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L) (57) Abstract: A vehicle mounted crash attenuator includes first and second bays mounted together at a rotational joint. One or

more hydraulic cylinders are mounted between the bays to move the second bay between a deployed position, in which the first

O and second bays are aligned horizontally, and a retvacted position, in which the second bay is rotated about the rotational joint by a

a rotation angle greater than 90° from the deployed position. In this way, the second bay i$ raised above the first bay, and the overall
" length of thie crash attenuator is shortened, all without excessively increasing the overall heigtit of the crasti attenuator.
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- The presewb osmxwesd i on rel ates to"vehicle nounted crash atperusiises and in

particular to arrangenents for facilitating transport of such crash
attenuators_ Vehicle nounted crash attenuators such as those described in
Leonhardt U.S. Patent 6,092,959 are comfonly used in hi ghway repair and
construction. Heavy vehicles such as trucks, sweepers, and ot her noving

. vehicles are positioned in front of a work zone to protect workers in the
~work zone from onconi NgEHHELE MOWERED €RvBht Ad TENIIATAYRenuat ors are
nmounted to face oncomng traffic, in order to protect an oncom ng vehicle
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crash attenuators are deployed to a horizontal position in use, and they
are often pivotedThe gpplieetibs alaipesid benefitaf the fianspatetof WSderavisiemalcl e

ted h att t h bstant | al | t h, when. h
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traveling un verpasses, through door openi'ngs, and the |ike The
above-identified Leonhardt patent, assigned to the Assignee of the present
invention, terhESROEMIMtion to this problemthat involves partially 25

col l apsing the crash attenuator, thereby reducing its overall hei ght. Q her
prior-art patentsThegreshin dnedionspiptasdonsiifle maniehcrasiaiiga8l¥St hat are
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and 6, 186, 5§RenddioMar ch 2006 WO 031029686 PCTI US02/ 27863 -2 Anot her

prior-an approach hinges the vehicle nmounted crash at(%ﬂgnugté)r in two
pl 48es: one adj ac¥abicleompHatedetipeh alignidpiamoitdr anksergascrided In

Leonhardt U.S. Patent 6,092,959 are commonly used in highway repair and
~ construction. Heavy vehicles such as trucks, sweepers, and other moving
vehicles are positioned in front of a work zone to protect workers in the work
zone from oncoming traffic. Vehicle mounted crash attenuators are mounted
15 to face oncoming traffic, in order to protect an-oncoming vehicle in the event
of a collision with the truck.

Typically, such vehicle mounted crash attenuators are deployed to a
horizontal posiiion in use, and they are often pivoted to a vertical position for
transport. Modern vehicle mounted crash attenuators hav : a substantial

- 20 length, and when such a crash attenuator is pivoted to a vertical position for
| transport, it may extend vertically to a substantial height that prevents the
vehicle from traveling under overpasses. through door openings, and the like.

The above-identified Leonhardt patent, assigned to the Assignee of the
present invention, teaches a solution to this problem that involves partially

25 collapsing the crash attenuator, thereby reducing its overali height. Other
prior-art patents that disclose vehicle mounted crash attenuators that are
pivoted verlically for transport include Friton U.S. Patent 4,635,981, Oplet
U.S. Patent 5,052,732 and Unralh U.S. Patents 6,098,767, 6,183,042, and

6,186,560.




m dpoi.nt of the crash attenuator- Wen fully folded, this lgc]@glt&h%@@nuat or
includes a first portion that extends vertically upvvardly adjacent the rear
of the 5 vehicle, and a second portion that extends horizont aI ly forwardly,
over the woedkzgeesti on of the vehicle. The result is a crashnamsnises t hat
is folded into a right angle, L-shaped configuration. A need presently
exi sts for an inproved vehicle nmounted crash attenuator that reduces the
overal | height of the crash attenuator i& the 10 retracted position.
SUMMARY 15 20 25 I n accordance with a first aspect of the. present
~invention, there is provided a vehicle mounted crash att
conprising: a fir#notay winms sprigaghiyngas ‘é”ﬁd’ehéﬁ!%m%d't@(% unt| ng to a
vehi cl e and a,back, end, s fr I I
Girect on wadEanRoEH! 4F PREs BE AR Corl (e EficlTb Ry anANSE R e
ori entation; miahGinRosgeaitdshanesoamori $Vingn anMfotdEadetmls arashaateacialend spaced
fromsaid front end in a |longitudinal direct.ion, fronﬁ end of. .said

second bay pindidgs @’f‘ffélﬁ)@étéﬁrb at gxteags yertieally amyas 'ysaétlfi‘f%t G 90t Rer ei n
sai second b S i tfe depl oyed
position, Ci? ggl c? Seco n%dgcgtgﬁﬁg@ éax(?esi sﬁ%rngtdlrﬁ%ﬂy fgwn%r?ﬁﬁz\gﬁ’téglr%
orientati on r@é‘r o?mditebfmet\amqﬂesﬂhemesumma@raetsmmesémmjfclj@%d Indo got at ed
relative to said first bay throu ? rotation angle of greater than 90
relative to SahiPnglepl-s)aee Sgnftgq’dﬁ 93 said first bay is maintained in said
substanti al |y hor jyzp0iflreshinfBlials! BR aniMpRGREY AARAE ribhirled cregiond aspect
of the invention, ere is provid a VefEl)l cl e mounted crash attenuator
conpri si ng: attémurai‘brtmy redopes Siengverall height efthe @raabtaétenﬂetornemm ng to a
vehicle and a back end.spaced fromsaid front end in a |ongitudinal

di fBction, widasied BESIHOR rst bay has a substantially horizontal
orientation and a second bay conprising a front end and a back end spaced
fromsaid f rgwmyi n a longitudinal direction, said front end of said
second bay prvotally connected to said back end of said first bay, wherein

sl d second, bay it BBl A PR Risec B R floodr infity R8¢ Yepigy@od el oved

position, wherein sald second as a substanti al Mar ch 2006
: vehicle mounted crash attenuator comprising: a first bay comprising a front end

adapted for mounting to a vehicle and a back end spaced from said front end in a
15 " jongitudinal direction, wherein said first bay has a substantially horizontal orientation;
and a second bay comprising a front end and a back end spaced from said front end
in a longitudinal direction, said front end of said second bay pivotally connected to

said back end of said first bay, wherein said second ‘bay is pivotable relative to said
first bay between a deployed position, wherein said second bay has a substantially
horizontal orientation, and a retracted position, wherein said second bay is rotated

