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MOUNTED ATTENUATOR This application clains the benefit
w@bkoowosi1sPr ovi si onal Application Serial NunmbePCT/US2004/010931

60/ 464,072, filed April 17, 2003, the entire

di scl osure of which is hereby jincorporated herein by

reference. 5 BACKGROUND The present invention rel ates

to a truck nmounted attenuator having an i nproved

mount and a R FOR TRICKMOUNTERATTENCATORN! ed

attenuators are widely used to decel erate inpacting

vehicles while limting deceleration for occupants of

the vehicles to safe levels. 10 Such attenuators are

posi t i onElds epplshtiaodavshihebansfisefdh SaRrohsanyl Applockton Serial

that, are rked in, front of rk zones. The truck .

or otuver SRASEE Rzl €t g i 2 e RS i oo recihiicn is hereby
vehifzbotdidd hdidia bl eéferehéee roadway, and the hi ghway

crash cushion protects the inpacting vehicle and the

shadow truck during a collision. Oten, truck nounted
at t BARK&GROIND punted to the truck frame, or 15

understructure, which i 0 i vot abl e. . Accordi.ngly,
the ¢ uctadbeevetearaRolo Pk Asird ARag o ng an
LT T irgstol @ mbentdae b hithdagboiht utetherapl e it to be
fastened to the wunderstructure. For exanFIe, June
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the_pgr.esent..lpvention |- SC hgh

cusHSET R PRy o il GEleD ST pERE oYUM PRR evels
16 [) aS"e%ht it&hua}tmlatwkﬁsitﬁgéd ol k}age@} vahiﬁ&s suth a8 hegvyptrits that are

absorbing el enment is disposed in the support frane,. ,

whi BHKpdindfeant §E ¥ark 7nen Theisisk papteets ootk pereeamsiintrusion

| MDA INEhYGONG! Kas &t the GOMMWAY! 4RGN IRIBARAY cradh QkhRh protects

systens, shown for exanple in Leonhardt U S. Pat.
6, 2t 1897ctingalebiol ecand ithpsbddaw trntledusgiagedesiaf t he

present jpvention, th ruck mount ed tenuator. is
Pt oo OB Hel Bioutiel abishBtoreRE Moredes fRnikE Fams o,

1 par hhdddtaicturd, vHidleis ndd pigathle 2Ac@rdinBR, theWkk BRRIntel Attenuator
this system the truck bed can be tilted rearwardly

suchrditiaily musicbetlfied gaithe desiredheiabhtpryable tofpe fastened to the
tt ' . ' tilted
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20  absorbing element is disposed in the support frame, which is designed to collapse
and to decelerate an impacting vehicle in a controlled manner.

In other systems, shown for example in Leonhardt U.S. Pat. No. 6,244,637,
also assigned to the assignee of the present invention, the truck mounted attenuator
is mounted to a pivotable component of the truck, and in particular, to the tailgate

25  of the truck bed. In this system, the truck bed can be tilted rearwardly such that
the tailgate can be engaged with the attenuator mounting structure. The bed 1s

then tilted back to the horizontal position so as to lift the attenuator off of the



in part by the tailgate, which may have limted
structural capabilities. SUMVARY By way of

WO pdonoehigt i on, various preferred enbodi ments oOPCEHUST000KI0931
nmounted 5 attenuator include an interface structure
conprising a pivot nmount at a girst |ocation and a
bearing surface at a second |ocation vertically spaced
f r omduig. i {hﬁt sysﬂe&cﬂ&l\/&fér tﬂ@@e@hﬁ’&ﬁhé@&ﬂhatbiw@%ﬁg at least

e pivotally nolunted to a Flvota e truc

con‘pbmfhby tinndaltga@ bbwhinmy haye fimeted ptsuctutalptapabitites.
slidably engage an understructure of the truck. A
bac ure is pivotally nmounted to the interface
structure at a 10 third location and is engaged with
the int eB? S oF trlttbab i, Mrichs DRI dnffodirh&iis ofsaotﬁf&%ounted
fromthe third location. A crash cushion is supported
at Réemetor inchdetanigterfae strygfutafemMprisine et maynpatat st
asp
et ppBatd 4t oG al 4 o ol JoHRARY spaced frgm thefrt
pi vdxtcabdne Hieqmdsttmqmnvmtaﬂhmyd tochentiedtallyombingted fo a pivotable truck
understructure, The pivqtable, el ene cl udes a
supfsdmponentaRd the Heaamséapfa@ub teddo gﬁefiaé’fv WeagfAgppderstructure
fr agetheMick. anQfaEﬁﬁ)estﬁllcﬁlg@ﬁtpn}o%lﬁ' N &Unddd 8 tBOHBEL dtficture at a
the support frame of the pivotable el enent and has a
19eathinigocatiohapeé 1Sb®aage|dgmagﬁ%p irgerface hsucimgat & fourtht lagagion A

e S SUBOOR ERLE Ry Bh e Sl Doty e

f or bﬁ@kluﬁtstr{i@uﬁ truck nmount ed attenuator to a truck
i ncludes_resting the attenuator on the ground,

pi vot i nglneangthepespsstea Ere qutfitied withantimpagt ajteripies. The truck
Su bﬁ%sa*ﬂlt ﬁl@e}SYruF\tg ﬁ' 44" Cqu/otm Elte}ng{ﬁwtl\?otﬁ )Iljn{pﬁrﬁgd to, the

position I'VO nnec ace el efent
150 hh@ergumpme t The pmetablk etdnent mulmkiemtndp@oﬁt frampiavd b dbd e

el enent in.the tilted pOSJtI and pi voti t he
pi v Stagrted an S AEPRORdATe G PR ‘els'aeﬁ@% POBHY erpbied to the
subgdakd fﬁinllé/offiﬁé 1@9@5@%1%& b Okhs @dard ul?%yee iaéat'lhg A8ainst

the ‘attenuator off of ground to a de .

pos the upderstrietuter lsﬁ:‘kfamhléd 153upportedtad leaand pamb by Hapsinterface
disc{ose herein provide significant advantages over

ot h&°FMFBL nting systens. In particular, the tilting

20apabi | i Infyephndthe abpdét b reRGDiRE Roukidy Deudkssurt&d dtichbator to
the attenuator off of the 30 ground. In this way, the

: at t sk srclugsetesting the atenveter pa the ground, pivetings? Aryplahle element
<ot O RORL SRARTSTT PR AR B gy

ruck un truct
| N ackhettimythe timterface element to the support frame of the truck while the

pivotable element is in the tilted position, and pivoting the pivotable element from
25  thetilted position to the substantially horizontal position and thereby lifting the
attenuator off of the ground to a deployed position.
The truck mounted attenuator and methods disclosed herein provide
significant advantages over other mounting systems. In particular, the tilting
capability of the truck component can be used to lift the attenuator off of the

30 ground. In this way, the attenuator does not have to be lifted a substantial amount,



attenuator is nmounted directly to the support

structure of the pivotable conponent, which is
w@enengdiBy nore robust than the tail gate. The POT/ES®N4HQ0931

par agr aphs have been provided by way of general 5

introduction, and are not intefAded to limt the scope

of the followng clains. The presently preferred

enbaflanypaidior drizg e matdd With fheriude in AGUARLAG B, adWtioh, B
best = under st ood qs)%]ﬁr eference to the fol |l ow ng

det AftPRtddseryed ginedtlyie thejsHprashitiwstre ofthe pivetableremponent,
ac C QIRENMYI @ge g E:a,%{éng quﬁ%;ﬂ PTI ON OF THE

DRAW NGS = 1 |51§B§a§§1we of a first preferred
enbodi maﬂ"he fﬁregdm@ paragriphsave bebn patvideilbytvoay ofrgeaeral

osi t a side vje
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MO U ipkdsB@lynssfetre® Bmbbdifaentd, ﬂogetﬂerl”(ﬁﬂﬁfu%&addlvﬁﬁages will be best
ctive view of the crash cushion of FIG 15

per sp
FI ngg%fstoad Bntefeyengedo thedptlowingdetaried §¢saeptmnetwse,n in conjunction
res t cushion of FIG 2. FIG 6
i's gﬁ et%lglg‘%%glp\g/llflyév\gg?%@g%l nge and restraint included
in the enbodinent of FIG 2. FIG 7 is a top view of
a s SHRHEF PESCRIBTIONOF FHE DRAWINGS nvention, 20

ranme at an_ ipitial stage of coll apse

hovm ng ﬁﬂ;@ f

u ring ah ipaesideppeasof %ﬁréhﬂ etprigd énnbeféimnmﬁéh@fm@m@ounted
enbggélmg{gr rPidé:l s$BpPW ng the crash cushion in a
partially CIZO d@eg%osolsptl on (FIG 8) and an extended
posi ti onFIQS:Ilﬁls 9)Sldeﬁ'|l@80f the tracidmaintad sttesiugter stosusin Figure 1

t he. errbodltrrent f FIG 7, showing the 25 crash
cusht SR PP at i onal , hori zontal position (FIG

10) and By erit b &re det&ﬂ&lrb%%(eétlvesﬁé% 8% BAsH EdsBln(dFIFEG. 1.

