ﬂ&ﬁin?%ﬁl%ﬁ vidly lof Eﬁ’ﬁ%n@%er energy

is a schematic drawi ng show ng a plan view wt
abparbingosystemoineerporaling tedchings ®1the presemthing¢mdionaigstalled adjacent to

callided with.or inpacted one end of the energy
OHSEESPg?ﬁ%awS@%’f ot FI GURE 9A, FIGURE 9C i's a

sChemgiURE d0agi anghosdh@¥thilgl schiratic \dr@wn@fshotvind aRRvVAG6nal view

energy 5 absor bi nﬁgthsyst em i ncorporating teachi ngs of

witlhporgpesslaeken pwjahed e cnersy absosking gysiere ﬁ? FIGURERS e ierl 9B;
of ide.haz X JRE: 10_ i il .
schz}?r%gt?ﬁéﬁ d1 r a\l/\%1 %g S O\?\/IEJI;] ?Rga%ﬁmél \évj\lltglt ?%na'l[lse\l/) ?@E\}\a’% \a}m‘%?% showing an
isqaadttit cHewbsDkegledrwasentiily tdnd ether gympbE@tdianghs atiess e energy

FI GURES 9A and 9B; FIGURE 11 is a schematic draw ng
abgprbmgsystemaid IGHRE ) anpepits fiow the readsite hegadet ric vi ew

of I . ot . GO nent. :
o1 SRR P 0L MR Sy S0 o o
isdmaitic twiev rafathsi del heeablly abdoCidRid %2thi theacreedye absdrbing system of

| wi th portions broken away show ng an
FI&%F& c view of the sled assenbly associated with

the Faeray 1959 dHRG1S ¥isha: H sechibfR Iﬁ%ﬁoﬂssor&%y showing

13 is a schematic drawing ih section w portions
onbreod efithaséed askamiilygf FEKRERENQ appotiteeflrah edcanmgrtidffic;of

FI osite . fromoncomng.traffic; FIGURE 14 js |,
- SO dARaA FHoHATh BortEoRLbpRkeR MRKToRbe sowing an
exPlbde®IBhRASHvieh s EhLE 'sléd\éﬂs%lil?ff, dul@r ﬁla?edarﬁlsl%ﬁ{@%s\éfnﬁgly associated

cutter plate and ranp assenbly associated w't
wighibe gyergly ebsasbing ssstem e FOGUREQGRE 10; 20 FI GURE 15 is

a s i G.drawi ng_show no. an.i senetri.c _vi ew of .
o o HGE 5 5 A AR B RS Al ol o of overlapping
paBéle SedvipdraN e tdaoRingd %P@E@?re@étﬁﬂﬁv&ﬂﬁnsdi%s@ﬂ ald¥® one side of the

ener gy absorbing system of Fl GURE 10;
energy absorbing system of FIGURE 10;

FIGURE 16 is a schematic drawing with portions broken away showing an
isometric view of a panel support frame and attached panels associated with the energy
absorbing system of FIGURE 10;

FIGURE 17A is a schematic drawing in section with portions broken away
showing a first upstream panel and a second downstream panel slidably disposed relative
to each other in accordance with teachings of the present invention;

FIGURE 17B is a schematic drawing showing an isometric view of a slot plate
satisfactory for use in slidably attaching a panel incorporating teaching of the present

invention with a panel support frame;
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FIGURE 16 is a schematic drawing with portions broken
away showing an isonetric view of a panel support
wo e@amorned attached panel s associ ated with t heP@€neEsyy3/007583
25 absorbing system of FIGURE 10; FIGURE 17A is a
schematic drawing in section wth portions broken away
showing a first upstream pangl and a second downstream
panel slidably disposed relative to each other in
acc i t [ - the:.qar [ t Lon; .
Pl GOREUI 1 o SRERLD -Bink, 1R G3ERhe bRICH AOEY shawing an
exploded planaviewaif ptwtee pl@6 andtenafgmcihespinfgoslements isatisfactory for use

R S A e
200%1@%@9&%@%%@19%&9 @1751% sioviih eﬁﬁaﬂ- §idvd with portions broken

schematic drawi ng with portions bro away showi'ng an

avay phfogie engriga mbsomvn g Systers intaporpling ¢caghihge rodrihy present invention
._ahsarhin |l ements satisfactory, for use wth a energy
1ns$%§egragl;aﬁgntgg}gpgm WEWB&?@? f’%ﬁ_yqseachi ngs of the
pr eSEQUREYSIid £ 8ohefdafibdiawhi _Sh(ﬁiviﬁ% 3 BRI H14H ¥R Gith portions
showing a plan view with portions broken 5 away of an

breleragsayaid e dricrgy abperbang syisteor lofI&URE 194achi ngs of t he

pre ' t..on ,install ed adjacent t.0o one qr_nor.e

P et oA 156 i e B Gin HARET oo, iSyrhfig Mgl g @ bent plat
wHiEIOMia ) Ge aBedeo| st el dPhaitlyioade Wherfy MRbEHIANSystddi OREIGURE 19A;
away of the energy_ absorbing system of FIGURE 19A;
FI Gﬁi@lﬁﬁtmslsaaswh@ﬁa&m drawyiagi wgelsvaionnyithnpersiene tbroken away

' of +a . al .attach
shily Rl aHiadyiaeite oy By MM o MAGIREIOR T e
19AFIGHRBIRE i2@ dcherBatic dewmid én eEctivh gith Porkloay dirdl@h away taken

wi th portions_broken away showi ng a side view of the
alongdingy 24134 G BIEHRE K4m of FI GURE 19A; FIGURE 21 is a

SEDYTBIE 9 100 LA AREY, O8] A o
away showény arsgidviseheframi EIGUREI20gof onekeamploast i bitboard anchor

%g.ons broken away showi ng a side view from FI GURE
asEIbLY; one exanpl e of an outboard anchor assenbly;

FI GHEURE 13 ig S SORMBlcCHdl MY RO elefaRiPYAd iR se8iMh With portions

section wth portions broken away taken along |1 nes
brai@n28vayf takdrCulREg 1816s 3B eigFIeHERBXAnpitwvahg aneiengmp2Oof a wing

ext.ensi on .hase Bl te SH Por.t post and brace; FI GURE
exigRs1pR baselfe P anpg\ﬁn §a§ﬁ’owi ng a plan view of an

enerrgBURIS 94 B R9chematic drawing showing a plan view of an energy absorbing
system having a generally symmetrical configuration formed in accordance with teachings
of the present invention;

FIGURE 25 is a schematic drawing in section taken along lines 25-25 of FIGURE
24,

FIGURE 26 is a schematic drawing showing a plan view of a transition between
panels which may slide relative to each other and panels which do not slide relative to
each other during a vehicle impact;

FIGURE 27 is a schematic drawing in elevation with portions broken away taken

along lines 27-27 of FIGURE 26;
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system having a generally symetrical configuration
formed in accordance with teachings of the present

WO pwentd4oq; Fl GURE 25 is a schenmatic drawi ng i PCHES1008007583
taken along lines 25-25 of FIGURE 25 24; FIGURE 26 is
a schematic draw ng show ngv\ﬁq plan view of a
transiti on between panels ch may slide relative to
each other and panels which do not slide relative to

eac r-i all . . El . i- .
S2cEH 6 3041 AL SR S TR 8 s b
awayaf at akkercouplkdatittngnéd side of 2 eRatgp hbsartliREy&6m M@ccordance with

2004/ 009406 PCT/ USZOOS/ 007583 10 FIGQURE 28A is a
teaghingsat fhe PEFSSH IHYSE8wi ng a plan view with portions

br O@@U’[?"@XBC’{S & sEARhKicCAURLEE ifMelRaBbP vvc‘i.ﬂij?oﬂfon_@%roken away

ener gy absorbing systemin accordance wth eachi ngs

shoWirgtke pabbsamnt assoviated couplinEloCBREURBR.845 a schemati c

dr aw ' levation wt arti.ong broken away 5

ShoIHY RN 25c Bof ol s dEBaE da SBUBFrg B eSpgRample of o
co Iﬁﬁig WhichRayd? uséd B miedtRipjaicldhaWiagks with 8paMaith®oes not slide;

show ng one exanple of a coupling which may be used

t o JUGREd 36 ipanwhembtic dedwidgshowinly @ praneiewt with pbsiéens broken

not sli X Il GQURE 30 is a. schennati drawi ng shaow ng. a )
vl et A e o S Piske ATIRR, Serthg) b Reia, ayfmetrical
coﬁﬂ@lrﬁﬁo@iﬂﬁ&?@fﬁﬂg%&‘éhﬁx@b bedhi PeesantdfR@itiah] shd _

asymmetrical 10 confi g-]l;l‘;‘atl on incorporating teachings )

of tHeURe3kifta sohgantit draviag i Fe@RWiBparkions tyekenawdyeshowing

o U P PSR A 33 BRSO Meorpoin

tea@tinpe af thepissenrinaasAbl y i ncorporating teachings of
the present invention. 15 DETAILED DESCRI PTI ON CF THE
I NVENTI ON The present invention and its advantages are

DEFARAE PRIWPTRHR'GE PAEIRVEHde  1-31 of the

; for |ike and
cor rEspeeshnimypetidnsandfitst i@ antdgaavire1gaderifoed by reforrorgtioFJGURES

B it 0 R S B b S36 A s o
dr@sines ash cushions, crash barriers, or roadside

protective systens. Energy absorbing systens 120, 120b

and Btfgymasaosing ssystets 126, n120lazand H20riesuipbmting wachings of the
prés%%mleg%b%a\gfegor}ne imrrr-sost l% ré/t%prle I’coe ag nc%she)é srh(lagnssl, %rash barriers, or
roadside protective systems. Energy absorbing systems 120, 120b and 420 may be used to
minimize the results of a collision between a motor vehicle (not expressly shown) and
various types of roadside hazards. Energy absorbing systems 120, 120a and 420 and other
energy absorbing systems incorporating teachings of the present invention may be used for
both permanent installation and temporary work-zone applications. Energy absorbing
systems 120, 120a and 420 and other energy absorbing systems incorporating teachings of
the present invention meet or exceed NCHRP Report 350, Test Level 3 requirements.

The terms "longitudinal," "longitudinally” and "linear" will generally be used to

describe the orientation and/or movement of components associated with an energy
absorbing system incorporating teachings of the present invention in a direction

substantially parallel to the direction vehicles (not expressly shown) travel on an adjacent

roadway. The terms "lateral" and "laterally" will generally be used to describe the
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various types of roadside hazards. Energy absorbing

systens 120, 120a and 420 and other energy absorbing
W@ y®temE0é ncor por ati ng teachi ngs of the presenPCT/US2003/007583

i nvention maybe used for 25 both pernmanent

installation and tenporary mg{k zone applications.

Energy absorbing systens 12 120a and 420 and ot her

ener gy absorbi ng systens incorporating teachings of

orlpfBh SBERE gl REth! L cdRRnell SERAN M, TRAY sSithng system
1n¢drpmgilmgjthan]alhgsy of trechrédennimaetition inla djesvtionlshystidiallyamrmal to the

to Crl be t or| entation_and/ gr novenent of
d“i?&%‘bﬁ fles Hated naAncaSeEHoaiv A eGP CIWPAREEF Bf FRgrey absorbing
syStéRis 800, NRArRATALIHE, bEASHIsEI St & addIe (B 836 elative to the direction

|nvent| ‘on in a direction substanti a Iy pardllel to the
vemcﬂ®¢xalvdmmmtbdt®st(qadWayaxpr essly shown) travel on an

dj d T, " | at | ateral | .
ot | TiEotsana Py eart il Gelialy B aisp do Wit ro6augs which i

suﬁ’%dalﬁ%%ﬂ@%ﬁﬁ%nd 1 tiRrsaRidet R ANHORIMIR b€ ARBhicRS traveling an

conponents associated with an _energy absorbing system
adjagewr yoedwiey.nd hoetaoni "mg@re@m"t Wil genesalbit bé mgethis dascribbe anovement

w]vgl%egﬁtu gtalilt} 26/ ta?%i!,]el hybd}t 212: g%toppggf]evéli/ecg'%{a %étmo%ement of a vehicle

traVORIOGE Bh Adfabert M8AMVaya UEIRY iy "usiteiimand 2@owdsiRamamthy also be
420 may be disposed at an angle (or flare) relative to
usedhto dpspriha the ositoy ehprg eosnpongiarelagie imanetfies cemponent in an energy

|y be used
ab %ﬁ%@@%ste%l &géﬂ%ﬁg%ﬁﬁhﬁal S eﬁilu%)snttantl a y parall el
Wi t IThRnelms'stheatetamd tbepa&atﬁmgﬂnmwgeﬁmﬂybe ﬁlsétf toadescribe the results
The term

veh| cle traveling a acent roadway. .
of deferying an qRergy %&qm |eif>mfélt yseg & sutRE Rltenle sayve e of the
en%%g%gsdrﬁl lél?e?ﬁéﬁ ih fnbi¥n %5@0%&0%&’&1 t%fnnlgg 0 gl% present invention.

irection as novenent
Thertemned 'Isepprete” and dsipaxting” magdizayhe Uské t¢ destribt tipstombintd effects

and. " downst r.eant’ al.so.be .used to describe.the _.
of SN G ik a0 <O foRerONE Pl BgsToaRe with feachings of the

pr&RAPARSRfonl N an energy absorbing systemincorporating
teach| ngs of the present invention. The terns

"se ril"eheatee‘ns digdre”s aphr‘ gotengeavinldy benmsedilth yddseribes &hdt where two

desc e the results, of deforn,ng an ner 0
rodeeip Tt R goR -« & £Xpp & I FalBei o 3P b edees of
thel PoRIRQN Y YvIaBIS 96ia1 MOthe! FIMMNbS UivetRASE OP cbﬁvé}%&%d afeftfic flow is

Wi th teachingsS of the present invention. The terns

gengreliy im ke sand dieiensaen hgth sidss af &@s@eoa;bwa oA gore area often
RGOS SPRRH ARt iy BeotieRRE AR *ThE B i o

an ener

thit® @@ﬁﬂmﬂl@ﬁ odfa L@ ars @ﬁ@nﬁométﬁmt bed defirdddiead a%ﬁfbmn%@él? 'sixty (60)
and "gore area" may be used to describe | and where

mefers EioHHRE POHI OE FiySTESRoT I RABVBIBENSR. gore is typical |y
bounggqe ) 4yMisfledfS ¥ Iﬁgﬁbg 4958 1P lescribe permanent, fixed roadside
hazards such as a large sign post, a bridge pillar or a center pier of a bridge or overpass.
Roadside hazards may also include a temporary work area disposed adjacent to a roadway
or located between two roadways. A temporary work area may include various types of
equipment and/or vehicles associated with road repair or construction. The term “roadside
hazard” may also include a gore area or any other structure located adjacent to a roadway

and presenting a hazard to oncoming traffic.
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t he roadways which join at the point of divergence or

convergence. Traffic flowis generally in the sane
wa@lreoemod40ms on both sides of these roadways. APQDDS2003/007583

area often includes shoul ders or marked pavenent, if

any, between the roadways. The third side or third

boundary of a gore area nay neti nes be defined as

approximately sixty (60) 25 neters fromthe point of

div
my DTS Sofpof 6F AFBEey ISl Qeic At Rhhings of the
présaﬂarrﬂsnmmagsbeafohﬁe@ ﬁom gomipesiallyaaviailnlsle estrpcﬂuhﬂ rsteel materials.

nte i.er of hri dge or_ overpass Roadsi d
Exqmblride ﬁﬁgb analgrialn dnelade aicel ﬁg&saﬁgﬁeM%esar%@ctmal steel tubing,

sﬂbﬁf’ﬂ%ﬁe@l ﬂﬁb@scﬁf&t alRinfell SRENAY anffies cﬁ%ﬁh@t@rzﬁ &lbP&ApdsMclude W
roadways. terrpogr ary work area nay include vari ous
sh&gqseﬁl’o&fhaﬁéb dgampmbatmen déasy and higlese s Stustonil ateet] angléshmay have

le%g\g aq o ugfr:qgl% Qvi({:tfl:j gili ;nne ‘%}The § lrgl?t]&orfgﬁ%? i&%ﬁg}'uction publishes
dethied GhidrRati®f %&@nﬁﬁ% Fa8dUs t§PesPof &ﬁﬁll%%lal%&’vaﬂable steel structural

presenting a hazar 0 oncomng traff . _
maedals CagideoPCTIUS2008/ bfieaRdg ereryyrabsobing spsermatigcorporating
of . an er apsorhing systemincorporating teachings
tea&hlqgﬁg?ﬂgpggsgﬁt)lrﬁv@b%l on may be forned from
c onRedadliidk | hazadad 10adHovrS i BRFURBE StEE)A N9 e10,2dril- 198 may be a

Exanpl es of such materials include steel stri ps, steel
coperateckarrist pxiending alongedr edaviongide of 2 geadyyayl (nof ewpressly shown).

Ro%?ﬁeg a(g gga:n){nagfndlgpggv? g&%lﬁete g)éﬁ‘?%ﬁ?( el,r]ﬁ él&%é{h%rrﬁédlan between

two h@ﬁ@@h}?& Reedsideahgkaad gllesmaysbé lanwrﬁzheﬁtt @efallati@l 65a temporary
, maréthave l.egs with equal or unequal w dth. The
ingigHation agsspeiatert with %fwosk edea. coReadsisier hagare 0 mssomeﬁmes be

deinl 89 iedg¥ Hﬁ'ﬁ'llep E{ CRRACH PétQ%e %ﬂ &%ﬁgﬁ 3681?&et‘\%f11amers and other
commercially ava e stee r ural
obstatles bdjateant yo & ovadumg may frathrtingatol tige daai@)ed @b sanbiadg An energy

systens | ncorporating teachings of the present
bt g Tsiem RSORRSRIAESAFME of B PrEKBhIEHIEY &URpidinpited to use

Wla,or%coggetejogm@pd 198 may be a concrete barrier
extehding al ong the edge or side of a roadway (not

exermmigal stropeents Readey dbsdrbingrsgstah®B20es shbwo ibEIGURES 1, 2,

arri r ext endi ng al on medi a en
anf o ST o198 S0 e THA % Yo sl ter plate or
pldtébsi(ﬁﬁ Mﬁ&ﬁas@émlﬁytﬁop Chuddplate 196 Ahdyafliohe RESRG BLed "rlpper" or
a work area. Roadsi de hazard 310 nmay soneti nes

as :aS’cd@@dﬂad@éU Fas seme pppisdtionsammei and ofieaclf encegly abﬂosblag Imembly 86

magf\éﬁ?n tiqh??lu(? 60 goa:aclr 8W%§b$&§rﬁ$§ :jﬂgé ,?tglrl'tﬁ 322 LFZ)I‘ ﬁ,B]\l}g a,pphcatlons

ey £3BMRkh afenBhes 88 mAPERG MeNfix&d/ 84 @B hmad BAr @bdt N roadside
teachi ngs of the present invention is not limted to

hagasd 314k t B\ phirslity ofcspecas wararessryaces 314 may be used to hold energy
absorbing assemblies 86 aligned generally parallel with each other and extending

longitudinally from roadside hazard 310 toward oncoming traffic (not expressly shown).
Sled assembly 340 may be slidably coupled with the end of energy absorbing
assemblies 86 opposite from roadside hazard 310. Impact plate 382 may be disposed on
the end of sled assembly 340 facing oncoming traffic. One or more of cutter plates 106
(not shown in FIGURES 1 and 2) are preferably provided as part of sled assembly 340.

Respective cutter plates 106 are preferably slidably mounted relative to one end of each
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Princi pal conponents of energy absorbing system 320 as
shown in FIGQURES 1, 2, 20 and 3 preferably include
WO r@4/00940®©r € ener gy absorbi ng assenbli es 86, CRCT/E§2003/007583
plate or plates 106 and sl ed assenbly 340. Cutter
plate 106 may al so be referr to as a "ripper" or as
a "cutter blade." For sone applications one end of
each energy absorbing assenbly 86 nmy be attached to
ERFUBLASIIAREHL TS dPpobiRSPEALbYRI R Hath Fb2- wWhek TG vehi
ena%gl [ catilons engr gyébggslor b@%gbée{f&%ntﬁ Ies 86 may g SO vehicle
(nbieexprosely shownh eogfactsiod collidés with impactqdatsid@e, S6d assembty 340 will
310. A plurality. of spacers or. cross_braces 314 be
moedan @Bt i gyo ShRSEAbrrbinacSemAa St s daprE arerd 310,
A?ﬁé@ﬁ@%ﬂnﬁlyﬂﬂ(ﬂﬂnb%s Wivalt RAERAOENAFd 11 KR %ﬁ%&g of the impacting

ongi t udi nal Iy from roadsi de hazard 310 towar
mefar behielg nayabd dissipated by xpitagdhtes $0@taaring S eippgsasssiiated energy
b34§i may béentsl'(gabl y coupled with the end of energy
403y &gm% 38senbl i es 86 opposite fromroadsi de hazard

310.Ed softfid Bss@BB1y%Y/ ab shdHis ROSEFURRBS 334, ddies #1a¢ sometimes
of sled assenbly 340 facing onconming traffic. One or
berpleared fto asie {'eex beam. & Fapbenengpabatbing assenldRES:ferahhydincludes a

' . f |
oSSV o8 AT TR B PR e o
spaded dadahYeaoh Wiliced Supbaitingebehms BEhBRK géneealbh CVWhaped or U-shaped

2004/ 009406 PCT/ US2003/ 007583 13 energy absorbing )
cress SeeHy Blee GpiheBed eropy sictipn af spdiesupnoREing team 9GNmay bg disposed

ol i :

B Rt ST 1 R0, XAl DENE LSO LA g psorin

asmm%sién oS tppcirtived bqam?qatriay ﬁulstoobee desceiBpedibs ehdmineds. The C-shaped
assenblie adsi a

86 and r e ar 1Q0.., As sled )
Cr‘?ﬁsggﬁbqnyogﬁ%? : Berty . Wélrgo F’&é{é%ﬁ g"eﬁ}.‘?gzlgrﬂimﬁix),‘”aki Fettid grips or
ﬂa&i@@s" @ afd 9k rbéﬁténﬁﬁgcthéreﬂoﬁ. r@tlngﬁéay@/géﬁlngtcﬂﬁ% HRffes 98 are preferably

I'ssi pated by cutfer plates ing or “ripping
foassloin; itk grips @4 gnd 98hsay bé nspdetoeatnlh sndr@f ab&rbingyelements 100 to

absor,bi asseml 6, ~.as sho in FIGQJRES 3, 4, and 5
enfiy LNBTPASSoTEY Rt oF FUEhers 103 MRl A, cintiscament of
en8iE9 8¥orBRSYU Sh&is PR cHIBRnRITRl BEBPYhitR wiﬂldiﬁa%qal@typlate 382. A

pair of supporting beans 90 disposed |ongitudinally
wige wati¢tg| of vinsteness oty drehwatisfaetdribr wsed Qo sitacte dndrgy mbsmaicing elements
ther. Suppaonrtin eans 90 have a generally C- shaped
1O§P}V1%Ss,%gﬁlg%gbg?lggg&secti on. The C-shaped cross section

of gwehhs uRpediieAd sRAMPOPIGEREYS, di sROSeH pafrasil &@rgy absorbing
each other to define a generally rectangul ar cross

cleyaants 500 msy I@rﬁ&aglg,eda@smnsi%gmd@%@'ﬂ? 37 els]egy sbﬁqsbmgiamymbly 86.
, ' o T .
ARTREE0 el BB SRR A8 A Y Aol e g o e

opfedilenside ioff dpardy fbsomsdy Askembty 861 PSpaRersl4 hangefer@dy disposed

and 96 extending therefrom A plurality of matching
behyyen £agls Pair of enetey akperpings demes iL1A0 gdiareny e pespogiivengrips 94 and

96t.9 % PRYaIRS of BERNER 195 t2d ARGV ABSS [ &%s@4em@6sma%gsociated
energy absorbing elements 100. For some applications, energy absorbing elements 100
have a relatively uniform thickness. For some applications, it may be desirable to vary the
thickness and/or number of energy absorbing elements extending along the length of an
energy absorbing assembly.

Energy absorbing elements 100 may be formed from various types of metal alloys.