20 relative to said first bay through a rotation angle of greater than 90° relative to said
deployed position as said first bay is maintained in said substantially horizontal
.orientation.
in accordance with a second aspect of the invention, there is provided a
vehicle mounted crash attenuator comprising: a first bay comprising a front end
25 adapted for mounting to a vehicle and a back end spaced from said front end in a

longitudinal direction, wherein said first bay has a substantially horizontal orientation;
and a second bay comprising a front end and a back end spaced from said front end
in a longitudinal direction, said front end of said second bay pivotally connected to
said back end of said first bay, wherein said second bay is pivotable relative to said

first bay between a deployed position, wherein said second bay has a substantially



-2a horizontal orientation, and a retracted position, wheng m@ﬁbﬁx§econd
bay is rotated relative to said first bay through a rotatlon angl e of
greater than 90 relative to said deployed position, and wherein said first
and second bays each have an upper s2u-face, wherein at |east a portion of
sai d upper surface of said second bay overlies and faces at |east a
portion of said upper surface of said first bay when said second bay is in

sai d r et hereaoaial ﬁﬁgmﬂ'% andrp piestedannsdioni whergin said geapsklay isfrofated
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orientation. ~and a second bay conprising a front end and a back end spaced
from saper facenet least 3 porgon SF@%"‘E' HHPW&‘#UF@F‘? 86?%"6?1*’“ bay when e serendf sai d

second bgyy @iy Shidkdthactedbapehed to said back end of said first bay, wherein
said second bay is pivotable relative to said first bay between a depl oyed

posi tion, whelERGFOKENEE WER @ﬁa'r%awmgf e invepiemibera s 9”01‘1’6'911 Povehigle
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relatlveto said first bay through a rotation ngeo reater, than 90
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and retracted positions, A wherein said actuator further corrprlses first an

second pfARbes, wher eSRCYK ey ceraRrisng,dfront en §0gh ebAcki e Ec8d BRFk end of
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said first ba a first link, and wherein the second pivot is coupled
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crash attenuator conprising; .a fi conprising a front en adapted for
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hori zontal orientation; nd second nprj si n a front end and a back
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of said ggsamd tdaovei s6Rt Sédoyid RPNRGLESH §4d TRpRByed ank rétrdterf p@emihsfl rst bay,
wherein said second ba i vot abl relative to said first %Oabout a
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said second bay |s rotated relative to said first bay through a rotation
angl e of wg? éggé%cg ieqd of said first bay by a first link, and wherein the second pivot is
coupled with said front end of said second bay by a second link.

In accordance with a fourth aspect of the invention, there is provided a vehicle
mounted chash attenuator comprising: a first bay comprising a front. end adapted for
mounting to a vehicle and a back end spaced from said front end in a longitudinal
direction, wherein said first bay has a substantially horizontal orientation; and a
second bay comprising a front end and a back end spaced from said front end in a
longitudinal direction, said front end of said second bay pivotally connected to said
back end of said first bay, wherein said second bay is pivotable relative to said first
bay about a rotational axis between a deployed position, wherein said second bay
has a substantially horizontal orientation, and a retracted position, wherein said
second bay is rotated relative to said first bay through a rotation angle of greater than
90° relative to said deployed pdsition. wherein said back end of said second bay
comprises a lower edge, wherein said first bay defines a plane passing perpendicular
to a longitudinal axis extending between said front end and said back end of said first

bay, and wherein the rotation angle is sufficiently greater than 90° such that when




90 relative to said deployed position. wherein said back zg%g éisecond
bay conprises a |ower edge, wherein said first bay defin e passi ng
perpendi cular to a |ongitudinal axis extending between said front end and
said back end of said first bay, and2wherein the rotation angle is
sufficiently greater than 90 such that when 16 March 2006 -2b- said second
bay is in the retracted position, the | ower edge is positioned on the sane
si de of ©#idsprenddayds jngthe settacladonsitiendthe fowasiedgs isrrasitigagd on theasaes dance
with a fifbhyaeRfsle Kistha fﬂoﬂY@rﬁHb%ad ﬁrgﬁg@ is provided a vehicle mounted

~ crash attenuator conpri sing: first rising a front end adapted for
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hori zontal orientation; and second bay conprising a front end and a back
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wherein s secon ) pIVOta erelative to said first ay bet ween a
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relative to said first bay through a rotation an reater t han 900

rel ati vebagk end of Saﬁﬁeﬁﬂsb?@d Whesein isaid segped Eﬁh'ssl%{‘i"gatfl? (5%'? e 5d 88t d second
bay is pggy befed é‘CHede?Qél poEitiof], mekeue@a.d%ec%au %JX héad abét‘ibst:?fﬂldllﬁa' d back

end of said second bay is positioned adjacent said front end said first
bay whenherizogtad QB@J‘H@“%@W@ TQV3§@ichq38{°FaWF%’G'" $7id iseee bq}h'sarel?é‘?cbance with

a S Xth AsRRelio iolhe: deyMARAEA rotdiBh e ATRkdiEethan 00 $olbleetonaRr abl e on a
roadmay conp r|S|n%OHa rear end; and a vehicle mobunted crash attenuator

moveabl edeRieYRIiPsEioRewherpi s PRl said aerond beyts ResitienedAdiacgt at i on,

sai d vehigil ®aPPERE 8fls&f fifdt bal! S840 baBIOBRd bBs41d sBcdrid Bdy BahsEORRY | Sing a
front end coupled to said rear end and a back end spaced from said front

end in aaqila@ﬁjwttsa@. frent endjof said Hrst b@oh@ﬁ"é'i‘ ﬁa@ase&ow P8y iy sHASCERAYRD and a
bott om aggs‘ﬁ-bnsubst antially horizontal orientation, wherein said bottomis
spaced above the roadway when said vehicle - mount ed crash attenuator is:.in

sai d retract el asePrérsEoYEY & Shh @ﬁP%ﬂtlenﬂ"e iMention, dkerenia maYidedfri sing a
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direction, said front end of said second bay pivotally connected to said

back endaignuaior maveake bswen\ﬁr@p@yﬁd§anﬂ9%@@6rﬁmd@ar>¢tra§te§meft%ﬂmt@nr elative
to said §ii Sbhicle mounted crash attenuator comprising a first bay comprising a front end

coupled to said rear end and a back end spaced from said front end in a longitudinal

direction, wherein said first bay has a top and a bottom and a substantiaily horizontal
orientation, wherein said bottom is spaced above the roadway when said vehicle

mounted crash attenuator is in said retracted and deployed configurations; and a
second béy comprising a front end and a back end spaced from said front end in a
longitudinal direction, said front end of said second bay pivotally connected to said
back end of said first bay, wherein said second bay is pivotable relative to said first
bay and has a substantially horizontal orientation then said vehicle mounted
attenuator is in said deployed configuration, and wherein said second bay is rotated
relative to said first bay through a rotation angle of greater than 90° relative to said
substantially horizontal orientation of said second bay as said first bay is maintained
in said substantially horizontal orientation when said vehicle mounted crash
attenuator is in said retracted configuration.