11). FIG_12 is a aph decel eration force versus
13i me f or FkGio 3vhandy @rg ftsfnt,ttbmandeqwmﬂewe mespeétivielyCof the crash
duri OlMa& Ie i npact events. FIG 13 is an
expf&%eg) perspectlve view of a portion of one energy

30 absorPBid1@ ish demitéd wiewioabh /gfe Qhd H5Rai inBlul&H % the
[ nveng (i V\D 2004/ 094187 PCT/ US2004/ 010931 4 FIGS.
14 smiodigentf EIG perspective, partially expl oded view

and a froRd 7isa top view of a second preferred embodiment of this invention,
20  showing the frame at an initial stage of collapse during an impact.
FIGS. 8 and 9 are top views of the embodiment of FIG. 7, showing the
crash cushion in a partially collapsed position (FIG. 8) and an extended position
(FIG. 9).
FIGS. 10 and 11 are side views of the embodiment of FIG. 7, showing the
25  crash cushion in an operational, horizontal position (FIG. 10) and a vertical,
transport/ storage position (FIG. 11).
FIG. 12 is a graph of deceleration force versus time for two variants of the
embodiment of FIG. 2 during comparable impact events.
FIG. 13 is an exploded perspective view of a portion of one energy

30  absorbing element suitable for use with this invention.



view, respectively, of deformable sheet netal elenents
suitable for use in another energy absorbing el enent

w@booth9H87 nventi on. FIGS. 16 and 17 are upper BOTUSHOE010931
perspective views of a one-directional 5 array of
tapered deformable el enents. FUG 18 is a perspective
view of a bidirectional array of tapered deformable

el ement s pr G4 a}x% 1I5%r@a Pé’r§§e@§\*?é %{@iﬂ%@%ﬁl&&d%&@&&g@ﬂ%t

t aper ed defornmabl e el enent are
per SpRvetrespectivedse f écffounmbdﬁ ﬁl@@ttmmiaﬂlermms piitable feratse anaother
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dot P KB R FRRERb o sl G P22 00" o

per spect IFUGS VIIGQWdClﬁ afe PPet arilo@tr Per§pebile viEwof a2dhel directional
an exp Ioged rear perspective view of a truck nounted
at t SHA%EP ?aperﬁegpﬁorra#éaemeaféem a rear of a truck.

FIG 24 ippGreak aggfsﬁg&% LS, a@aeafl\a@écugn i | LHEKo H&E&EGefgrmable

att enuat or nount the rear o truck.
i s atensoopd. oded si de perspective view of a truck

nmount ed uat or .Slt i on rear

Cruck. IS T genBlip kiegotl auflie S0 dipebe dsfiMat etdhnent
enbodi mepiGOf20tda 21 AkEpdrfebtivesi SRR uny@ledtiordParkd ﬁ-dn?eZtlonal
is an enlarged side view of another enbodi nent of th

10nt armys sespedtivieynesipibe poyeanal deformatle sieaentafdiliGol 9. one
embodi MeRjofy 06ed: BLERLACE VBLAT od Fa By S
perspectlve Vi ew 0 ac e FOrEmeN® ESwn in

Fi gur e 281G. Blican 8plodedaesipdapudte vidw efvtlvkrmounted attenuator

enbodinent. of the interface elenent. 25 FIG 31 is a
per $psitiensdadjacen) ageanof@ usker f ace el ement shown in

Figure 3gyG 77 1§':‘rea§§er’sft§‘ecﬁvp%re§19)?‘étn‘u\‘ﬁ mbufidd therﬁl'ator mounted to
al ternati ve enmbodi hen a crash cushion. 33

14 sitheresi efa tofckanot her al ternati ve enbodi ment of a
The- or ashIGuan g ostipdad sidf hereret 24 of ey raiGpeenuator
bay pbghqbﬁwadp@jeﬁtgh@f@géﬁsmdkel y raised to a retracted
posi ti on WO 2004/ 094187 PCT/ US2004/ 010931 5
FIG. 26 is an enlarged side view of one embodiment of the interface
element yoke.
20 FIG. 27 1s an enlarged side view of another embodiment of the interface
element yoke.
FIG. 28 is a side view of one embodiment of the interface element.
FIG. 29 is a perspective view of the interface element shown in Figure 28.
FIG. 30 is a side view of another embodiment of the interface element.
25 FIG. 31 is a perspective view of the interface element shown in Figure 30.
FIG. 32 is a perspective view of an alternative embodiment of a crash
cushion.
FIG. 33 is a side view of another alternative embodiment of a crash
cushton.

30 FIGS. 34 and 35 are side views of the crash cushion shown in Figure 33

with a second bay thereof being progressively raised to a retracted position.



FIG 36 is a side view of an alternative enbodi nent of
a crash cushion connected to a truck. FIGURE 37 is a
w@eorogpeasi ve vi ew of the assenbly shown in Fi geeBUSBIN4/010931

FIGURE 38 is a side view of an alternative enbodi nent

of an interface 5 elenment. FIGURE 39 is a parti al

side view of a truck. FIGURE 40 is an enlarged parti al

vi ew of @GRk kidervddRRof @i ditetrakiCedbliBent dfA%rAR c@dhion
Figure 39. FIGURE 41 is an expl oded view of a nounting

st r fepnacteditpe tmckr ash 10 cushion. FIGURE 42 is a side

vi ew of ' - J i

DTl LEn, RECRE T RRp iy BREIAR, R At M g Figure 36
EMBODI MERIGUREr38i in g sidew etooftan el teimatiw engyshodith &.of An intdkface
6 apd 3; show a crash cushion 15 10 nounted at the
ear" B1°" shadow vehicle or truck T by means of a

mount i NgFIGUREGIOUE & pdBial dide Vib® o€aB@elk. ment of FIGS. 1
and 1 A the crash cushion 10 includes a frame 12

descri beHIGHREAO4s ap enlarged parl|vasy offheupppg famezail taken along

sup - t face 14 directed away fromthe
trugﬁg%,éogﬁguﬁ?frane 12 defines two bays that

support FESURE4]vieare el gled afeyoofta moumeingrsentterelfSs a drash
lgihe frame 12 fornms a self 20 supporting structure, and
he 4tfHP%y absor bi ng el ements 16, 17 are designed to

absorb eprpGUREI42 198 sidERRS oIk eRBbdinfenB & MSacRup structure.
structural function in the crash cushion 10. The

preferred nmounting structure 18 of FIGS. 1, 1 A 36

and %ETA&EHMSC%IPEIQH@F T§E BRESENH 6SREBERRED 1

one EMIBOIDIMENdihodi nent, and with reference to 25

FIGS. 1, IA, 22-25, 36, 37 and 39-40, the truck T ,

i ncl udes TR et the drasings: FHIP 1pl 401%andy3 7sBarasgash gushion

13N YGRS H &G i ri@%rgq?u%ghér&%v hYs gnlgl{rlﬁ:kell' %@%xﬁoogt%%glﬁlﬁﬁg

many forms, a es for exa e an

| i mistrattuenl 8t He tieismbodehemeiFIGSH 4 agh dwnthiercrdsh G&shidn 10LiAcludes
22-2 36 7 and .39-40. .Th u | ement. . i ncl uydes a
 owddaiol T 8 Bkt AfAT e, 1he SRS M hor S pPact

S UP Fadet 19CH RBted Awh i ol BB Gtk T/ dBhe fTABe PP efints kw6l BSysahat
floor 160, a pair of side walls 162 and a WD

2004PPBAtR TPV evstyRbsorpmg Flemegts 16, 17. The frame 12 forms a self-
20  supporting structure, and the energy absorbing elements 16, 17 are designed to

absorb energy in an impact but not to serve a structural function in the crash
cushion 10.