For some applications, mild steel may be preferred. The number of energy absorbing
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ener gy absorbing assenbly 86. Fasteners 103 preferably

al | ow easy repl acenent of energy absorbing el enents
wao®4mbéaes collision of a notor vehicle wth | PQEUS$2003/007583

plate 382. A wi de variety of fasteners may be

satisfactorily used to attacF ener gy absor bi ng

el ements 20 100 with suppor 4}ng beans 90. For the

enbodi mrent shown in FIGURES 3, 4, and 5, a pair of
elgri pég?{g%&%ﬁﬁ%%ﬂ;ﬂ;&gﬁe&gﬁ Hféﬁ‘é%g% dﬂeﬁ%&%&%&@%ﬂ%l@%g}e ntended
apphetioe fopthe resfltimneregyy aisebing asgereblymdnesasiog theayunider of energy

bk s by ot BEknSRL BHVA indsFSing ) (ueHh of enerey
abg?rﬁﬁ%%@éin%ﬁs bed, WaRR1IERGhe RBIIENS En& B %Eébr@i'ﬁg %éiaé'rk]rgﬂy t906dissipate an

. enents 100 qdjacent to respective grips
ingxegsed mmlountolofinetisensngs. SEnagy ahsothing elementshl Mahay aleg be referred

in_.gri 94. and .96 d jated .ener absor bi ng, ...
to af RIS oF ekl JReneli ol the piesens SenEdn uclieop Aty to vary
th€ beItReES cdRBguave afd hemBéd ofedntrgdnitiserbig BiefleRRSFI0 &l to select
sonme applications, it may be desirable to vary the

appIoPERigaBetab#inys depending uren tho drtededmpplientiog fof theaiasulting energy

[ ong the length of an 30 energy absorbing
abgéé@%%ls%%l@'ergy absor bi ng el enents 100 may be forned

f r orRoy ahé @utbolditnas shbwieinaFIGURBY3. cutle®pl@&OM®6 includes a pair of
applications, m|d,steel referred. The nunber

b

begeled pattigy cAERSHBINRIARALD @/ @{9‘8 isRosedisb iyt pah Yaat respective
ot | ' .

ené%y%ég%gﬁaﬁég‘gb@%. t@l?['ﬁlﬁg .e&%kgtnlg)g @& 10y ﬁllﬁg?ifsﬁ mesa‘?ned as rip

I ng-upon e’in appli1cation for

blides MThe thithiregs efieuttyy pldtesol (6 ang gepsldBideywednnaippagingdheams 90 are
he . nunjjer of energ absorbi ng el enments, increasin )
selerigs £0 gﬁwm@s&@%ﬁ@w TtrheFeeely gipst Heand iy pRd fiacent supporting
beSgH@y absorbing el enents 100, will allow the
resulting energy absorbing assenbly to dissipate an 5
i ncridets 462 anppreferatily Komedd in theend)pf edthesrgygyalisorng glement 100

oSS a0 SRR 0 LB B B E ones

at bR Gbutd Ank1BGcRAVE td ¥ndr®y HSoybing BRIERMRIO | Kor the embodiment shown
~confi gur ati on and nunber of energy absorbing el enents
m

31 entting @dges Hpprwpl Vdmaynie hirdenddogsl Gepmeddit rag angle of

o lREpP LRV e OB eflivt B o Shistell iR ahiiingediénss 100,
ThE! dSREuBtios Wttty adges 106 dnacl 0908kcladiAa! theiPforicR@UEH @6lative to

cutting edges or r]ié)zpl,ng edges 107 and 109 di sposed at
engrgy sabsaibing elemsmts Kip de toreferablyn selegiedh e ebsen theagssesipied energy

T T X e

an@ap of &2 deeicieahsppppodeimngo.beans 90 are selected to
allow cutter plate 106 to fit between grips 94 and 96
and Eél&}‘gyc ahgor @gp@lp{nieﬂ@ 100 and other metal components of an energy

absorbing system incorporating teachings of the present invention are preferably
galvanized to insure that they retain their desired tensile strength and are not affected by
environmental conditions which may cause rust or corrosion during the life of the
associated energy absorbing system. Specific dimensions of cutting edges 107 and 109,
along with their angular relationship relative to energy absorbing elements 100, may be
varied depending upon the amount of kinetic energy which will be dissipated by energy

absorbing assembly 86.
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15 beans 90. Slots 102 are preferably fornmed in the
end of each energy absorbing el enent 100 adjacent to
w0 e@poetdde/e cutter plate 106. Cutting edges 10FCHOS200@7583
are preferably disposed at an acute angle relative to
ener gy absorbing el enents 10 For the enbodi nent
shown in FIGURE 3, cutting ges 107 and 109 nay be
har dened and forned at an angle of 20 approxi rrately
fort t [ r§
absor brnd AERUaRGe BUA Yiu' R (SRRER ilpAS ARG @impact fonce 352,
th@ﬂgeesoﬂjﬁé caltidioh@® impant ligighneplly Heinsmditadeo teagriggabsorbing assembhes

SOPRLTEIPRBIYS okt SR Sseith i b iden ipdly ihisrdgpadside hazard

318bRIPERE @ﬂergﬂl SFBRR LS g&ﬁ)lgtv%hfc"l’é al el BEH A ﬂ‘i?o&g'ﬁeéﬁtttﬂ{egeor ripping

stretched Between respé&ctive grips 94  and 96 of
of gyengyishsating ggoerts HoGby cOler [H@e EA6 rag phaws,ciobiexgnple, in FIGURE
5 el ements 100 and ot her netal conponents of an energy
"absor bi ng system i ncorporating teachings of the
pr eqwtrelaﬂva?tlbﬂnsp@é@ iRpREL s8] ¥s bGQ'&e‘éﬁrh;péﬁﬁuﬁthelynﬁ% fhiles per
that they retain their desired tensile strength and
hogr endheighiget axles gebljour onhighen waaoamae relativedy shmshleugths of energy

oSSR B SRR OYEIR, Mool 06, T

follbwiigsd Ibﬁksslﬁfed(i Fh¢trt@11}ef@ﬁﬁfeﬂ50§ho@tnlénét®9 of 3fer@l QB&)ranghslements
their angular atlonshlp rel ative to_energy

108p¥dl mavgearplesmant tolmch salstaially ssimplifiere prpat 41 mpbienance of

iatic energy which will be dissipated
en%"y%%%%@fg tgélr ’ng assenbly 86. WD 2004/ 009406

PCT/A#SR1083 0 FIGBRE 2 Senéfigrabloriigodssstablics| 86 a0 lptdfeiably secured to
W%th coniacts npact pl ate or i npact fence 382,
cagih gthep by BluTalig of Sress refies 41 npparrerationgeiwpey jppact fence 382,

crdss M BY8Ank %8%@9 &gyorﬁﬁﬁgoigéﬁsr}{eﬁngﬁ%%%gjl ﬁiﬁ Cf;ngl%yb%sorbmg system

cutter plate 1
32D biaging ud&en;ahglyd framm@stohchwadAs deeshm:z aelgy fﬂidbrblkg Bl_mtem: 320 is better
of .an actl ng vehicle e d|

ner
ab ehiioog%‘ﬂyca[hs?rb n3ft fip qthbotgr }ﬁhr@ﬁ éB@tystla aﬁ’b fence 382 either
of@éteﬁ&ﬁttﬁe JeQQteple ‘ﬁ%ﬁﬁc@ el 2382 Ma@&nﬁ@é’ﬂ%oacﬁ; Pén nee 382 at an angle

exanple, in 5. For relatively spee
oth@tﬁ@@tmralbbmhmenggtmmngpmemhlmﬁél y five nmles per

ror EPROAHSRGE SOrPiR G g 4 80Py 1 SCERBiSand 7 may be
sat@df SusedOwitRY; erld%*_%f %bi&&n?r@'ﬁﬂ:'nﬁt ﬁicMrp%?dtﬁ‘i%e&ﬁélﬁngs of the

to cutter plate 1 | owi ng a’l ow speed
pr@Sﬁwanver@Wy Bnergat absenbylgsammblyéﬁgtm@udﬁs aamr@@suppomng beams or

on R BT Pl R PheyiopRoacthid Fbhe, FRPEIANED g shsorbing
ass&ﬁﬁilﬁ%.a@ﬁfgy Agofyned &3eBRR- 186 is shown with only two energy absorbing

elements or rip plates 152 disposed on opposite sides thereof. Channels 190 are spaced

from each other to define cutting zone or gap 154 therebetween.

Energy absorbing elements 152 may be attached to supporting beams 190 using
various types of fasteners including bolts 103 as previously described for energy absorbing
assemblies 86. Mechanical fasteners 198a and 198b as shown in FIGURES 13 and 14
may also be used to attach energy absorbing elements 152 with supporting beams 190,
Alternatively, energy absorbing elements 152 may be attached to supporting beams 190

using other types of fasteners such as Huck bolts, rivets, by welding or by various
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As shown in FIGURE 2, energy absorbing assenblies 86

are preferably secured to each other by a plurality
w@Roognamss br aces 314. Cooperati on between i npakCT/I82908007583

382, 15 cross braces 314 and energy absorbing

assenblies 86 results in eneigy absor bi ng system 320

having a very rigid frame structure. As a result,

ener gy absorbing system 320 is better qble to safely
adBRRID OdBRGLirdh QMG AFRERLg b8B! 8sdrBRl HrhddtE$52 WRAGhpporting

fence 382 erther offset fromthe centér of inpact
befpn d 80 382udss prdvading an aRpropiiatplyctizedanitting3ame 464 datveasyIsapporting

B i BB B AU TR GRS
showGURE  @URESkflo@titscheiBiYc BRwisAiHoWiAE bfdrb) ¥bdbslitlg assembly

wi th any energy absorbing systens 1ncorporating

486 eabhinggefl dfe diferensee detveennenengy ehsorbingr epperabiesy 86 rapd energy

TRRACREoARS S0, 3oty PR A e o

abSotbigr élbmento ealiveh e replacablydiecaldOobéntggy absoebig YasSdnbly 486.
Ener gy absorbing assenbly 186 is shown with only two )
Energar fgaﬁowé%aqsp lyASoanayrp fermad ysing sppeding psams 90 as previously

deQJrﬁ;@Sﬁﬁﬁﬁ%@e@Pﬁo ok a%%&tﬁglgyégéﬁﬁ&-sﬁc“a””e' s 190 are

space m eac her I'ne’cutting zone or gap

154 Ronene pplisacion, Snppsrtiyig dosns b Kochahreie 90 haldan wagralddength of
attached to supporting beans 190 using varjous types
appioxfRdelyngpeen; feet Wiy M5B I Width o8 aprropiajely fsieyinches and a flange

hofefiGF 4aEckinfilol PR Sbn &Y MR no AR BBl fionts ot rip plates 402,
40434060 408,44 180m el 2 ahd multeple spdetset 1 atand dih8 ereeprgferably attached to C-
chapely SOk, BrgAe: st or Uit AR gmblpoghos 95 FIGYRE, 7, the same
m}ﬁ%ﬁ&ﬁkﬁ%ﬂ%ﬂﬁ%ﬁ&&%%?&%i@&mﬁé 002 O4dae b YP %ﬁ@lys lengths

asteners such as Huck™bolts, Tivets, by wel di ng or
ang ghickoesseaOue 0 4o d PH0GpRSITE 2o @3/ oE88ls A6 For one application,

adhesi ves. e reqgujr f t aghj ener .
enSiy AP eat et A 5T it 1, by 0 2 R g drom gatvanized
mild§belq8sted” PHé difBeradT RRyOMsbBirR) NembAigdthel ihibhts? 8 location

154 between supporting beans 190 to accommpdate the

ongihg seitestos et st asodiieg @ersmbit deh )mayrbelgrRiectedite pravide desired

T LT T -

an€ N8y gpecdim@hdib.ng assenblies 86 and energy absorbing
assenbly 486 include variations in the |ength and

t hi Soaeds 4§ anddl Smay By providedristwiepnemergyrabsorhiigcieragrds 410 and
I . I r b ¥y _A386.

413 AP SRRty B G R0, S AR Rt e
prauppmventich bedwies e alsilipr ev vatysthy nudetse) kb€ dntM1bébtion of energy
respect to energy.absorhing assenply 86. 10 For one . )
absgsbing celemeds Qi pisBr 346 9T BBaFASTS Absoriag msseantdy taaravidp desired

de&LAbN cARRI L.
Slot 102 is preferably formed in energy absorbing elements 402 and 404

immediately adjacent to the first end of energy absorbing assembly 486 to receive an
associated cutter plate. For one application, slot 102 may be formed along the centerline
of energy absorbing elements 402 and 404 with an opening of approximately one and one-
half inches tapering to a radius of approximately one-half inch in width over a length of

approximately six inches.
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approximately eleven feet wwth a web w dth of

approximately five inches and a flange height of
wapprosdsoat el y two i nches. Multiple energy abspebisz3/007583

el enments or rip plates 402, 404, 406, 408, 410 and

412 and nultiple spacers 416,ﬁnd 418 are preferably

attached to G channels 90 b§ t hreaded fasteners. For

the exanple shown in FIGURE 7, the sane 15 nunber and

confrogubak 'aﬁﬁh&ﬁoﬁé" BhdtYy GBRPBiAE BEnRh G Md 404 ’m% replaceably

406 of various |engths - and thicknesses are secured on
seawpb svithe thei tepective Guppating [bsargg 90Fh1>r using labpwelo’aihwnmechamcal

5t Roe RBpnith P Garosa Dearoiny el et pid dgs I etatvery

shdif€n BoHNBAHsof fwieh 8fhey xR 8P hiofing |e1%ﬁ’@ﬂts3attabﬂﬁl fo and forming a part
t hi ckness and |l ocation on the exterior of ene

Of@bgrxgvkﬁbﬁ@balgs@ﬁ@nblw% {Rhp U5e of aplebYe shert presbaical fasteners 422
. %g@%gll){ Os%[ogtegr?eréf %bééoggln%e%rggﬁtg r4'05t %h4{)1£ raHX\% 'e%glsgy absorbing

urt ng

ass’tﬁﬂaljr 0@/863'@936 JuitRBE tepairS aner stdadl w@leﬁio% et zb@elatlvely minor
provi ded between energy absorbln? el enents 410 and

impact. JMeehspipak faat@ger@f@ nBredsrablly sxted fEpm oae isleyofagergy absorbing
JOsT-NTol} t

as nvel t4|8§ Eg Itljri]ecﬁ}lﬂgﬂe Rp @1[11%%* 5?509%18% \t/&gsre)l}ﬂ){l 2@6;} ulr\r/,[[)eecp?mcal fasteners

423 iané 434 thaydediolts or Hﬁclsmsrpggm&_&haﬂ)@sonbem g el enents on

des E@%@yﬁ@%@@?& sk fia: o4 dPs f5% 21 0ghgil2boyige Seceleraton
ch%rggtfeﬁlgﬁ& ﬁhfcﬂr Fﬁ? Bd ta‘?ﬁ?&gﬁlagi&ﬁﬁ Q&n@fee f% M s gé&ls For

| acent to r st en energ
exabplar kiimgg apmenhhqtelgkaﬁe thiostrfeweficvieottraved,seban as;sedlated cutter plate

cutter plate. For one catio sl ot 102
hepighSeRy oHtgoTE bl AR Bty SReenef sipbRBeoRbsgr deceleration
applopfBit ﬁ)r@%eﬁf&fé 4fkmd b ;ﬁexﬁpﬁayn@mkﬂagaﬁlexar%@med The
one and one- half inches tapering to a radius of
rempipingx inavgledly aoawten gilatei thednghnensdrgy rabsarbingaagsemptsh 486 provides
2004 9406.

0
PR KD Rt irs EroRSAE ofor JEReEr SRR v Fighine apapirately 2,000

kilBB&alsbi NiablbBIRIths 1&@30@@&64%ﬁ@}’aﬁ@ﬁ ah8 Rha®eAS dhergy absorbing
secured with the respective supg4 orting beans 90 b

clanii 402] 3041406y 49Rof 10 med HUA| Bhaws ersesenbrorhing, aseprably 486 to
prg\l'f& ats%?étd%céiérﬁg@f 4 Vglplgl(%g b\!vg . Fﬁ%?%g%e%ﬁelgér;‘/é&% Iaf?d 2,000

vel in conparis 4
kilep&éisbi ng el enents attached to and formng a part 5 of
ener gy absorblng assenbly 486. The use of relatively

shorincHBCAbanIving clement 2h8es shioyn indF G URE Sthag begp wRgifed to reduce
theeigl?tﬁeﬁ%fﬁp@ QFoh g ng?c!t %ggweg %‘ggwﬁg lﬁl?l% A a?L"&le bgéfrbmg system

sorbin aSSe repaire
paftﬁiularlyedllﬁmr@pdfc‘#lto eh@it\tvellgh‘a VElﬁbEEI V@Ivyl gloto 204 irsghaet the energy
Mechani.cal fasteners 424, preferably, extend from one
requiiggd tgriniiats ]@R,plg%gé ,tquﬁg of energy absorbing element 200 on initial impact

particularly with respect to a lightweight vehicle. Owval slots 204 cooperate with each
other to substantially minimize the initial impact or jolt experienced by a lightweight
vehicle colliding with sled assembly 340.

For some applications, center line slot 202 at first end 201 of energy absorbing
element 200 may have a width of approximately three quarters of an inch and a length of
approximately six inches. Slot 202 may be used to receive cutter plate 206 during

installation and align cutter plate 206 with energy absorbing elements 200. A plurality of
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assenbly 486 to the other side of energy absorbing
assenbly 486. Mechanical fasteners 10 422 and 424 may
wheoobobs6 or Hucks as previously described. EnRP€TYS2003/007583
absorbing el ements 402, 404, 406, 408, 410 and 412
provi de decel eration characg;ristics whi ch may be
tailored for specific vehicle weights and speeds. For
exanpl e, during approximately the first few feet of
L | SLEM1F Wil 2RIl e chitbD bsorbi
© so?b?ﬁﬂ g@%@%@%%ﬁh t%&)stagégéo egtopp#%goforc absorbing
elemmenrﬂ eae bxeﬂeadmg lﬁroilrﬁslapm% praorate applicationgdviat Flets/&l4dgiivag length of
t oxi Jrat el 820 k are r oy, de The,
e PR vor Ao LS APRIES BRdBvicH Bhippranaggy three quarters
(73RFAnhkhdD TAS althinke $86vdeh aMé eaﬁer ﬁﬁ@@f’hdjgcefnP 068 581204 may be
is appropriate for |arger vehicles wei ng
applmznnazcﬁluaﬁledqnnzhe@oOThwnumgcmﬁ%ovallasﬂotatZ éraaduthe idingensions of oval

sloyp a8 Bt S o GrefiRenygs P dmeals SeRiof JoEAg Ssisted encrey
ab@drbﬁ\gfsasgaﬁmgy PhSeHdDipilicas&e rﬁabﬁgyélﬁfsofb@nggleﬁ{eﬁv Izd@ may have an
saf e decel eration of vehicles wel ghi ng between 82

OVRIialldg‘r%hr@f Bonty-12ve0@6) mﬂh%ag\dam@dﬂm%fogyarab@mlml%%) inches.
! h
Feaddt softe BRI ubt STl ARy 2Tl ausRlertS disposed

imfediangdy \editicehtty @i despBctbrecgser qﬂ@terlmngmnﬁmgmhe overall length of
partlcularly with respect to |ightwei ght vehic

enengy| abserging domente2RLto pprroximsiely foryfivg dﬁ)etmh@s réduces the time
andl Mokt %g %S@B[BH% < {so&?@ﬁ' &&r@r aﬁ&ﬁ?ﬁ% ﬁgﬁeﬁ{ kY ns%ﬁvme following a

el enen I mpac par

-collBimenta lightaeighgidhiele oht sloahspebé velivialwitd siéds asdehbly 340, if repair

is ﬁ%%req? ?énerg}%%t?me Gll}oq géﬁgﬁnte&@b ggé}%ly}% arl;lsonrlbmg ae substantial

alﬂduammaeggav it rﬂg}hblﬁg%e%%ésbﬂ‘wg réméase@g@@ 858 e éfeﬁé{%s 200 and

For sone 1 Cati cent I'ne at fi

notaldl o2 0k ajhereamergywbambmg)elmgents @itadheddo tin 28 ciatad ehm@f @bsorbing
Eﬂ’ h gf approximately three quarters of an inch and a

as§e approxi mately six inches. Slot 202 may be

Use‘i/atri‘%ué QG SdsVEr %&ﬁa%‘ica@f?ét&ae?so ﬁw‘i’fuﬁé @&hsfde‘ﬂ%l?l U8 1t8Mreleasably
and align cutter plate 206 with energy absorb

ng
atte¢heenergys atmothing\elsments| ]QO)/Z@@ and'2 02/ 4L 406, 408 410 and 412 with

SRR TR0 S el ona i, SLALE 200 Mt o

sh@b%rtbm@/ b@bz@ﬁ'ﬁi@forﬁ?%s&i(t ®66 biher bpPIBatbe tﬁ@&ecﬁaaﬁcal fasteners
one application, oval slots 204 have a Ieng th

maysridrhcetied Hvess anbiesseated nats( 29 Wide vasieheal lqul rivets, bolts and

ot s, B0 B S B o yf Myl Bl oo fslor” R Boalgp of such

famfs ate0tagailBie fyn deudk appmadommt &hd, 1dtard heh&Romas, Irvine,
he nunber of oval slots 204 and the d| mensi ons of

Caaiﬁcama L7 82580.4 Romver froly sptisdastory dan tisiadlingoBieh blind firegs are also
avARRId £8hTARE hRinaABnASRA U SehdRE" 9Y

Energy absorbing system 20 as shown in FIGURES 9A, 9B and 10 may be
installed adjacent to one end of roadside hazard 310 facing oncoming traffic. Portions of
energy absorbing system 20 are also shown in FIGURES 11-18. Energy absorbing
system 20a is also shown in FIGURE 9C. Energy absorbing systems 20 and 20a may be
formed from substantially the same components. Energy absorbing systems 20 and 20a

may sometimes be described as nongating, redirective crash cushions.
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absorbi ng assenbly. For one application, energy
absor bi ng el enent 200 nay have an overall |ength of
wo eooupefsdese (45) inches and a width of four anPCDOE2003/007583
hal f (41/2) inches. For sone applications, energy
absorbing el enent 200 is preégrably di sposed 10
i mredi ately adj acently to reSpective cutter plate 106.
Limting the overall length of energy absorbing
ele ’b@ t it} leX&g§4Borb 20
redgges QAIQaQQHé (%@%ﬁk%?Jgg%ﬁP%anggn égso%%?&ﬂy in its
ﬁrﬁrlm’sgyonakastanﬂmg gorsgaﬂﬂmmllyd’rm rmadseada‘hﬂzlam/vBl@ dled assembly 40 is
.caollision b ht vehicl.e or
stffhty dRpotict Grewabohin Fengesa Qﬁoﬂ?lflg SEdnr 1 §1%aé’éﬁf‘é%bly 40 may
soﬁﬁg ﬁ’bé AtSrred Yol £ an?ith: ?Mt sSRUONTFHE & 2di gt eﬁ@ﬂgyra%%k'bﬁ% system 20
sorbing a substantial 15 anount of energy, it may
indwdiyg Hestnecled s axf\slddoassepblyc40 danes gmcqugr affig. eSmdtmd 22 of

208 B0 ol SRS SR R TON 00 ¢ e b

318988RPbNcoBfing HAFAD Lﬁn&gﬁﬁ%oﬂfmg@ﬁ&ﬂﬂ Do %érﬁfdlgﬂ%t%lléﬁim its first

be sa |sfactor|I used to rel easably ach energy
posifisombiinGFsbmshbhlong o aROmacehioarseauE endol asgwyn in FIGURE
408, 410 and 412 with 20 associ ated support beans 90.
Aﬁor sone applications, a conbination of |long bolts and

shorg phehlity JTnblesupbit Sadeds W0zl G0eUs€ dpack@omdiftdinally from each
ppllcatlons t he nmechani cal fasteners ébe bl i nd

other end slédrbly dispased hetvess destandd 1 vod second gndia2y Renelisyppert frames
602—2\6’993?%3%: \égljﬁg mgé) Ib[e greWI ; ﬁ ?t Qe‘frirﬁlg‘ ta?é%ﬁlrbffiegmy Tlﬂg number of panel

SIPFIES 98 he present | nvent

suppRiTRh@ss ﬁfaySblerhmeﬁ alspaﬂﬁrgsmmnetha‘dasﬂeﬁhblegtﬁ fofan PdLiﬁdClated energy
| nt ernati onal I nc | ocated at 6 Thomas, . lLrvine

abgesbing swiel- obipliplo patels polanay b pidachsd ﬁ%ﬁlgétaéﬁeynblas 20 and panel
W Jf:hbé‘&oéb’@nﬁ%nbgﬁi gb Snfith 'b%?eflg_ﬁé‘,@'tcl esb*fsnéégmr "fender

ternatio er ven ors ner gy absorbi ng
pasgist em 20 as shown in FI GURES 9A, 9B and 10 may be
ard 310

i ns | ed a cent to o e.end roadsi de ha
f aci Ibﬁcv&g‘m‘“ﬁfg impagts ath st F%“g rd O SneEHE P‘@%?Z*EBg GVBFHg20, sled
asSWHIF '102\91lﬁhﬁ)véll§ﬁg1§ﬂ%’éﬁ‘ly' ﬁw%f%ﬁ@d@ Yad&d ﬁr@er @ﬁergy absorbing

absorbing 30 system 20a s also shown in FI GJ
asfendhligy 186 <oothixpessly shews i CFIGH?Rm)%Armﬂ 5i33) wﬂbabmnb energy from

o B TR0 B o SR R B8k RS §l-0eand ssociaed

pafl&ls 60 Gz@l@' 238 abRE Bhidr B fror BN SHEA1E ind Eacgﬁﬁlﬂst%ﬁé it OFGURR 9B is a
2004/ 009406 PCT/ US2003/ 007583 19 is a

SCWWIWVIQWavhloh shovetrded asgerehle'rﬂ@)@rdmmlkﬁupgom framsap0960e and
i sbtoRiaucd, 3o 180 ot oMipec LGRERP o 20Rh BT et WBitucinal

mdéleaRas6£s18d adseindly ANtbwhid edadside hgyara3so ﬁﬁﬁf)ﬂ&ﬁeﬁb’@ b§ Panel support
20. Sled assenbly 40 may sonetines be referred to as

fragips'60mdRet sled.” First end 21 of energy absorbing
SyStP%mpag)oses of explanation, the position of energy absorbing system 20 as shown

in FIGURE 9B may be referred to as the "second" position. During most vehicle
collisions with end 21 of energy absorbing system 20, sled assembly 40 will generally
move only a portion of the distance between the first position as shown in FIGURE 9A
and the second position as shown in FIGURE 9B.

Panel support frames 60a-60e, associated panels 160 and other components of

energy absorbing system 20 cooperate with each other to redirect vehicles striking either
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5 including first end 41 of sled assenbly 40 faces

oncomng traffic. Second end 22 of energy absorbing
we om0 i s preferably securely attached to P¢EUS2003/007583

of roadside hazard 310 facing oncomng traffic.

Ener gy absorbi ng system 20 ié generally installed in

its first position with fir ? “end 21 | ongitudinally

spaced from second end 22 as shown in FIGURE 9A 10 A

. EERY, . s .
T B e RFy i BosEagive pancs
l6betrevettachiedl te tsledragsemblard) asicionettraiy ezznd Papieh poupmoott respective

oo T B 8 R B a0 g SR Bortdipg papne, pancis 160

atth§IRABS FHRY] Ei@)tp\éﬁrfrﬁﬁe GOR GBI BaBnd BPerd® Sbir8shohn8RAgG fdrtion of
of an associ ated energy absorbing system Miltiple

papeln &b att@bedrtn pans! suppadifeane 60ts | ¥arieussempoyenty ofienbrgy absorbing

syBEREHC 2B BRRipaul) B3, SpBorE g d5bfort SouiRpa-s0e and pancis

16panel s." Wien a vehicle inpacts with first end 21 of
ener gy absorbi ng system 20, sled assenbly 40 wl|

nov &sberst 1aldeiearh pancd\iap i prefataily scoeely ptiacked to Had pgppmbly 40

o BRRE P RS BIB O ABAhRE. 381 GO oA, Wbt iy

atth¢hed @b ohg ovmbicd@vititrehmopah &l sippary Games 60260« U 4pah panels 160
frames 60a-60e and assocjated panels 160 will also
oveaLeivie sEpagy PAReAiL 0 (o QY delpsprmiagiok gestingsel iemppciye panels 160

' C i i ' |
S, LRI oL B 0 S0 o e
6084006 rand pands a6@ dhayale poupéD topetten ps fdmasl pacbay lgyouptor a two-bay

each other. Further |ongitudinal novenent of sled
S%WPsembl y 40 toward roadsi de hazard 310 is prevented by
pan tof - 2 -
s RS o1 EMIER AR FELHROSES s 1 s o
in POIGERESHMAvand PB [EbjGUREE 9 Bubstantiobdisthes latalallyatathe tolverlap with the

"second"” sition. ing npost vehicle colljsions .
as%cpgedeﬁ oy panst gbab‘gﬁ) rdchngE:)gttelém Fppre 546&861? panels 160 will
préfeaBRDhast Sdsdl Wit SN Gthérto MBNRIARMnY 18teRR PrbBBtid atl d28ond end

di stance between the first position as shown in FI GURE
169 avhigomighd snag a yehisteddyring a rayarsasmgledmpactrwith GRE 98 of energy
absF:)a '%l Sssl%glgg t frames 60a-60e, associ ated panels 160

anaethe hponents of energy absorbing system 20

COO[RGERE 9¢ ida eahhabit FiowIsBew: ne%gmlfsbﬁn system 20a in its

striking either WO 2004/ 009406 PCT/ US2003/ 00758% 20 .
firsfj pRsitiam, exéangingatragitbdinglls yiome roadsidsabazarth3d Oan Energy absorbing

oy S eSO S ZFIRG GERRRPibee 208 g 22 securely

attaohed ® peidtidorhahrdr 8$P.CELSEy absorbing system 20a also includes sled

assembly 40, panel support frames 60a-60g and respective panels 160.

Panels 160 extending along both sides of energy absorbing systems 20 and 20a
may have substantially the same configuration. However, the length of panels 160 may
vary depending on whether the respective panel is a "one-bay panel" or a "two-bay panel."
For purposes of explanation, a "bay" is defined as the distance between two adjacent
panels support frames.