In accordance with a seventh aspect of the invention, there is provided a
vehicle operable on a roadway comprising: a rear end; and a vehicle mounted crash
attenuator moveable between a deployed configuration and a retracted configuration,



bay and has a substantially horizontal orientation then sg %
nmounted attenuator is in said deployed configuration, ere| n sal d
second bay is rotated relative to said first bay through a rotation angle
of greater than 900 relative to said-2ecsubstantially horizontal orientation
of said second bay as said first bay is maintained in said substantially
hori zontal orientation when said vehicle nounted crash, _attenuator Is in
sai d r et paidveliclegneuniert el attenyatacoprdainged Hifst hay caBREsAh2 8Pt of t he

i nventi O%Udébetbesaiosreﬁf end 96d adaciv 8 §[5&e8@|%hﬁ§é|@ iRt éhd’ lﬁ%d@ﬁg}‘ituﬁ@ﬁp“ sing: a
rear end; and a vehicle mounted crash attenuator noveabl e between a
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sai d vehpgdRatiRl Wnekbit saRiNbétoh e RUSRed CAIRE | 'tﬁé Readviayf Wheé sBiaweBRr i sing a
front end coupled to said rear end and a back end Spaced_from said front

end in amosnigAtaiRsmaltenugtarde dn said sefraster @ngﬂwfqyeﬂsqonﬂwam &b and a
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spaced above the when said vehicle nounted crash attenuator is in
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vehicle nmounted attenuator is in said dep Io %ﬂfl yration, and wherein
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. each haygchobveRPEIppeH iR, whbRireatnedtt al RAtdn & s@ﬁu u;hpya sgffa@%fd:awoper
surface of said second bay overlies and faces at fl gon of said
upper supqeRBe bay owqlies ?’?drf§f>e%%ﬁ}eaﬁkﬁé’ﬁ”§’§|°<§SQ'QMPE%S'-H%G%P&Fp @ r$5P@Yat t enuat or
is in sapfen 84id J6KiQE Mmtécg#aﬁiatféhuatbmsaﬁ@éiaql@ﬂmwddn dagbght h aspect of
the invention, there "is provided a vehicle (voerabl e on a rogdgvar%
€ #d foveabl e

conpri si ng: alnr agrordange Wity 2a€ighih; 23nechgli M NVEPERN there: snRigy!

bet ween geri@®bearablc Y rHdwal icOMpASig:a feat BAGLRE £ v8Hitlgwiouhieartrastsai d
vehi cl e nounted crash attenuator conp r|5|ué% a first baé%%gg[)rlm ng a front

end couplieswatos moxeable bgiweeh @ daplpygd SaRig VIS W e 94raleBnt end in
a | ongi t sk Rahicle FhRfdd Bash WRERRIGT dfipfisthlrStirsPBay bthpridirigo® franderdl bot t om

and a su(l:oc;sut anti al Idy hori zont al
pled to said rear end and a back end spaced from said front end in a longitudinal
direction, wherein said first bay has a top and a bottom and a substantially horizontal
orientation, wherein said bottom is spaced above the roadway when said vehicle
mounted crash attenuator is in said retracted and deployed configurations; and a
second béy comprising a front end and a back end spaced from said front end in a
. longitudinal direction, said front end of said second bay pivotally connecied to said
back end of said first bay, wherein said second bay is pivotable relative to said first
bay and has a substantially horizontal orientation when said vehicle mounted
attenuator is in said deployed configuration, and wherein said second bay is rotated
relative to said first bay through a rotation angle of greater than 90° relative to said
substantially horizontal orientation of said second bay when said vehicle mounted
crash attenuator is in said retracted configuration, wherein said front end of said
second bay is positioned adjacent said back end of said first bay, and said back end
of said second bay is position adjacent said front end of said first bay when said

vehicle mounted crash attenuator is in said retracted position.




orientation, wherein said bottomis spaced above the roadg@émﬂp§90 id
vehicle nmounted crash attenuator is in said retracted an epl oye
configurations; and a second bay conprising a front end and a back end
spaced fromsaid front end in a ‘longitudinal direction, said front end of
said second bay pivotally connected to said . back end of said first bay,
wherein said second bay is pivotable reJative to said first bay and has a
substantially horizontal orientation when said vehicle nounted attenuator
is in said deployed configuration, and wherein said second bay is rotated

relative to said first bay through a rotati.on,angl e o reat.er, t han 90
relative to said TM@%?@%?WQO&W?@%{B&P"BW gﬁ%&f'ﬂﬁhdgfa %%qlgesecond bay
when sai d ve%ﬁgmeg%%%e maﬁﬁiﬁ%ﬂ@?’aﬂﬁ_ée%ohﬂ b99s thieRlonpeted by a

configuration, érekLn sal ront en said second bay is. positioned
adj acent sai dofatickalgoidt. cAnsmiwdatdi isstouplad betvkesdhe fissicin ongfbaysitg second

b K it dj t id f t d,of id.first j d
vohi cf e mounfeRyeageoans bmypebrors o qrriyer perok Ty iUnE R ST o
2006 2d The BEeld bafk SEPARINGBHoTi-BRAN! 3Rd ahelraetednsdsitite, i walthahe

mount ed crash attenuator having first-and second bays jnterconnected by a
rotational jseatnd Bay soptatedebpet beuptatiprsdiciridy Bretationangie gredeond bays

to nove the,sec ay bet ween, =DOSIE O ' 41 St
and second g@?‘ﬁ%ﬁ?%@ﬁ%@?i ggﬁ@&%ﬁé%ggﬁg’ e{hrﬂle? ;"g%?g?@p&oﬂ}’{"?‘ﬁ’n‘%”ﬁ n
which the sgroadRhdySs=rlanted teleuhictthe first iy whed irj tientetdagtes! r ot at i on
angl e greater than 90 with.respect to the depl oyed positi