The preferred mounting structure 18 of FIGS. 1, 1A, 36 and 37 is shown in
greater detail in FIGS. 22-31. In one preferred embodiment, and with reference to

25 FIGS. 1, 1A, 22-25, 36, 37 and 39-40, the truck T includes a pivotable

element 150 pivotally mounted to an understructure 152. The pivotable element
can take many forms, and includes for example and without limitation the dump
element 154 shown in FIGS. 1, 1A, 22-25, 36, 37 and 39-40. The dump element
includes a lower support frame 156 and a bed 158 mounted to and supported on

30  the support frame. The bed includes a floor 160, a pair of side walls 162 and a



tailgate 163 (shown in FIGS. 36, 37 and 39). In other

enbodi nents, the pivotable elenent may include for
wexaapbasand without limtation a tiltable flapCbhes2004/010931

a tiltable enclosed box. As such, it should be

understood that the term "bed"6refers to any

structure supported by an underlying support frane and

| S ARtgate f@3t@g)v$nolntfhés %5, 999Rd 59 13 BAWPerhBodilEnts, the pivotable
Fi gures. arious embodi nents,” the support frane R

i nclelaiwnt may inshste far pamplard witheyt imiativald tyltaé)i@t f&t@mh gra
rai ltﬁttag'l%%nclgpe% th)e(r r%s sha{]?tﬁﬁlgﬁh 'Bglun?érsgﬁc{ t%g{ t?l 1?1 tbﬁc(le refers

directron runni ront
truak anyl\lfttdcalré hq)pbﬂédﬂ)y draitietedlihg sepp@itsfringe artdhe not limited to the
Slrectl nni ng, f on1side to side of the truck. The

ai |mp k§ O‘V‘é)fnrféa HUT%0 | - beams, G shaped channel

secti ons, PRuR %ﬁ%dlnﬁﬁts aﬂﬁ¥ s?b@h%‘inesmrl@clf?&es at least a pair of
configuration, and can as a single nenber, or

as donga@d@ﬁﬁy %tmdlv&ranlén‘!@ Frstionn Slongiudsnadimefarntorth edirection

pa| rrgrli]nel?é) P?tetn?g%)ac nf hgférrllxtclgﬁ 1ﬁe tﬂl? {?nCI‘ fégqrgl refers to

haVIth@dlaecexap rulﬁahg froin eide tesibool thetick. THe rhitecanhdiel foinsed as
forned as a channel ]g plate is wel ded on Hgéﬁgpen

19j qd-bspms.Hesshapssh ghannelsegfigns; hoxrbeams, afiapy ano
Ref @bhfif\Gadidh, Eﬁocﬁn %%nmqsa%m@%mé}nm' dr b aéslehmﬁ&kvarlous

holes 170 aré forned laterally through each rai
thelnﬂdmmttlve side walls adjacent an end thereof. In

one enbo e 17 |s I ted a ar., . .
Coar var ars B il B B9 e el oS Rene OF el inlulgs @ pai
t he ofkRIBHaNS 866 RAGLa@Id\WE e rR@hE\h fgh aafi 058 dndhélemb&diment,
face of the crash cushion. A bushin 72, or tube, is

1i5ns dhe @il is formedigha ehaneloAeplaters waldedhpr theropeyside of the channel

mb Kk
e RoeOEfin AR Aokl RIBRREd PiGRaTRN 2440 3 o
% i ntipesl honfsd70latl§fmlrmgtlatheillmhroagm leanhtralaxmctthk?éhpeéfhe side
ot S0 of b eteph e empadingri iy hele L7t Siockise s o
St aGKRGRERISpokSfie iR ﬁlevi’aitl Bo Qs ﬂa@hzfxxrﬁfze E’ﬁevé?éarzﬁic@ §pé’e§ @edbeen
a pivot axis 181. Ref errln% and 23,

ZQndéh(starlgnic ancethe fgefof thernsas |Ch&hl%l9§ bashlrpﬂ bt% 01118126 Is inserted

at t g%ed%ﬁ ﬁ"othf)ﬁeelng olfefﬂ%lllﬁ %%g%eﬁgﬁhe V&I{l‘il l%h/g a. tﬁl ess of

f astabo@rSinalied, white thie lbﬁ‘shlri@iﬂzrﬂaah eeﬂgﬂﬂcbﬂaﬁeﬂ Zi’ﬂ 1n¢;me nTli\fg
186 t hat prOV|des access to various hydraul

conpypngssdefing apreot prig 4740 ki ily mh*éa a ghgk P’OPWel T6ebptdy
t he : Ldg%blrggurﬁecf 10! tunﬁérgt‘?utﬁ’l];retl'?'ﬁ3 sm)\% Qs a EQPBf Q&éﬁ@& beams 184,

ope provi de nounting | ocations for various
25ai IWithghpar ¢fivotpie/d8p.at WEIvR0D4Y 0914187
PCT/ US20 4é4‘e(r)r:|1'r(1)g9t%]FIGS. 22 and 23, the understructure 178 further includes a
plate 182 mounted to the ends of the beams 184. The plate is attached to the
beams by welding or with mechanical fasteners and the like. The plate includes an
opening 186 that provides access to various hydraulic components and the like
30 positioned under the bed of the truck on a front side of the plate. Four other

openings 188 provide mounting locations for various taillights (not shown).



7 Bel ow the opening 186, a square opening 190 provides
a socket for a trailer hook/hitch. A pair of |oops
wdd4msassecured to a | ower portion of the pl aper/uIive4/010931

| oops can be used to secure safety/tow ng chains and

the like. In one enbodi nent, the plate 182 has | ower
chanfered corners that are 5 covered or filled in

W t BeRwPiRtk Bpé}fm%aw b is@aYe BSRAH@ Y ALES alBbket kdr aSch?l‘él' d

be understood that the corners can remai n unchanfered

to peaivhith. pﬁemfn’ Ingpssifazecsecured to 2 lnater apiyiopofithe plate. The

por { f Lng surface.

The do f & theS'%g 'grggiﬁfg]tdﬁgfyﬂ}g a'%gﬂg%?lg%gr ef erably

madeI of Iiadne Iembbmﬁnemgamlaeaw h%sl\llof)vbﬂtﬁag{férmi béﬂnbl@l’dhat are
teel, aju m et or .any _other rigid mat

? noFsFEOTBled lwnﬁmﬁgwé A AT eHER PlatER] Tl %lwuld be

co m@&rgt@ocrmﬁhe drfeQcad\RAMin bthARRLOLD pPERAL) H&%g surface,

shown in 39, a stand-off nenber, shown as a box

beags tilgeany cx:elm pogiogef theadate cart breusedl at @b@a@nmsméaqeh dhe

bear | urf ce.leq
o aRl e R e PR B e okt T a0
sh OWIithblﬂrlﬁmthtloﬁ afeel) @lufrﬁ!ﬁmﬁ) Bict, beghyt &th&Upd matekible inthaisdl for
cushi on by forn1n% a bean1rall 164 15 fromthe

18 haprasiple apd withepy T t@ﬂ%%&lb%%m&mﬂw &opfl, nB‘ negher
bus Qﬁlggdlﬂq%ﬁjo stidtvn AG9 tﬁé)rzl'sta'hti &fa f%fzota%@am 195,
bearlng nme ers can e secure tO t
Ref earr hegcured F (38 plagk3to2iqve3Be beadng il,lrfatCIa eeaawaxdmmtrequlred

or st  uck 3PS SeRibad PErHRE i Fb AR ETET shown

pai herein, LAl S @irbfitteddb stisportzROERIN %sﬁn@ﬁ%g%lﬂﬁﬂg a beam rail 164
vertlcafly extendlng upri ghts 202, 20 shown in FIGS

193 fom thgchangelydrilling thedoles 190 gpé mserting therhyehingd iz sin
th
e B la B IR LRl BEE N B LERORSHe e 152
made of Refsiringlte FIES1128r25088 asd 4 tl&s;&ent:dtyr méummglsﬁuaure 18
e BB ben kb0 et HChA
exappl 6f @&?alw Bh%ﬁzohﬂaﬂ} E@Eé&ﬁad&lﬁeﬁ?&ally 8kt lﬂglﬁﬂ) k202,

or any ot her igid material, including for exanple
2&ind ShMWIhIOlRIGSI 2ﬁ 3 ht3i8@nd 4b, nimmrtoss nwfeeredan@odmenm the.uprights