The length of panels 160 designated as "two-bay panels” is selected to span the

distance between three-panel support frames when energy absorbing systems 20 and 20a
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panel s 160 attached to panel support franme 60a. In a

correspondi ng manner, panels 160 attached to pane
wG@appoewod rame 60a preferably extend over a  PCT/US2003/007583

correspondi ng portion of 5 panels 160 attached to

panel support frame 60b. Varbous conmponents of energy

absorbing system 20 provide Lubstantial latera

support to panel support franes 60a-60e and panel s

t 64 4 -

are;glgtal}ﬂg[f st tot":s‘fgfg 37]0{ %;(ar h%lggéﬁo y ok t%&écfﬁ %1%?'180 is preferably
seanelgmt@cﬁadaﬂmmﬁ&aarﬁ@ﬂndssuppm cﬁpmem% $ewohd read] ell62 ]oﬁf Ghe two-bay

IS I ref sI| ttached to on
papgl 0 ORI aﬁf’ 1533%%14 pit oireE Pane. sygest ame 60c. Another
paﬁélrs %ﬂrpﬁﬁﬁle %08 60514 ﬁ‘%rl QQWth%%@p‘ﬁﬁEl@llgo %ﬁ@rtﬁé?hate first end

tel escopi ng or est ng of respéctive panels

16é$ndaﬂ9hdsn©@62t frames 60a-60e slide tomard each

St S A b B o 080 o

aﬁél%ﬁﬂg&f frAmb \50b taaa thell60dPetc. 1§1epr@hemf>p&§ 88§ 60a-60g and attached
iTlustration, second end 162 each ‘upstream pane

pandlg 168 asp pelelatpdrioGiaRE So@laiderivzad blrQaJ élam imgrtex of panel support

ailggom aﬁog%gﬁgﬁ?cgg?ﬂ%aﬁée@ T%]a tﬁsp ‘ff’ lagﬂtlpgt Erani Jfpacting

vehRlee Heh@phnel RapIrs frdMe ofial dne-&&%@ﬂ;ﬁm Iit, A6 on&be¥ totip will be
with each other to mnimze any lateral projection at

cog@é@ﬁmﬂé AW asegeidipd pRnals 46 arth dlerafove il eve uelpfiely high inertia.
T, EEh R BRR) Bp MR U] ¢ 93l B 1P tpegdbly disposed

dowinetreanh Givinh gactneic@aya pRAPDI Whes y&ﬁme&ﬁ!@lyi 40, ik Sonef drf Bbre panel
posi tion, extendi n% | ongitudinally from F oadsi de
A

supporbfremesbeing-peshgg Dxisisdrassemply 4Q.coaetsdhe firv P%F‘é gupport frame of
o S Bb P B BRA] BRSO TYRN (R L POt PR SRRty more

thaib(bea:dusmgf my ddremer Rawlsal &) thennérud ef asheday 2toups ﬁmﬂndvyr when the

seafl, DA APRPOTBGHEIR Bhdionf SPbh TN IF-&: FBSSIoMPEA, Hgme 60°) is

coﬁt*ﬂét@& hho Qec%)ié heRd sﬁﬂpcfi‘f‘ﬁialﬁg @O hi®Y IJ%@eY "r’ne?ﬁ@ﬁ&c%ﬁ&é ld éhly slidably
he same configuration. However, the length of panels

comﬂed trethe ammﬁteuﬂq;wnbllﬁg henefee, fdeceletation esacwhatreduced.

ponSheks Byl SRFShar B o 2 0BT Bk, P, v

20 hANER bgtsvmn'lt' \Mbaﬁéjbﬁ’&ﬁﬂl B nPap et sled lé@&éﬁ{btly 40 and moving

franmes. The | ength of panel designated as
towmdﬂomtsyiqdmeltds?lq, §n@e}/ @bsogbllng @yst@arioaﬂn@s adivethaycgroup (counting
ra en. ener
s SR ML GTE 8P S5 he RO 5AD EHp. o one-bay group,

folmédﬁ;-’@% B8 b%dp aﬁ(l another two-bay group.
As shown in FIGURE 10, nose cover 83 may be attached to sled assembly 40 at

first end 21 of energy absorbing system 20. Nose cover 83 may be a generally rectangular
sheet of flexible plastic type material. Opposite edges of nose cover 83 are attached to
corresponding opposite sides of end 41 of sled assembly 40. Nose cover 83 preferably
includes a plurality of chevron delineators 84 which are visible to oncoming traffic
approaching roadside hazard 310. Various types of reflectors and/or warning signs may

also be mounted on sled assembly 40 and along each side of energy absorbing system 20.
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are in their first position. For exanple, first end

161 of a two-bay panel 160 is preferably securely
W@raoaobmroe t 0 upstream panel support franme 60a.PCEUSVA3/007583

end 162 of the two-bay panel 160 is preferably

slidably attached to domnstrifn1panel support frane

60c. Anot her panel support ane 60b is slidably

coupl ed with two-bay panels 160 intermediate first end

51 6 . 10 _hi .

panal o5 BREOME Bt 20 Rt R ERT TS sy absorbing
asgparbdies Sp pdignetlrianes@Btivamncivs H8A #idc ] 8®(fee, FIGEREaDS)| extending

Rty bngttbdFEudom Rodads kb3 Gl s tierofor some
apPRAEbnS WRRPFdw 188 MEFRLARy EQHaia o ¥ B 8fer 9'&%(%%&1@ Qssemblies

contributes to the decel eration of an inpacting
186einsrgy abdoring assemalily 8ppnmrowf I&8nmmapfbeaspecel latgralfy dom energy

s, hit, t : ba up will be coupled to its own
absogélgsgasﬁegﬁﬁ}s_iﬁiPﬂ_sr%%‘%%nd, therefore, will have

r el &ok ¥&thy ab%]%htibﬁ@, lehbi@y abdbBefdsQmBIRE 486 madyl ®NseRfireRNattached

I npacting vehicle, a two-bay group is preferably

to gprpels daundpsign st08eianirontor readsideohazaphg L r diaph rowelB8 and 189 of

| ed_,assenbl vy 4Q.. or or nore.pangl. sup t_f.r.anmes
o e S0 B Batt RGP Eolisn P PR Wi EBespons
gepaniey withpmer énd 2 BoBerigyl Sbsarting® s yasm Q00 Wirst éadd41 oP alB€ lassembly
support frane 60d), the inertia is the sane or )
404ip jadpat prpferal e dispresd ¥djeceatitrefivst endd 8V o gews J88eand 18aprior to a
veﬁi@%iln%%t“ a of a one-bay group. However, when the
second panel support frame of the two-bay group (e.g.,
pan@}anﬁpjmsembly; 3(amayﬂi%ephroifiﬂed la’oatidi?.,l ed enérige gbﬁirbi’n@ system 20 to
ane ort fra 60 a lower inertia because it |
Pr&§nb€rw§ﬁj§fﬁ1lﬂs%werﬁg%%ﬁpwgﬁ?% gioyed glearcs fiom diagrdlydmpacting first
. f elerat.i ' eq. :
en 187 o IGHE 185 ana 807 18 rtgh AReniy BUHARH pleiisdr sl vaicle o
velitlebawth: 1Rv 2erouidt 2]eavdnee emay Zbntwetreithemor dafls st chds' 187 and

means one bay. .Begi nni.ng at sl.ed_assenbly 40 and ..
XRB TRy SN ReIPERR ML s gpHalsdanage ior y Wabisls Bpdlgr injury to
ocSupahRh ARavdAgge.a two-bay group (counting sled

assenbly 40 as a bay in and of itself), another

t wo-Msaipug)itynes, ofarapmps- dyly othemstpycturks inhaywke poyvided wo-ehaye that a
vl pRRng 08 28 el Bbschiiioo L PEpERY Reeisl pemmbly 40

andtnot Biré&ly dtflact kiref crRBETTYoPRSA! PRI EnE Y80 ERaAD aDREBLy 30 may
cover 83 may be algqgnerally rectangul ar sheet of

inqlyded paieobhrampsi 2. tEash ramp 82 ipatferabhpinsiudes lsggdswith taporsd surface

o5l fost QS RLEERETIEL B0 RRRIE o oS s

36pr@drekeadolsy 38 iallewusheh rampl 32 @l bd Yecatelg RAYILEA with respective energy
delineators 84 which are visible to oncomng traffic
abspabing gsssERY h3P-r oadsi de hazard 310. Various types of
r ef ' ' |
on SPE LS B 00n o M IS BEE DG IR NP ome it
inchbs o dthergeodysinents 28sociife? G/ @408 BB LISPAER/ MO8 Js energy

absorbing assemblies 186 and guide rails 208 and 209 will preferably have a generally

corresponding height. Limiting the height of ramps 32 and energy absorbing assemblies
186 will allow such components to pass under a vehicle impacting with end 41 of sled

assembly 40.
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22 Energy absorbing system 20 preferably includes
mul tiple energy absorbing assenblies 186 aligned in

w0 e@poetddese rows 188 and 189 (See FI GURE 18) eRCENNING007583
generally longitudinally fromroadsi de hazard 310 and
parallel with each other. For_sonme applications, each
row 188 and 189 may contain o or nore ener gy
absor bi ng assenblies 5 186. Energy absorbing assenbly

186 Ta@cfeﬁ"‘é&&%engﬁg r?%éﬁ%cg qeﬂ@%%&"%@hf’oxﬁ&%fﬂﬁﬁ&% and one-half

absorbi ng asse In row r sone
incepl | Taterah surfares rify nay st firmgd ass entiinges stB86ura\stdee angle (not

sec ached to oncrete undat 8 ron
expssls Sh LA Romindh PERERY oh TS Eher baggs thohés By one-half

m&ﬁﬁﬁaa/nﬁ@%@&mn@ GviftS BEIDbHARS 1H3fhshaR shdl&S pfﬁé ‘sé’c%oflé 6§tstructura1
end 187 which corresponds 10 generally with first

ste@ll aogleemlyg]?e albttechredi trg respedtion R@s Fi msing ewelding @Efchmlqads and/or

m@RREER etk Brps s Pesabang ~yBged R B ops W ani ol e
| Pk -solfRMEh RS SER! YoadSideaz 48 ﬁ@oﬂi&&deﬁ%}elﬁgso@ﬂmgfsyﬂem 20

ener gy absor bi n% system 20 to prevent snall vehicleés
mayt by dispesadsompnd aftaghed rio unthitebleanonerete oF asphdltriowndajion. For the

embg;ﬁ%qt | L f' rnsit 6GI‘}J§{]$$1?O %\}? Cf;é)agr fe tio%ng 10% %&9 Pre%ea?bly extends

bokte IUn‘?glt@dlml'l}h ah@ Wtghaly rfdmc kudbide tRzdrd)3 100 nAgl ¢howh EMSIGURES 13
or both first ends 187 and experience severe

and d §snetiextabserbing ssseubliesdi$pians prearelje diposadeony and sqcurely attached
o ?;ﬁ%gﬁtg'f B HEkiibLos OfLch R38sfie hi {‘H&e"s Vs%%%g %o céf&frétg dGundation 308

ranps and 0 er struc € provi

usigSiespctivabnghor B0ty 261 Vagicuspgesiof gn@ihdmﬂél faktepti® a@y anchors in
properly engage sl ed assenbly 40

absorbing 20 w ||
adgdiignp enchor 3@%@ yo bedat1$fa?t§fllyelf§a t §eeuER crpms £84vith concrete

Ra y.
fo‘ggﬂuééggﬁsr a% ggaﬁa bY ot t')i/@i and fH I&Lqﬁb he{1 s §RAPRith each
cmsatpemyi bs wafiet as dé%ﬁe@ﬁire:adi m@rg}hahsen‘bmgmys@nnnect or s 38

exte fromleqg 34.0 ite fromit red surface
ComiaRsstie T4 5 P BBE RO siicaBal i) 57 ps B A noriinal width of
thi@B M@Qaﬂ& 4 Hoﬁlﬁﬁdpﬁﬁ&lhl\é?s SRERUIF uzél aﬁweﬁgtﬁg)f%aa%&mkéﬁe 24 may

186. For sone applications, leg 34 may have a heig
beabpappmailynateakyyived inchemd Bhree Ihaleﬁ arg pichershly Goineed i 1n each crosstie

S O T L L

abkbing KB8nANd, RAstius! 24 RrechREADLY tdhsE. ATHE Wtéﬁa{w used to form
correspondi ng height. Limting the height of ranps 32

cregpideseldeansythais seroiategl condevretion arezpleripd twallowaircpasuﬁsSZM deform
in j%%ﬁ”e”t%n&gs %%?% Fl&'c%dgﬁe ﬁnﬁ/a%@ gnde to gggsof;o eggy from ﬁle impacting

vehicle.

Energy absorbing assemblies 186 are similar to previously described energy
absorbing assemblies 86. For example, see FIGURES 6 and 13. For purposes of
describing embodiments shown in FIGURES 9A-18, supporting beams 190 immediately
adjacent to crossties 24 are designated 190a. The respective supporting beams 190
disposed immediately there above are designated 190b. Supporting beams 190a and 190b
have substantially identical dimensions and configurations (See FIGURE 13) including
respective web 192 with grips or flanges 194 and 196 extending therefrom. Four crossties

24 may be attached to web 192 of supporting beams 190a opposite from respective flanges
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WD 2004/ 009406 PCT/ US2003/007583 23 Tapered surfaces

36 may have a |l ength of approxinmately thirteen and
wop@4kadsde | nches. Tapered surfaces 36 may be POF/DE05§07583

cutting a structural steel angle (not expressly

shown) havi ng nom nal di rrens Lﬂns of three inches by

three inches by one-half thick into sections

wi th appropriate | engths and angl es. The sections of

t ra : -0
O e B R e L o R Sappoffng beam
19ﬂasxfen@waymmpsespzcmmcra§ssdslfe referred to as "end

oncl e et Thnsie 2ot BatEin S5BR Rerprin hten 4 8y be varied
de?%lgi ?ahﬁ&hﬁfé fofended Whd apﬁe RANEAE eRerdy a%%%l%‘ sgstem . For energy

ndation. For the enbodiment shown in FI
abemblng@y&t@mc%ttwo fsuppedting orans0lP0p raed spaged latarallye frdw epoh other and

DT TN e
faasRedTiohétesxpkeRlyakkovanehay Y Vsell &Passth @lﬁb}ﬁﬁﬁngs ®64he! 1902 with

attached to a plurality of crossties 24. Each
cressieistd- e 24 may be secured to concrete foundation 308

usi % E]ﬁ?& %{grﬁg%%})% % t en%s61 52V§tre g%%ﬁ{aw&p gtfacﬁed to respective

necha I Ca rs an anc ors In

suppurting bbahé 49@6 and Y olteusing nsdehsticdl i fhtertse d98D a5 98 For some
crossties 24 with concrete 15 foundati on 308. The
apRligabtiens gfach r enseay ebsyhmet plemstider BrYaheYforsubgiauiglly the same

coﬂﬁ%ﬂa@&? Bnd GhiReadibs, "BYr %g} %@Pﬁ&tﬁgi%ﬁ% raggsh;% ROFIGURE 18

rgy absorbing system I es or med
enénggmbscbrburg elembntstl62d, 1S2bj pi2chas2dyd Sae nodilsaf withdiahyiog lengths,
and a, nom nal. thi ckne f. one hﬁ%"étl nch.

ee | es
W“rﬁ’@ TFCHRRN DR RE5E e fampepe Ing3556%
t werg Yak- W ‘irfehleaﬁs o}_%ﬁﬁﬁ HRAhES0R" d@(@f ﬁﬁﬁ}g %%ﬁ{ gﬁgged to and

in eahcrosstle 20 Z4 to acconmo ate anc
exud i lnigrallyviomciespeactive supporting béangs 19@r. Fodeomt appbeagipns, guide

R B U e S e 4 Solb ek o o gt wic

suélh&y ﬂu@&ﬁ@l@ésaryqﬁre%qmﬁeg Bh@h HIABkiREE o B BlpR6LiathidlP oﬁé h&Wof an inch.
crossties 24 to deform in response to tension from

Fog gthier Sppi@atlma@mdeﬁ@iﬁbomdfwdnembe gsedt ridre present invention is not

tin ehi cl. sorbing assenblies 186
llnlg?@% (ﬂg?ﬂﬁ%r%‘rl‘g?}? gggdgigeébed energy absorbing
assaFiilié R51s8068 afr®@R0S ¥ HaPe fifcd Geg 1@&3@%&01@1@%2& wh@h intersect
eaa“mo%gses of describing enbodi mrents shown in FI GURES

I ab gpIFerENaNR]y Heninstydisgracranstil. adepliralidpjoddwlas (ot expressly

B EEH EASHAIF s BT PEELAPE e st
raity 2080 exsd goetvedl ﬂ:.@élihmoﬁlmi@téhéﬂs H@Sb&a%spk&ﬁ)@ appoigbedths 190b.

h Ve, su?st anti aI |y identical dinmensjons and
a5tenETHs %%é@rq:pmbbfgjoqgﬁ% Ithem mepchanical fasteners 198a to

accommodate guide rails 208 and 209 and longitudinal force causing sled assembly 40 to
move toward roadside hazard 310.

As shown in FIGURE 10, the length of guide rails 208 and 209 is longer than the
length of the associated rows 188 and 189 of energy absorbing assemblies 186. When
energy absorbing system 20 is in its second position as shown in FIGURE 9B, panel
support frames 60a-60e are disposed immediately adjacently to each other which prevents

further movement of sled assembly 40. Therefore, it is not necessary for rows 188 and
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respective web 192 with grips or flanges 194 and 196
extendi ng therefrom Four crossties 24 nmaybe attached
wo eoomew40®2 of supporting beans 190a opposite PCDDOS2003/007583
respective flanges WO 2004/ 009406 PCT/ US2003/ 007583
24 194 and 196. As a result $he general ly G shaped
cross section of each suppor% ng beam 190a extends
away fromrespective crossties 24. The nunber of
189 r&?e%%fg%ﬁab%érb%g ﬁé‘s@ﬁghésolﬁ@?d"'hé%pbﬁé’ BIhQ qer&%ﬁgé #%91% r48Y 208 and
be variéd depending upon the iInten ed use o
20Pesul ting energy absorbing system. For energy 5
beans 190a a

Do PRI R0 v Td BORRL o R aeom e an opal e box. See

FIGURES 1| D € STHAmatePilsenkd 96 3brmivlcdi A8eiG My gﬁ@&eﬁn@t{n@irgmauon are
mechani cal fasteners (not expressly Shown) may be

preferblit sslestadzte mllgwm%smgblﬁéaﬁg ra0ga iMacttafter nmt by high speed

ot PR ERLI Xl REER 2SRty SERAA M B e 2 o

ené;%@&b@cﬁﬁn@%@btemszm Erdtesihany erb bk asteeeEfSaskils au;ﬁ;&@am" end of sled
198h. For sonme applications each energy absorbln?
asgembleA?. Eod 4feaf sieshassconhx ¢ s flispespd oRROSitgrisom end 41. End 47 may

f dl | i«¢at
als%j%hﬂegésf‘fegihﬂooa@ R CH%(J Ecu{tSQf?d oF ﬁc[ed %%&'i’}ﬁ?ﬁg Sgel%eéhsg%lﬁlgly 40 also
indlo@R,sides 28, anillfz@cwhﬂzﬁ 2dtend 5)2®veaﬁ®nd52f ad 4. varshion@ in FIGURES
11g§gqths w dt h 9énd t hi cknesses may be used to form

éySIQEfs‘b?r B9 aldechassriatly Aleare pristabli Govered i Rggels 160. For
tSorlufhiid, DART engl%/@%n%%y Eroh SR AAEIGURE 12.

ttached to an atera rom respective
supBded assgmblyadtsmi bb furfter dsfimel bnyopémexaposm& 4gpédand 45 which

exdeff Bl TG Dy SO i e dp B SOho Hnopi ad TOURES 10-14,

cohiRE B sts i EI'EH' 98 Ihg}ﬁ I%Sfoﬁﬁgi Foh sGHAERP sRE] strips having a width of
approxi mately one- an inch. For ot ﬁep

appopimaselyi fonis mChesmadblckmss of yapmbxgnatdgshjrea)qulaﬂem ofdn inch. Each

The r en nven not limted to, guide

copf pl 82 4 B SR on ooemitr ety B bpE! Sers gurtace 46
is PRRr&AG ‘foﬂﬂfb\d&)nfﬂhé $hd beehcBLbrRP goaag%d 41361%8%%' ddfhcent to the
I ntersect each other at approximtely a ninety-degree

grayglos Cowrpﬁelfﬁmda@yn 8P8.hdhe dinfensions apd eesrfigprativnanfriypered surfaces

l.ong_t he J.enat h of nd | e
46% %frﬁr: ably, \{lé)ctt{? go %m Hze 01r§E glluru gao%orgehcg %f%@ee% ctoﬂlcre%'e foundation
30m&&mp‘e@hvé afdse ee chrnkB %bsth al2r @& a8 tthmemseH RREFenD $mooth, linear
beans 190b. 25 Mechani cal fasteners 198b are

mqyeest efifled aserally 40riang Bideanile 308 mk0OHererdoadsidphazard 310.
t
1? g??ﬁ% s?tﬁ glg'lsﬁ(}led asgg‘%?&nﬁg%{&ggmve 3{1 gf\?\gfr adl%?eS%aVIHg legs of

eqmzﬂ a\ddilhcmc]n ag twal ailléhe HASH mb\lmsnbyl tvoFin@dRE hald indhiae ah® 8 BHikkness of

d1 ail s 208 and 209 js |onger than the
approx1 ately three-eighths of an inch. Corner posts 44 and 45 preferably have a length

2

of approximately twenty-nine inches. Various configurations of braces and supports may
be used to rigidly attach corner post 42, 43, 44 and 45 with each other to provide desired
structural strength for sled assembly 40.

Top brace 141 preferably extends laterally between corner posts 42 and 43. Top
brace 142 preferably extends laterally between corner posts 44 and 45. A pair of top
braces 148 and 149 extend longitudinally between top braces 141 and 142 along respective
sides 48 and 49 of sled assembly 40. Bottom brace 51 preferably extends laterally
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| ength of the associated rows 188 and 189 of energy

absor bi ng assenblies 186. When 30 energy absorbi ng
WEmHem42® is in its second position as shown PCT/BSIBURED7583

9B, panel support franes 60a-60e are disposed

I medi ately adj acently to eaz ot her which prevents

further novenent of sled ass Iy 40. Therefore, it is

not necessary for rows 188 and WO 2004/ 009406

Rt 340 0 [ -
beass enbl i %gﬁ é%gégt%gd I%:é%lee il? ﬁset %aﬁrrgﬁlweiﬁtS?}ﬁ §g§‘}ég%?%eemrl§i ZIOSE? and 209.
AmpiigersottonPbce SL prefasbbntdtgndsdateeilyHmtwednheorganmrsai4 and corner

confiquration. of an .ope iLde X. See FIGURE 12.

posfth‘gf ﬂ?g}l%‘ﬁf‘t_gfysabﬂgﬁgu’f%??lgnzz)wlgflngaagssenbl y 40 and their
configuiadf 98d As@nbly 40 BicinsRidYs BrabRCt4stntia 42| x@ifdfle&Hagonally
assenbly 40 to remain intact after inpact by a high

betyyreadrespshiive eornetiposts 4nandA8 afd batieth hxsedbl Cotger posts 42 and 43,

correspands..general Iy wi.t.,h fir en of _ener
tof BB P SRy BFLRRSH 5Y it Yhaldse o, FRE 16T PlpesfB it gachy other 1o
préige aURsE ﬁgﬂ%tr@{gdstﬂfcpﬁé etifirsh 86@ AP lof st astetsbl¢ 400fEnd 47 of sled
sl ed assenbly 40 1s disposed opposite fromend 41. End

asspmiip g0 ipslgdesodiagaarab prases 143,akt4tand 14Povlasg madndiagongl braces 146
| | | i,acl ud
w189 G0 gy YRR o iy hoc) Lo

As shewdimiensibhs@3Rnd 4114l shydchsisinblyid0eshiél afedb#@d O part by corner
sl ed assenbly 40 are preferably covered by panels 160.

PORiS 42 sk pdsteB Wirce 141uand Bettdn brassndl areisseckasto eatethor gather an

. i ' l_ed:
SR LT AAE B0 PS8 535 0 of oy
abekibinig) astemtely DOnkingtineneaty frometht colliding Yehivle guayde transfesred from

208 and 209. As shown i Fl GUR -14, .15 corner .
| ﬁrﬁ&é’@sﬂ& ofer snerste et flsf ﬁéﬁfﬂﬁ%?&ﬁs#ﬂ% dimengions and configuration

oft%ﬁa_i hg%&gﬁa\tém b1kt 1 ecf«fecg-lqa:iq?1 xhdtighdid Qidfey 8LlGPa ﬁ@hicle does

hi ckness of appr oxi mat el ree quarters of" an inc
notaupact ther sester pddirst4nd i dbr4Balvabick ingnagtslendf41 at an angle other than

jmately. thirty-t i nches.,.T d f 46
pallel i dreigndiosdipal ais o oY ahb ipE SRAn Ay ner post 42
and A3airndedihbsddy clshihsls U atd 58 I}gefe%%_u Rt _cﬁégbgl?l% §rom top

foundati on 308." The di nensi ons and conf’ guration
bracgpletlelg bottotmbrase 32 4chapselp 50fand 13| are patfersbbispaged laterally from

i ni,m ze, pr_eli i pate cont act, be en, concr et )
et Ol R Rfer Sl B Fud R R R AR B0 SRR E S gt paa 43 Guiae
asRAthI¢ 34t i gire ey apicvend tBeeaddof thaBRls 50MMe BNéxt&iding from

sl ed assenblih40 al on uide rails 208 and 209 toward

boktemdbiagr SRaz kel lapth ofshamelyndQtand 43 ineplaedniy epeure that guide
, | . . LD f
osigf 7 4 MO BRE LR or s BEL AN RERR I OB, 0 ana

one (hadd assenibeysSs54aprefarablyi inklnéssplak 5525Thppid st Bkl 50 and 53
three-eighths of an _inc Cor ner posts 44 and 45

h.
exispeing e Yoliam drage P it #Hiashedigans sideslalaje aveMnpitnfiverters 58
an!rirgg RS pre¥AiB19 UhadiRl ko O BktbADSerfaIR AEERNGHb:S WRPRIpbSite side of

plate 55. Diverters 58 and 59 may be disposed at an angle relative to each other and the

center of guide assembly 54 to assist in maintaining sled assembly 40 properly positioned
between rows 188 and 189 of energy absorbing assemblies 186. Plate 55 may sometime
be referred to as a guide shoe or skid.