o In.t '
il lustrated pasitonndhe horighataklengttobliys P@%r&@ﬁ'@é@&‘@”&%gﬁ?%ag%@e
first"bay, wh in.h t A itlong T i f thi
cr ash att enutibeed b Bt RAL PP AR AR e G Rerd HoRATLEInG Fadicod thi S

i ncreasi ng tagsA\Blcalbioreixgbisiafly.t he retracted crash attenuator
excessi vely. The foregoing sections have been _Erggiyded bfy wa iOf gener al
i ntroduction, andTb&éreap@osECiont BAYRBSEB Aradted BY W s%%rﬁ%aof t he

follow ng Ci'n?ﬂoﬁﬁcg&g'aﬁﬁ (REPGR At A%dﬁﬁﬁe%ﬁw*%dﬁe%ﬁ the YolldwiAg

perspective View 0 veh e nounted crash attenuator that incorporates a
preferred engtlaghgrent of this invention, positioned in a deployed position.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 11s a perspe'ctive view of a vehicle mounted crash attenuator
that incorporates a preferred embodiment of this invention, positioned ina

deployed position.




16 March 2006 WO 03/029686 PCT/ US02/27863 -3 Figure 2 is ?6%&&%@)@6"’ of the
crash attenuator of Figure 1 in the deployed position. Figures 3, 4 and 5
are si de woaa®2%86 r espondi ng to Figure 2, showi ng the seporusizaysaf the
~crash attenuator as it is raised progressively to the fully 5 retracted
position of Figure 5. Figures 6-9 are dgtailed side views of central
portions of the crash attenuator of Fi“g'ure 1 in the positions of Figures
2-5, respectively. Figure 10 is a schematic di agram show ng the second bay

18 of Figure 1 ip.t ter j ifJ i : i 12 are

per spective vi ewsE@f“vr\gézﬁé@t%@@ygﬁ%ﬁggtcgésgfé%er&%égzﬁaﬁg??}i'rnratgg enbodi ment
in the parti gepyegiposibed and fully retracted positions, respectively.
Figure 13 is a sectional view through the elenents of Figures 11 and 12 in
t he depl oyed posi Figuies 364 pigdr @residg %leyssf&ﬁf@ﬁHPﬂa'"Qiiag‘g%é% SFO%RGt her

veh cl e mounyed. olan ha A EE WM ay 401 RESR T gheSHvelHB (RRAMNGS

Tur ni ng now -hoe? ngs, gure shows a vehi cl e"nounted crash
att gnuat or 1gbtrmusd posititn pf Aigerdéhind a truck T. The crash attenuator 10 20

includes a first bay 12 having a front end 14 and,a bhack d 16, and a
second bay 18 haf'JQngSaﬁTgr%ﬁtﬂgeé?ﬂde%d%H@“ﬁ &a%tf@haog'ﬁ’?s?ﬁ@‘%??%? and

Secons bave aiénclr BIChUREY ERRESIIISAIMUIBO L 6 a08pEdiveRb, and Lhe back

end 22 of the “secon defines a | ower edge 28_" The front end 14 of

~ the first bay 12 Figurendi @dchemahediagurk shopyngtheoigssonddayr iSeiddasie 30,
that can for _ exanple 25 be a rigid, fixed nmounting arrangenent. As shown in

Figure 1, th&MW ?“‘H&?t“_’ﬁ?po‘?'é‘)'%%nti | evered fromthe truck T, and the first

bay,12 remins ingg fdxpfan®f Db phiprciid DiehesoTariedted thmpbheists of a n bot h
thgodepl oyed andrﬁ’g%{éas)ét e?in posi ti%onés?jédi scussed below. Alternatively, the

nount i ng ar r sexgpedeefedtdmamnbaidinentindhé pagialip sgtragted and fully retracted
positions, respectively. -
Figure 13 is a sectional view through the elements of Figures 11 and

12 in the deployed position.
15 Figure 14 is a schematic side view of another vehicle mounted crash

attenuator.

DETAILED DESCRIPTION OF THE DRAWINGS
Turning now to the drawings, Figure 1 shows a vehicle mounted crash
attenuator 10 mounted in place behind a truck T. The crash attenuator 10
20 includes a first bay 12 having a front end 14 and a back end 16, and a second
bay’18 having a front end 20 and a back end 22. The first and second bays
12, 18 include respective upper portions 24, 26, and the back end 22 of the
second bay 18 defines a lower edge 28. The front end 14 of the first bay 12 is
rmounted to the truck T by a mounting arrangement 30, that can for example
25 be a rigid, fixed mounting arrangement. As shown in Figure 1, the first bay 12
is cantilevered from the truck T, and the first bay 12 remains in a fixed
orientation with respect to the truck T in both the deployed and relracted
positions discussed below.
Aiternatively, the mounting arrangement 30 may allow the first bay 12
30 to pivol about a horizonlal pivol axis 90 with respect to the truck T (Figure 14).

This pivoting can be entirely passive, thereby allowing the first bay 12 to il




30 to pivot about a horizontal pivot axis 90 with respect t uck T
(Figure 14). This pivoting can be entirely passive, theré%&%ﬁf%@ig t he
first baywblsiogedgs!t 16 March 2006 WO 03/ 029686 PCT/ US02/ e¢8aR0z/2ysespwar dl y
to pass over an obstacle, or active, thereby allowng a user to position
“the first bay 12 at the desired tilt angle. In Figure 14, the back end 22
of the second bay 18 is supported in thé-retracted position described bel ow
by a bracket 92 secured to the truck T or other shadow vehicle. 5 Sinply

by way of exanple, the first and second bays 8 can.be constructed as
descri bed in L@@@ﬁwartauna@sg.vepaﬂ&%*@?%ﬁ,?@ﬁ‘g?']‘ééf&%aﬁi‘&“w?Héer issi gnee of

the present inventi | A ANAtLRIQY IV BLAFENS She Aack @pERDI bed
inthis pateﬁ%,Sﬁ@netﬂgrfﬁgﬁgﬂﬁ{)?Q?Wg a;/rg naya??jncl lﬂde'tg;a_n ener gy absor bi ng
el enent, thoughssetors] Baengss angparted isHbemetracted gosidion deserigcapelpy by10 of

illustration. As shown in Figures 2 and 6, the back end 16 of the first -bay
12 is secur ébraeketn¥ W%@dgﬁ%éﬁﬁ?@u% ?tq{@tr%eé'csijr?goﬁ'a\ﬁﬁ%i ®by a rotational

j Oi 40 that defd: I i b S fi D bead bahewn igckhgere 6, in
Jorng ﬁr@ﬁ&o@/a\{v?g%rf'e%'i%b!é}%éfn‘%?an&%e i bsl chh O

t hi s” enbodi ment nal axis 42 extends horizontally and is
posi ti oned adpacemtet! ae dekSribppér Leparhdrdhld. 2P atest 6.8P2 §58s asHigned INthei gur e