Eg(p: grre ht 28%’ ' nf%géﬁa%egéo ke 4 %’(fbgatrg,gcg Ia%% P%her %haga, and

apagdn td Iaﬁtgae@f aZsQfgldﬁaéinBerng adlag a@eﬁeﬁy oftvhﬁél&bﬁ‘érﬂ\wg
Preferably th ap has a.wdth of about 3 inches. As

sholFefars bl fthesint ce é@@ﬁny ciudsnpthe yerights, are mege of metal,
30 .f
yer; chifdl Agyfo?la)%grﬂ)?(% s Stl%ughl%lt%ll@{ el ea‘#uxﬁiﬁﬁm kel OF ﬁﬁﬁother

N t e o osSli ternati as S own
25 n EpG. meﬁér,lalalncludqng rﬁom&ga@@l} dndswl@osummmn cafnipysite materials

t eagr vq'ggcp ﬁacﬁ phgl?trh%zlu?c?u&égg%’oge L% i%rme atrtltlei gprg)er end thereof.
Each yoke 204 has a pair of spaced apart flanges 206 defining a gap 208
therebetween. Preferably, the gap has a width of about 3 inches. As shown in
FIG. 25, each yoke 204 has a pair of vertically elongated slots 210 aligned and

30 formed in the opposing flanges 206. Alternatively, as shown in FIG. 26, an

opening 300 has a substantially tear-drop shape, and includes an upper portion
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formed with a first radius and havi ng a downwardly
wa@ewneghisbeari ng surface 304 and an enl arged | PEEDUS2004/010931

portion 306, preferably formed with a second radius

that is greater than the first 8radius, that

communi cates with the upper portion and provides a
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t he upri e nose 214 defines a earl%g surface
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thalandmn;e apgkeﬂloﬁﬁvardiﬁr the upri ght, including for

exanpl e ?‘cl ront suyrface thereof, or the | ower end
t her eof , AdgWeLend, il dap unsiehtsi 202 is prgvided patha camrpringge 214 on the

e ”b%'nf‘@ﬂhe BhrigHt CPhe A4 dgﬁ)ne atbggrﬁﬁg)ﬁx?fagélﬁé U@ e

has a concave upper portion 3 I nwar dl'y
cur eetgndyforwardly foom thedprighit and\;tllm bdariag bwfge 2hé 1méfl‘eg1ibly

0 | ed_at a great 0 e 2 .
léubg’? tv%?‘gglc}wegeorr (YA @gfﬁué% g b%‘g F? B’l’\cpe(%{ﬂ%fl thafeany portion
cr ashth@lﬂ@hgﬁmmfcﬁldbtg fongagded front sUFER!tBEreSN B e I@vdrREd
substantial |y horizaontal Pl oyed position) as the

pl athsret. cag hgased s ackeariag sustag %clélutb@emlemn@t of FEGE 283l 29,
for H?eqlolgé(ﬂ‘hﬁm?{@x?g{s aQ:QBEa%vQ'ﬂB% R Bﬁ{gﬁlg@g v&gl lﬁarﬁ 2% u'%vled

38 and 41 n
t wo pétion toh nm@rcuﬁ whieh elﬂﬂ&mihﬁﬁptﬁglmfo Fel z(ffgled&t 8 gedater 411@13 to the
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be understood that othéer spacings
var Pedgsstevetiselisrreseived in He rsqyas:ﬂﬂgfooacd yethe luppwepemq’h / 2

o . RSP EERGE 5s BT ol i 7B,
f or wieovi as, twsu{mhthtdéaﬁ tHeiwlbaﬁﬁﬂiHnﬂQf ﬁtﬁs B8 aiP81) hreFGched
2§ ' tergﬁ}y through each upright. The term “plurality” refers to two or more. The
openings are preferably vertically spaced about 2 inches. It should be understood
that other spacings would also work. In various embodiments, the spacing can be
between 1'% and 3 inches.
Referring to the embodiment of FIGS. 38 and 41, the flanges 206 of the
30  yoke extend forwardly, such that the opening 310 is positioned forwardly of the
upright beam. In addition, the nose 214 is elongated such that the bearing surface



upri ght beam In addition, the nose 214 is el ongated

such that the bearing surface WO 2004/ 094187
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beari ng surface on the truck when the interface

element is secured to the truck with the attenuator in

t he depl oyed position. Therefore, in this enbodi nent,

t he2 b kdRitishddus i e ObeaAfy SUrRRh of WRNHRR vie§ the interface
positioned further rearwardly fromthe back end of the

t r uelkment ip pesureddo ghsrteuck vathethe atenpator rthe deplpyed pabisian.
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Ref ' 4 4 | .
ot r CEphT T b skdiple Bidafitn, ARlorrieoand 0 Bngled to provide
i N akd ¢ledrhmve whileandximizngltRe anhbint loé cdnectidn hetweshahe beam and

'ncludeﬁ g frame 222 having a plurality of horizontal
1QngthedPks Bateesr ane  menbers 224, 226. A pair of

forwardl B(ef_@?ﬂn?rig FIS. YAKES agd 8130 G LABMBEHctufe 32065 dohnected
frame and i nclude spaced aFart flanges 230 formng a

gaptoxBe ciapleeushmnywensiin pTitisulaf, [thefyarse 223 0Theabdckbmstoicture

hol e 4 ext endi l.Lateral I,y therethrpugh to fine a

00\ Befids £ E5 58928 foviBi § bRty I RO OB LR eta b RRES | o
pl afemberd 222 265 &€ pdi£6F fobwadly@ttndinp §okésP28Qke mbénted to the

franme in a vertically spaced relationship to the g;vot
13xi famgend inctude spaced apayt flanges H¥0formige 312ap 232 eherebgveen. The

o apdits 3% B BAOPER G 268 LU REIaNAA WG SO G Al pivor
andaxdd 23@ Alpair of tRaidly saeulirbdaong plates 20 aefsecurbbto a lower
upright aL.a_.lower end thereof, The plate is. provi
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of fasteners 243 (shown as two). As showmn in FIG 41

2Q paibbergr elastomerzanpealhave sl otted openi ngs 249
permtti r |
D AR RS TR G M A1 15 B o
s patherupsiphtat 24ofvérend gesdofi Dheplards profiad wathdl plurality of
ext endi ng _nenher that engages the b?c up, structure. It
shoopeings 244 q0ne pHHQre shyns 246-cap by daltedsts theplpte 292 with a

O T e

25 246 have slotted openings 249 permitting them to be removed without the
fasteners 243 being removed, but rather only loosened. A spacer/shim 247 is
positioned as a rearwardly extending member that engages the backup structure. It
should be understood that the plate 242 could be bolted to the backup structure,
with the shims then secured to the plate on the backup structure.

30 In operation, and referring to FIGS. 1, 1A, 22-25, 36, 37 and 41, the

interface element or structure 200 is secured to the backup structure 220. In



30 In operation, and referring to FIGS. 1, | A 22-25,

36, 37 and 41, the interface elenent or structure 200
wo s003ee18ed to the backup structure 220. | n WPCT/US2004/010931
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nd the truck could be biased with a spring and/or
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LSt DBl bIFLof en Bt UL SRR RS FO Ly
t heconneeted avith asloperamg in2B@uprightsee dusteald asd beeundacskood that more
strycture 220, . the _.assenbl iis secured to the truck.

It ABEVYvEECHNREREL SBENIDEORBPEPIO RSN etiRer theinsiehiis
el epRRlp 40& 8% {)aobfd% aB&iiSRA Haj86tndeRt dpbilifyuck, and
then secured to the backup structure 220. In the
25irst setftentbeintarface plementz2i0as sdcared e thedackyp stiyeture 220k the
assembly is secured to the truck. It should be understood, however, that the
interface element 200 can first be secured to the truck, and then secured to the
backup structure 220. In the first sequence, the pivotable element 150 of the truck
is tilted upwardly and rearwardly until the guides 212 are aligned with the
30 rails 164. In this position, the crash cushion 10 is resting on the ground, as shown

in FIG. 1A. The unique interface between the pivotable element 150 and the



is tilted upwardly and rearwardly until the guides 212
are aligned with the 30 rails 164. In this position,

wo bw4o9€8h cushion 10 is resting on the groundPCEES2004/010931
shown in FIG 1 A The unique interface between the
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The pivotable element 150 is tilted downwardly until it is substantially

horizontal, at which point the attenuator is in the deployed position and is

supported by the backup structure and by the interface element by way of the

backup structure. As such, the term “supported” refers to one element supporting
30 another directly or indirectly by way of one or more other elements. If the tail end

of the attenuator is too low when in the deployed position, one or more shims 246



supported by the backup structure and by the interface
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Al ter
25  shims 246. Such actlon can occur, for example, when the truck travels over a

large bump, and the tail end of the crash cushion is raised. Alternatively, or
simultaneously, the bearing surface 216 of the nose 214 of the interface uprights,
or any other bearing surface thereof bearing against the understructure, can
become disengaged from the understructure plate 182, 194 as a result of the tail of
30 the crash cushion being raised. In essence, the interface element 200 is pivotally

mounted to the truck at a pivot axis 174 and is releasably supported by the truck at
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Referring to FIG. 2, one embodiment of a crash cushion 10 includes
transverse frames 20, 22 and 24 and side frames 26, 27, 28, 30. The impact face
14 of FIGS. 1 and 1A is not shown in FIG. 2 for clarity of illustration, but the face
30 14 is mounted on the transverse frame 20. In some embodiments, the face 14 can

be non-structural or even eliminated.