Respective tabs 56 and 57 may be attached to the bottom end of corner posts 44
and 45 adjacent to energy absorbing assemblies 186. Tabs 56 and 57 project laterally
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be used to rigidly attach corner post 42, 43, 44 and

45 with each other to provide desired structura
w@reoangsbe f or sl ed assenbly 40. Top brace 141 PCT/US2003/007583

preferably extends laterally between corner posts 42

and 43. Top 30 brace 142 preferably extends laterally

bet ween corner posts 44 and 45. A pair of top braces

148 and 149 extend longitudinally between top braces

invk4rd ﬁﬁﬂ' ésgactﬁle%ale& SoREAliNg 455bHeR! efh% gy glu%defralﬁl BR and 209.

assenb 0. Bottom brace 51 preferably extends
Bqttamelvra¢¢ §2 m@ref@ablsomq@tﬂmﬁmmw P0sus8 3hat 2egsidtl vefemide rails

n ost, 42 an t 43 i I at.e
208500 R0 S oo B Bl TS AL P Eom brce 52
AsPERiner BPFIGERE eIyl Salsas & had 15y &f@w@wﬁwﬁﬁrmnpeﬁdce% to securely
and corner post 45 i medi ately above guide rails

mapfginzirsl asgpbly #0sm gyiderads 2ehind 20whilsat the sdmeltime allowmg sled

BRSNS AU BB, o

andoT Ry papiailslyRelpfid irftprevertiig Widasifedlidtbral BOEESATOPEIBE Bssembly 40
. 51 and braces, 146 and 147 cooperate with each other to

in msewsaéoal spds ympachi dhe inarim gf sled gstembly 40 and the fiéigtign agsociated
Wlfﬁf glg eﬁ)L cflﬁg ovgn% chf %89 rzaﬁsg@f%é/ 269 the friction

I nC agona C3dede®
cautied g rahtabt beteserl glite mmm tb}@ oP suppotlih gastaidsi 1@0)B|w111 contribute
ural _ support for sled assenbly 40. 10 The
t°§?ﬁ§ﬁ§¥%ﬂ§’@?n@ﬁﬁlﬂavﬁﬁc§1ed assenmbly 40 which are

def ivigd B@a&@rﬂetd%fencgfrﬁ%r vl%HﬁfeS afld gﬁ@%l“%{ ;éag ?&%ﬁ%ﬁr 40 will

141 and ttom brace 51 are selecte o catc
gelgmllbeoccam at b gration Isgbsvaainnaﬁy ebo@uenengy absotbihg assemblies 186. As a

rosif EA B N 20, Wi S0y ety PPlypaa fEPtational moment to
slefl %sieh@lﬁ 40 %ﬁﬁh%?ce%ﬁtt&ﬁ Hrﬁ&@ft%rﬁeQIdeMml tild tbgtof &fde rails 208

to ot her conponents of sled assenbly
an@EW%nS|ons and conflguratlon 15 of end 41 nay al so be

sel to.eff nsf er C en even
£ 350 BimbRic sl Piaek S i oBVRR R o R b e B pmpatible
Wlt‘h]wéH 197 oBchehd1S 190.1 Dﬁﬁﬁ% 8 BNRidhlbedvedt ﬁf(‘)@dreveﬁfc'f@ﬁnd end 41 of
than parallel with the Tongitudinal axis of energy

sleéb@mr@blﬁw%y@r@nﬁgm the pehielegis @@m@dﬂemampebmcsom through

ch%%gls d 3e{0 lrttégng %g@g%ﬁ%ﬁ %‘éﬁﬁglalg%/?@h? g}gg%%aeresﬁ'l% plate 55 will

apiily e&ee &bb%p&ﬂﬁ@ﬂﬂ:ahﬁtle%l kd shafnt@ithe’festad brighth®dsn 8Ndled assembly
laterally fromcorner posts 42 and 43 and corner posts

40 xolatiedo Anerginabspabing assepblics 48¢.s preferably attached to
t he f. laS1 15 [ 1 8e)
7 5y SOOI LT e
bottiam émaoer £ dpyatsite) lfrouie crods deqtbd Y454ndvilke. @uiinactbrsell dRP216 are
of ¥ g}&c}: ive supg}grt i ng beans 190b. GCui de assenbly 54
SPASPG Akt %r Ruther i refeive sonnegior 230 whichcis afarhed t@gnd cxtends
frof\GiteBplate 206. Connectors 222 and 224 are also preferably attached to corner post

42 and extend laterally therefrom. Corresponding connectors 222 and 224 are also
attached to corner post 43 and extend laterally therefrom. Connectors 222 are spaced from
respective connectors 224 a distance corresponding generally with the thickness of cutter
plate 206. As shown in FIGURE 14, a plurality of holes may be provided in connectors
214, 216, 220, 222, 224 and cutter plate 206 to allow mechanical fasteners to securely
attach cutter plate 206 with sled assembly 40 adjacent to energy absorbing assemblies 186.
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25 extending frombottom brace 52 are attached to one

side of plate 55. A pair of diverters 58 and 59 are
wee@ieorhd y attached to and extend general |y vRCT/USHD3/§07583

fromthe opposite side of plate 55. Diverters 58 and

59 may be disposed at an angle relative to each other

and the center of guide as ly 54 to assist in

mai nt ai ni ng sl ed assenbly 40 properly positioned

oo LEEhobA GRS 13 0 18 ke AR lrably inoludes two sets
of bevadad eutting eldzes looeppingsidipeb. 1 (RempeldPi Wed adsembly HhalapBe slidably
dispatedsen GufiSeR o Ginte gy E bR risgs A0LENE! B8 atg Wi frstend

181‘3?%1&% Apchrbif RER s 186.eTRE IRABLHRAMBPBARB206 and the gap or
CT/ US 503/ 007%83 27 1nward fromrespective corner

cuftingt ®né 4l S4rittwiéent sippodingrivams déi0a god dO0b zir¢ sel2cigd amdllow cutter

0 B b 52 bl d f t
oidip 20 i B bSHR fisaes ey and 1567 Mnneatin ity {8d 500, Cutter
pla%é)@o@rﬁﬁégl@e 16RsReETIM BloYs TI2SHRBEFLYRBENBRIB dssdshbIRE 186

57 and bottom brace 52. As shown in FIGJRE 13, tabs

56 dxsdslBcBoBESERE .t qutteo plags2e ardesbly inchdes respyctiye guide

pI4fR 7 o StV 20s Bl Pl o8 sHE GO B66 G ptace 200

fois bAdhesidpenihggbeade 10ai | The2@Bdtaner 28 shudemnthts Qa8 Sisdelected to be
hazard 310. Tabs 56 and 57 are particularly hel pful

compaiihlevwith i thy widdeifr e Teapestise suppytingnbesm JP8d The combined

. 0 inr . e . .
R B Ry R 6 i B RRRL DD E e o b
cohphtisinvitags o2cglingizoge 03deforied betecafregpecties swipbf beams 190.
208 and 2Q9 andB} he frjctjon 10 caused, by cog,t act

a

The dligkusss gf giting glaig 206 1ascleplsd 4p caspend eegralbavih fgpdjmensions

i1 1160 b it I ' ' [
oS8R, pAE, S6ESGERKIAP o ISUHIIRRE iy O et
crabi saftionl definabisewbb 92 @ndvlbhges d 84 endill 9¢y oHihe assoatatal support beams

| ocati on suhstantially above energy absorbing .
190 Fok e PRlisHIoNs £8P OF BHTNE ZOmoh i B FRpBPORiing gt 190a and

98 )b Sl 8 0, SO0 LsAUR) 08l ks of

cuttergdate$204 map bappptovwimately ohehaldmebf gui de rails 208

d.209. The. di i late 5 d di t 58 .. :
and 155z £ SSUIE B Gibdl OB FEELREOIpS VB 452 gehicle will
exﬁ&ﬁéﬁ@.@'asdée%fbratgﬁr& %? As GROMEBUMNIsPRINESFedafiBRY e vehicle to sled

vehicle and end 4 sl ed assenbly 40, force from
assembly 40 wdich resilisrin plofl @sseahly 40 and g vishigleemaving i peigeshwith each

20 annel s .5 nd, 53 to, bottom brace 52 an uid .
R e e R L
wdight D 61 akdeRi 1 PERA FonkS0#h tHe wWebittadd Mnitillespded bf ©E vehicle. As sled

orientation of sled assenbly 40 relative to ener

asgepthdy ¥Ongidas dengiiniiaslly deward roadside hazard 310, guide as§e¥nbly 54 will
contact respective supporting beams 190a and 190b to maintain the desired alignment

between sled assembly 40 and energy absorbing assemblies 186 and cutter plates 206.
Sled assembly 40 maintains cutter blade 206 in alignment with cutting zone 154,

As sled assembly 40 continues sliding toward roadside hazard 310, cutter plate 206
will engage and separate energy absorbing elements 152 of the respective energy
absorbing assemblies 186. When sled assembly 40 is impacted by a vehicle, cutter plate
206 is pushed into the edge of each energy absorbing element 152. Beveled edges 107 and
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As shown in FIGURES 11, 12 and 14 connectors 214 and
216 may be attached to bottom brace 51 opposite from
weemgsonraces 145 and 146. Connectors 214 and PABUS2003/007583
25 spaced laterally fromeach other to receive
connector 220 which is attacggd to and extends from
cutter plate 206. Connectors<222 and 224 are al so
preferably attached to corner post 42 and extend
h86 & BHYIEHGLS 1572
1d§2ﬁgﬁgﬁ t&o Il cl’{gsggé%veeieglr% Ao post 4 anc} eggecgﬂgplate‘fZ%
mbyberfatrhed filosr sﬁmmm stéxi rellegs. orBev@Eﬁ alges dpAcand TG%ane preferably
respective, co ors 224 a distance cor e ondl
ha@%ﬁlsﬁ B PV e T RS SR e D erey S P gt 152
AS shinted pbtiddRiE dith eﬁer%& %B%rbf‘ng RimdHR183 rﬁ‘%b’bé)ﬁ)rced inwardly
provi ded i n"connectors 16, 220, 222, 2
betwitdneresprctive sap@orting diehmsy 196¢ hsdmlledhb tb1asané retont tportlons of each

AR B R Pt SR Yoo by ot
19%@ @4 Q98 0@11&’65%&%29@&4 0P8 3nerz§ aBSorbiH@VMlerhht FIs&dBR e to be
2, 14 and 18 cutter plate 206 preferably includes two

strgwthgd opflefiosmed byl cotiet plﬁ@e Zﬂﬁg@ﬁﬂdﬁspﬁctp‘m @Ig:f@d gb;ss)rm@g element 152

o Bt Aty P P Sbeehp ShPauttfi th 98 tlere yBRIREE phnent 152

widith @aggates Blongribé 1@ipth oft Sbpedtivernedy aR6Mimd Bgments 152 as sled
assenbl i es 186. The thickness of cutter plate 206 and

asgaebly 4P cemtingies t b prshLyHer plste 296 theethrayighpor t i ng beans
190 , | t |
Lo T Sepdidttn ¥ endy SRLERLS Rns B I AL soB S 1 enerey

frok Qlee MmihctiB behi€le thiae beerpitabibed O G\ fvm Yinepdsonit etk uttet pliate 206, one

slots 102 §f ener y absor bi ng_assenblies 186. As shown
orurﬁorme@ﬁza aorbagtq BRet dv'e Wb be seraralpd Ity UPREN adewer parts (See

6}, bt %?an o%?gm@ﬁegéépagagé%ﬁfa 45 gui de plate

maybe provid on each si pl ate 206
10 f@trtteep]:ahs Mﬁ)pmen iviey ddefeom 290 ciafEdenetgytdbsabim@agidments 152, has
| at e is selected to be coppatible 'tfléhe
tiop ar qn\g cap ter ng@lt nggpre&n%s ed assembly 40
at %eﬂpéﬂa@ dnd irhth‘é‘%@ﬁt%ﬁ aid 1s9cﬁ&€fo%‘ HeRl BhA! @hépéu@érme 206 engages
with respective guide plates 268 is selected to

enexgyphsirbing aldménts) bf2, dhe energy d@ci@m@e&&&nﬁdﬁﬂﬁdl@vhﬂm%ter plate
20 (Sfogectlve support beans 190. The thickness of
é plate 206 is selected to correspond generally

Wit hagd ﬁ@vﬁhﬂ@ﬁﬁtﬂ‘%&%%e@%d%beﬁ%@ Bn&el @Esd}bfﬁg%lements 152
268 is preferably disposed within the gener

may khegried to safelysabserbithokings erragly ﬁpmmdrganmmy viehigtaylypes, sizes

6_of .t ted t.Db 190
oo 5P O ublesnd R ROGH PRI i SRR Bl © end 41 of
sleRlEpanB 1] ﬂg voigH %o 1%8&@5@&1@‘(1011&9 GbrcoBetiRed PR PIABLES ¥nd portions
one inch (or tvvent&fwe mllinmeters) and the

ofeneign nbspsbipg clegnent &2 phishdgvobernphgarse onpippaski mat el y
one lﬂ)?l grb " %]p}roﬁc%u%% gﬁérgyc;%\)gd Emgl e‘f%ntlcfl%ltse ”%s&%'se&’ immediately

energy g Sys a ve
adjacently to sled assembly 40 will typically be relatively thin or "soft" to decelerate

relatively small, slow-moving vehicles. The length of respective rows 188 and 189
associated with energy absorbing systems 20, 120, 120a, and 420 are preferably selected
to be long enough to provide multiple stages for satisfactory deceleration of large, high-
speed vehicles after sled assembly 40 has moved through the front portion with "relatively

soft" energy absorbing elements. Generally, energy absorbing elements installed in the
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experi ence a decel eration spi ke as nmomentumi s

transferred fromthe vehicle to sled assenbly 40
wobkighoresul ts in sled assenbly 40 and the vehPCT/€S2003/007583

noving in unison with each other. The anmobunt of

decel eration due to the nDnegéun1transfer s a

function of the weight of sifed assenbly 40, al ong

with the weight and initial speed of the vehicle. As

9@@5 Long N ]
mﬁggegp&%Oﬁﬁggdﬁdy%l%dsig e lasse?‘%él:lg a Eéﬁf t{) %’é@%ﬁl % eaCh row will
ber efpiecyi 'ﬂlerdé'mpmmMn@i tmemesgﬂﬁﬁarmmgj elbﬁ@htst iostafiéch aclg heent to first
desired alignment between sled assenbly 40 and

a@' rgy absorbing assenblies 186 and cutter plates 206.

Sl edwass & FehitHRitRy HPhas fitdche &11 RIFARE 2381 40 facing oncoming

alignnment with cutting zone 154. sl ed assenbly 40
trafﬁntanwmumrxtsjwhg aronalr Wemomme bhlépalothes Teptrainimg device will be

T I A

wille fRMhitt:. @%@{He%ﬁoﬁ Bthe ﬁéﬁ@ﬂ afid ﬁﬁt@ﬁ@ 616 laysefdly 80 travels along
i npacted by a vehicle, cutter plate 206 is pushed

guuiﬂ wils R08cengk 209, anmuiresirrineg ocohp@RyNAY) be| aivbeme IBile the vehicle.

DEEELEH BSR40, A 192004100808, ETLASEORNB0TZOR b

quite SAESI BL@weir@nﬁmt prldl{:tB an@ﬂi‘ds&ﬁmedi a&(ﬁlpaﬁlﬁ:onfﬁbﬁn@ﬁltenor portions of
formed fromvarious steel alloys. Bevel ed edges 107

the yehiglgosupheasphe apesiis)d (hefrerpreedly showRb Weerleration faiges applied to
thgg%ﬁlht%gvgﬁggér%&aﬂy 1 &ﬁc&I ot egxe\?e‘i’ssfbf R e fébﬁd?g%{btlé injury to the

er por i on o each ener gy a
ureésaﬁmeﬂoﬂ:&@anay be forced inwardly 5 between
rting beans_1 while the to

bot Lisinso FIPEREEY aéé‘éﬁwné%&lé 461 BIhg’ éaféfﬁé'n%ssqrstzly 40 will
coggqagﬂell gtgg,%gt ﬁ%égggi’%%dhvﬁﬂls ﬁpaﬁlﬁtdoﬂecpﬁagﬁ %;%)g)rtbﬂame 60b and -

e cehter portion o
anyrodhiey paadl soppon draeles mespbseicddwostream e sled ssembly 40. Movement

of A ERRR i B dnesils g SHERR s SlSrBpriag of panel support

frdrids! @alﬂetaﬁﬁsth&f‘ ass&'ﬁ'a&d%faﬁélﬁ €80 @Vlﬁl%%e%i {PEch BHRAC tThe inertia of
energy absorbing el enent 152 10 whi ch propagates al ong

panplesuppory ilameh anééhﬁal: assveafedu eegpls 466 wibifugher|deneletase drbinpacting

veBF e BRPER 0 eSS e Tots Ay b8 hal 305 end 22

ofeén@f@nilﬁsoﬂb'ﬁ%%itémsﬂpp ’I‘ngtélle&oﬁﬁig' 6r SINBAEYT phhélE fte0Cagainst one
ve

actin icle has been absorbed. After the passage

an@fher: quélrceqoa@dl@mm@ncm foregs which aémm}ynbm dp Isleagleration of the

veglé:? Sl%)gel%ggt n&fﬁg%gffaﬁa%% dﬁqdarﬁ)(’% ea;fg Lso%@:?néi 209 also

prédiees sftitieiat Gridijonal Bedes t@ﬁe&ﬁ’ﬁrtﬂér&ie@el&@ﬁ: th%@iﬂcl\éi ewed
from associ at ed energy absorbing el ements 152, has

t he ‘ORTIVRNSHE dissussed Jvide&gspedt 1 ooRTWREM 9mlsie?Bp pated support

ﬁzﬁ'&g (?](ﬁl -Gl F gssroglaﬁeld @ﬁslf%@biv}’ll f‘Qdué:@{ sf%ﬁgllés né"%ﬂher side of
the center and 1's erefore rigld. us,”> when

enetgtyt%ﬂorbirgt@s‘@ﬁﬁﬂkb@kgﬁﬁo the associated roadway. Each panel 160 preferably
has a generally elongated rectangular configuration defined in part by first end or upstream
end 161 and second end or downstream end 162. (See FIGURES 9A, 10 and 15.) Each
panel 160 preferably includes first edge 181 and second edge 182 which extend
longitudinally between first end 161 and second end 162. (See FIGURES 10 and 15.) For

some applications panels 160 may be formed from standard ten (10) gauge W beam
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energy absorbing el enents 152, the energy absorbing
el ements 152 fails while cutter plate 20 206 does
WO H04/0880@r evi ousl y noted, the thickness and neemE$2003/007583
energy absorbing elenents 152 nmay be varied to safely
absorb the kinetic energy frgp1a wi de range of vehicle
types, sizes and/or speeds i npact. The rotationa
nmonent which is generally applied to end 41 of sled
r .
AT otiofy itihe 2 bLAREASRaldy BELPGL SR'ERS ot inches fo
"oaé}baxy panglse| andefive 16 o th}haavﬁ)r ben-tmgeparett.'dor Each panel 160

preebBias @pgRNa S UL of R HE M, P a8 asges.

ass e&?éﬁbv&ﬁn‘@IHURE'Ep h§ %ﬁ(?, 15, l?‘@s e@t!l@é él?ftei 64 i% ?kéfeﬁ%ly formed in each

"soft"” to decelerate at |v l'y smal W NDoVI ng
paunelhii 66 1msznna'dletel eadgﬂﬁl afd 162 ot 16Aeis rpm@%rab%a@mdd #8h and extends

R0 ! DRt LBV RSB D P e s of

slﬁn%uqb 1ds9 tHinaus dgfibt ﬂh@ la§s08taf@gnbEOT 605 2k ir8dREG R éiot plate 170 is
decel eration of |arge, high- speed vehicles after sled

Shd@dydbmyﬁﬁonha@lﬁOWKﬂ-through the front portion wth

ot robel Einhy nE UGB 4 PR ernPL of REF el g0 plopgcdses 181

arM@S@OQﬂ/ 180 dB1ePSUG2NG8 9875832 soBfé dppUedtRnd Ahéthiofrapf 166 may
rows 188 and 189 and |nned|ate;¥ adj acent to the end

haye a dengHh ploAp PR Himatebatvwebyeandyasie ulﬁlarmhe%@doa)wpﬁh etianpyoximately

AR08 2 TR BRI 56T gl Bt o

width &f thel reapsaivblpynem 60 deiwign memwgongﬁm‘dt@i tdges 1an)¢nd 182.
occupants, who are ngot wearing a se belt or othe
r est¥gshanicg! Heteners 17 168pgnd ra@ab% Bepdrtp .awlueach afrﬁtal strap 166

wftﬁ‘q{s a ﬁ@ltag:dpl':@ﬂ str %§t(§11ﬁbﬁe ve%%{ﬁ%t %\?\%QS 167 and 169 are

ece rin
suhshmttalliyl 1d'entnmt [ Mhtairmiraﬂs d6Gapeevidd atbrassmndtl 90114@ for mounting end

|s al d | s 208 and 209
el Esndn o satihieitly o dfs e ePhet ge «ne

vehigdcgsses PREEIELALLRBI REGES lﬁnaa_ulg, 101 stt o ;%t'ieo%gbemeen

vehicle during this sare tinme perio
setandgend HODeandr respastive ripngitudﬁr[al aadgem rléi;tandl h&&j o(aS'eeJ FAGURE 15)
conta i nter.i 0 he vehicle, such as
Refen i afiphattisdo g i ol obpshiyin e Srufpion: Hangemen
whel 6Rsg dﬁ@BEdr@ﬁﬁgt é%lstethOVi%hth t§ fifkt f)osgt?dhe rald ¥ RBult, recesses 184
reduce | ower levels to mnimze possible injury to

minfaize Lﬂm egssﬂahtye@f w@luplarmagg;ng thehsidesTbD diargy tabsgbing system 20
shown,_ | . %@ Iﬁ7c f sled assenbly 40 will
dufiEe &k SESF*‘B 0 5‘886’“ F4%me 60a which wi | I, in
t ur rRaneloAippeLt ﬁﬁﬁ@d 661 p0O fdayf HarEBuB SRt tha Nyt diffensions and
panel support frames di sposed downstream from sl ed
coagglgﬁﬁq)@ E)[@erefmq,eq@ym)anel support frame 60e will be described in detail. See
FIGURE 16. For some applications panel support frame 60e has a generally rectangular
configuration defined in part by first post 68 disposed adjacent to guide rail 208 and
second post 69 disposed adjacent to guide rail 209. Top brace 61 extends laterally
between first post 68 and second post 69. Bottom brace 62 extends laterally between first
post 68 and second post 69. The length of posts 68 and 69 and the location of bottom

brace 62 are selected such that when panel support frame 60e is disposed on guide rails
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of sled assenbly 40 toward roadsi de hazard 310 results

in telescopi ng of panel support franes 60a-60e and
W b@isnorssoci at ed panels 160 with respect to eBChUS2003/007583

other. The inertia of panel support frames and their

associ ated panels 160 w | grther decel erate an

i npacting 20 vehicle as sled %ssenbly 40 noves

Iongltudlnally fromfirst end 21 toward second end 22

I | .

20@ gﬁ c}tt%lfi%ﬁ’lfa{% 8%;813{ §5rﬁ£@té?1dg-r%ﬁs %@o %@ Bﬁgg&gse 68 and 69 will
noad@hthot@nﬂctreﬁ‘erfbmtdammf%ox ces which al so cont ribute to

dece| e {atlon of the vehicle. Hbg nent of anel
supp® PHrglity of erose hragesed 3 6dnep- dUiand 7 amaysd X EposFiDSen posts 68

an?I &P to I%QU&%SI A &Hai!)raf:é '6§t foogﬁivufeoﬁcﬁ’ it QTU%MEQ. For some

rthe celerate t e vehi cl pr evr ous
applheatmas erbsuibirdves ©@8p64.t 63, cYOF:erUFE&&’ér posts 8B, an|d369einay be formed
ort rames 60a-60e_ and associ S O will.
DRaLy DA e e, i AGTRP NG AsGuciore bt pognay be installed
at §bl§%pgé‘§itl§ﬁ( Sh PR B PAKPNTRe g lﬁso?%F?&? %aﬁ%%‘@ﬁ)@e and the

Each panel 160 preferably has a generally el ongated
10¢aeion i g @asomind icpss rdcennugbernveded to pravidetdesired sitengtidduring a
i% str en gi andtse28nd end or downstream end
St 6‘511’3% 08 AR aY15. ) Each 30 panel 160

prefEibady 1 dtﬁ@ﬁéddfésthf: leﬁébf?Gﬁ%ﬂﬁﬁa@ﬁﬂtoS&ﬁﬁP&e mgaﬂ&?-sos and

whi ch extend | ongitudinal bet ween first end 161 and

exteads tederallyl toverd cpexsy absmss_@ﬂdm 186. \TabdY7 issipshed to the end
' b d_f
of BB (07 BV PSR A Vi SH 30008 BB g nerey

abSdrbiigdserabliesSIBG! | Dilss dEAMIANG7 BodpRRaé Rvithl bRl @i@cmeﬂownamtam
thirty-four and three-fourth inches for "one-b

papelrsapporting drame, 60¢ epgagedvifthapde raiky 208 opsd BaY dﬁﬁ% psside impact
bly h I h
w@?@{};ﬁ@%@%mﬁggs%ﬁﬁgr ably has approxi mately the sane

and one-fourth inches. As shown in

FI GUipactfdorarudvehicle cellidigt witke eitheartsideSal drergyr stfserbiy yssembly 20
fornmed in each 5 panel 160 |{1ter nmedi ate ends 161 and

wiklghe tr@w&rreﬁsﬁomspaae@f 04491 Bang] supwed fgmes eadoQect Ehgdorce of the

lat a@%ic'ﬂ?vﬂll %ﬁdg?ﬁhg%%ﬁﬁé&m{el ﬂgrpéﬁg#anfeé l‘?ig)?%?gio IthSe associated

guick:smﬂl; Ba& anﬂl/(er Qéﬁ a6 knaty tabsorbmgosiandos 86 ethroh@h croisties 24 and
respective sl late 170 is . ab di sposed .
mieHRRES) ot Enn 26 B D Setey Dpndiisnaly perortl S, o fasteners

0
ol ey g e S

framsts ab Oast G provédes nkageralhsupport duemgt & side appacd xittateeéngy absorbing
tvvel e and one-fourth inches and a width of
Oxi mately two and one-half inches. The | ength of

eac fFoHBISLﬁrbos?eTsr@ﬂJ e%ﬁﬁnétfbnp éﬁhaﬁ apdce sewal int FIGORE Wsdhive been
e

of the respective pan bet ween respective

designajed déOma160bd@§@c, 1%9daheOe1 gl 16@fc hBuritlsa tHealgngh@nml edges of
pag?q éS&alng(? are 1gien9t1ﬁ]é%yastigng1ﬁ1%gnai gdgetstl%‘i lg?& ﬁ%%—l&d, and the

longitudinal edges of panel 160f are identified as longitudinal edges 181f and 182f. Also,
for panels 160a, 160b, and 160d, ends 161 and 162 are identified as ends 161a and 162a,
ends 161b and 162b, and ends 161d and 162d, respectively. Likewise, for panel 160c, the
upstream end is identified as end 161c; and for panel 160e, the downstream end is
identified as end 162e. As shown in FIGURES 15 and 17A, respective metal straps 166
may be attached to first end 161a and first end 161d to post 68 of panel support frame 60c.
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15 with its associated corner post 68 or 69.
Mechani cal fasteners 167 and 169 are substantially
w0 d@aniaed . Metal straps 166 provi de nore contBCI/US2003/007583
points for nmounting end 161 of panels 160 to
respective panel support frapges 60a-60f. Recesses 184
are preferably fornmed in each’ panel 160 at the
junction between second end 162 and respective

.0 :
oA ey, SRS Bt tpRE £ aof 1 T shphlyifach firt end
1611h aad tlbito @weer| papid ol Imnehemgpafmlﬁtammfﬁm eome:rl@ym in FIGURES 17A
bi n tem O|S|n t [ st positjon.
mﬁeiﬁét ofte d6 sederis atronely hﬁﬁl;el%%emp%g%wm flg)t gHatg 170 and 2
coﬁ%é}i&h&g%ﬂﬁ@@io@gx rQ&efang a%!é?i&)b absor bi ng system

20 " during a "revers coI I sion or inpact.
PaneAs shuppoirt FI@HRESITGCS&DtGﬂﬁe riﬂj) frafembiy sthaies ihald i/72 extending

T R R D R AL o 4Lttt i

170etRBhders PRLand™ l% siRd t58E r&RVRJIIAMIN SRE 1 @m of BRNBbociated panel
support frame 60e has a generally rectangul ar

1680 M@@m&h fiaﬁem@fmesjpmferpblmlomgﬁr thangneqhegical6steners 167 and 169
o AT AGRRNA 1 G5y B ERRSBOT RSB Rl o ot

to S¥dieElgankdradndl 161 othet Mﬁ@rnpefriel $60 RAGLthE BsRREhSFER R or 69 while
post 69. Bottom brace 62 extends Iaterallg bet ween

allpying amontgropane b BoQiqcslide dangifuginskly siativere thessgediatgd post 68 or 69.
tom brace 62
Seg‘rﬁg{ezg%gé?g@) %ﬁ%ﬁ'ﬁ?{t#a?‘g%en pagcgpﬁ?ug]%\ort frame 60e is

di sposperioarnfgutitbolk 468 alo@vAfHds00A8@Gingers 174 and 176 of slot plate
PCT/ USZOO%@ 07583 32 208 and 209, hottom brace 62
17Qimay bopidebly spesed by eSRECHYg Skohd 6406 oaeh p#sh{ 80.5®uzing a vehicle

imfiget it end'S} °§?§é § EoSROREE Sy HDET scltore fame ape with first
endh Kyesefdphel ieda \pldismvéaongmdhrﬁlﬂy mmrd)rremhuﬁlhmﬂi 310 The
ottom brace 62.to rov structure. For so
engaggaaﬁm gg{ eqssociater o’bp tl%@glon@gldlmé slot 464 pvill allow panel
16@5‘% g[dﬂ%ﬁﬁl&(ﬁ&l@@@laﬁge Wﬁa&? 1668 GBS ﬁaﬁlgmdpgbﬁt%éfﬁé 80c contacts
heavy structural “steel cohponents. race
pad smppoBieframstGld. edVhert this| contact posirs; pane:insqppezttsﬂﬁﬁe 60d and
The t of s ort frane 60e and th
aﬁ%@&% }?ﬂ’?egf “}”eﬁgﬁgg%& D@l SYPOR, ﬁ%@ Q6708 215\ as5qciated panels

160 @owsravrbaRiddenLs@dest rength during a side inmpact with
energ a: absorbing system 20. 10 Tab 66 is attached to

t he ivef "spdimessb9ondiharisass" t of conenegy flowordng i systedD8may be

S Ia era
aelfingd e R g, o YndeBBicteR i Heua REEhAY pmprys 152, the
lodaBoR dif @a€r3l db@oﬂbﬁfg(?él@th@n@ﬂsg M dy thie0Bcalh fh@ﬁfa assoc:1ated with
laterally toward energ absor bj ng assenblies .
pane] pRipert afﬁ%n®76%6%ﬂﬁ‘¥ dheif @Ssoswtqdonm%ééo 62quoexample energy

abé@blﬁkaéléfnent 200 shown in FIGURE 8 may be modified to be relatively hard by

reducing the number and/or size of oval slot 204. In the same manner, energy absorbing

element 200 may be made relatively soft by increasing the number and/or size of oval slot
204. Increasing the thickness of energy absorbing elements 152 will increase the amount
of force required to push cutter plate 206 therethrough and thus, produces a harder portion

in the associated energy absorbing system. Energy absorbing assembly 486 as previously
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panel supporting frane 60e engaged with guide rails

208 and 209 during a side inpact 15 with energy
w@bmeniiing system 20. I npact froma vehicl e coP¢T/tib2093/007583

with either side of energy absorbing assenbly 20 wl|

be transferred from panels 160 to panel support franes

60a- 60g. The force of the | 3t er al inpact will then be

transferred from panel support frames 60a-60g to the

BT R B PP AL RO Bl o

abserbhgniysan. f asteners 26 to concrete foundatl on 308.
Crossties 24, mechanical fasteners

abso@r@rﬁga@@gtm Fean 20 fapaen FPLID8H paefaspboincludes encrgy
BHI% L B %@?A C}%EB PR, 13%13"1‘3% a0g-189¢ Eﬁ&éyqﬁ%rbing elements
at éra gy

suppor urrng a’ i npact W then
158b and bb2tgareyrseeibl2brmed fropurgasely thin sxfeba Ig&llg'eocnmstructlon steel

SR RGO AR DT Bl RS, Lee BpoofIement 1522

e
A2} U EonEFSngh o ORI R, i
eldrmlgl hSQUlprafer@dtg chas af nquainel lehibf oiéam)romimattalylsadyasches Energy

by demgt Fir iRt S uhdt piteany Tasied ahSRtTlgeel stips
haaﬁl%d omy 1i|1§llxﬂld%pgf H82and o KSf ﬂa@ﬂ& MAGhitRrRs offfe&Bidfenths of an

162d, respectively. Likew se, for panel 160c,
ingtheEBOZY @bsqrbm@ aderenits 52d prefefablychassa serdinab lengthaefiaraeximately

so QR A8 lEtou Ry EPREG ISR 329 AP BLER, oy enem of

appioxafisiellO&venyiachaa! t Badted absorbingSdlerffids 161 a%érd‘férﬁ&ty formed
end 161d to post 68 of panel support frane 60c.

fropg dlag mwem@m@oﬁm% ghsorting elementy hjAfre mﬁfw@bly formed

AR s P AL Sp BBt

lerfpdn edf apipoginatélyanietOtvo AschehowWEath) dnefdyRabsckBifg althent 152f
17B, bolt 168 extends through hole 172 in respective

prefeblyfragedhickoess ﬁarrgspoeéms SGHdaw ergerrengryckgn steel strips.

exprs ot p?ﬂl?%%l}éo prefe raéﬁ%ﬁﬁgl R%‘ég}seﬂe%?'z%ﬁzo such as

enerplyerbdotbing ddsemblidsr 8686 amdp@sﬁr araf erfelrggg ebsriing eaaamenis? 600, 152,

208, oot 408, Aty beehd A dan it ndomarateb B el bicpping systems
12@I Pioalid 490 ok B%lf%ﬁs %’eﬁgnyea@sm slystl £13-120BcIaNNE QLQO may dissipate

fastener 168 is preferably |on han nechani cal
kifefist @wegys by @ ippargl oﬂ@@nngcrespmbmmnl@fgg absarbing elemedf0. However,
Each sl o | ate, 170. and b 168. cooper at e, Wi
U5 P18, AL SRTORE ORIty bB IR GRISHH Baem enerey
abd@Binyl dybtehNBaASS AGied sfdRd ARH/0P SviRE cRRn¥ibhd R)rm%lclhﬁ%&ﬁdance with
an outér panel 160 to slide longitudinally relative
teachinga o€ theipaessat ipyentiods or 69.