6, an actuator 50 is npunted between th back. f LISt pbay 12
~and the fronﬁséigﬁe%)félf'ePF%S%EW&HEBQ?@QWW'”{% ﬁ&g}%)?gn%{ 'Je%;?er{gh{éé'aé uat or
50 takes the i 8Hl ioheltotiat theshaysutiay etiide dmendayk end 16 of
the first bagggéﬁa‘%ﬁlg%%ﬁ@pi'vo? 52, and that isﬂgo mpunted to first and

second | i nks abSobthgelearenipipougpisvoh ementaare nptshowpin Bigurg | feelantys
pi vot abl y conn@ct ed.to the back end 16 of the first bay 12, and the second
il 58 is pPUBEEE?YPEonnected to the front end 20 of the second bay 18.

In one practical gyampe intfhguekenemnd 6, 5@ tdukamrght G8f treefirduipty t2ised on
both sides of the crash attenuator 10 to provide symetric s, tendi ng

] . forc
to 25 rot at esetired dedmelfroalend 20156 the sae0dha { HRYE Loz l.o'qfi‘t(‘?utf‘ég 2 and

6 sh h h 10 /i : jo b @0 i b
128 dori neeies sepaleaeAn AR P ERrg §in iiRbBlinidlR bays

, the rotational axis 42 extends horizontally and is positioned adjacent the
15 upper portions 24, 26. _

Also as shown in Figure .6, an actuator 50 is mounted between the
back end 16 of the first bay 12 and the front end 20 of the second bay 18. In
this example, the actuator 50 takes the form of a hydraulic ram that is
mounted to the back end 16 of the first bay 12 at a lower pivot 52, and that is

20 - mounted to first and second links 56,58 at an upper pivot 54. The first link 56
in turn is pivotably connected to the back end 16 of the first bay 12, and the
second link 58 is pivotably connected to the front end 20 of the second bay
18. In one practical example, the elements 50 through 58 are duplicated on
both sides of the crash attenuator 10 to provide symmetrical forces tending to

25 rotate the second bay 18 about the rotational axis 42.

| Figures 2 and 6 show the crash attenuator 10 in a deployed position.
Each of the bays 12, 18 defines a respective longitudinal axis 66, 68
| (.Figure 2), and in the deployed position of Figure 2 the longiludinal axes 66,
68 are subslantially parallel to one another and oriented substantially
30 - horizontally {i.e. parallel to the roadway supporling the truck).
in Figures 7-9, the reference symbol 64 designates a rotation angle

that will be used as a measure of the rotational position of the second bay 18




(Figure 2), and in the depl oyed position of Figure 2 the | ' ppal  axes
66, 68 are substantially parallel to one another and ori éﬁ@%‘gﬁ%d&a

subst ant i gig ag3dsshori zontally (i.e. parallel to the roadwagTagppemsés ng t he
truck). In Figures 7-9, the reference synbol 64 designates a rotation angle
that will be used as a neasure of the rot ational position of the second bay
18 16 March 2006 WO 03/ 029686 PCT/ US02/ 27863 -5 with respect to the first

bay 12 about the rotational axis 42. In Figure 6, the . rotation angle 64

takes the value of 00 In Figures 2:and 5, the ref enc

desi gnates a Wé'ﬁﬁ?wdﬁl’ﬁﬁé Sb@%%|1%@bPHF%dﬁtth@a ﬂﬁt4 axgb%ﬂé‘ Mt 30
forward of th Pofhethe first and second bays 12, 18
are di sposed rg)rt] tHne y&r@eséﬂélg?g \(f)?authe vertical plane 70 when the crash

attenuator 10 is i E;Qeraiﬁbho@édtrm)mfeneone@ﬁ/mbﬁi ?jQud@sngnatleﬁ aivtg'uwsp'@ne4 and
5,-the reference synbol 72 is used to |nd|ca n h the
rotational axpassiy %@U@F r@n‘?‘@H”??%ﬁg@BQ%@PQ ?%?qrn}éra?fgth@gtﬁ tfeg/dﬁ;é"]%égm s
66. Figures 8 b4ySWoC 98 198 RRPGBE chirdl féanm‘ar gune 2, in
whi c'r% t he ac?%% ‘i’hggggl dasbe?eoﬂ extyended partially to raslhse the(ﬁ'ysecond bay
18. In the westicaifpldrniegid eviien thhe:rwigaféerﬁmt®!s1%lﬁdﬂtth%QeDWMEé ppeiipe®ént s an
- intermedi ate st lge in the retraction of the second bay 18. 15 Figures 4 and
8 show the crfd8¥ettenuator 10 at another, nore advanced stage in the

retraction-of the iﬁ%@uﬁ@sbﬁw it 5|tﬂetréle$er¢@§yrﬁb@ YZBsstus@tho ireficdtas been
extended until the ation ang l e 64 is about” 120 qure 8) Note that in
this positi orplamé]pas:smgrth!@dgb t@%rﬁagoﬁﬁi\ﬁé@ 4%ﬁ%pﬂﬁ9te€ rqqgsge:ae

(Figure 4). ﬁ A? Fl gure 10, the second bay 18 is characterlzed by
a dEpth a and¥ qcﬁﬂéﬂ%"sb ‘When the second bay 18 is rotated about the axis

42 by 90 (as showgidas3Phhdl7IshB@sa bidehigueardiponding (ot blFigyre Bfinact ed
attenuator has a height h. Further rotation has the ef fh%céec%fndlblg t+é1g t he
| oner edge 28vhich tie agtgator 50 has been extended partially to raise t y
In the view of Figure 7, the angle 64 is about 55°. This represents an
. intermediate stage in the retraction of the second bay 18.