of the present application. Referring to FIG 2, one
enbodi nent of a crash cushion 10 i ncludes transverse
wo caaes4120, 22 and 24 and side franes 26, 27, PSI/USDN4/010931
The inpact face 14 of FIGS. | and 1 Ais not shown in
FIG 2 for clarity of illustradaudi on, but the face 30 14
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even elimnated. WO 2004/ 094187 PCT/ US2004/ 010931 14
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transverse frame 20 is pulled toward the second transverse frame 22 as the
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FIG. 13 shows a preferred structure for one of the energy absorbing
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row of FIG. 14, each of the sheets 106, 108 is stamped or otherwise formed to
create an array of half cones. The sheets 106, 108 may be physically identical if
the half cones are positioned properly on the sheets. When the sheets 106, 108 are
mated together, the frustoconical shapes of the individual tapered elements 94 are

30 formed, as shown in the lower two rows of FIG. 14. The sheets 106, 108 can be
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The tapered deformable elements provide the advantage of an increased
stroke and thereby increased efficiency. This is because the tapered deformable
elements 94, 111, 116 can be crushed to a small fraction of their original length
before metal-to-metal contact of the crushed element provides substantial

30 increases in the forces required for further crushing.
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25 The initial decelerating forces applled by the crash cushion 10 to an
impacting vehicle are determined as a function of (1) the linear inertia of the
component elements of the frame 12 (e.g. the mass of the transverse frame 20), (2)
the linear and rotational inertia of the side frame elements 32, and (3) the angular

offset of each side frame element 32 with respect to the collapsing loads applied

30 during an impact. Note that both the linear and the rotational inertial responses of
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280l SSRGS A6ahegemee of (o crasiecushige 19 cambe @iloieiin papally
trigger onboard airbags or other onboard safety systems of an impacting vehicle.
One particular challenge for airbags is the distinguishing of conditions requiring
deployment of the airbag, for example a high-speed accident, from conditions
under which the airbag is not required, for example a low speed bump into a

30  parking bollard or another vehicle. By adjusting the response of the crash cushion,

the problem of non-deployment, or inappropriate deployment of airbags can be
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at their hinges 34 in their deployed, operational
w@omiundas), and by adjusting the characteri stipBST/U820041€10931
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crash cugfdidl adSan e)’of ‘f:l?er ﬁaefn% 1y 15% AR Be %&lafg@ed to_a very
continue to provi opt I mal  saf ety erfor
2%bi torhpaco$ize foe shilesmgmed stomge.ufehe meludedspm/eab@orbtrmeelements
16, 17 are themselves collapsible (e.g. formed of hydraulic or pneumatic
elements), then the frame 12 can be collapsed while mounted on the truck T so
that the crash cushion 10 can be made very compact when the truck T is in transit.
Actual crash tests have shown that the crash cushion 10 can readily be

30 tuned by adjusting the parameters described above to obtain a desired deceleration

curve. FIG. 12 shows two curves 80, 82 of decelerating force versus time as an
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r es pERERYE While Riyifiega dramatically shortened crash opshion. of ¢ he

restrainfgp, tiﬁ’% oft FERCuMALAAL LEded AN ARleridd by the
di fferent Fevels or the two 20 bays. Furthernore, the

265wo NedipsaldomperativeHighttay Reseanghdirhgrami Repart3SAINEXIRAa$30). The
NCHRP-350 guidelines rely on the flail space model for evaluation of occupant
risk during an impact test. The flail space model assumes an unrestrained
occupant in the front seat of the vehicle. At the beginning of the crash event, the
vehicle is decelerated by the impact with the crash cushion, while the occupant

30  continues forward in an unimpeded manner. At some point, the occupant makes

contact with the inside of the vehicle, and the NCHRP-350 guidelines specify



The preferred crash cushion of this invention arranges

these variables to achieve a novel system response
w@emiiohast hat neets currently-prevailing regul BEDUF2004/010931

standards while providing a dramatically shortened

crash cushion. Inpact testing z& crash cushions is
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For t he purposes of this discussion, the partion of an
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of the systemresponse profile is characterized by a
hi gh peak deceleration, that is associated wth a peak
25 Once the vehicle has been decelerated by the desired velocity (such as 12

meters per second), the crash cushion then provides a controlled deceleration
below the regulatory limit of 20 G during the final portion. In the final portion the
average decelerating force is at the level F shown in FIG. 12.
The curve 80 is provided by way of example. In general, it is preferred to
30 apply high decelerating forces to the impacting vehicle that peak at F1 during the

initial portion of the impact event. F1 is preferably at least about 150% of F, more



20 decelerating force exceeding 3F in this enbodi nment.

The initial portionis followed by an internedi ate
w@eootiontisi n whi ch vehicl e decel eration falls. H¢EUS2004/010931
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tinme and t heAFﬁagsl of Frame Elements

transverse frame 20- 129 kg

transverse frame 22- 58 kg

side frame element 32- 32kg
30 B. Moment of Inertia

side frame element 32- 1.92 kg-m.sup.2



el apsed di stance of the inpact event can be reduced.
Because a short inpact event 20 is inportant for many
wa@ppkiogdasi ons, this represents a significant aPWBROIS®04/010931

the art. Sinply by way of exanple, significant system
paranmeters associated with tH systemthat produced
the deceleration curve 80 of FIG 12 are described in
Table 2. TABLEC BdhsRBgeferred Crash Cushi on Paraneters
A. Mass of Frane Elements transverse frame 20- 129 kg
t r ansver s&ex bake3 /8 coasse thgpad.grade § r ame el enent 32- 32
kg 30 B. Monent ppfg.hoertia side franme el ement 32- 1.92
kg-m sup. 2 WD 2004/094187 PCT/ US2004/ 010931 25 C
Bolts 48 Hex bd¥lts.22P81, coarse thread, grade 8 D.

ps Gl =.229 i&=517§2:. 178m Nunber of cells per row

terial thickness ( E. Front Energy Absorbing
El enent 16 NRambek of BelRnt) 4 .81 10 Row 2 4 .81 Row 3 8
.81/1.02 (4 cells of each), Row 4 8 .81/1.02 (4 cells
of each) RowPS PRear Magtetial ghicknesymmp) Ener gy Absor bi ng

El ement 17 el Rathe) AVKEARIDEEmefihgROW 2 12127 Row

Row 1 (Front) 4 .81
10 Row 2 4 81
Row 3 8 .81/1.02 (4 cells of each)
Row 4 8 .81/1.02 (4 cells of each)
Row 5 (Rear) 8 1.02
F. Rear Energy Absorbing Element 17
15 Row 1 (Front) 8 .81
Row 2 12 1.27
Row 3 12 1.27
Row 4 12 1.27
Row 5 (Rear) 12 .81/1.02 (6 cells of each)
20

In the crash cushion of Table 1, the energy absorbing elements 16, 17 each
include five rows of sheet aluminum cells. FIG. 13 shows a twelve cell row, and
the other rows were similar, but with fewer cells per row where appropriate.

The crash cushions described above represent only one approach to

25  achieving the desired system response profile. Many other approaches are
possible. For example, a large inertial mass can be placed at a selected distance in
front of a conventional crash cushion, such as the truck-mounted attenuator shown
in FIG. 32 and described in U.S. Pat. No. 5,199,755, which is hereby incorporated
herein by reference. The crash cushion 410 includes an energy absorbing element

30 412 made up of a front cartridge 414 and a rear cartridge 416. The rear cartridge

416 is secured to or includes the backup structure 220.



Row 4 12 1.27 Row 5 (Rear) 12 .81/1.02 (6 cells of

each) 20 In the crash cushion of Table 1, the energy
w@bmenhilsy el enents 16, 17 each include five POWES®D4/010931

sheet alum numecells. FIG 13 shows a twelve cell row,

and the other rows were sim iz, but with fewer cells
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for transport. Alternately, a brake-based cr ash

18 us KeoRdslgssrstifienergyabspsbigBispdemin U S, Pat . .