Energy absorbing system 120, shown in FIGURES 19A-23 incorporating teachings

of the present invention, may be installed adjacent to a relatively wide or large roadside
hazard facing oncoming ftraffic. Energy absorbing system 120a incorporating a further
embodiment of the present invention is shown in FIGURES 24 and 25. Various
components which may be used with energy absorbing systems 120 and 120a are shown in
FIGURES 26 — 29. Energy absorbing system 420 incorporating still another embodiment
of the present invention is shown in FIGURES 30 and 31. Energy absorbing systems 120,
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See inner panel 160b and outer panel 160a in FlI GURE
17A. A portion of each bolt 168 along wth associ at ed
w0 20vgeosos 74 and 176 of slot plate 170 nmay bePGI/Uszb3/§07583
di sposed in respective slot 164 of each panel 160.
During a vehicle 15 inpact ?%th end 21 of energy
absor bi ng assenbly 20, panel °support frane 60c with

first end 16l1a of panel 160a will nove |ongitudinally
| " . n
00007 S5eHPEPS 50T gRIBBATII iy i

Enstdy atasottoing pwuﬁhs 121G 0208 camdl4|263nzi}omlgo badiesaited as "flared" systems

relatjve to 160b nt| I support .f.ra 6Qc. :
be:Gite by cendogh S PR phosad ABGRe LA PRISOE dieatt s typically
suQ&EﬁHaﬂy vﬂﬁ&et'haﬁ HRRAE bf tHeAEH LR §REn2RRSIRELR affic.

panel s”160 w |l nove with panel support rame 6 and

| ts Fassg»cwbtmbm;gaswlt@ns 1180 tla%ramdr é&@jsm:@e ihelude dnulaple energy

t ft " har d
iRty B Al e Hans rebs 038 e T puending enerally

loRldaElI9ficth ifest <afl 12186 @YpoBRRA IRbARedht8 R RkSocided rdaifide hazard
|'ocati on of energy absorbi qg?el enents 152, and the
[

(notoweressly shewn)ndtawaldsent @mayv\alsm b Bligagrk ge@y@ibomrallel with

a ssoc anel.s. 1
cagh AR 2505, S0t i e cBoRD 2k RER G igh 18 e sppetimes be
refrié@ Yo S amedidah@tridk" er sled aislemelwmh ahdlpiel si ﬁﬁﬂles 60a-60g
t he nunmber and/or size of oval slot 204. In t

(SernRHEIRES ggndadsh o ispiigane] sppent f20ws a2 bl gice FIGURES 30
ol 315, YRR 18R BEoIERBIFLR1 190¢ 800 00 may

beaksaitadngitle kepeantts 1ddpztudinkl cénterz@siks Ot dispossd beitwedn r@sfvs 188 and

force required to push cutter plate 206 therethrough
183nd t hus, produces a harder portion 1in the associated

o RS0 KT SRS Al RO GRS ion may

hadesme'r&echbsmrbﬁig@al%mblism oamanged iinusati@sh nmqﬁgﬂatﬂcms For some
creaS| the ardness of energg%%e Sor bi

spglig i KOY 61 FRyPEY Siors Ay Depngsefipd adjacent

to ]asrdiﬁﬁﬁs rh%?ér)l | ! &S aiiRhEhs, BREOLPnGe GbRETIH dhergy absorbing
2a, 152b, 152c, 152d, 152e and 152f. Energy

asmﬂﬂwblmgy diecimstatled. 5A155,Zaaczlmobvs15ﬁ¢y @nbf paef enalingrgy absorbing

ot PR Ston st PR 9T S R R attows
m&ﬁf Vin Q&B&&a?, EB@HQM% 3haanhb @ﬂnﬁh@%ﬁé&bl@ uryPo ot ARlr¥ined and

has a nom n | engt h of approxi mately f our
unigstraiasd ofvmanis nawadwa:r@ty ef eriaies t_n_as@bngaafefa@mab speetas

mnal th of appr.o t el hes..,. Ene
absgﬁpbfga gﬁ %@) g%yaaﬁ’ag% 3/55 %(lbel% C%%PS‘III%E’Q Vryrg% systems
1201 QMasaﬁdmw IbﬂIFI(SUF@S BIABPS T Sy gbsdriiafia8sdmbMes tchn utilize
of four and one half inches and thi ckness o

cryshinge exfruding Mursings sphiffing, etc.

Energy absorbing assemblies 186 are preferably disposed on and securely attached

to a plurality of crossties 24. For some applications, energy absorbing systems 120, 120a
and/or 420 may be installed using a total of eight crossties 24 with four anchor bolts 26 per
crosstie. Two anchor bolts 26 may be installed adjacent to each end of each crosstie 24.
The number and location of crossties 24 and anchor bolts 26 may be varied to provide
sufficient mechanical strength to resist large forces which may be generated when a

vehicle impacts with one side of the associated energy absorbing system. For example, a
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inch. Energy absorbing el enment 152c preferably has a

nom nal | ength of approximtely seventy-six inches.
wEo@rgy4edsor bi ng el enment 152d preferably has BCTHUOS1003007583

| ength of approximtely seventy inches. Energy

absorbi ng el enents 152e are éeferably formed from

the sane type of material. Energy absorbing el enents

152f are preferably fornmed 15 from structural steel

: I I

re%h&élﬁ%fr?ﬁ%’ lst?tﬁ:ggalg%%]é Ian&)Ffengt %&ﬁ;ﬁg%g rr% uﬁ%g o ?‘Bfgfactonly redirect a
vehicheinypacting anahesgle Bfiepproxieraply aweamy bleglgee(%ﬁ)amth%ﬂdmon of an

pr ef ly has t hi ckpess .corres din
e LB S T S LT Of FTIEX gy SUen SN s

- and £ eatresi@d A1 Phi®bSAnRI N8 S¥53 @ e 320rAMYy 2Rached to and
such as energy absorbing assenblies 86, 186 and 486

extand I@tn@ﬂlgyfrcabwpmtwg e@b@m@bmssmles 136. 2041 asganbly 40 may

beianl SsdsPi o2 ye e 20 4 285, Bl SSRChakd Pog - coe of
enBRST A0S Eﬁ#téiﬁs $Y6 bRdE 202dnd IgRepaRd sé;ﬁ%rtrrﬁumes 460a — 460i of

dissipate “Kinetic energy by ripping or tearing

enp@s/p@@onbm m@m@ymam@w pﬂny sélldewyrd@%%m@mde ragls 78 and 209.
T BRED i S e 208 8 00 8 SRl onl il sy lepapgfassoctated

roWwa VBB @nd 120 e eﬁb@?i‘abﬁﬁﬁfnfgraswmlﬂle@ M‘SSHSNBéTﬁeﬁ@gﬁaﬂsdrﬁng systems
accordance with 25 teachings of the presen
120rppe A2Ps are imrtheigiesnesdioe 5pGe éoyglﬁlem(qcmxp@ﬁamhwﬁn) sled assembly
t t
T O oS RAOBP N SN e 8y YT e cn o

rows d88 and 1189 g)@pﬁsj’@(.ﬁcblﬂeirsﬂmﬂa]m fWhemegneagy abdanging system 420 is in
traffic. Energ absor bi ng system 120a | nc(i)r por ating a

itssgeqndarositiond Bt srprsslyshewe), sled aa3embly ¢@ ARd spiitinanelypport frames
4609 Fh@j% %)% cﬁg%sg@a Makt QY Seadl) oHRARRN é‘teﬁdgﬁllg)g'snﬁ@ and 189

be use sor ing systens 1 0 an
op;pbmtmrﬁomﬁrﬂle@ﬂlFREB 26 - 29. Energy absorbing system 420

RTINSOl PR —

sy@ESI0r0i Qﬁeﬁdiﬁ% ﬁ?%itﬂt@lgally@oﬁp@ﬂfagggélﬁﬁzard (not expressly shown) which '

YBCT/ Us2603/ 00 35 120a and 420 may sometines be
majechido empnaxste’ basniey 3t 0.ndinergydibsenbingy systonad A0 ¢ucdhdesnfixst' end 121

o8 G R oL R ooR) b > RRsLasEHE TnhErStigth hazard.

E@yg SIRoFHiSP 95t adD %!%@rihclh@esaﬁlrs@§16§ ige aﬂ@é@doﬁdls%de 132 which are
typically substantlamévvl er than the end of
g

spa@dp%@mu eash jlareands ey eeeeadlyi hggttwhnaﬂlycbetweam éirgtyend 121 and
se@oqﬂ nﬁ'lﬁge%‘éiﬁ {gh§ %cgdgmgﬁtﬁ%gtas%@e 1 sﬁg g? g2y Re described

asha®ipg atdederallp %@nﬂ:ﬁ&n@ﬂld:oﬁﬁ@u@ﬁb@f&ﬂdtﬁ@ (€3] Séiﬁéﬂiﬂe)ﬂ 30.
longitudinally fromfirst end 121 to a positio
i nt e PRErEY é?ﬁ%l%%éysm 420 548 its dsstipasitien, sl%dq@ﬁsembly 40 may be

shﬁéﬁgﬁizsﬁ):oée(f ngﬁ)c s 5\%@? hﬂa@iﬁg%@o&ﬁ% %ﬁﬁc.al §é)coﬁg e"iﬁdI lgﬁegf energy

gen par
absorbing system 120 may be disposed adjacent to a relatively large, wide roadside hazard

(not expressly shown). For the embodiment as shown in FIGURE 19A, second end 122a
of first side 131 may be attached with concrete barrier 310. Second end 122b of second
side 132 may be attached with a similar concrete barrier or with portions of a conventional

guardrail system (not expressly shown).



10

15

20

25

30

each other. Rows 188 and 189 and/or energy absorbing
assenblies 186 may sonetines be 10 referred to as a
w0 guisgemaee track” for sled assenbly 40 and pane€T/US2003/007583
support frames 60a-60g (See FI GURES 19A and 24) or
split panel support frames ? a - 460i (See FI GURES 30
and 31). Sone features assoctated with energy
absorbi ng systens 120, 120a and 420 nay be descri bed
Wi t
Wt MERBRASCE oA BifllaBRtq. t%%i@dgz%%érmﬁ@ g@gbgldgiaﬁpl%ﬁﬂort frames
608469 et form qropideret d)ihﬁrst ealehl 3’19 sndfecohé spiee $¥ht For the embodiment

shclgl\% %éﬁ&ﬁaﬂgﬁﬂ| H§ s1§q)§$]|gérﬁf S%CE glﬁg ,1_-32 %g‘rgbﬂg generally parallel with
ca@PBhE ng%ﬂﬁﬂ& enﬁrllﬂ |azosnt%la1@ ga@t 4 Wi o LOSEHnA PSR! @écgﬂd side 132 of

asse Ies may be ed adjacent to a roadsi
enbray abshrbiagrsysitinel2 Oapgt beddscobes], ast"flaed" because aecpndvpoxmfon 132b of

S e R R 2551 ST, RSB 58 1 3%0, ot

roR$ 188RhY 189 afH|duidd Ri18P68 AMd @b§°"1@1'e%cé}§15§61’ﬁbh 832b bR€he second
present invention allows nodifying an energ

sicelskvarpesrfgors e eantardingilaf as the spt@sascitdnlde tavgrd rd}e segombcnd 122. First

t d d
ol 4797 81 Selch ek TraBenirg oA fotendh bl afha, sppport frame
]
iy (O D0 oo Sy S i
pommmsso_f. firgitrede hak. g omeaae mpmiigatiensehp \dissance dxtwiean firsbend 121 and
ocatlo ;ﬂ'vﬂgc g@&)h&lg %I ],l%% %ié%,%nd %1{81 ?er a%ﬁ &' Sktends at an angle

absor rng a are pre

ﬁdﬂm %@&%dogulae daid€ Q08 eny 25(19'[ aahat apgpodinpiely a:inlet Mindfed fourteen
crossties 24. For some applications, energ}y absorbin

inchps ( Bif). 1 Bryovidipg anodsay/base usits %@%@ndr&dt urtgen H@P?Fg(glé"f") also
re&u%%éa heoafm %{ng Bf te%ﬁ&?l%h{éﬁor é g?ﬁét s %Jé&«% 69%89 530@91}11%%&5%% to meet

Cross i nst a
N(HdRBdhapbrtBGOeaphreﬁmdtsof each crosstie 24. 30 The
nunber an Iocgtl on. of crossties 24 and anchor bo

26 reyhueal\heneply aidhp PersPRevEiion; 18?183? PrRSARH Baular base unts
Wil ﬁﬁg%@ pldfisde ‘flﬁ; & pritd aeﬁv%gy%awaa . xttlﬁg E8hRLBPlications

act s wth one SI
a medaer htsedumharayyinebsloriova gl 88y atde b9, Fded essamblye 40apai®] support

2004 406. PCT/ 3/ 00758 36,r ti eI st.raon
oS P 1 SA GBI AOY A EIge DL Bt el 6] Hisalled along
apﬁx%‘kirﬁit LRk HuMdred %ﬁr@‘e%h ifche¥ ENI4€) 6F SidBPeRt i Ty @ste o’ff 13 modular base
angl e of approximately twenty degrees (20) with

un;icmay onnipfize repagrigng yt akrg@ﬂr\fmyn@cstm ard hldow rgr al0fr¢ affigient, cost

e B RS o e RS S B 0y Anogl Syl it

at t ggeRE Q9BNE aP eﬁl@r séRirRia| driwin gomdvﬁﬁgeé?%ﬂamewew of the
ener gy absorbing assenblies 186. Sled assenb

relpiéonshipdegivgerdfiesp pedipnold2g and éeqoadlp@rtmel%abdofzmondasd@ 132, For
the &Rg&)({l}ﬂe}; r%;%§en§gf‘by egquy %sorbmg system 120 second portion 132b may be

disposed at an angle of approximately seven degrees (7°) relative to first portion 132a.

Bent plates or joint plates 74 may be used to couple panel support frame 60c and frame
extensions 80d-80g with respective panels 160. Bent plate or joint plate 74 may be
installed on the downstream side of panel support frame 60c. Respective joint plates or
bent plates 74 may be installed on the upstream side of associated frame extensions

80d-80g. Bent plates 74 may include angle 76 having a value of approximately seven
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ener gy absorbing systens 120 and 120a and split pane

support franes 460a - 460i of energy absorbing system
wa2oommg94ed so be slidably di sposed on gui de rai PGT/BESRI03/007583

and 209. The length of guide rails 208 and 209 is

preferably | onger than the Igggth of associated 10

rows 188 and 189 of energy abSorbing assenblies 186.

When energy absorbing systems 120 and 120a are in

d @és (;d) %ﬁ’ﬁf&dﬁ’e@gﬁﬁé@%ﬂm ab\%ﬂh‘%ﬁb &M £l %%ﬁlréén first portion 132a

sl ed ass panel” support tranes
ar@(ﬂcﬁﬂ@mﬁgn 320 Bposetsidel] 3 See RIGURIL h9@t her at t he

hen BRSO RS 0 B ASLpSoBRs0 PR e <idpS 168 PERIFURES 16 and

1ROSFHe s@8pd 168 ar®XREERoMpR 18&6%%?%&1%%03 60b and
split panel support franes 460a - 460i

tOdilhspﬂé@bélO,a‘ér}lq@EnthetpﬁnelacﬁXtmdhganeEGﬂIYtMmﬂ@b%ﬁr ﬂooths pbael support
! fromfirst e RE 1 a
Effonariers BRERG hAmegp IR ¢ patet gl fams, r t other

typEs of QipPerts,Sts &t plaks X4 ruaecnga tane tHedpamld 6 the @Birésponding
roadsi de hazard (not express hovvn} which my
suppertydengleqe méﬂ@nhdaﬁeﬂér(@ﬁid@%i gaveeadlyi qwgfesg@ﬂém the angle

o8 B B 5810 S8 00 BRURS PIRORLDS A B s o

cdupleathd panéleas dlye Sxgo eXibiigors paiied Bugpddt Bhises BOOK-B6@SE, as the panels
first side 131 and second side 132 which_are  sp aced

geﬁlﬁ%@é@ﬁd@@wnd@mar Eihe mane) snenoat frgmps nBachiging matcy74 includes a
ﬂ%ﬁ%&é@? lflra?xl k s%g%&%é r?gq 7436%'3%r§f1ﬁ1d1%%011(g ggrtltolﬂk §4a 74b have

and ‘second s
opaigs itween fashdiavi ng a general ly asynnetrlca

f ra on,Iat e to center |ine 130
gggr%&%@ Sgﬁéeg éhs 189 of dhe mmh glatesy ¢4 p@%"r’ wlehplate 74 is
4
cogh%qlﬂﬁ% jatel Qu BSmeS 5?(?6&}10% C.%) g@@% d‘%ﬁ 2%1bg?cﬁ&ens1on 80d).

ing o om ng tra
Spenidicgily, tabs”ustmargonyéa emtli2plateaid mebalicsiposthd eauhnam rR0d and the

settéc}%ﬁf }écrg‘g‘lo a(7| Vev%lfil a#_%,:lds( w&g%ﬁ’@%dy de ng ard (a]t toward the center

lirfe! ﬁ(ﬂfs ﬂ)@l&td &P% QRsh 266l tHa?3a corﬁfectfeﬂ 1§ tthé bae] h%bdﬁ'ggrh@eend of the

attached with concrete barrier . Second end 1
pagelcidd Bnt 3% thavar@therfirgt dnd latltlaﬁhgﬂy mmple«htcsﬂhmpﬂaac The end of the

pefehleseh et kbl isor el Pier F Sihelf <SGRkEa0 R GRkplste 74 in

thPSah&paRkk3/ a@ QfdeBisked ABovdikith RIfGeRRNSIFIGURE I@W&ﬁother joint plate 74

attached to sled assenbly 40 and tpanel support franes
is sggpls@ga the Ha@fﬂlrﬁupnmttuf@ﬁ@ @c. f $nest cgllnethq lxstamu@eafémm bolted to

| n . Fl. GJRE
thﬂ)r %%?‘pé) ’?gﬁé gﬁ%%gg;@%n Osnlhd)e§t W é’r\ct:}“a‘é q%g?‘f’@rd the second
enﬁalQaI andlawalyt flom elec ben@driiiie 1800 Holtes to @Rtk d}lZ$6 @h(ﬁrﬁplﬁ;sly shown
east a Bortl on of centerline 130. Second side 132 of

mﬂ@ﬁ@%} Bhen bt peped \16Pesm Tho adiagens endof dhe panel 460bb is slidingly
couf) @& the ﬂ&ﬁglasldﬁﬁoﬁ ﬁﬁﬂl@%o&c’arst;)'rano&%z@isafssed with reference to FIGURE

15.

Energy absorbing system 120 may also be described as "right side flared". For
some applications, first side 131 may be flared relative to center line 130 (not expressly
shown) and second side 132 may extend generally parallel with center line 130 (not
expressly shown). The resulting energy absorbing system may be described as "left side

flared" (not expressly shown). The present invention allows an energy absorbing system
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second side 132 is disposed at an angle relative to

| ongi tudi nal center line 130, associated rows 188 and
wad®4medogui de rails 208 and 209. The second ppCT/US2903/007583

132b of the second side diverges fromthe center line

130 as the side extends tomagg t he second end 122.

First portion 132a of second”side 132 di sposed

between first end 121 and support frame 10 assenbly

to%dc%sfgéﬁﬁ\%ﬁltﬁriﬁ?chﬂecﬁﬂﬁs%& nf 45058 204 _g@&ﬂn&gf %;%saffcg{dgige hazard and

par a h correspondi ng portions irs
indt3flaticActopsgraphya ppoi eatipde) ont iseledifsmasnesgybatisorbime §ystest formed in
en%§121 aﬁg bpe I?cationrgt whi.ch se ongwpgrtion 132b
acgprdanenpiih JFagiimes o fhepresent invsption aayze Gied mghran ppFamp (not
xPPSAGI shbRA) BUhifl8nglaicheestBRdiARHidDSh FRYe B8rmed between the main line
approxi mately one hundred fourteen inches (114").
offtraffic dlomyantbihelcxit rompe Amenggyhbsongng gpstemchaiving 4 siegle side flare
fnches (114") also 15 reduces ,tthe anpunt of testin .
ol a0 el b HedE Y gy *RL8 P B it with the
mbAme HiredWIrRBS Regriet f8W0 wheld UstIE BebViding | 6GbKhfidlly continuous crash
benefits of the present invention include providing

pratseiigmafor yshisleg gxitiag figm Bie maiy libe optrafisStavh petd aprexiramp.

del i . ' atiqn. For. s applicati
o movere it g poRd AR A robitivE 35BS Sh fiEs0e may
beadisgztd Ydj4lent pRBSEbciatedpanél safpdrt &ames 6086089 Fdrhd extensions 80d-
anel s 160 installed along side 131 and panels 160
8lensay) plade dongiydingllp rdensrarith yessetivr paneld syrport Semes 60d-60g.
Résﬁ&gﬁé Juyo%r& a.ﬁ)Jho? h&@mi)ﬁgﬁ 11163-61 1@%9 e erreﬁ?lg'%leafr E’%ﬁ?’tcent to row
uhi't may mnimze repalr tine at“a roadway I"GCatT on
1&8ndndl dpaved dherafrora ef fsupp@nteack oftme eéftensiony B0E€0@i it an angle
of a damaged dul.ar base unit at ap off site repair
m&amnﬂmz. Qﬂﬁr@ﬁ%glﬂg@e iagglﬁr?%é?ﬂoaﬂg’éﬁl%ﬁ’@hﬁ’tf secogiiglertg2. Frame
o A R ety Ao B 3D RoEE N hpard anchor
assanaldy 130¢-1Fg. Thehmungbep od ifametex teapives amt #hd nhynbenef gyboard anchor

LA LS IR A B it v

anglE)oraBERE hiBciaRdMikiBdidRoriAn 1382a.  Bent plates or
joint plates 74 may be used to coupl e panel support

f r arkior dlorermbeilimenimspressateshsy enesgBabodng vystdm 120 frame extensions

ive panels 160. Bept plate or joint plate 74
SRR B AT ovetal PRbuifter - BaleSrdensthel ey S0z may be
deseiftRards Havaipe géieallyRReRASHILY ErobPEdtioRS KBS0y or BRI corner posts

plates 74 may be installed on the upstream side of

6385 §8¢ i coupledf fogatbcr by eons ohgnorgOeog0gracBe 2. plHavesyer4dimensions

o G S B8 s BB OB Ry 5 o B8 g RAEIY tp fare or
anglei fomedby esjoad dorig@nEI2dl df\seddnd sidd €3 ANBlagnd &iéMbn 80f is shown

. bet V\ﬁen, first portion 132a and second portion 132b of
in gaore Aefall iy EIGYRE HeOng ef jhe comer pame63aopiithe flameeextension may be

fadbrfed !5 Bfle bIHEABHIPHE:8s B B phil siff P RarkB0.0T I GURES
As shown in FIGURE 19A, the width of frame extension 80d is generally smaller
than the width of frame extensions 80e, 80f and 80g. As the width of frame extensions 80

increases, respective outboard anchor assemblies 110e — 110g may be located at an
appropriate distance from guide rail 209 to provide desired mechanical support for frame

extensions 80e-80g and associated panels 160. Since the width of frame extension 80d is
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17a. The straps 166 are used to couple the panels to
t he panel support franes 60a, 60b and 5 to the sled

wao4mbminei n t he panel s extend general |y per pepdi/usioas/007583

to the panel support franes. Where the panels are
nonper pendi cul ar to the pane support frames, or to
ot her types of supports, éoj oint plates 74 are used
to couple the panels to the correspondi ng supports.
1eEVBhR tHOwRith o i otﬁé@fr?mg %xt%ﬁﬁﬁn Bh&GURp,1 %Q)H@'S%r zﬂllch(yr assembly
corresponds to the angle e panel respec
1 Hlomahrotdesequiatder Srampextessiod 80d it wlmﬁmadsidle msmllmmnns

e e R T L5 v
1908 0%y, Qh | 30 gad 2NAERY ARPEHE HhHor ta%ef‘rﬂb?y pegel lfﬁ%gx%ﬁtrably includes

frames. Each joint plate 74 includesa firs
regpkgtive base paledia, fmlrtandwr balts 28hed fgurdgtpland 14eWeleh or supporting

wRho ok thimdfs uRido RSB E Pl L] BithspeSrubsapiate 112,

Répectivel bek@h o thafdbel a‘itacﬂe'ﬁ Wil Sk tdrivrioTRafpifine %Bdféﬁ%ﬁ 80e, 80f
frame 60d (nore specifically to the extension 80d).

andf¥dg adjecgnt {o swide platesstl4p oﬁ.r%% dimengipngfofteaeh ppelt 417 ard greferably

8y B SRR A 50 o REEHR pe o ve

astavidedi ghide plaeal ©4. Ehdhrieock3Q,7 dodp&iedet it ibs &s6dihtel ghfdb plate 114
that is connected to the panel 160dd. The end of the

topapsnt Teften Phatsorigtedolipine cxtsasipn Se-80adlutipg 4 gehicle impact with
I f
sidd 520! BB R RihBe o o B0 B R S o 17

Thosptheaxhtbanrd bacloniasdenibllpf@més, chamnel fog reesiEng @l B6oka$17, which
d| scussed ove th refer ence to FI GURE 15. Anot her
el Bl 10 Bishegier e G, JaNer ol bisampvesReistance of
th@@&tboa?ﬁ%ﬁbﬁdr%@éekﬁbh{ [ @idtichst portion 74a is bolted to
support Trane 60c and the second portion
74b Ifwem@rgy eksahig systaar fhrinbé iis @camdance rwithl B2ckings efvhy present

mthe center, lLine 1 iSs bolted to a strap
inyrBh s BE Bl et Pz abbedoio QR 4 SBRCTBIR G Rl Grandation (not
exﬂ)@@ﬂy‘ shdie). aCtiﬁfCé?ﬁie ﬁﬁ@alfaﬁoﬁsh %n@l?d}ei)olgsesgb Bndy vary in length from
slidingly coupled to the pane support frare (Y
appméﬂvn@ieb'l erngaaMe@"wto reppefématetye etghtdéndnmes UR"). For some

apgln cea'ﬁ%%{ %gg ?+ ess mP].':lLOZ‘%B ngﬁégalbq - }e{i %gl:c gs'%giﬂt or concrete
foﬁndiﬁoﬂ Blreguiye b@pédtﬁ'@ Qfchidzbelts Y6 V@r16@sntty§és bff dMBedi?Omaterials may
not _expressl ﬁl 30 shown) and second side 132 may

alse#a%@eeé?ﬁ&% eyhoé%srtmspeare #nahnr beltt 29 inf place. 1Befetatdy anchor bolts
26%063 %ﬂeﬁd%ﬁ@sﬁ&rallg ngxée tRe! lt(%qs 2 s%%r geyd 1?1?%223.(?0 fiste and asphalt

em may
anehqm esd bthes faveners sBhisfapioeys &ttuse ﬁﬂ@ﬁﬁtalﬁﬂ ah leA¥gyaisorbing system
. ener absor bi n s stem WO 2004/ 009406
INqegEpar 3he B@S%IB ientien pgrivgiletne fomsHitl bg., at P.O. Box

21@@%q%lsgpo§%g&laa§4ﬁqlgeorretry of each roadsi de hazard
an

Respective deflector plates or ramps 136 may be attached to each outboard anchor

assembly 110e — 110g in a direction extending towards first end 21 of energy absorbing
system 120. The ramps 136 extend from the mount guide plate 114 to the ground or to the
level of the base plate 112. Deflector plates or ramps 136 function in a manner similar to
previously described for ramps 36. If a vehicle should impact with side 132 in the vicinity

of outboard anchor assemblies 110e — 110g, deflector plates 136 will prevent the wheels of
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install ati on topography. For exanple, one side of an

ener gy absorbing systemfornmed in accordance with
wo e@ghings of the present invention may be fl apedusm®asz/ 007583

an exit ranp (not expressly shown) at an angle

corresponding with an angle fornmed between the main

line 5 of traffic flow and tﬁ exit ranp. An energy

absorbi ng system having a single side flare allows an
et SRR ERE D B BR g STRberd S IRT R Smbles 110c - 110g
The renfoscl 36l alse sdrive én gtopllisiqor tovthdifingt endokX1amthictl ¢ollapses the energy

conti nuous crash .protection. for vehicles exiting from
SRR aiean g7 Wil b RGO BB it paltp.