15 Figures 4 and 8 show the crash attenuator 10 at another, more
advanced stage in the retraction-of the second bay 18. In this case the
actuator 50 has been extended until the rotation angle 64 is about 120°
(Figure 8). Note that in this position, the lower edge 28 has moved forwardly
of the plane 72 (Figure 4). ' _

20 As shown in Figure 10, the second bay 18 is characterized by a depth
a and a length b. When the second bay 18 is rotated about the axis 42 by 90°
(as shown in solid lines in Figure 10}, the partially-retracted attenuator has a
height h. Further rotation has thé effect of lifting the lower edge 28 until the
lower edge 28 crosses the plane 72, after which the lower edge 28 begins to

25 move downwardly. Once the rotation of the second bay 18 has gone beyond

| ‘the position shown In dotled lines in Figure 10, the height of the lower edge 28
(and therefore the overall height of the attenuator 10) becomes less than h.
The angle 0/2 of Figure 10'is equal to arctan (a/b), and the angte 0 is equal to
2 arctan (a/b). Therefore, it is preferred that the second bay 18 be rotated by

30 an angle no less than (90 + 2 arctan (a/b)) in the retracted position in order to
ensure that the overall height of the fully retracted attenualtor 10 is less than

that of an atlenuator in which the second bay 18 is rotlated by 80° belween the




| oner edge 28 crosses the plane 72, after which the |owver ;gdge R8,hegins to
25 nove downwardly. Once the rotation of the second bay 1é has" gone beyond

the positygspbegp in dotted lines in Figure 10, the hei gbkrRisodged over
edge 28 and therefore the overall height of the attenuator 10) becones

| ess than 11. The angle (U2 of Figure 10 is equal to arctan (a/b), and the
angle O is equal to 2 arctan (alb). Thej-efore, it is preferred that the
second bay 18 be rotated by 30 an angle no less than (90 + 2 arctan (a/b))
in the retracted position in order to ensure that the overall height of
the fully retd@uswst ahd eruetwclaDposlions $n tHaexamtig, (afb)dnearaldn faf 8°di n

whi ch the second bay 18 b ween_ t he 61 M0

03/ 029686 PCTNESESPHYBE ‘%éscﬁ’é‘fa)‘lﬁaﬁj%ﬁ%{ﬁgmﬂ% el %’igqﬁ%%@?%ﬁg"q‘ 1% this
exanpl e, (al blo8 ﬁ‘iH@hebl@ Qd%narlﬁe réﬁﬂé‘cté@@@@mohey FL&hEes r@tr@if:l&irﬁcbﬂ Uner ot at ed
by a rotation ang e no ¥ t han . between the depl oyed and t

retracted possdaoodsbaylflﬁ fnewndr (X a(@ﬂueﬁ?ﬁ bre evasall Qé@@h@f W@Bﬁ B§9BH%I[°E43
reduces the overall height of the crash attenuator 10. Although this
exan‘%l e di scutdes attenuat or bays with a rectangular shape, this is in no

way nmeant to Iim taiHag ﬁqm@eex@?nﬂléUssw@y@mat@matahbawwsmatreciamgeian on can
- be applied to attenuator bays of many other cros

‘5 secti onal Eﬁ?ﬁsﬁ such
as el |i psoi dathappothjgisriaino wiayi MeaRe o WRE Ye SCaRe ¢ i pyeatiof gt " he

h att t 10 th t uat
50°has. been SRS AT e st AGTUPE Thys T ahPBiet Bty ubam actuator

appr oxi nat el ys,h%geél'sddh PO ipdigalr @o@gonélnandhloménﬂﬂa}oesr et ract ed posi ti on,
the | owner edge 8 is positioned substantial ¥\@ J(t;'?éfoh t gl ane 72,
on the same side &figume Spanehd showdbe RS “sé‘ﬁ'bl e theTe farcé 15 bay
12 (Figure 5) tthenspempdHeay tHd is

posi tioned a(ﬁogglgﬁtn}@h'gﬁ %\Ié?gr a%]%@ﬁ%‘b??@ﬁ%%gﬁtfed t?l of ﬁt he first bay 12,
and the Upp%taﬂ@htangrmrﬁfha;ﬂﬁokua@e@rmuahmh&@ (FA‘@UFSP%MN this Rilyure 5, in

upvar dl y” (si Helscied prEgonothegesh FESEEAS Ppotipbre sBRrRal B Aiote 1%ang
2)s Sgnga;h§2%ﬁ§§@qﬁ 7P JHRREsaRMY Likef A aewefmsmr@ﬂ@maéﬁu ¥4 of @vafigt t he
15 bay 12 (Figure 5). In this position the back end 22 of the second bay 18 is
positioned adjacent to and overiymg the front end 14 of the first bay 12, and
the upper portions 24, 26 face one another. As shown in Figure 5, in the fully
retracted position the first upper portion 24 continues to face upwardly (since
it has not becn rotated from the position of Figufes t and 2}, and the second
20 upper portion 26 now faces downwardly, toward the first bay 12. Inthe
position of Figure 5, the second bay 18 rests upon and is supported by the |
first bay 12. Also, both of the first and second bays 12, 18 are still located
entirely behind the vertical plane 70.
The second bay 18 can be moved with the actuator 50 from the
25 | retracted position of Figures 5 and 9 to the deployed position of Figures 1, 2
| and 6 for use. | '
In the example illustrated in the drawings, the second bay 18 is rotaled
by about 180° with respect to the first bay 12 in the retracted position of
Figures.5 and 9 as compared to the deployed position of Figures 2 and 6. In
30 - alternative embodiments, the second bay 18 is nol.rolaled to such a large
| extent. For example, the second bay 18 may be rotaled by 145°, 1557, 165°

or 175° with respect to the first bay 12. As another example, the second bay




position of Figure 5, the second bay 18 rests upon and islﬁyﬁa{ﬁ by the
first bay 12. Also, both of the first and second bays 12, -are”sti ||

| ocat ed 3uSde¥g DENI Nd the vertical plane 70. The secongdchaxeddsgan be
: 31029686 > CYUR02/378
noved w tﬁ%:dhfe actuator 50 fromthe 25 retracted position of K gures 5 and

-9 to the depl oyed position of Figures 1, 2 and 6 for use. In the exanple
illustrated in the drawi ngs, the second7bay 18 is rotated by about 180
with respect to the first bay 12 in the retracted position of Figures, 5
and 9 as conpared to the deployed position of Figures 2 and 6. In 30
alternative etthodiyrenotsted iy mercohanbi®p° 1iBthesrotaitonal giigtie QOsHORRE AU | ar ge