5,022, 78 n
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reduced, This. o) roper | adj usti.ng t he

i fds an el oes peaf. Tofortd BLt Pammats “ohd i i fesisile force,
cabligen M1y B8 1ANALYSN se€HRATRMWRY rdsREVOTRER. N@i‘é sRemﬁcally the
decel eration during the initial portion of e i npact
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spe€i SS St
abs Qllhbieﬂgtéy st Iﬁhat iiti@l pealt foe soakanipd esisfivesforde of the crash

SyStcSéPugnr alls gramatlcalﬂf cﬁmng %llljenl?l%elngeﬁate segment of the crash event, after
which the gas-containing bag can be explosively re-pressurized to provide the
25  necessary resistive force during the final segment of the crash event. Another
approach is to use a stiff crushable element to provide the ideal response profile.
A mechanical release, as disclosed by June U.S. Pat. No. 5,642,794 would then
release after a specified amount of crush had taken place.
Another approach to generating the desired system response profile is to

30  support the impact face of the crash cushion with a sacrificial mechanical support

that provides the needed initial peak force but is then completely crushed or
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to use a stiff crushable el enment to provide the idea

r es sbéise ejements|iestead Rf gpnradditon|to permeabthe hmgedplemients efithe

by J No. 5,642,794 would then release
fte?£§°§%§¥1f|ed anmount of crush had taken pl ace.

Anot her Bpgenesat hhé widgenarietyiof gndrby abeshingslseystcambe used to

respons rofi.le is to 30 support .th npact face of
IPhePé‘?Vé‘zfrﬁ%EG%%’iegﬁYW{l Fespomssdrditip.cng ffﬁéeﬁgﬂ?rgwbsorbmg

sup Qéﬁhﬁoloéﬁ@t:arpﬁé)d‘sb@ fSachitee RERASH pbiftiohd 8¢ th g;@'ferﬂ Rispénse
but Is théen conpletely crushed or WO 2004/ 094187

PCT IPugile0Th@waBStpossitle strgetoé materigbbendats, mpteripkisirgizamaterial
rops o near .zeto for di ate

¢ hoRyshire Blerif e (ifeh, BTG sRe R PR heftiat systems

eNgaEiebe AsedRitBerGiienlin PaRlus cEmhBinkkidls @Bt eviedlie febionse profile

final segnent of the crash event. The crushabl e

18| efisqussedabovise replaced by el ements that are

extr UdedVa 81|1§ én?bo(flﬂﬁé of (Jfésﬂlgﬁ%llorgsraré) e &osr%d and described

nechanlcal A suitabl e cras cus ion ca
al son BeS. ﬂ’atbat Nog. 16,484y9201t 6)244,635] 6,8P3,85%i5047 MR A, 642, 792

i naelearanehig s soL s TrfEhe i 8l o 0TS, Prgpnpypasions

the ymidemio2\8as 'fﬁ&&N@frexﬁJk@ﬁQ)’O(ﬁ%@WflG/@Y@? THed BBeeliber 19,
used to 10 provide the desired sgsten1response

20r o200k thererdireifiselesusen of svhaehogre hpreby mcn@ora@@ﬂrmm dyireference.
can be ug)(? rge A% | %k{ar}ggé gr[r:ﬁ 8&“’1 E'cﬁpt?e lgl{lde tla%he gprefe1gred

systemr nsé possi e ran

mat %ﬁib@ﬂmﬁ@fﬁiie@@‘lbeﬁab@fel &or Em{ﬁlﬂghe fmheéanaie made in whole or
crushing, material shattering, frictjon, édraullc
pne BT ef soliddanglersy quseéygmust@éﬁﬁi wastsen oS iHlsrly, the

al ORfn QerdeFralis o' HRBE RINASOR Sk oG AR ¥ond B another in
response prori l'e I scussed above
25  thickness and in mass. If desired, the folding sides of the frame may be positioned
at the top and the bottom of the crash cushion instead of on the lateral sides.
Living hinges can be substituted for the multiple-component hinges illustrated,
and as described above many alternatives are available for the restraints. Any
suitable energy absorbing element technology can be adapted for use with this

30 invention, including hydraulic, pneumatic, material-deforming, tearing, or

pulverizing and other approaches. Both passive and active systems may be



Vari ous enbodi nents of crash cushions are further
di scl osed and described in U S Patent Nos.
wW®200809QA20, 6, 244, 637, 6,092,959, 5,947,452, SPGHRES292010931
5, 248, 129, 5,199, 755, 4,711,481 and 4, 635,981, and in
U S. Patent Applications S/ N 23%/002,833, filed
November 1, 2001 and S/ N 10/025, 025, filed Decenber
19, eafhlRA1 Byt BaiRNd heand 'syfsfén%ﬁH RS ctOden Y %t&vﬁreenformaﬁon to
hereby incorporated herein by reference. course
manythe prastyeushion wvhiehuis in samd marner ayaluedrndasedtotalter the
pr ef 0
t he p??‘frgﬁnganggﬁpg‘l gtcﬁshgcglsv\éir{q l?c? gno?gr &{ﬁmgﬁ} gg&lughermore,
panat s nasessgpab thdt ¢ach theagy hlisuﬂﬁm@élexdemcues:bnﬁmﬁdl toa single bay.

i mlarl tran ver se mes cap include solid
Sandf Bkt e PRBFA R PO SR REPP PSS 8 R Aegle
and ¢énBrgyBssorbink; eft@fent @d}ccﬁﬂ'jﬁs b iitRE 0P idesSbaE. TH8 invention is
frame may be positioned F he top and the bottom of
t he 1ot ligited tasksedn tmﬁsmewﬁetbatteanatpﬁebut@m rlgp be hepdgn front of
Li V'cﬂlgﬁ I?J)J(]lgl%é ogﬁﬂlcplg $ H’Eﬁltd.lq% ? rg%déléle%gstru(fnons such as bridge

nmul t e- componen T hges
des q;rm:rbéanL eahmpke gy mlré thamabvo bBs naycearsad ifabh&df or

the restraint sui tabl e energy r |ng

Wechnol ody “éea‘ﬁh%%m heststra degnisal'y @twd@ﬁ% fig’ tance fude Tisto-

i nv %hicglnshaff)é&%u @iertgrnh Yoggagti '1§mtéi’1@§d1%5819 to mclude tran I%)ort as
mat eri al - def or mi ng, tearing, or pul veri zing and
appredcdsetoraot Theperss| oablebmdntacdqd\beoasl%stoeqwemgslcbernvtmers

2004/094 87 PCT/U§§004/0199%% 28 aqﬂhoggd. By
"actq® v% ?lr%%ﬂ% a\}%t EHE "PRPVRP EnA e OFE provi de
i nf or mat mhe féregoihd GetgilediRsipibh ARk d¥3Eetedichly IfeSO6he many

manner eval uated and used to alter the perfornance of
IPhe fermssthatcthisArsRtion pasrtake, Fondribreasnsy ﬂh-‘gdqtﬁte idggraiption is

Furt, r ne
b Py ey Ot BRARAbY oy of Ani GRS HRUH e
desifoldalyving ktlautls amﬂwdangdl équavatents; dat ahefmue&d«demﬂeﬁrte the scope of
openhngs that all ow a single energy absorbing el enent
Juig Yhce in two or nore bays. This invention is
not Ilntted to use in truck nmounted attenuators, but
can al so be used in front of other roadside
obstructions, including fixed roadsi de obstructions
such as bridge piers for exanple. Al so, nore than two
bays may be used if desired. 10 As used herein the
term"conical" is intended broadly to include frusto-
coni cal shapes and the term"storage" is intended
broadly to include transport as well as storage. The
term"cable" is intended broadly to cover tension
menbers generally, including chains, wre ropes,
ropes, and the |ike. The foregoing detailed
description has described only a few of the many



15 fornms that this invention can take. For this

reason, this detailed description is intended by way
w@booloh4181 r at i on and not by way of |imtation.P¢T/USB®04/010931

only the follow ng clains, including all equivalents,

that are intended to define thgscope of this

i nvention. WD 2004/094187 PCT/ US2004/ 010931 29 WHAT

IS CLAIMED I S: 1. A truck nounted attenuator

CoNPWHN'TNIS CBAIMEDASf ace structure conprising a pivot

nmount at a first location and a bearing surface at a

second | acat i Antruckmidubédd| aptespaedmprisiagsai d first 5

| ocation, wherein said pivot nount is adapted tq be

pi votal |y moufft Bertage siruchirg 6P RBIIEng # et @aw@ﬁéﬁfﬁ}m&uon

sai thnB@aehiith fiHatOMS deSoridaRi:iof vERically GRARIYFGRIAE Firstan

understructure of the truck; a backup structure

B vdoedtiop, whereinesaidipovos siount in pdaptedcte bsprvetaliyrmountedsto a

third Lgcatiogn and engaged wth said interface ..