St arwihes sekdy @meingug@wxﬁ fooane Ksed @8 PCtirseposition, frame

frame extensions 80d-80g may 10 be di sposed adj acent

extensiens o¥1dat Qed asapsiferallp pdisposed dmsecdigely 68ljacept srassociated panel

0 - . slide | ongitudinall | o
soffod FRERTORe ViRl Lini of Foop P Rl &Bbrs 88 may be
safRefaprofily wsed @bl bibauhr filarad etelisi G S8 0gegitt parfe? sdppbridardéL60d-60g.
preferably secured adjacent to row 189 and spaced )
If taneghagle dmpedls segper 11de 3% afliasert texirame iestengions §0¢r88s, associated

: i na. i the :
IS cERALRERIRN VDS B, s s
ouebdaed ancins a8@erbdidg 1a0e 1 prgefromadekspecsive tabksy1 T ambfestjadent panel

t heir associated outboard anchor assenbly 11Ce-110g.
SUpRRT fARISE PORPOK CHIE T8k £ Sh AR LTS B PSRN e plics 56,

out by g,BP&A%nchés §§s@?xlbiei§% fl1 'P?é/o 53 gll %25%2@359%8% W88l when the

upon characteristics o
seeoryl Sdol 32 iy imsactesisioe b atletveiy t4ll séidels, §&h @ndpitRap. Referring to

di.ment repr.esent.ed by energy absorhi ng system
FIGEEF Ih e R TR o0 BReBrornily A S APl o0 nd tends to
ro%gé?fh%' traR®RkicAMbAF0P AR the BAERI %lﬁlslﬁﬁﬁﬁ%% A Loun@RGEMse about

. descri bed as having generall'y rectangul ar cross
raide208, @09. Wiuch oratatom mey enpat aeungesiiable ©8dp th®anpacting vehicle.

TG 87 7 P rbiaraien, WS b mi bt A e ey Thggipscting vehicle i
re@idceIlsitd t1RQHaBRf an@ighecotditicyd to acconmodate the

flare or angle formed by second portion 132b of
secoil capigy agorbing aystere xvish sviog etinsiogs Shoned #6 aggordance with

detajil in FI.GURE 21, f th ts 68a .
BBt 35 e oA g I8 SoablE BTG wlBh s SRorimatcty
twentyrfolr fRhts (X8) & at i NeluifddPROidcomitMBtebRrge St wide roadside

shown_in FIGURE 19A, the width of frane extension 80d )
hazard eFesrthe pbedigientrepreseied by eneagy ebsosing pystem 120, second portion
t i - . - ' of f I ape :
180 DT DN, AR S A A il pcsion o
seamglgroptiore $32blfiey be Idfigdimpah®ylagsiatatich Gl padsl SPport frames or wing
appropriate di stance fromguide_rail 209 tao_ provide
ox{FSi0R SHPRRSE RAMPT 460 %L%anl ¥-heam surdssl paieds 260 such as ten

188080 $uaathiRS 3% Bk S : ' ied i

(1 RO B RS 3R s o8l B o dop S e el 8 varied in
mEPSTENISTONB ApRrd5BBateldGwenty-eight inches (28") to approximately two hundred
and eighty inches (280"). Panels 260 preferably continue at approximately the same

height extending from associated panels 160. See FIGURE 20.

Panel support frames designated 360h-360m may be disposed between the end of
rows 188 and 189 and an associated roadside hazard. See FIGURES 19A, 20 and 24.

Panel support frames 360h-360m may be securely attached with an asphalt or concrete
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| ess than the width of the other frane extension 80e -
80g, an outboard anchor assenbly 110 may not be

WO egpaionds f or frame extension 80d at some roadBCTES2003/007583
installations. Various features of outboard anchor
assenblies 11Ce-11Qg are showg in FI GURES 19A, 20,
21, 22 and 25. Each outboard anchor assenbly 11 Ce - |
I Qg preferably includes 5 respective base plate 112,

foliBdHt oRNESX pRALIY Sheé®n PRI IEMHER REGEE shéfore¥\@PP1aBE. The number of
supporting menbérs 116, 116a may be used to nobunt

pagal swppitdtanes BOOwhehbe sepescdippadingswopvadid dflm associated roadside

R i.ve h 117 . b hed .with .the. i
g it B o R g B e SRt bb B B e 200, For
sodiél &plieh@ds pdadd sugftet GhiRsSbOMS60h BAE Be HARKIcH 1 8hoximately

preferably sgl ected to allow respective frane
twsntyetightoneh €G8) Guéerso slide longitudinally relative to

t he cl.at.ed. gui R 4. k 117
cooplio(r%a esé)vép ? ﬁ&g]togy aegg%cé @Fgé&é’u"lﬂd EI%%{% a? §8 1147 }%ag ¢ a generally
tripigN@ndonfighative dedheding el Bt RLpdotiRaPosAEN Kt c06si &DBase plate
during a vehicle inpact with side 132. Wb 116a is
36&&@&8&%@&@9@ 39 dpbushityofapehorbplts e mayipeused fo sagprely engage
. anc I
bapOplale 364 o dfiiacl SSn e IO BT P JORIED shay have a cross
sectimnamd dimerganer abdojatphmathl eltypioalt lighway teasrdkdiheuppde:. post or I-

The web 116 rovi des resjstance of 15 the_ outboard, o
begie e RLde I fpay e Fgpisg g ¢ KrSaBI N ialtsag hgy dimensions similar
to TYSLBER 207 REd: 8o ARy ULARE Goritlel HrdR AN RR &f %t‘élg;e%%table type of

present invention fmay be npunted on or attac
highwdyestrugtiradoatetia. or asphal t foundati on (not

o M ehARoriiE sweieh Do SR B IR POSBoL dtinaties 262
befwieeh bOerdpiX ipﬁﬁél@'%oe%)%ﬁﬁaﬁfé bﬁll‘fél'eﬁlpbéﬁn fr)am%o?ﬁ%.onef?or some

20 applications, holes (not expressly“shown) may be
appliatieds | wingn cxtqukighs wey cbhiciosmed Widhngandlon2Glo having a length

cohfigiot e TP Bt REEAGen I Bl o] P ke ! BRgoiled road sic
hahsrtias elitnifif€ teencraahsplize 06228 14d) p@llléi(éﬁp]i)d%f 8b@63B6Y and panels

anchor_bolts 26 do not extend substantially above the
2600wy ore asepsraahled (it exprasshyoshewer endirdelizsishalor a work site for

. .asten | Sf: for use j ,
S S LRG0 85 gy ity
indtalbdhidi@sntad atroedsidedsentd byl 4 preagsembiddanbdlhehdé @At and one
HIlti, Inc.,, at P.O Box 21148, Tulsa, Cklahom
ormgmreaﬁség&k@tww fensiget.or pl ates or ranps 136 may be
att : r S -
SRS B L A 0 BB ke ot e
presagt iny efimdravinpgwingyetetsioh? Shichhare secupad ii3plagxiigiglother types of
uide plate 114 t und or to the

f th t {he. /
supgs ] RO ) PR BB Es appiate D Bitorey el ety systems
THePBRIntliRFerftionGl hQﬂlrhfﬂe@to:@ﬂEa‘lesr\l/lgﬁtlbrgﬁgﬁs%% gﬁ? dﬁ{iﬁ% g)gtgﬁs!iéfns formed

1.
déscri bed for ranps 36.
in wggodagicd evith3@achmgsh thd piesértt ynvenfiow alldwe dhaluseneftrogreater taper rate

i : fl I ! il
ﬁﬂog*? g}e;:gg#b%atg& \%ﬁazlé}dé]}%gérdda%d the tegérg a go?gmgsagse%bly. As a result the
overall length of an associated energy absorbing system may be substantially reduced
while at the same time providing the same or increased safety for an impacting vehicle and

its occupants.
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WD 2004/ 009406 PCT/ US2003/ 007583 41 the vehicle from

directly inpacting or engagi ng outboard anchor
w@s®eni4des 110e - 110g. The ranps 136 al so SPCWES10N3/607583

collision to the first end 121, which coll apses the

energy absorbi ng nechani sm gs will be discussed in

nore detail hereinafter. # ener gy absorbi ng system

120 is disposed in its flrst position, frane 5

ext ens Qe %ggn&%n@rg%n&aﬁw} 6@ 2RIpsa dinsRRIednd ddtt%&lﬁ‘édy to panel
adj acent to associ ated panel support frames 60

Suvmollt dumes p6@s Fof theenthadinaent shawn émEigmire %%@}s]aa'ped @hmmel 368 may

sat sfactorjl to attach fr
sl ofke B8 168 Wall 26035 ebBsBie Pl g oRokiog 70 may be
satiffagto¥iBhiigedetol AMadle bsthSRHRRMEY &Rl dsdaciAdil TeHped @hidd¥E368 with
ext ensi ons 80d- 801g¢atassom ated inpact forces or

PoRtsnded. c Fenepmy anplicatigas tq*éhﬁ@ﬁé chahels 368 Pravide requlred strength to

[ 0 0 n
o B i R0 T 5 15 M Fpticaions -
shppdﬁebhanﬁells q@aot efpressbs slﬁﬁﬂt)ﬁrﬁﬁy aEbJIHéem%allbd B@st’éﬂd;he upper set of
absor bi ng, assenbl i es he out board anchor

pagels AV gl d posigpar Elgbhmch && Deﬁer:@ chanaels mey be preferred for
ohnghE6ngg Phlfdif f FRATNY lndh 58/ QRN o st o

pantkustrate, the i rrpact is typically on the upper right
pan 160, and te otat t he franme, extension
Bor e Pe R Iyp%}d@b St St legoV e aeARpRiel R b gnsions 80
| [
80%919 'éﬁbste[n%ail? tl?eos%megﬁgnnels e@loﬁﬁg%%%(ﬁﬁc Wth %ﬁ?er Lto el support

tindesi rabl e r ol tothel ctin
fravdegs of.eMarting ramtpanelosuppbﬁafrahy 360pldmnYeHﬁ@n&’leW—bbains 260 may be

by 17 TR Pt i St b e SR B umber o

paBSuBHRMThihe¥B B aiiihe %ﬁr&@ﬁof%@ﬁ@@@nﬁp&o\‘ﬂﬁﬁ% éfﬂdi upon the
20 teachings of the present invention rmay be expan e

digtanes betwicent ho fendpydr oxisma8&lapd 188 and/ the ussociatdte soadside hazard.

Repe sRER et D, (5E MR R tiRERER R R P En Shela 160 and
aswlmwuemtganaxﬁﬁm ﬂchﬁe3§@cond portl on 132b

of second side 132 preferably includes a w ng
ext dhpinsts 16thandipr?§0exe bitsdusingdr sidesisennet ap smpresing3hisle will be

r nel.
Nt i e AN,
Theorhiehd ingpaat nM\y tbe armngiatedrfeirh ppadlelon dpddils ue ij@&eﬂt ®8nel support

a&q;ﬁ) gauge, guardrajls. For some applicatians,
GORPTdP Tisanrerxdensiams 39yang dhemioi agel suppew cﬁfa@% rﬁosdepmﬂmg upon

th@TYRAPet] Wﬁ@ls‘fdetl&gﬁﬁ n%nggguﬁgﬁg 2 g{‘?z&) ‘)Vll Iztztg 69‘531?6, as panels

appr oxi mat el ty |nc
l6(Paneaissal RAlfit hrghf foatsivyr, pomdl isapteoriafraragpiare @deehtgedtﬂ‘m rotating on
sane. Lgh tendl from associ ated panel s 160. See
suide e 20 g SR m Yo gl caBernteb 67 wridemmeath beam
guﬁgggngﬁgghgay be di sposed between the end of

Referring to FIGURE 23, the vehicle impact, during a side impact, may be

transmitted from W-beam panels 260 directly to adjacent panel support frames 360h —
360m. Panel support frames 360h — 360m are prevented from rotation by associated strut
366 and base plate 364. Both crossties 24 and base plates 364 may bend or be deformed
by a side impact. Thus, the system "gives" during a side impact by allowing crossties 24

and base plates 364 to deform. Much like the system's collapse during a head on collision,
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rows 188 and 189 and an associ ated roadsi de hazard.

See FI GURES 19A, 20 and 24. Panel support franes
wWRadho®B0N my be securely attached with an aspiiEU$2003/007583

concrete WD 2004/ 009406 PCT/ US2003/ 007583 42

foundation (not expressly sh En) or otherw se securely

anchored in place. The nunber”of panel support franes

360 may be varied dependi ng upon wi dth of an

S6 ina [ : [ f : .
thi}oa g‘% déﬁgaagé;%gﬁp ?%ﬁgeiqﬁéﬁa[e% S ofe gg(%iggggﬁgl?lfgf%&apglﬁgd o 2 side
inpaeting-oehickoneSyatppis ¢20,i 263 apdrdd0 gomppaltyt rémamesn place after a

60h- 360m Iy e.installed on approximtely 5
re ﬁ%ﬁ@?-%?ﬁﬂ? fPEHR¥%8 ) centers. For sonme applications

eachrpRNEES YURRAIE5 6 ABRmAR Ay i3 \sBoringengioak [atures of energy
triangular configuration defined in part by respective .
abpobing3satemi 12§2.e xEraigy ehsirhivg ystane 12@6inckudgs dirsuendrl21 facing

brace 366. A.plurality,9f anchar bolts 26 nmay.he,used
orgff Giidie MRgtR onfio2e RS s in 4 Reee Ko hazana
(60O &L dhownylarireiend Bag bfRAGEyY 36sorPRY shava 1200hasI204 thay have
section and di nensi ons associated with a typical

suhstgniicdly the sede spnfigudissr andpbimensens; -Enseginabsgeiag pysiers 120a also
. h f , : i . .
oY LR A 4001 02 AR 0B I8 Rped s having

O crossties
leBlside el WBaverd fidem3ammaiy bedswibed abdaviagid Agthteside/ Pare. For the
i ghway structural material . Ener&y absarbin

f h
englgﬁéi@r@%ﬁ%rzme%ltwqrw sertyiees Sigtem | 2Gafirst side ééig asecond side
: | ' . f .
R
lefxidenfhreaad teyrigle sider flard. \WHetdndpadel 32 26endngy beprising systems 120

length corresponding with the distance befween the .

d&%afnapf hvk gebsiaRtiolh et opEauRieyaRg dancongigns pesed in part
of'tRe EstEdBtRedl R RBE D {RYs BRI a!nﬁqg9 284 an éés%@iateﬁqeﬁis'c}e hazard.

support frames 360 and panels 260 may be preassen‘%) ec?

( notVaiguse sshporshtwof ardgyd edbsarbimed systera W80k say ebef orgenerally

Sy R SRR PO G P e sriaie, L ERTVPCH Hblcamdetpoond side
1324 I Ndenbfall$ ﬂa?éléﬁiwgﬁ a8k dttRr Bdonp Sk Mstta Béﬁlﬁgﬁ%&@ated guide

nmodul ar” base unit and one or nore preassenbled
ragx 2ehendag9. Kirsepastigy 13bs of Bish gidoylStl e amddirstiorfion A3 of second

.k n cordance w.th t hi.ngs of .1 he resent .i.nyenti on
sl PR R elsobl dtsl WhfRReeR cuhel S R LGN B east o
poSdBf Béhier lihe/ PR SecorkbpStiBRABIL RISt Ade 1 SUPRRK BN Eisposed at

structures associated with hl(fgh\/\/ay guardrail safety

appyosiapely theesapreesegle relatiente disti poron 131#i tYegond poaies 132b of

- Wna_extensi [ i .
<oS RN 14 7 e Wb A 3eBMEIRE0 e SRk kg o frt portion
132h) ow t he use of a greater taper rate fromthe

associ at ed roadsi de hazard and the energy .absqrbing )
asseYYBey engtgy abgoskingsystpe 120a is in its first position, sled assembly 40 will

be slidably disposed at first end 121 facing oncoming traffic. Second end 122¢ of energy

absorbing system 120a may be disposed adjacent to a relatively large, wide roadside
hazard (not expressly shown). Second end 122a of first side 131c and second end 122b of
second side 132 may be attached with a concrete barrier or other portions of a
conventional guardrail system (not expressly shown). Portion 131b of first side 131¢ and
portion 132b of second side 132 may both be disposed at approximately the same angle

relative to longitudinal center line 130. Proximate panel support frame 60c, both portion
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overal |l length of an associ ated energy absorbing

system may be substantially reduced 30 while at the
W@ 2098/00940€ provi di ng the same or increased safBCHUSIN3/007583

an inpacting vehicle and its occupants. WD

2004/ 009406 PCT/ US2003/ 007583, 43 For sone

applications generally C—shaggd channel s may be

attached to panel support franmes 360. For the
1ﬁﬂb9ﬂ'fﬂ§in§1d§h@’l@ il Bofne125% oF &E@megldehm%a}s% disposed at

be di sposed between | ower panels 260 and

ap@scsmma'@l}esévpmdegreéﬁf) Bhtive tcBﬁcﬁ“tlmm% lcaeandamﬂlmi hﬁaorl I y

used_to ttach ane| s ted Cs
chartepad BebioR; 1?&% f %{ﬁﬁ@eéégc p ?r ﬁa%ﬁﬂ EPRD 35 of panel
sug{)?cig\%%.tﬁ‘%s Qi'%ﬁ aL§ 3@@@ 3B6: \dnd SmiB Ph‘: r?a%@ls%%gﬁllél}l Btached thereto

e as OCI ated w ng extens to resist rdil
asf pxemoustpadﬂssmbdéom&omsp@p po i ematgyoatsoding sagent ¢2Anngd shown in

ri e 3558 SR10f s el A" et BBb s Sir b S sigs of
pabbIHppbid Cfﬁn{e%of d@b@@msﬂaa Eﬁﬁé@ m@mp%emlaa@g @dcHerwith respective

sone appl i cations. The channel 368 preferably extends
sideggxtertseons §0f. Iength of the set of 10 panels. Panels

pana g b PR folelefie SCRLE gt G BREEL diroins sytem

1zlmamm@er tSsled 40iio uivid 488 td ARy hBsBriiRs ReeblyP e@g%@@é The panel
ort -frames 60. Starting at panel support fr

sugqu: fra@@ﬁ Gt pehmovalnagriee Ede rmily 208, 209z i the)panels 160 attached

0 I pRor:
RS AR BB By e RO LR el B, s the i
coaﬁﬂudshte movd alon@fthe amédesrad 6,0paieY sippovtafringes dopenadmgill likewise
pon the ,distance between the end of rows 188 and 189

begITIoL eV S eRAREA mEHgs Fe Hans e guidgerplectAs/panel support frame
sRapbasokeiehe S ane L T Rl [t AIOURRROBS biscopes ove

papelrigioddupport franme 360j. If panels 160 and/or 260 are

hit, duri si de inppact, an inpactin hicle ‘

be 5P 'rlggtcé‘an%@ﬁlrt%‘e?t%o%&] %&&Rdgerraﬁa%% plich ccoming less
paPIRY afd BISkd E&p@&ﬁ&ﬂéﬁt g5 03 &&@ﬁﬁg @@ml%@ﬁ @ﬁ% 1nJ-IHT§ce§/ 2 'aﬁ& Bhe straps

I npact may be transmtted f panel s irectl
l6adyeadeantd givelths pppds to chapeesridilation fooad taimerease the angle with

R b b SRR AT e 170 oo

FI@W@&B) iuowetﬁe @Qwﬂ’s&éan@&ﬁc?%etp@nélﬁcﬁﬁﬁoouﬁﬁz BANRhS assist in the

160 are usually i gh. However, panel support
pahels ghanghey @rt@tzgtmvblmt@d firstond iropact ng on 25 guide
8 and, 209 b endln oj ecti.

rail or .
{ bt RMBAREROR” SOk S0EigraEhE o d RS Wil e fespective
askeifEd pal ts@plfdrﬁﬂaﬁeg 30dt-heoy elThe | PR TBRAS ok HoRE i a direction

side inpact, my
generally parallel to the gulde rails 208, 209. Each hook 117 (see FIGURE 22) moves in
unison with the respective frame extensions. The hooks 117 move toward the second end
122 (to the right in the orientation of FIGURE 22), moving beneath their initial mount
guide plate 114. Each hook 117 clears the respective mount guide plate 114 and continues
its motion, contacting the ramp 136 that is located downstream. The hook 117 rides the
ramp 136, lifting its associated panel extension and the panel support frame. As shown in

FIGURE 21, there is vertical clearance between the tabs 67 and the guide rails 208, 209,
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transmtted from Wbeam panels 260 directly to
adj acent panel support franes 360h - 360m Panel

WG apoedod r anes 360h - 360m are prevented fronPCDUSL003007583
by associated strut 30 366 and base plate 364. Both
crossties 24 and base pl ates 364 may bend or be
defornmed by a side inpact. us, the system "gives"
duri ng a side inpact by allow ng crossties 24 and

f
c ol e{gés e duri ‘iﬁﬂmt ﬁﬁggsd&%dr?lc%%fés%llgﬁﬁy % 2%% %hgigig%% to enable the

h@@?ﬂ%@@@?@@@ﬁ&&rm}@sﬂ%s give" on a lateral or side

d f dt
| o R PGALERR £F ETCSREn thsguie SaRRr oS GOy G &f Fyve alons
thé GiRle Railld) tlﬁ’é B66k Sde8roth the@8inp @fdnigBe tei 8f e Mburiigdfie plate and
i npact . FI QURES 24 and 25 are schematic drawi

thetm éallis rfg)nw the tailing, entdonestresin, @d@ﬁ: gﬁ/thean@bé cﬁutﬂerxgatg;ﬂslﬂe rhhe hook

w5 e Vs O 8 T B Bt g g
di spes §HowA| iACEIGURE 18IA, atﬁéQﬁllttﬂiaﬁﬂ aﬁmsdsgﬁnﬂ@e?éal e — 110g are
(not, expressl shown) First end 121 of ene

spagssoinpieayngly h‘?flw}’aﬁi@mIh@gulﬁﬁyalﬁa%thesﬂ]%g%f)f tpffie. Thus, a
hoto%el 1$]a chl% ggfs @H{)% 6 %ﬁ tg' fﬁ%ﬁé th%ﬁ of'%rg%&g l‘iaﬁié)etween the

sorb |rst

gua‘xmlraﬂan)@rwhd&mdmtﬂo%;?d arﬁhbﬁﬁss@ﬂn’dl@' (dhcasroayiverd eschor bedmbly 110g)
as having, a 10 left SI de flare. Second sjde 132 may be
(AN EngsUm Hi7i THEPal 36 ghle B 134 Brcderablyy hasipetapered inner edge

ARG AERIE 85 5L S0 RAARSEAY. TDSGERIIRYS] P B

insetbsigariBalany tehforcedntewenthe guidet jadss Taedbulboued ashdrs assemblies
excet f.or spective |eft SI flar and her|

that; g 9?13?%6dr ‘%’é‘g‘b‘ﬂ&a@% 11%?38? QP@’&/% e h%(’f(s 117 on an

upHSdie %&%Qa %Q&dlaﬂﬁacmma{h%% Béé&ﬁst&'dﬁﬁb@t‘%éﬁ' Aﬂeh&h FBssemblies.

same conf |gurat|on and di mensions based in part
By wey df sxample, dsshown in FHEUBRR4ptherhonks d@®latudthd 89n@i isupport frame

soci at d r oadsi hazar d onent s
S0 aES KB oF e S iS5 Cinign e tile i TGS thSn fhe outboard
anSNOFRbEh6Iads! V1 081 SRIOSRE bkvidan RS BEBbariCareBHH ssrseﬂnbﬁ@s 110g. Thus,
130. First side 131c and second side 132 extend

theyeryéroard ;anﬁmraalsseambhﬁﬁ hwhalgcepesatingr dafimghg site |imgset to the energy

ab@bhedtsidl, 33 3BFHR e $ith ot BloaR AlRp &Ik BP Byl 35

of sHEEORferdl ifhdeedbdZ 36x! whlthde ar fklpmRadidd helhdweb 116a, also
each other fromfirst end 121 al on? at least a
SeYYSP t2f @nw@#al sefgraaee (o gesvigthat thecwely I pen isi lopated inpagfd, so as not to

infebfefvith 8 rAciish dFe RSt PRAASHsAng BPRERXTAL LY the

erelative portio Second

por tB@aus‘B%ﬂhm@ﬁ 13 Heeiindt sdele3 lb%dlmytldiﬁl 3Mbseaseshdadide 132 are at
ap prox1 tely the sane angle relative to first portion
anjaggle Wk 1ARe¢ te M giidarlsy dRycR y eRy sroumsianges, gtiag angle with

regﬂeEtS{o RO Firkt Bk oislfqucﬂzﬁrstﬁﬂﬁé,yreﬂi?or%rhgnt of the panels 160 is desired to

minimize the possibility of a vehicle passing through the panels.