. le, th db
T75owi ih respial egiadigne 22 R uar e g Won Bpl 203 fls Piirekfes pdlton. 0. %) ¢
March 2006 VQQ3/:339688c B bSPRIRTRES by ndi@ 1M J0e bedkeétheylepiayedt han

180, if the rotational axis is positioned such that the back end 22 is
| ower than t remdfretractedrzbsitorisn 10 s exempta. datatiesianags gregterdhgn d48es t he

second bay is ratated re th 0 t etracted
posigf]i ons. | rPf?Wﬁét"&a%'ﬂgg? 8% B%mgﬁ]gatﬁglo\é\%?%'r%@ggfrj&?hgﬁs@&g%@%pr{ ovi de the
advant age of giedusgidi@siddenned @ b foieghiagf attdreufiot otthecyamsdinagrisionsat or  as
conpared to a folded crash attenuator of the same dinmensigns that is

fol ded only Wiatds felded paly tih@gl retasongngast $ @%"5’??8(*05@3 dzﬁcé’éﬁ% ed

. above). For this.r , ¥ i sition is
preferably r@%jgf' %h 'ﬁéﬁggrrg%‘gﬁ?éﬁg%%g?%@gﬁyérgégtrtheér Fh?%%(%é%ggézﬁﬁ%%g preferably
10 greater -t hpsreldily raaddmsta mtationratyiy 64 hoedted tHem 1457, sware peefecably t he
rotation angle 64 may be greater th naﬁo. Not e that the second bay 18
ext¥hds f or warentyr bent e p@%@“"ﬁépf‘%?r Mawtu@ 03” PRES G451 B angl e 64

greater .t hap, 9o, oG Sy dd o BURHIAaeaYdRbR] (Al tid dschdmalers ange of

changes and I'cat 1 ons to the preferred enbodi nents

descri bed abexendsThevacdigsti the pameatbior elvaiues|alidlee nfebon Baglet8dogisales, and

t he bays thenselves may vary widely in construction. For exanple, bays of
Of course, it should be understood that a wide range of changes and

15 modifications can be made to the preferred embodiments described above.
The crash attenuator can include more than two bays, and the bays
themselves may vary widely in construction. For example, bays of the type
described in the following U.S. Patents can all be adapted for use with this
invention: June U.S. Pat. 5,642,792, Gertz U.S. .Pat. 5,248,129, Geriz U.S.

20 Pat. 5,199,577, Krage U.S. Pat. 4,711,481, Fritton U.S. Pat. 4,635,981,
Walker U.S. Pat. 4,008,915. Of course, other types of hinges, actuators and
linkages can be substituted for the illustrated elements. As one alternative,
the actuator can include cable extending between the second bay and the
truck and some means such as a winch or the like for pulling the cables to

25 rotate the second bay to the retracted position. Furthermore, the retracted
position may leave the s'econd bay somewhat angled with respect to the
underlying first bay, rather than in the overiying substantially, parallel position
shown in the drawings. For example, if the fully deployed position is
characterized by a rotation angle of 170° or 175°, this may reduce the strain

30 “on the linkage and the actuator. Preferably, the system is designed such that
there is no load on the actuators or the links when the second bay is in Qiiher

the deployed or the fully retracted posilion.




‘described in the foll ow n'g U S. Patents can all be adapte th
this invention: June U'S. Pat. 5,642,792, Gertz U S. Pat %é‘%ﬁ%iw Certz

U S 20 577, Krage U.S. Pat. 4,711,481, FrittopchySefiads:
4,635, 981®b(\7éf%g(? .S. Pat. 4,008,915. O course, other types of hinges,

act uators and Ilnkages can be substituted for the illustrated el enents. As
one alternative, the actuator can incldbe cable extendi ng between the
second bay and'the truck and sone means such as a winch or the like for
pulling the cables to 25 rotate the second bay ﬁ the retr posi ti on.
Furthernore, the riwagioégxamos. tli‘@lfp”wg éa&a&w §0§%‘8&§'@“§3®“ giﬁ?é\ma

angl ed wi th resp 3L%$$9W%£‘§? G A e dd™ayRo 1EPMRGMANABNLER i he

overlying su pos ion in the draw ngs. For

exanpl e, if theofddrdcs vdqp{r@yadctsganetomms: Palah®,092,869zed by a rotation
angle of 170 or 175, this reduce the strain 3 age.and. t he

actuator. Preferalihg Flghéﬁss}/ 1 8o %@?@ﬂé&”@%‘ﬁmﬁ%a%ﬁtw&?s no | oad on

the actuators_ or t g 11 dhh 2 Itiudd Rersiael oyed
or the ful ly PEMW A8 Tht B'ﬁl; AT ORORERA AR LA 11 ifIuac BliRe) oY o
-8 By way of ‘epcampl %rm%hﬁefb@bk@wdrtgtld@ﬂmt bsy @hdc erfszme dtl Bdhattfatres been

found suitable when the first and nd ba 18 a npl emented in
accor dance wiftantend Odﬂ#éﬁé‘é‘lﬂ%bw 313}1518er1 5 ézléﬁegrggﬁaéi‘lﬁe Fi gures 11-13

Show sel ect eqnEOIRABERL S rdtaBEasl éHHEi@o@ SPRl Sositidieof theurdmatied

conponents o I gures lude a frame 116 that forns the back
end of the fiasd tmyfoaameaséa:cmmbawas tatrmiradisy taeduatprsomthighia s t he

3 d bay. The f 116 t b
Yot#i onal ,axﬁfnpi%%%ghe onaopbEIBHiR SRRy 114 s R BRBYEY Yere or e the
second bay) Lﬂst@r Fnéﬂgﬂp&yer@é%b%aof@ﬁbﬁhyu@wnblc_s/nridbremripl e take the

form of hydra IC cy ers ) best shown in Fi upper end
of the rod okoeaettetptranfiist inlc § 1D helthe frameiisl6 %‘%Héé‘ts@&oﬂgj “&kﬁﬂ?é‘t} the nk 110
to the frane 116 ahéi by a second link 112 to the frane 118. Figure 12
shows the ma 36 { Hf-whi ch the frame 116 includes a pair of

Figure 12 shows the manner in which the frame 116 includes a pair of
15 vertically oriented, spaced, parallel plates 120 disposed on opposite sides of
each of the hydraulic cylinders 114. Similarly, the frame 118 includes a pair of
verticaily oriented, spaced ,'par'allel plates 122, each disposed outwardly of a
respective one of the btates 120. As shown in Figure 12, when the frame 118
_.is positioned in the fully retracted position,-each hydraulic cylinder 114 is at
20 least partially received between the respective plates 120. Similarly, as
~ shown in Figure 13, when the hydraulic cylinders 114 move the second frame
118 to the deployed position, the hydraulic cylinders 114 are received
between and protected by the respective plates 120. In this way, the
hydraulic cylinders114 are protected from damage from low velocity impacts,
25 or from casual damage, for example in a highway work zone.