st r OSSO RE Sl Vel e ey LR gy eneose

t hi rail Undedtri@iire ofiftd ttucky ash cushi on supported at | east

in part by saig(gsckup StrUCt%6§E 2. The truck

mount ed at t ent8RGP Srugtyrgipiotalpousted tespid intgepgestructure at a

St I Ut Q2atich difdl RRARNNWHARN ihleRAly st RRARIRD WLHR RBfich spaced

interface structure at sai fourt ocati on, erein
19ai drdmaekd phistlocttonyand s pivotally nounted to said 15

interface structure at a horjzoptal .pivol axi t said
Lhi rd Tooat i ofcrathayeBion SUBHAeA BLisRY b BT b4 Beckin Sfucure
said crash cushion are pivotable about said horizontal

pi vot agis bEhseetk @bultebsttenadatdi sfsllaimoswhérein saidbaskup
second position, wherei r} said backup . .structure is
engSHHEFUTG 6 feleasnb]y pbiyttipgly encaged weth gpid interfacs struplyls at gaid

| oc ghia0108x6dh, $Akdin QW%pS;tfdéﬁfré'fs%i%ysﬁb&t&f f%?sgidzo

cushi on are in said f_| rst position and wherein said
15ac koterfater st tyrepatiashodizemalgag dxwiat $aid third locatien fyalweein said

strycture at said fourth |qcation. n.sajd.backu .
ot r eetire Aol e e iRt bR Pl i QB tiRal pivor
POSiakisHtween af N@stlal fitstpodRidnbedl a 8ddof Yaditdn, Whefdirdéald Backup
further conprising a shim nounted to one of said

bac letrgctyterig engaged gith saidilefeifanestrpetuee a4 s3id uithdogatiog ayhgn said

f our, i i o ) R i . .

oot P02 SLITARL T, LIS PRLALu Nt i
20he Hackiupkstmoturd B disehgagad avith saidfinteifaderstrii ctwdecst eaid faathd ocation

interface, . . . "
when said backup structure and said crash cushion are in said second position.

3. The truck mounted attenuator of claim 1 further comprising a shim
mounted to one of said backup structure and said interface structure at said fourth
location and engaged with the other of said backup structure and said interface

25  structure.

4, The truck mounted attenuator of claim 1 wherein said interface

structure comprises a plurality of vertically spaced third locations, wherein said



structure conprises a plurality of vertically spaced

third locations, wherein said WO 2004/ 094187
weFanAsaen4/ 010931 30 backup structure is rel pPeEEbi094/010931

pivotally mounted to said interface structure at one

of said plurality of third loca&iions: 5. The truck

mounted attenuator of claim 1l wherein said interface

St I WabkiipSst &GRS is $618ashbly Spivetallly HEGRd td\Qid metadd ¥icture at one
spaced and vertically extending 5 uprights, and

wherddis#d phyralityof Hurddpeationsind sai d bearing surface
conprise at least a first and second pivot nount and

at | east sa i g r@dkdmsGRANREAL! ST Iadh! I @H&einfsgirdrfﬁtgrf?&
said first and second uprights respectively. 6. The

t r uskiuptyteroapriges femtandsecand horizontally spaesdeind veicallpesterding

unt. . has, I erticall.y, extendi slot. 10
7 e el S0 B o P ¥ B e Bleas
ﬁai ch fh’swamg sexndtpivde a?uamrxdmg [Eiaftlgt ﬂvéﬁdgldfsecdmawrimutﬂaw
avi ear surface and enl arged | ower portion
. FRENH R oS RERE S FESBF TP m 1 whor ei n
said interface structure conprises a yoke defining

said pivet MOUR trucktmSuntddBtehiiddSKo PRt IOFh&tih @d3hRE mount
of claim1l wherein said bearing surface is an

out s an gloagated yertigalivaexdending slgt. t ruck outfitted with
an i npact attenuator conprising: said truck having an

jender st r gct ur ¢, 206k kMBI ARh&at&! h 1 \pﬁéfg.h%ihg)tivaog mount

nmounted to said understructure, erein sard plv

el erenan @Penognpith srespper ponbipo hevifg atrearangdueadpenid enlarged lower
supported on said support frame; an interface el enent

pi v&PHYY nounted to said support frame of said

pi vot abl e el ement and having a bearing surface bearing

agai nst 8ai d ThewheskshoumtéddtRhuadicofglaimhaShhaeiaBhidinterface
supported at least in part by said interface el enent.
25 Pructyreeomprises afoke|dsiining sridapioemeuatai d
understructure conprises a plate, wherein said

lisnterface el etRirudranbtadieR®dtorSFicthiR! 18k Bereihid bearing
2004/ 094187 PCT/ US2004/ 010931 31 12. The truck of

cl aiswifa® ipnpepevardnrervehiwstab@ce el ement is pivotally
10. A truck outfitted with an impact attenuator comprising;
said truck having an understructure and a pivotable element
pivotally mounted to said understructure, wherein said pivotable element
20  comprises a support frame and a bed supported on said support frame;
an interface element pivotally mounted to said support frame of said
pivotable element and having a bearing surface bearing against said
understructure; and

a crash cushion supported at least in part by said interface element.

25 11.  The truck of claim 10 wherein said understructure comprises a plate,

wherein said interface element bears against said plate.



nounted to said support franme of said pivotable

el emrent with at | east one pivot pin. 13. The truck of
w@b@isnv4i®7 wherein said interface el ement has aPCT/US2004/010931

vertically 5 oriented slot engaging said at |east one

pi vot pin. 14. The truck of cl® m 12 wherein said

interface el enent has an opening having an upper

portion havi NghétrhaadtichEmI0fiRe&in SNE AbiRite SRintnfls pivotally

| east one pivot pin and an enlarged | ower portion.

15. mountedrtgskad opprorafiamel of saitepieotable glemennwish ftdeast one pivot

el e t conprises first 10 and second horizontally

spaced and vertically extending uprights each

pivotally nmounted to said support frame of said

pi vot abl d3el elthatruckld clafing 2twherdin ofid aiterifave BEnwinehasiavertically

aid_jnterface el enent conprises,a yoke, wherein a

Sor Cristedplol EfasBuB e FAMRE BRE Piac L ved 1 anc

pivotally mounted to said yoke. 15 17. The truck of

cl ai m 10 1&ur t ke trackngficlasinr@ vehelbein kaig iténface eleneent has an opening

pivqtal |y mounted.tq said . interface el enent at first.

| oca¥'& a&h‘&%r?é’&{%‘g“%ntgﬁ begg@gjsqrﬁ%f%?qg&g@gép@ﬁg%@stgpe givot
sec jidlad PEAdHIRPe SBAeEFOEibPM sai d first |ocation, and
wherein said crash cushion is supported at least in

part by said backup structure. 18. The truck of claim

17 wher eilp saitbe Badkiafislam1Qovherain sajd inderéace glement oqprises first
abutf | eng . ity ol oo -

sec oa%g Ig?‘!g)é gt |B o%?lw\l\ﬂ \g:PLeJlég Sdﬂg gfﬂg@%g{: Xﬁép‘%ic,“ r g?ﬁtrrs ggﬂs hs&%tglly

pi vohalnted tosaidtsepbariofrane of sant mrdtalde elelnenent at a

hori zontal pivot axis at said first |ocation, wherein

sai d backup styuctur nd .sai,d _crash. cushipn are :

o1 vot abl dbanonte Bk eBin 0 G 50 im GRS Bl Gygoes

| easjoké Whekéih a ppAfontof e4id aishodt fEREOd decRRd i &A1Y, pivétilyemBunted
sai d backup structure is engaged with said 25

i nt 4P F2E80kS enent at sai d second | ocati on when said
backup structure and said crash cushion are in said