At least one cable assembly and preferably two or more cable assemblies may be
coupled with sled assembly 40 and at least a portion of the first side and/or second side of
an associated energy absorbing system. Each cable assembly may include one or more
cables, multiple cable clamps and multiple clamp plates. As shown in FIGURES 19A, and
24-28B first cable 501 and second cable 502 may extend longitudinally along associated
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be slidably disposed at first end 121 faci ng oncom ng
traffic. Second end 122c of energy absorbing system

wa 2@y be di sposed adjacent to a rel ativel yPCHUS®03/007583
wi de roadsi de hazard (not expressly shown). Second
end 122a of first side 131c ﬁzd second end 122b of
second side 132 nmay be attachéd with a concrete
barrier or other portions of a 30 conventi onal

r ' ' I
o RS0 Fom BN SRy REPS @RAL Y RN 1od Wby A3 Pr free ends
oflchBlesey) 1 baikd5 02emdi Hp csaded withppspeeiivapedty 36D én slemwing extensions
angle, relatjve to_ longitudinal cente

' 130..
USREHYATIONS ECHRIEPS SiFP3e £ble Flamps 8e. B%ﬁé‘;d@%t% iggErable 501 may
/ : ;
o005, P HRRRIPATRESS: (4 B i i o 11
Atlihe paseldupport fpmedOathe dirst cslde 501 dagsesasef e guadeataily 208, 209 to

to portjon 131 a and portiqgn 132a. Secon ortion 13 .
wip Brind Fprigdr el gpe P seraac Blloed etk to the wing
exgc% H)?rlu P{l,tﬁlé‘rfﬁ%t sﬁllh'%p%ktefl&iﬁg‘%ﬁ?é@ﬁll nasRer380ks %ﬁ%‘)s(imately the

i pl e panel's 260 secUrely attached thereto
loaatiopr ef\panek suppddsitarnd 60. wSedond espleciO2t follewes raggimilar path along the

absor.bi system 120. sho in FI.GURE. air o
ScEPEAIBS ] o S OEY S5 2P BT A ARPOSIE B 2hsteond eBd 42 of sled
asORROS! 4 afid Egfenaf dia?c_ﬂﬁﬁ% theBRP6ds for APRsRBh. prosEat Pakél support

panel s 160 nay be slidably attached with respective

framel €0 x tFanss cane 59 fand \sreandagrblend R pravide, addidonal densidoesipport to

the first 121 th ner.gy:- ;abser hi n t.em .10
ndGesneiBte TRl B8P L 67 SREUONOE G Refd B Mot For some
applis&idak AbRS SOTLINA S0 agsSbe Titedanith wisd!pORY havih@@edameter of

Oa - 60b nove along the guide rails 208, 209, and the

anpEramstesencahalbefasinch-her et o tel escope al ong the axis

of t]!ﬂi?st %%5%65(51&511& ’ch?oiddn%a%feug;@Ze rcﬂ}?@e\/ ?ddiﬁ‘ﬁnatl kﬁ%cﬁé)lﬁge an tensile

cont’inues to nove along the guide rails, panel suppor
stfengiiet® ARev respOtivei dides! 13 eWB e and @82 no tsatisfasterifynredirect a vehicle
. sequential manner, also al ong ui de rail.s.

t As
impaREne S HPEFImRFchyEVasy ée%re%@g%fi prions, &f sidep A3l el3dc and/or

. o .
1352l AP SRS bR finhRovi Heeress PREORERHANTE cables 501 and
S@ombh degihicided detveeeR QB¢ hEtiPs of eexprting paeds 1A fimin eldownstream
and nore. rpendi cul ar. Th oupl i ng between,the j.oint .
logitigndorigtals, Rara) SUERCFL{Same J6RH oA A RA A YRR fsotiated with sled
osRARGI 0! GoENTAGE SO LADSS 1AD 130 RSPl WEGARIE inps of a ower

angl é wth 20 respect to thé center |Ii1ne 130.
pasiel dipagelcoppat friame 360k.ned by the slot plate 170 (see

(ncoures 2aiant e TGRSt SRR et ook BTG o Shson s0a

Féthig RinbblRferfl WpbQiva claniSplaRi 804 AAGGE sedlrblyfatdéRed with associated
ext ensi ons 80d - 80911 generally nove in uniSon with the
bengpletecT4- A generally U-shaped cable clamp 506 may be inserted through an opening

508 formed in each clamp plate 504 to secure a portion of cable 502 at the desired location

lrelative to panel 160 and panel support frame 60c.

The cables 501, 502 are preferably coupled to each of the panel support frames 60a
— 60c and the frame extensions 80d — 80g. The ends of the cables can be coupled to the
downstream-most frame extension, or to the roadside hazard itself. The cables can also be

extended into the wing extension panels 260.
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associ at ed panel support franmes 60d - 60g. The frane
extensions nove in a direction 25 generally parall el
W eoottloe94gai de rails 208, 209. Each hook 117 ( SPET/BSIBURED7583
22) noves in unison with the respective frane
extensi ons. The hooks 117 nnvg toward the second end
122 (to the right in the ori &ftati on of FI GURE 22),
novi ng beneath their initial nount guide plate 114.
Eac t | {
14 Saey b S 00 BB b R TR Sl 1 Bl frates tha
the late ofSfirstodidd 31 akm/mbmdeadn 43hemai stakt at firstrend @21t Eeer@@ absorbing
ext ensi_on and

ra 36 I|ft|n ssomated
YRR 6%]91@ al%ﬁﬂ’é‘? of RQ Rk %H;a giskem Sormedyp agcordance

witB tééemhgwfthegﬁ&emﬁ@eﬁ%mms i@ sfids.and the
gui de rail WO 20047 009406

PCT/ xNSﬁO@N)@@)TE@Ht pdﬁelwhlppm dranies 4Ghet60s uppobe dsedimeish energy

SE Pl e ieloM eesis? et 43 Ed el R Baredt various anglos
aridath QEEdn@oBa6 kzaﬁ&;sF\bi@eﬂB%s%%m@S $p1e pRAN QL wﬂ%és 460a and 460b

frame continues to nove along the gU| de Tail

mpy) bk sbdatdnegttmlmdwwmegmdwlhz(aﬁq gSplﬁepamgbsmoxtlf@mqsLﬂﬁOc -460i may

begsz &n@typalétgt%fedatn {]%@911318% ?1%(%}%{?&% %ﬁg:crgr?};@zagdm &ssomated with
spiﬁo pknel FaPHSIt fﬁtzhhieb elréodﬁum 5¢ veaed agdequirdll a6 tascdiod@ytthe angle or
amp, repeating the process. As shown in Fl GURE 19A,

ﬂftfﬁ of serpBetavedsidercblr ands 43 Resnectiveputboardoapchereassepbliesal 10 may

ol S EETIAR o redlchd e Bt DR LGP 4 L T ™
hookCahdes)sasteds 501 faﬁ&rﬂé)z réaosl Y distO8kd nedn Pasased with the energy

bet ween the 10 guide rail 209 and an out board anchor
absaeEEYserstidh as out board anchor assenbly 110g)

Wi t hgi ggﬁt ﬁ?(x E6 I the'WRads 81 r@ﬁptoétgg glr&%glgrﬁ?‘gbf ]tl’f%elaﬁrﬁéabsorbmg

prefer as 'a tapered inner
sy=2t6in 42ﬂat Thathﬁges I4§0,gwhnth ar@bf the ﬁihetym%liomgthbcmles UBT, 432 to be

ma ct 36a and be f ed tovvard
m?‘ﬁ%i tﬁdi %l CSUE |agg1eTﬁ§ gﬁ%lﬁ%&?raf%\g% fogthe SFPR.f'tlﬁ‘S inside

| S
e

caa\hm ahglopostst mnch hike Hbs epdgivie ey éémmthebdmrvrd;tramrmde of the sled
sbelrrbl ies. By way of exanple, as shown in Fl GURE 24,
MW%% hooks couple to the panel support frame 60e, and

by viEne ihgdst430a1w5 6flyabRME af hiti¥Bs 8xieB@NSiBOSE thé bﬁ’&gy absorbing
t he rarrgu upon the outboard “anchor assenblies

syepr 429nButgsis dsdingse dutinga yehivle amtaqm:t&othe eﬁrsi@rmtil laés As the sled

asse&qggﬁgg r{éoxaes atl Ut bg% lesgg@ % k;e the ﬁneels 160 on each

siddaa aEddw g t&y&h%mméi <D3(Dlelianﬁéﬁ e ﬁl@dv@ecw;}f the @m{g@§ &30.npact
col | apse of the system The tapered inner edge 136a,

whi GFHG SPErpaneh suppast draqes dloph dia,anele 1®atheainddvidual sides to be
1n(ic%§f{§e§1tl SRR LSk gtr tgggg gél%ﬁ g?ﬁ.f%&,tﬂ)@tanﬁhtg e gpposﬁe side.

ated 1 nbo
With the split panel support frames, the first side 431 has a set of parallel support frames

that are independent of the set of panel support frames that connect to the second side 432.
The split panel support frames can also be used as an alternative to the panel extensions 80
of systems 120, 120a of FIGURES 19A and 24.

One example of a split panel support frame satisfactory for use with the present

invention is shown in FIGURE 31. Split panel support frame 460h may be slidably
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interfere with the notion of the hook 117 in a first
end 121 inpact. Because portion 131b of first side
wa 3e/0em3de porti on 132b of second side 132 are BCT/UHOHONTSS3
angle with respect to the guide rails, and even in
many circunstances, at an angle with respect to the
direction of vehicular trafffe, reinforcenent of the
panels 160 is desired to mnimze the possibility of
i hhg: h_1he one
orfafFlth SIS b e O r AR it B R Bhg D ssembly 1108
Outbsadizinckser a¥samble 110bppdvedesvidihionbleshppses dobiplit $anéRdpport frame
| east a portion of the first side and/or second
de of 30 an associ ated energy absorbing system
Eac ' X
mal ¢ ST RS amERAed e Wl RPORndRAR (eahiRd 461 and 462
Foehowe applichthiRESiIchshlit pank] R4p@8Hrae 460 syl mchz rasypdctive first

second bl e, 502 may extend | ongi tydi nally.al ong . ]
CORROPERt A DO RS GBe B9 el sPrbgRton and digrapions. The
. . 1 |
cohBuialiGH AR AR scbdRI EStmpltieh 462 329 G 15 dBlommodate

the dlaseouspsting bdtwees pidet #3k apd 483 aBé 2edpactivhegwide gails 208 and 209.
tensi ons usi.ng,varijous techni s .such as cabl e
BalfS. 5 Blay 1 usel 40 piteghigiish somponet 4L 3yifh sgend gompagang 42 Bach
at el ke RERSNS 460 ridieinfiuls tespbdf e hpIC44S RS it Tl d
Sp24? t OV\IEI?)d the first %ﬁlg _121.682 At et]ét?é panel 1séupportSIcmS ané an
ovieradheondigarationecottesrmdingowish Hogt @ o6 of penrel supportyfipnies 60. For

' 20 209 1t round an upright a cond .
ol e 78 hOIHID R PRl B0 B! 45A°RRT e cesrved
as@itien s @Aelly thghghid $tosskélfionr exifengdhna. di agonal I'y
thereacross to approximately the location of panel
suppdt shawin e FEJARE Sde Siecspdih priecl 50ppdarb fieskst e sanisimaply bear on

t i.de V. d . .
BR800 o83 R TR AT S s
impastenith yhefhnalsd 66X therdokli1aP andbutboblitearRAcr &36mbly @event the split

posi ti on _proxj mate panel support . franme 60a. First )
Paggluaped fragirdrae mavdngagpwatiohe gridgiraid 289 dRotagaaiof the split panel
S .
= pBIHARCFARR Sk B gERTESEN MEpluEik B 6 htk 17
thapwboard tanclmns assenibdy 1 50l areinttle 5if2 compohent #61 lrbearisigtdn the guide rail

ol 0 e T St LS Bl St e
mﬁf?‘ﬂfﬂ@f A€ Sufto@RPdncARCRANS 130%9nl %ﬁéélslsago%nghre%'ﬁﬂfet}aﬂ Poward the

ow respective sides 131, "131c and
segadienfld@Rorily redirect a vehicle inpacting at

S T

spBPPARX iARiee 4608 VgD s AT FTGERK 30, wherein BB SefindC@RhR%ent bears on
501 and 502 rmay be threaded between the hunps of

the guigeaeil.vdhgdiel eommumentr 40h foraswnsinweshextensiarcand isrused on split
pol 5 SRS SURRRG ol SBRiSo0n 10 @ respectve

Split panel support frames 460j — 460n utilize the first component 461 as a leg.
The first component 461 extends down to bear on the ground (see the dash lines in
FIGURE 31). The first component 461 is bolted to the bottom of the second component
462,

A variety of configurations of the split panel support frames can be utilized.

FIGURE 30 is for illustrative purposes only. The split panel support frames support the



assenbly 40. Each cable 501 and 502 may then be

returned through the hunps of a |l ower panel to pane
WG appoedod r ane 360h. Fi gures 28A and 28B show POF/USIN%007583

of cable 502 adjacent to frame extension 80d. For

thi s enbodi nent respective c%an pl ates 504 may be

securely attached with assocrated 25 bent plate 74. A

general ly U shaped cable clanp 506 may be inserted

h ' in.- .

pap s QU0 rA0y SREMAM BT Co3BEag JAEFER CAAR! A as¥fhvties 110
antl adtlav thie moehant vethesyptemetlod® theacertep dimel 136 uimpimptan impact to the

frp S e R PT s lecan b Al a o cpopdsataag tfuher side
In FIGURTIEXS, 8RSE0 53 B 21a808 divERRne@Sn @?esttﬁ@ siaglkes can

be coupled to the 30 downstream nost frame extension,
or thlthdughr thed prasenthawention thsel beenTlescribbd eiw detailalis should be

e . extended into the w ng extension panels .260. .
undSPg B e e sHbU RS SAq - RaRa taf b g Rreto without
de?é[rﬁhg o the@pirft RANEcdpB of ke ifFentdY 28 Aefisk el Bph b Slaims.

hat = the flare of first side 431 and second side 432

may start at first end 121. Energy absorbing system
420 is al so anot her exanple of an energy absorbing
system fornmed i n accordance wth teachings of the
present invention with asymmetrical sides. 5 A
plurality of split panel support franmes 460a-460i may
be used wth energy absorbing system 420 to all ow
respective sides 431 and 432 to be flared at various
angles and to accomodate various w dths as desired.
Split panel support franes 460a and 460b nmay be
slidably attached with guide rail 208. Split pane
support franes 460c-460i nmay be slidably attached to
gui de rail 209. The di nmensions and configurations
associated with 10 split panel support frames 460 may
be varied as required to accommodate the angle or
flare of respective sides 431 and 432. Respective

out board anchor assenblies 110 may al so be provided
as required for each split panel support frame 460.
Cabl es, such as 501 and 502 previously discussed, can
be used with the energy absorbing system 420. 15

H nges 430 couple the sides 431, 432 to the first end
121 of the energy absorbing system 420. The hinges
430, which are of the pin type, allow the sides 431,
432 to be noved to the desired angle. For each side,
the hinges are coupled to the straps 166 inside of
the panels 160 and to the first end upright 41, 43 of
the sl ed assenbly 40. The uprights can be angle
posts, nuch |ike the uprights 44, 45 on the downstream
side of the sled
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20 assenbly. The hinges 430 not only serve as hinges
during installation of the energy absorbing system
W@ 2@4/000406 serve as hinges during a vehicl e i npRCT/USZ0031007583
the first end 121. As the sled assenbly 40 noves
al ong the guide rails 208, 2@9, the angle that the
panel s 160 on each side nmake with the center |ine 130
changes, as allowed by the hinges 430. 25 The split
panai P ROET Af f5.al | ow the angl e of the individual
sides to be 1ndependently adjusted with respect to
t he Igui deAm andrgy 20®rbiAg Sysierd to aniningizo Prossults ofi allision between
W t.h tgﬁf‘p”t ga éedﬁ support frames, the first side
a moMing yehigleand ag: acg dopad CORBESIE” frames that are
i ndependeplecadf ordefidaavitly PAREEnGIHANMNoRd &S t hat
connect to the second si (§e 432. The split panel
support fthafies codof thesgnidrecarsasgorkingiproximatelyavitiye firgt end of the
t.he panel exten§i§p, 80 30 of systens 120, 120a of
Syﬁ?@ﬂ%ﬁ§gfgﬁmgﬁglﬁ 16 ne exanple of a split pane
support f4 @¥eg®ap bSpafl MppoftdFankselivaBll dispesdarts Srduide;
invention is shown 1n FIGURE 31. Split panel support
frame 460Ch serppdpgrosp i efabinel \Wopped 4ravess4gmced from each other and
PCT. US2003/,007 .49 Lt h.ar ' .
seotroRERo] it 1oeBBR A e AR Bt the guide and the
ro@iRMkymd]l10h. CQut board anchor assenbly 110h provi des

addi ti onal _support for spl.it panel support frame
460h. Spld firshgraup of papels slidablyratached toriye st groppef panel support
n : :
o RTPRER T (EE TR0 of Pha o frarted a3 Bisted fst group of
pah¢is kollpse espead the/ectnd atd ofahergoide mthed Glvehicldiimpacts the first end of
approximately the same overall configuration and
the$¥$m%i ons. The configuration and di nensions of
second cohpR 5o [ g;g‘ry% e
flare or spagﬁﬁé’ﬂg@tzo mene?ﬁs{;\é@kﬁ%ﬂ&gﬁg@zgz an %@gﬂ‘ﬁl) of panel
supssp fratiey ehgrebyehe sdcbsd 26Biparfcanelosupp&i Iftagne8 Sndwmysdemted second
used.to attach first conponent 461 with second
gr%‘mﬂ)t&?é‘ﬁ]?r%sé.ve%ﬁ{?HWGCt§’ panel support frane 460
may i ncl ygelehRSPefottiort dbomb 8ndabid o W@P'sﬁﬁ?or@rf?ames and
an overall configuration corresponding with post 68
asgnciap@l ssbophgrobp olippsts dispasedat Bongkaelativato daiguifienent
shown in FIGURE 31, each conponent 461h and 462h may
be described as having a generally triangul ar
Cr 095~ SeCKlieO¢hesy 8¥BINIAE kRtéabf Giains NOMithiern c&hgq'lﬁﬁg 3l least two
the split panel support franme 460c can sinply bear on
pangs gtigchgd tejeachganel spppahHawe. t he respecti ve out board
anchor assenbly 110h. During a side inpact with the
panel s 160, the hook 117 and out board anchor assenbly
prevent tTie detdytabsqrbiig) systeppef Claini aferthér@amppiélng firt side and

towar d the gujde rai{ 09. Rotation of the split panel
a second side extending generally longitudinally between the first end and a second end

proximate the roadside hazard.

4, The energy absorbing system of Claim 1 wherein the first group of panel
support frames further comprises:

each panel support frame having a generally rectangular configuration; and

the associated first group of panels respectively attached to opposite sides

of the first group of panel support frames.
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support frame, and consequently of the panels 160, is

prevented by the hook 117 engaging the outboard
wapwhoovsecsenbly 11 Ch and the first conponentP@BLR2003/007583

bearing on the guide rail 20 209. During an inpact

with the first end 121 of thgzsysten1420, the split

panel frame noves off of the”outboard anchor assenbly

110 and slides along the guide rail toward the second

end 122. The split panel frame can be used w thout the

first conponent 461, as illustrated by split pane

franes 46Me encdHdgbsofbify GUREM3ES, Claivarlefinthicheoswpcising at least one

conponent bears on, 25 the guide rail. The first
en@%ﬁ@h%ng@éqem%y%pgwdi%g@ t%ilfeeg}’éﬁlieon and i s used on

split panel support franmes 406a - 460b, 460h - 460i.

Split panel support franes 460 - 460n utilize the

firdd corfenmetgydbiorhmgsysen of Olaim f ifurther compusiogt 461

extends down to bear, .on the ground {see the dash lhinesl

in  FI GURE® SA58Y $PROTRIN SYSITB RBYRE A IH@PSIUOnE gaphyrsmic! support
frdao DAL RN Pdy ¥ MECRPHoE FHRRE 8Pdced %ﬁtﬁainaﬂ%r idin &dj¥cent panel

of configurations of the split panel support Trames
suppert bemes;i | i zed. FIGURE 30 is for illustrative

pur poses onl.y. The split, panel .support franes s of, .
Phe o 200808508 SemtiBng; Ja7RR N i SRRanEY PRGNS forming a

sefi8$ bSbayki dk€enldipaednsrally 160GRRN Ry ornithd fitdd @n@ b BIgAE&tond end of
anchor "assenblies 110 and allow the novenent of the

the geideim al ong the center line 130 during an inpact to

2 ust ed T MY e S o R R ERRE et R St A 3R 1Ring thei
resf3ctivdirss el sectddel aBachell 36 geflrstdhanel gppor fdrenatbemhtpagel of the

side 432, 5 Although the_present invention hzg_ been
twaekayrpapels slidablyt afached ihbyn gansd sugperb dstssadisppsed downstream

ﬂ%\{@(@% etré%gp%%?ﬂﬂ bet Li4tions and alterations can be

out departing fromthe spirit and
scope of dilhesi oneenicibay paseldiefinettloly byecohé pagd emelett frame with the

claims. WO 2004/009406 PCT/ US2003/ 007583 51 T 1S
firgy Gseleqied panely se%véﬁ_?lwﬁaﬂ@rt Pty Wmelmwﬁﬁwa%—bay panel
sligs'tﬁy B8 IS0 FnlyPok@pided b%m?@f_réﬁﬁ@ ﬁistpésl,eﬁcﬂﬁvﬁﬂtﬂé@rﬁ' fBdrf the second

nd” a roadsi de "hazard conprising: a east one gui de

pahehsupgprafibinest end and a second end; 5 the first end
of the guide corresponding proximtely with a first
end of the systemfacing oncomng traffic;

7. The energy absorbing system of Claim 1 further comprising at least a
portion of the first group of panels extending at an angle relative to the guide at a distance
of approximately one hundred and fourteen inches from the first end of the system.

8. | The energy absorbing system of Claim 1 further comprising:

a first side extending generally longitudinally between the first end and a
second end;

a second side spaced from the first side and extending generally
longitudinally between the first end and a second end proximate the roadside hazard;

the first side extending generally parallel with the guide; and

the second side including a portion of the second group of support frames

and associated second group of panels disposed at the angle relative to the guide.
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a first group of panel support franes slidably
di sposed to the guide; a second group of panel support
wo cammad4spaced from each other and securely aPChosmd3/007583
at respective |ocations between the second end of the
guide and the 10 roadside hazard; a first group of
panel s slidably attached to e first group of pane
support franes whereby the first group of pane
suppprt f @@ﬁ@% | ' 1 SR ipieel s
coIngselitqowarr thga§§g%?§%§hf%%ﬁ%he guigg&%ﬁg%@a
vehi cl e iarfiesttsidet epgerding tgersrally fongithédingly betweensa first end and a

secon ro of., panel s. securel ttached to the second
Seb‘f‘@fﬁg(}ga gﬁ%‘?gltu@%gg&'fonfﬁ’&fﬁgy ereby the second

group of Ppagednds téméprs%)aéeaa!ﬁ%ﬁl and BssosHet &l SRE@dthg generally

group of panels resist vehicle inpacts; and at | east a

lopgitudirahly betviasa asfesiond agdaurscaid epdmsoxinglsibe roadsiglgdezard;
and assaqgj - u f I ' t )
angl e rel g% ?i%/szg]tdg%‘tiﬁggga %?rgtee%d%ﬁo)gﬁlg%ﬁge g%% f&g@ Sflth% syﬁQm,
absor bi nghs ysdoateadl o€kiad finstLsifie cdiited whphe $htd @f atconcrete barrier;
| east two panels attached to each panel support
anflr ane. 3. The energy absorbing systemof Claim1
furt her Y ' S| [
ext endi ng g e s bl Shatfof 3F e saofh BEABbHort frames
andnskoahutbdases@nbgrdue nflpareisalispratdatttheanghactditive tb dzagudde.
4. The energy absorbing systemof Caim1 wherein the
first group of panel support franes further

conply Sesy Fgﬁ% R j =S
geggllrOI al | ;T hreﬁte a gulsé}?ﬁ%osﬁﬁé gur a(%l?%%?ﬁgﬁ%ﬂé?lﬁgngmg'
associ at edfifst rsgte grtendingfeepaalél $ongesiaelly betweeata fcttenid and a
to opposite sides of the fjrst group of panel support

sofqng et lﬂﬁbseé‘?im“@%?é%{?@ r@@?i‘i‘?ﬁé’?é@éf 007583 52 5. The
energy absqedidig siiesSkpaBel’ abhAl the LifsHr Jiller a0 R Edndin3Y generally
at | east one energy absorbing assenbly disposed

longifudineHy bebveehe fiysh aid and agecondend pergpatetibordadsige hazard;

systemof, Cl.aim 1 further c rising. the er . .
Sheor bi ndhCoE Pait e, B sKRRE Bl Bk b TR ebop side disposed
pr&dnate thePRRkhd of hapstah; t he first group of panel

support franes spaced | ongitudi nal I%/ from adj acent
panel s Gb‘?)ﬁfsff e]ﬂcf aftbe first side and the first end of the second side spaced from

each other at a first distance; and

the second end of the first side and the second end of the second side

spaced from each other by a distance at least twice the distance at the first end.

11.  The energy absorbing system of Claim 1 wherein the at least one guide

further comprises a pair of guide rails.

12. The energy absorbing system of Claim 1 further comprising at least a
portion of the first group of panels disposed at an angle relative to the guide, with the first

group of panels and the second group of panels forming a substantially continuous barrier.



10

15

20

25

30

the first group of panel support frames and the
associ ated panels formng a 10 series of bays
w@zaiognahi4ng generally longitudinally fromthe fPCHUSHN007583
to the second end of the guide; a plurality of
t wo- bay panels defined in paé% by sel ected panel s
having their respective fir end securely attached
to a first panel support franme and each panel of the
two-pay paRSlRrs dudaiing sgfsfeﬁpmaﬁwfuﬁm cBﬁ{ﬁ»ﬁkin :
support framnes |sposec§ ownstream 15 from the 1g|rst
panel suppfrst sideaxtendangdgeatrallydengibmadlybebugenpthndirst end of the

defined b second nel.s ort fr with the
Sy?‘ie’insat“%é‘lﬁx?fg ?@1 ‘ﬁ%HOégfwﬁEP%g ﬁl?crﬂ ?‘%I“%Ea_tz?rélé hed t hereto

and each papedndofsideh@pRird- Bavn PABChirst Skiddlald/ idmaipe benerally

to only one panel support franme di sposed downstream

lofigitndinaltly tebeemdhe gastetndsefptho rsystbmaand. 2 s@ond elid alispeegdgproximate
absar.hi systemof Claim1l further conprising at
th?éoé‘gflggﬂgzﬁfﬁ/’ti on of the first group of panels

ext endi Nngh@FirskBidaRYteRding|g@hérdBy ﬁﬂaﬂél&viﬁﬂih@%uﬁte; a
di stance of approxi mately one hundred and fourteen

i nches f ribenfirfisideiinglndingd pertiem ef ey dirahgrops of pargiedisposed at an
erqgy..abs [.d. temof Claim1 further conprising:

angﬁfrirer%}sﬁ?’g%tgé%g@tgé%}éfng generally longitudinally

bet ween tthe sédond siderificladidg a portawofithe sdond goawBfpaietedisposed

spaced fromthe first side and extendi ng generally
at therpgetarglatiye 19thegbidéen the first end and a second end

proxi mate the roadsi de hazard; 30 the first side

extending generally parallel with the guide; and the

secadd siAlerashctshibmiy minraizeitieeresiltstdfa colsioobegweodtpa vhicle and

su rt franes .and associated second group of panels
ar@pgsg audy CQIHRISIAZ| e rel ative to the guide. WO

2004/ OogdangnBIt%-eV n%ﬂg%%%?g[a%%&l?&? exRAdRg id R 8NEF¥on from a first end

absor bi ng sys urther “conprising: a
offthe erashséudkionxt endi ng general |y | ongitudinally between

a first en nd a,.,seco ced | qngi tudi pal | .
f'rom ¢ he A oAy eakanaie FRE o8 and pherbfk fhmote in the frst
difettist tosdbesrbner Xt diveBicRanphastidgihe Firdt@AG t udi nal Iy
between a first end and a second end proximate the
roadsi de anashigtoupt dlepdrictssextenidies Beneralty m thierfgist dirertion from the
ﬁrgreo imate the first end of the system the second end
he first side coupled with one end of a concrete

barrier; asecond group of panels extending generally in the first direction from the
first end;
the first group of panels and the second group of panels spaced from each
other and disposed on opposite sides of the energy absorbing assembly; and
at least a portion of the panels disposed at an angle extending from the first
direction whereby the distance between the first group of panels and the second group of

panels increases in the first direction.