1fsi st pogiyti Oy @RELKWTRIEMN 0FRiHikr RBHKHANS b b KuP sBultdre
di sengaged with said interface el enent at said second

| oc ativasalywhewnterhiogatdanterface element ata firsalodatea atdengaged with
cushign are in said secon sition., \WO 2004/ 094187

o PR e R oS S ER R R o P frs Bt ana

f ur tiiekeif o4t ciash BEhbnSHEuppoReditdehst @& pareyGhid takp structure.
backup structure and said interface el enent at said

he ot henBof - i ENCH ELma7 AUEFR S HeF SRS BoR Hedt Felisesbly

20  abuttingly engaged with said interface element at said second location, wherein
said backup structure is pivotally mounted to said interface element at a horizontal
pivot axis at said first location, wherein said backup structure and said crash
cushion are pivotable about said horizontal pivot axis between at least a first
position and a second position, wherein said backup structure is engaged with said

25 interface element at said second location when said backup structure and said
crash cushion are in said first position and wherein said backup structure is
disengaged with said interface element at said second location when said backup

structure and said crash cushion are in said second position.



element. 5 20. The truck of claim 17 wherein said
interface structure conprises a plurality of
woeootioeabt y spaced first |ocations, wherein sarpcr/bsmkupi0931
structure is releasably, pivotally nounted to said
interface el enent at one of sazy plurality of first
| ocations. 21. The truck of claim 10 wherein said
bearing §yrf agge ircladt RithaT i tier 0391 HHE%gghlﬁ‘lrjﬁ{)%&i to one of
22. A nethod for nounting a truck unt t enuat or
t o aatdrhackup strueire ang seili idtesfoeacglemersat sd sdgendylogatroa, wherein
wher, I QL an_interface
ol iRy Bl R B qr PP PER BTMFL R S imsae
by ecbamehti nterface el enent; 15 p| voting a pivotable
el ement of said truck from a subst anti ally horizontal
03|t|on t d t|o v»her ai d pivotabl e
B et @y Tt orbfiindrihersihnd intedie bt ampaees o
on S;ﬂthﬁh@lw Réviically aBsd frksMetalohY, VARG §did BackeBisHucture is
interface elenment to said support frame of said truck
whi Ireleasably, mvwallamoem@ﬁm myteyface elegieqt atione afjsaid plurality of
pos(ﬁrgtqp g 20 pivoting said pivotable elenment from
sai & position to said substantially horizontal
position and thereby lifting said attenuator off of
the grodhd tBhatredpifeleen 19odierdinmid Deariripiserfaeetihen outivardly
Ia m 2 erein said interface element is pivotally
onr?gg{e d"¥¥°sai d support frame at a pivot axis, and
further conprising sliding said 25 interface el ement
agai nst 2ai d Amehsd fodaiountngd track meaitedattedpaced afthe
said pivot axis whi|e pivoting said, pivotabl gael enment

from sai d ti | FSEREIRH] Sieneaoten e sinyed arheran sy sttenustor
nor IckRiptidks dAReHb QL entla: ARP4LAKLARIRCIAISRRAAHAL APk by

33 24. "The nethod of claim 23 wherein said
undeadtintgdfacerelensentpri ses a plate, wherein said
liding said j.nterface e nt I_nst i d .
nder st uet ur BV B Ao BaR Moo I e ok Tiep p qwpptantialy

el emphkora@igdiosisibn §84 Hité FdsRion2Wherdin@ailigfiviishl @ tleflet dOmdhises a
wherein said bearin g said |nterface el enent 5 agai nst

sai duproat Earee st 3 besupeertading sald YORWEFHNS: cur ved
bearing surf aﬁi@o@ﬂ?b&ﬁltectmcgaéapd iRle?ae element to said support frame of

said truck while said pivotable element is in said tilted position; and

20 pivoting said pivotable element from said tilted position to said
substantially horizontal position and thereby lifting said attenuator off of the

ground to a deployed position.

23.  The method of claim 22 wherein said interface element is pivotally
connected to said support frame at a pivot axis, and further comprising sliding said
25 interface element against said understructure at a location spaced from said pivot
axis while pivoting said pivotable element from said tilt position to said

substantially horizontal position.



26. The nethod of claim 23 wherein said interface

element is pivotally nounted to said support frane at
w@200d/0pi18Dt axis with at | east one pivot pin. PFr/uIiee4/010931

nmet hod of claim 26 wherein said interface el ement has

a 10 vertically oriented sl ot3zengagi ng said at | east

one pivot pin. 28. The nethod of claim26 wherein said

i nterfacgy el erRitheth@oflaimOi3eNhdI8in RAY uRderstuddRE  bmprises a

portion wth a bearing surface engagi ng said at |east

one Plan, wherep saidilidingrsaihinterfgediel poomtragpostispignind ergtruckiwe

et E&g r‘?ges B%‘lﬁ Sgl% ﬁ{‘@ J]erﬁé”H g Alﬂ&%&lﬁ??? el ement

conpr seconél For 28h aI‘Ty spaced and

verti cal I y ext end| ng upr| ghts each pivotally nounted

to said %‘i,lppdﬂte mﬂmofaﬂaimazwltﬁwiotsabIbearétgesmhhterfaee element

claim22 wherein said interface nment .
3 ot i1y Bap o oToR Lok PRl bl P @6 BufiR geains
| nt e4id phaee. eI emant to said support frane conprises
inserting a portion of said support frame into said

yoke. 20 1. 0 i m.22 furt onprisin
pi vot al 1§ |’?1%E‘HP ff? L;%‘glt‘ir?}&sﬂpém? cggtsgpent 1s plvqa”y

I Nt fioliAee t@t %Joﬁtfraﬁleﬂtt Y24 pRSt i @Rith M99 bRGpi81 fn.
interface el enment at |ocation spaced from sai d pi vot

axis, and wherein said crash cushion is supported at

least in?/par tThsymesbadplishim?s whargie suf anterfire elmennbasiod
10f %rﬁbamy?t;neﬂ%@ E}t@n%ca%l sQ@%%Qst?n ?Jo't'Eﬁ‘L i s

rel easabl'y 25 abutt1ngly engage ald interface
el ement at said location. WO 2004/094187
PCT/ US20&4/ oﬂ@@methcgimfsiwmﬂ@evmm odld afterficaicten®@t has an

bR AR B ot R Y B s B maoing i€ teastone

rel p@sqhhyn@auéma@gdj loweepa@@ghng the other of said
backup structure and said interface elenent at said

| ocati on . The od f clai m 31 wherejn said

interfack el gfi’éﬁtet rcraé@sz ah eﬁrluﬁ%\f} intgriase elpgtent eomprises
15 PafRfadl 3eéndRZonWLERCE S FriRA) UResdihy G]Stlrﬁh% &a2h

rel easably, pivotally nounted to said interface

el epwptallamoynied &9 saschpuppptt fragiei of yaid pivogabletlemsms. 35. A
met hod for nounting a truck nounted attenuator to a

truck: 30 T g%k 'nq%o%adf(éla%tﬁ%}é?ﬁ 5295] 1rtt£1'?ar<1:gc ugﬁgt comprlses a

wherei n sai d attenuator COITprI Ses cras
yoke, wherein said pivotally connecting 1nterface element to said support frame

comprises inserting a portion of said support frame into said yoke.

20 31.  The method of claim 22 further comprising pivotally mounting a
backup structure to said interface element at a pivot axis and engaging said
interface element at location spaced from said pivot axis, and wherein said crash

cushion is supported at least in part by said backup structure.

32. The method of claim 31 wherein said backup structure is releasably

25 abuttingly engaged with said interface element at said location.



connecting said crash cushion to an interface el enent;
pi voting a pivotable elenent of said truck froma

weungbensi al |y hori zont al

position to a tilterCT/US2004/010931

position, wherein said pivotable element conprises a

15 support frame and a bed su?;ﬂoorted on sai d support
frame; pivotally connecting said interface elenent to

s ai d suppor t The method bf clsiai 32 ﬁlrnhekconamﬂiqgi asbim ng)us&iddo one

aid.ti

| t f ed
D B by RGO S8iB TG elspeah e Rlsrebly TR iy
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posi
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15

20

i on
location.

34.  The method of claim 31 wherein said interface element comprises a
plurality of vertically spaced pivot axes, wherein said backup structure is
releasably, pivotally mounted to said interface element at one of said plurality of

pivot axes.

35. A method for mounting a truck mounted attenuator to a truck:

resting said attenuator on the ground, wherein said attenuator
comprises a crash cushion;

connecting said crash cushion to an interface element;

pivoting a pivotable element of said truck from a substantially
horizontal position to a tilted position, wherein said pivotable element comprises a
support frame and a bed supported on said support frame;

pivotally connecting said interface element to said support frame of
said truck; and

pivoting said pivotable element from said tilted position to said
substantially horizontal position and thereby lifting said attenuator off of the

ground to a deployed position.