15.  The crash cushion of Claim 14 wherein the energy absorbing assembly
further comprises two generally parallel, spaced apart tracks extending from the first end

in the first direction.
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and the second side including a portion of the second

group of support franmes 10 and associ ated second
w@e@ypowade panel s di sposed at the angl e rel ati vECT/US100&007583

gui de. 10. The energy absorbing systemof Caim1l

further conprising: a first §%de extendi ng general ly

| ongitudinally between a fir end and a second end

di sposed proxinate the roadside hazard; 15 a second

si deygs paor‘fﬂ? éramdshﬁnfdfrcﬁamﬁmm&dc&ﬂﬁr%@g

general |y ongitudinally between a first end and a

second enapluraiy whipend lyepposhiisneeetiaringiin thiadirsti disction from the

end of the first side and the first end of the second
ﬁ@fﬂﬁldlsposed proxi mte the first end of the system

the first, gad g%uﬂ Bffthfe'ﬂaﬁél ﬁpg&t Ffhds pefablesto QMp&S towards the

the second side spaced from 20 each other at a first
fingt dirextior whena Vﬁhk@l%@u@n@ thyigledssemblyt i rst si de and the

by di st ateeo R O hghel SpnR R B SRR b7 e enerey

abRB@inglabsenibl§ 16 AR @Y dARSIZBIAY system of Caim 1
wherein the at | east one guide 25 further corrprl ses

pair of gditececond group1of pank supRThaEISS oTPBFRY fioys eash otber and
rnGONpPrising at least a portion of
Se?]ﬁreg @ég%%h%ggf ganel s di sposed at an angle

rel ative the pahel s@ppdle ,framds Reobreating with the pagelofo fedirettsa vehicle
and the second, grou pane|ls form ng a substantially

- impgpkingwEk sithe sidesnt the %SW@SQ@M 009406

PCT/ US2003/ 007583 54 13. The energy absorbing system
of Caiml further conprising: a first side extending
genel7al | yTheerasit eidhivaldfldet Wewhertine first end of the

system and econd end osed proxi mate e .
vadsi de hRBEHEY Of WRRYh et spasg! B RGP g apd extending from
théﬁgsq eﬁ@gfﬁfétcmﬁlcﬂgng&ner ally 5 longitudinally between

first end of the systemand a second end di sposed
pr oxi mat ecach ipenelcadpirides malz»athat exthiedsffrorata locaton near the upstream

te ener al | ral hthe gui de; the first
e“ajxfaéq ggﬁﬁ?%bs%eaﬁéﬁtﬁ’gﬁls ?an?ﬁ%’fl rst group of panels
di sposed @b pHdclsdPhidell oahs Y& YeOcdpRed b dBe s@ﬁﬁorﬂ-Qirames in an
the second side including a portion of the second

ovgrlepping mapasteths ayied pendegipanels comprising the upstream end of one panel and

the downstream end of another panel, with the upstream end of the one panel being fixedly
coupled to one of the support frames by a fastener; and
the fastener comprising a standoff that is received by the slot near the

downstream end of the other panel.

18.  The energy absorbing system of Claim 14 further comprising:
a plurality of support frames spaced from each other and extending from
the first end of the crash cushion,;
at least one of the panel support frames having a first side and a second
side; and
two panels attached to the first side and two other panels attached to the

second side.
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at the angle relative to the guide. 14. A crash

cushion to mnimze the results of a collision between
w@2meld@be and a roadsi de hazard, conpri sing: PABUSV03/007583

ener gy absorbing assenbly extending in a first

direction froma first end g% the crash cushion; a

sl ed assenbly located at the”first end and operabl e to

nove in the first direction to absorb energy froma

vehig) e iTRAGL-AG aﬂsgﬁ)n’;% sry§fen{36‘1£blaﬁnflhrf§1tthéi'b8h‘1?n9ﬁl

panel’s extendi ng generally in the first direction from
the 20 fatrl@tst emdgable assezmiﬂm seuoelp aﬁaclpdwetlsthextedmeher@ly,

general ly,i he fir rection f i,f St

OnaCt Ry lim bl Sstertil: sfleh &Rt PR lLm) i b thBdsioR Hom the sted
asBSl So SPA&RY shipfun BARR 1004tEEbepdid 8160868 dviRe the portion of the

opposite sides of the energy absorbing assenbly; and

papgls antetsecidhe ethgopanelsrat dfe angle; pathel s di sposed at an

i ot ance BecHRonrRDD bt 53 Stk BPactile By e omer o

m&iaReN degfeduensibn opathel Ssdcieseafrp oMpiades Whestthe sled assembly is
direction. 15. The crash cushion of C aim 14 wherein

disnescdaidheyfirshsadphihagrasB susiiy 30 further conpri ses
two generally parallel, spaced apart tracks extending
fromthe first end in the first direction. WO

200400941t ¢r6sH duSRi0N f Qim8D fuﬁﬁerlcﬁampl’tsmgc rash
cushion of Caim 14 further co rising ality of
panel supapé?qonfir%abksa@imémﬁ%rq A epséqu wstg @Pr%@% %ﬁembly and

o0 bl PR R B ot BBl on sn oposi
sidd ofghe cliaslecusham; wiibn a vehicl e i npacts the sl ed

assenbl y; econd ou f ne ort .franes

oxt endi nabF s PReBiyey Mo e rhE Betcuily fooRpritig With cach

otﬁé}atg%hﬁﬁtaﬁﬁaééh@d tthorS 8¢ ﬂ{édpa‘ihfeﬁu&téifdn{gaﬁ?l%h %H@Q}%ﬁdsne side of the
frames spaced from each other and securely anchored

crash qukhiom; and 10 the panel support frames cooperating
wWth the panels to redirect a vehicle inpacting with
either side of the crash cushion.

21.  The crash cushion of Claim 14 further comprising:
a longitudinal axis extending in the first direction from the first end; and
the first group of panels and the second group of panels disposed in a
generally symmetrical configuration relative to the longitudinal axis.

22.  The crash cushion of Claim 14 further comprising:
a longitudinal axis extending in the first direction from the first end; and
the first group of panels and the second group of panels disposed in a
generally asymmetrical configuration relative to the longitudinal axis.
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17. The crash cushion of Caim 14 wherein: a plurality
of support franes spaced from each other and extendi ng

WO p@a009e t he first end of the crash cushion; PEDNS2003/007583
panel conprises a slot that extends froma | ocation
near the upstream end to a % cation that is near the
downstream end; the panels arranged so as to be
coupled to the support frames in an overl apping

manngy, tRg eﬁntgplaﬁ%ijoﬁ% Haes! Iﬁi‘ﬁﬂﬁfzbStﬁé"&sﬁllfbe?f"ao%lﬁﬁ@ﬁ‘between

end of one pa and 0"t he downstream end of anot her
a pavieg vehictenandreeroagside karaide the enbraylabsabimgraysten daipriying:

fixedly caupled tq one o upport frames.b .
( hat ener ;5 S AT FERE] bt Dingpoand BT s fhagiacent to a
rohdsidERAIaHE thdihe! figt §ﬂ1cPExt8&ﬁﬁg &ty Hogd MeeRdddde hazard in a
t he ot her panel. 25 . The energy absorbi ng system of

ﬁr@@rqﬁlqntquﬂrtil@ecomma;f&%ng a plurality of support

frames spa f.or.om each ot n X ndln rgm t .

first end ﬁgtt Fide ¢ g % Segﬂ?ie Blﬁlg %95‘?& %‘éh o?hetr aél%eeXtendmg
bepaddl thé GRR QA ahd BIFRScIIAVGNA®S thefsykten; S| de and a second

side; and 30 two panels attached to the first side and

two ot heratplgag] @neaw@g: [&tensign tdigposed dHeesi dhe. atwWpast one energy

56 19. The energy
abg%gg{rgoagggg@% em (?%9%%5 rﬁé%%?f urther conprising: at
| east oneatclaidt @oﬁ&ﬁﬁrﬂﬂ the SEstusiéd ﬁn@&l&ﬁ@é&dd%d&df@ﬂit&ed at angles

s|l.ed assenbly; cabl e assenbly extendjing genera .
refafive fpeeach oder ewheeege/ thasHar g efreeeq thetirsh e ppfl fhe %*0@13/ side at the

&ﬁﬁleénd?iy Fﬁﬁfe‘g %ﬁaﬁﬁﬁ@s Q tb% QRO R md@%ﬂ%ﬂ%ﬁ%@ﬂsﬁe at the first

port S I ntersect
engparel s at t he angl e; and the sl ed assenbly and the
erating with e

cabl e assenbly coo a ot her to
mai m ain aael”g# SO o TPo8 ?P%@SS&@@E% idispaspdgrloths figst end of the
sylsieh SbA@ChRSSAIEbY of § Vegi'cWﬁE thefirst @ﬁd will cause the

fIrSt end of the crash cushion. e crash
enengyhabsnrblg aShennlrty 1® dissipsth &imetio apergy ofithe vahedcond cabl e

assenbly securely engaged with the sled assenbly and

extending generally in the first direction to another

i :Jg f}ﬂf f; ugﬁrﬁﬁe@gmmﬂlms@ﬁl STeEh 02 furfied opridiRe
a longltudmal axis extending from the first end to the second end;
at least a portion of the first side extending at a first angle relative to the
longitudinal axis ; and
at least a portion of the second side extending at a second angle relative to

the longitudinal axis.

25.  The energy absorbing system of Claim 24 further comprising the first angle

approximately equal to the second angle.

26. The energy absorbing system of Claim 24 further comprising the first angle

larger than the second angle.

27.  The energy absorbing system of Claim 23 further comprising the first side

starting at the first end extending at the angle relative to the longitudinal axis.
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the sl ed assenbly and the second cabl e assenbly
cooperating with each 15 other to maintain desired

wao equgioanoon t he panel s extendi ng al ong t he oppPG&I/U82003/007583
side of the «crash cushion. 21. The crash cushi on of
Caim14 further conprising: | ongi tudi nal axis
extending in the first direc%fbn fromthe first end;
and 20 the first group of panels and the second group
of panels disposed in a generally symetrica
configuration relative to the longitudinal axis. 22.
The 28r as m}mmbfgymbecbrb{ﬁgaiymemﬁ(ilaitrm 23 frthepcompmsging:a

| i tudi di di : '
f ?Q?n' e th st g8ttt s il end FupndiFiaba G paflErgative to the

dhﬁpmﬁeq&gd group of panels disposed in a
eneraIIy ‘asymmetrical configuration relative to the

| ongi t udithekecard side\wRri2@4t/the fissd 6ndeTicuding a8 s eeBE 3ngle relative
ner gy absorbing systemto mnimze the
toaﬁgﬁ?$§ﬁEWﬁ§X@oII|S|on between a noving vehicle and a
r oadsi de hazard t he energy absorbing system
conpri sin a first end and a second end, with the

secé’r?d e ekinspRysehsoin Smexstem pHClaim Bafisihge comprising tedfirst side
aniigi-ée ﬂg%g vgr)l(é %%%e?%l ! o&%{fﬁ gzqéag 2%1L1t¥orfs lgmvfrﬂg Each other.

oncom ng traffic; a first side and a second side
spaced from each other and extendln bet ween t he

fi r 0. endherrnergyeabsedbargisysicn of Cl Hirtbgy cca?flpm%&fhe first side

3. A IS BP0 1
at | east portlons of the first side and the second
si dg1di sposeshesdy @36Iba%: systhabf CRith@3efetheptdiBprising the first side
wher eby the spaci ng between the first side and the
haviag dhriatdpask ong Wingecxtasiobnd end i s greater than the
spaci ng between the first side and the second side at

the f,irst., end d absorbi.n
assegr?bl y ]3} S 8%%(&%5?1%{%33'? e?lso?tg?ilgl 2# ! "T%P%?%% gy
absor bi nghé ¥iss: side heviig b Radpetidlel wing @RtcAsion; Mmhi cl e with
the first end will cause the energy absorbing

assenbl y thesetiosd pidahaviRg asespectbirayigy csfensipg. vehi cl e.

24. The ener gy absor bi ng syst em of Caim23 further

co r| SI %I t udi naIt 1ext ?gg‘i{ﬁ% from.t.he

fir ee“ﬁ%é/ el W&%ﬁ&m am LCPOPYT% of

the fir Statslbzﬂf@ st Ridi dGerdtonafdrined tinaset @roh?'c&ﬁd’éﬁﬁoﬁaﬂ W-beam

t he
guardrail panels; and

a plurality of panel support frames.

34,  The energy absorbing system of Claim 33 wherein each panel support
frame further comprises a support post, a support plate and a strut disposed at an angle

between the support plate and the support post.
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| ongi tudinal axis ; and at |east a portion of the
second side extending at a second angle relative to

wao b@4amgsé t udi nal axis. 25 25. The ener gy absor@i/ng2003/007583
systemof Claim 24 further conprising the first angle
approxi mately equal to the é%ond angl e. 26. The
ener gy absorbi ng system of aim 24 further conprising
the first angle |l|arger than the second angle. 30 27.

The gner gy cﬁﬁg 9?%61&0%@%1‘3% @ fShidtsBradollisidWetween a vehicle and

conprising t irst si starting at the first end
a readsedechazgrdatompesingigl e rel ati ve to the | ongitudi nal

i's. WO 2004/009406. PCT/ 003/ 0Q./583 8 28. .Th
:)riles gy abﬁgl&}ﬂﬁ{gﬁfga%gg;g{n&ﬁsaérjn% g?(fﬁnglélgflﬁ Ptfﬁ%tr(ﬁrectlon from a first end

of @ RhdsdRBiont he first side starting at the first end
extending at a first angle relative to the _
| ongi t udiafist greip of pantibloedied e enntide pHdie snereyiahgpraing assembly

the first end.extendi ng.at..a cond relative to

andl eXtepding ceperAig ™ t%% ?‘ﬁ%f@?““ﬂq%g%ﬁ@? g%pg%gor bi ng system
of O ai mx23edontt Boup COMPphneid Necatdde oh i s lopposie sidachft iR energy
second side having a generall yigesgm“ret rica

trical
abpasbing) asseshlp apgl exterdieg genarally inthe Bt divertiog ey the first end; and

absorbin f [ i si )
Foror el e YRR of DAL AT Y Bochl SRURIE DR Helle asymmetrc
absytrthefirdt ditkctioal. at i onship with each other. 31. The

ener gy absorbing systemof Caim23 further conprising
the first side 15 having the at |east one w ng

ext epsi o nl"h@@rash@l%h%ﬂ%ﬁ%?ﬁ?%’ R cﬁ%@ﬁ%ﬂg Qf 164504 Bodn of the
further conprising: the first side having a
firstegrpee bf panels g acftsiedisergencedinun ttiefist dventioniadé ah deastregportion of

a respective wn xtension, ..20 33. The en e s
the, SePE; HGUR PE RS gy perond Gi{FFesnse (L Ihe djestydiregtion, the first

di%‘%ééice%ﬁgwine%a% @RSbRd N dBshcbn part from

conventi ona beam guardrail panels; and a plurality

of panel support franes.

37. A crash cushion to minimize the results of a collision between a vehicle and

aroadside hazard, comprising:

an energy absorbing assembly extending in a first direction from the first
end of the crash cushion;

plural panels located on a first side of the energy absorbing assembly and
extending generally in the first direction, the panels resisting an impact from a vehicle
with the first side;

the panels having a first section that is generally at a first orientation with
respect to the first direction, the first section of panels extending from the first end to a
location along the first side; and

the panels having a second section extending from the location at a second
orientation with respect to the first direction, the second section of panels intersecting the

first section of panels at an angle.
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25 34. The energy absorbing systemof C aim 33 wherein

each panel support franme further conprises a support
w@omt/orocupport plate and a strut di sposed atPErUs20gs/@7583

bet ween the support plate and the support post. WO

2004/ 009406 PCT/U82003/00758§ 59 35. A crash cushion

to mnimze the results of a %ollision bet ween a

vehi cl e and a roadside hazard, conprising: an energy

abs ojgoi ”grl?éérﬁéﬂ%xﬁm%ﬁfo?@ﬂhﬁm' fﬁrtﬁerfdohﬁﬁlsﬂigrtﬁgtﬁ'ré%@ecftfo%rfifpanels
a first end the crash cushion; 5 a first group o

oppmbm ® gemlcealkydnove mg@e sﬁrstedlrﬁrctlrlr avhenex 1%3111?@96 ithog ﬂ@rgy absorbing
as nding generally in the first

as S@Xﬂ%ﬁs tg‘ﬁ&%‘ﬂ rF?ti‘cg'r end; a second group of panels
| ocated on an opposite side of the energy absorbing

assenbly and extending generally in the first
di r 6% i onThe emsh enshfonraficlamd3’ Gwther eeraprising theysesopd et of panels

oG55 RIS, 87y B BRATH ORI oo

asSdn@b 1 Nnves U thbFrstCdePidrsi ng at | east a portion of the
first group of panels has a first divergence fromthe

first direction and at |east a portion of the second

f i . .
i o onf B ety oA of BRRRT ARG RN R bEEirlld Bimprices o
médles atnecdidt that gﬁnese genzrallyAirc thesfirst divbétion Whenrithd porzien of the

the results of a _collision between a vehicle and a.
en?’iﬁé(d%bsﬁ@lﬂézaéﬁn [¥ ompY§Ssith e dirstetEsclgn Andoplsp ngpmprises a fixed

a0 ¥ tﬁx Qr}ﬂbﬂﬂ)é @ul?seéﬁ&nsbelﬁg e OB EOIF?SE I%ﬁd £1§tthe fixed

end of e cras cushion panel s cate

subsdctiomst S|de of the energy absorblng assenbly and
extending generally in the first direction, the panels

resisting an inpact froma vehicle wth the first

si dejy, t herRangdiscudmivh 39 cRirh BY Thrise %Bhfﬁﬁsﬁlg ‘i‘a‘lurbﬁpanels located on a
generally at a first orientation with 25 respect

setdel fife of thié erergy @b$9rbimg dssersbly suppopitm Oﬁthqoﬁmelsgde and extending
ecfrray T it feie: Brier @ sion RPar BoRuha s BRPE o the first

sid®dfgagdéleg fromthe location at a second orientation

with respect to the first direction, the second
section of panels intersecting the

42.  An energy absorbing system to minimize the results of a collision between

a vehicle and a roadside hazard, comprising:

an energy absorbing assembly extending in a first direction from a first end
of the system;

a first side located on one side of the energy absorbing assembly;

a second side located on another side of the energy absorbing assembly;

the first and second sides each comprising panels, the first and second sides
each resisting an impact by a vehicle to the respective first and second sides;

the first and second sides moving generally in the first direction when a
vehicle impacts the first end of the system; and

at least a portion of the first side being uncoupled from the second side so
that the portion of the first side can be oriented with respect to the first direction

independently of the second side.



10

15

20

25

30

first section of panels at an angle. W 2004/ 009406

PCT/ US2003/ 007583 60 38. The crash cushion of claim
wW@200ft00uber conprising the first section of paPel/552003/007583

operable to generally nove in the first direction when

a portion of the energy abs$€£|ng assenbly noves in

the first direction. crash cushion of claim

37 further conprising the second set of panels

operable to generally nove in the first direction when

the portion of the energy absorbing assenbly noves in

t he 4Bi r stTht clash cashiom Of clem 42 itsrﬂhen: Loempmmgf pmehlsnpmﬂ‘t frames

erein the set of es,,a
conpeip g duBE alofte sk SHe VRS B SRRy R 1P sugport frames
coqgl%g & ‘tl%‘?%’ﬂ&'i‘ of iR PRI kidebeRiy dePratceaih e PRENSEpMEtL frames that
ves in the first direction and al so

meomnﬂmh@éh@ﬁkoméddesubsect|on, with the novable

subsection being closer to the first end than the

fixed subsection. 15 41. The crash cushion of claim

37 fa4t hernec@msl dushiod of dliml 4P RGeS cofAdifg aDlkagt one of the panel
second side of the energy absorhbing assenbly opposite

support [fesntesreppplside thadoshien plithry firgjeside Beary onnthepenergy absorbing
asf'rﬁt direction, the second side of panels being
%%%/n%etrl c fromthe first side of panels. 20 42. An

enerqgy abeer &hstgcsshidrest tlainmi4Bi whereint dtdesist Smktaf thé panel support

col lision between a vehicle and a roadside hazard,
framasihatds pepplediodhepeyiion Bt hedirpigideshearm the grawdi ng in

a first direction froma first end of the system a

first side |located on one side of the energy absorbing

assetsbl y; ThdScrash aﬂhmmdoﬁdzldm Ud celiezein che pandl sapparit dienwt that are

t he eneyrgy absorbjng ass first and sec
couplad o dhe ROdigR A thy %’éStp% e CotlﬁgﬁftP e Q.tnlaogeeet}ﬁ%ard anchors to

reﬁét%ﬁiclﬁgﬂ?{s%ﬂ%tﬂﬁgsﬂ@ i npact by a vehicle to the

respect Irst and second sides; the first and
second sides nmovi ng generally in the first direction

when h|c acts.the first of ..t he syst

and “30 at |°E¢‘§ Pu%ln%b oPImiZe ﬂ%ﬂr{gsqlf cgta col ltféorblée?fwaenng vehicle and
a 10RERah £ard EQblifiRg:second side so that the portion of

the first side can be oriented with respect to the

first di rascmergy absodarseassembly extehdingdn sdustindirestige frowo first end
t%t(l)eocdi'éts OguAé f?)npt%ye%srzg(})/O%sorglzl‘ré%g’sembly moveable in the first direction when a
vehicle impacts the first end;
panel support frames moveable in the first direction;
panels attached to the panel support frames and extending generally in the
first direction, the panels diverging from the first direction as the panels extend from the
first end;
selected panels having channels attached thereto; and
a cable extending through at least one of the channels along the diverging
panels, the cable anchored at a location toward the first end and also at a location away

from the first end.

48.  The crash cushion of claim 47 further comprising the cables are coupled to

selected panel support frames.
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61 43. The crash cushion of claim42 further
conprising panel support franes coupled to the panels
wo@Rookes4dé r st si de and the second side, the paPel/UsS2003/007583
support frames coupled to the portion of the first
si de being separate fromthe anel support frames that
5 are coupled to the second 44, The crash
cushi on of claim43 further conprlsing at | east one of
the APanelThe%&‘&BQ:hEmBﬁ 8I1Exink 4Y Rigfbid:0 the portion of
the first side bears on the energy absor bi
assenbl y .thd enetgy absthbing resmbdy shinprisasfa mloa%%ﬂmsled disposed at the
wherei n at | east one of the panel support franes that
fﬁ$§n€oﬁ@ied to the portion of the first side bears on
the groungk cabfe andhBralr A 168RHNABWRI tht FrdtIcAd fUVARE @bMprises the
t he panel support franes that are coupled to the
calpe beingranolfioredhéo thesked. si de are coupled to one or nore
out board anchors to 15 resist vehicle inpacts to the
first side. 47. A crash cushion to mnimze the
resyot s afhedersshl duksBiofdf BRIMEENFuRhMeddnglrird e panel support frames
roadsi de hazard, conprising: an energy absorbing
slidaidp ebtpled ke endiony aneharsisorast toaw&tcno? nfWean "aVﬁ]illP]@t impacts the
end 20 of the crash cushion, the energy absorbing
L) genbly noveabl e in the first di recti on when a
vehicle inpacts the first end; panel support franes
noveable in the first dlrectlon pane] s gttache

t he YanelA sughevshian @rasinia tsdcaliolg ©9 w&nabqt‘ye«?nrﬁ vehicle and
ar%)QC?SI(%eflg&éltdé 6rﬁﬁﬁ§1h£n the panels diverging fromthe
Ire a

S”the panels extend fromthe 25
first endn @eig@cmoe@kbmbanﬂﬂg\exwgdmgam adirst ditectiom&dm a first end

t hereto; and cabl e [ hrou t t one
o i, eSS B B ety gt i G Hes e when
ﬂr{Q&ptlontowardtheflrst end and al so
‘mﬂﬁﬁbﬂqoggﬁﬁ%nsamay fromthe first end. 30 48. The

crash cuqhndmuppmmﬁann$nﬂwédﬂehsheﬁcﬁﬂnﬁﬁung t he
cabl es are cou d.to B selected ort
VO 2004/ G895 E t?’%‘?ﬁlﬁ%ﬁ%@% a‘g o ey l?r‘i\%?fgmg from the
firGtUfiRicth 8 the pahdlt e BERItAE first end; and
the panel support frames slidably coupled to anchors so as to resist rotation

when a vehicle impacts the panels.

52.  The crash cushion of claim 51 wherein the panel support frames being
slidably coupled to anchors further comprises at least one of the panel support frames

bearing on the energy absorbing assembly and being coupled to an outboard anchor.

53.  The crash cushion of claim 51 wherein the panel support frames being
slidably coupled to anchors further comprises at least one of the panel support frames

bearing on the ground and being coupled to an outboard anchor.



the energy absorbing assenbly conpri ses a noveabl e
sl ed disposed at the first end; and the cable
war@hoot|ds at the | ocation toward the first endP€T/UE1063/007583
conprises the 5 cable being anchored to the sled. 50.
The crash cushi on of clain14% further conprising the
panel support frames slidab ? coupl ed to outboard
anchors so as to resist rotation when a vehicle
| mpagf s thg cﬁ@i‘i‘%hﬁuo&%f QlalmASPr\ﬁ%'i‘elﬁLtﬁQ'ﬁﬁeltﬁl ort frames being
mnimze the results of a collision between a vehlcle
slidably caupleddsiatehdraantitr eompises arigokdacaserkbr ngy channel the channel

o B 0 50 S o B o o, St 55 Bl pnc

supP&P fremBGr @&SARAbYy noveable in the first direction
en a 15 vehicle inpacts the first end; pane

support frames noveable in the first dlrectlon panel s
attached to the panel support frames, the panels
diverging fromthe first direction as the panels
extend fromthe first end; and the panel support
frames slidably coupled to anchors so as to resi st
rotation 20 when a vehicle inpacts the panels. 52.
The crash cushion of claim51 wherein the pane

support franes being slidably coupled to anchors
further conprises at | east one of the panel support
frames bearing on the energy absorbing assenbly and
bei ng coupled to an outboard anchor. 25 53. The crash
cushion of claimb51 wherein the panel support franes
being slidably coupled to anchors further conprises
at | east one of the panel support frames bearing on
the ground and being coupled to an outboard anchor. WO
2004/ 009406 PCT/ US2003/ 007583 63 54. The crash
cushi on of claimb51 wherein the panel support franes
being slidably coupled to anchors further conprises a
hook | ocated in a channel, the channel oriented in
the first direction, the hook being coupled to one of
the respective panel support franme or the anchor. 5