Simply by way of'example, the parameters of Table 1 have been found
suitable in one embodiment of this invention. Of course, all of these
paramelers are intended by way of illustration, and they in no way limit the
scope of this invention. Reference numerals of Table 1 identify the

30 associaled slruclure in the drawings.
| The energy absorbing elements of the {irst and second bays 12, 18 can

be construcled as described lor example in U.S. Patents 6,092,959 and




15 vertically oriented, spaced, parallel plates 120 di spoggqy opRpsi te
sides of each of the hydraulic cylinders 114. Simlarly, the trame 118

i ncl udes qu)&jﬂfz%ﬁ%fs vertically oriented, spaced, parallel ppkalsgs7he®, each
di sposed outwardly of a respective one of the plates 120. As shown in
Figure 12, when the franme 118 is positioned in the fully retracted
position,, each hydraulic cylinder 114 % at 20 |least partially received
bet ween the respective plates 120. Simlarly, as shown in Figure 13, when

the hydraulic cylinders 114 nove the second frame 118 to the depl oyed

posi tion, thedAParTSa Pesigned iitesAssianes af thedupsed '“‘f?‘é‘t“ﬁ@é}?@?ﬁfeg)’ot ect ed
by the respecti i ; | b G i rsnlld are
protected fr O'H1C§§)r9g%t§8§) S(or%ﬁ(?%r\}\%egét' @ct f\{e‘ﬁﬁ%ﬁﬁgggﬁed‘lég&gﬁ Ir#(f\(l)'rgryélaégggléganage,
for exanpl e ifraxhingley sheslalaomm.Si nply by way of exanple, .the
paranmeters of Table | have been found suitaﬁl e ig one e (gedi men f.this

i nvention. OF cour'8dhisgxpmpte.ithe@ctualarigeyeldedyaraulie SXWadr gy of
illustration, i Ve 4 140 i f LSel Hon.

Ref eT ence nurr%dradﬂll 35%1%?5%? gpi\ﬁi% (e)gtt\{rf%e%/h%{t%u%%@%@?g&bﬁcgg%ﬁﬂﬂﬁ?ﬁge in the
drawi ngs. Thecyindedyasabsaratiengrodileewitnsenaiier phisidd digensienssusbadhe@jeel2, 18

can be constructed as describ for ex le.in U .S, Pate 2,959 and

. 16 March 200878 @Al P56 @%&Tﬁ%&%ﬁﬁ??é@@%ﬁ%@{@g%{ C%%@fgg’ﬁggqﬁo t he
~Assignee of the puResHhbédiv@ntd.on and hereby incorporated by reference,
~and the material used to formindividual cells can for exanple be sheet

alumnum In this exanple, the actuator is a welded hydraulic cylinder

(wel ded 5 body) as opposed to a tie rod type hydraulic cylinder, because a

wel ded cylinder has a snaller profile with small er outside dinmensions and
is therefore nore easily packaged. O course, a tie rod type cylinder can
be used in alternative enbodinents. _ 16 March 2006 WD 03/029686 - 10

PCT/ US02/ 27863 :




Table 1 Presently Preferred Crash Alternator Paranmeters A 65 Fr ame

- Elenents (kg) Transverse frane at back end 16 72 Transverse frafe at front

end 20 82wgolizmaseer se franme at back end 22 152 Side franpcefugeengs332 B.
Monment of Inertia of Side Frame Elenents (kg-nR) 1.92 C Longitudinal Gap

- Between Energy Absorbing El enent and Adjacent Transverse Franmes (n) First
bay - 12 0.229 Second bay 18 0.178 10 -I00- Ener gy Absorbi ng El ement of First
Bay 12 No. of  cells/row Row 1 (adjacent back end 16) 8 Row 2 8 Row 3 16
Row 4 16 Row 5 (adjacent front end 14) 12 E. Energy Absorbing El enent of
Second Bay 18 No. of cells/row Row 1 (@ &cent back end 22) 4 Row 2 4

Row 36 Row 4 16 o Row & bhAGSralk Abortsk BQorfeily el Thi ckness ()

Al Mass of Frame Elements (kg}
Transverse frame at back end 16 72
Transverse frame at fronl end 20 82
Transverse frame at back end 22 152
Side frame element 32
5 B.  Moment of Inertia of Side Frame Elements (kg-m®) 1.92

C. Longitudinal Gap Between Energy Absorbing Element and Adjacent

Transverse Frames (m)
First bay 12 0.229
Second bay 18 0.178

D. Energy Absorbing Element of First Bay 12

No. of Material Thickness
cells/row {mm) )

Row 1 {adjacent back end 16) 8 0.81

Row 2 ) 8 - 0.81/1.02 (4 of each)

Row 3 16 1.27

Row 4 16 1.27

Row 5 (adjacent front end 14) 12 0.81/1.02 (6 of each}

10
" E. Energy Absorbing Element of Second Bay 18
No. of Material Thickness
: ‘ cells/row {mm)

Row 1 (adjacent back end 22) 4 0.81

Row 2 4 0.81

Row 3 8 0.81/1.02 (4 of each)

Row 4 16 1.27

Row 5 (adjacent frontend 20) 8 -+ 1.02




1.27 1.27 0.81/1.02 (6 of each) Material Thickness @ﬁ%@#‘{?@
0.81/1.02 (4 of each) 1.27 1.02 16 March 2006 WO 031029% 02/ 27863
-11 10 1548Q38s3® F. Dianeters of Pins in Rotational Joi npgrfRud27de nt

10029 Joints-102-10825 G Di nensi ons of Hydraulic Actuator
(di ameter) 64 Rod (diameter) 32 Stroke (travel) 305 H.

114 (nmm) Bore
Di st ance Between

El ements of Figure 13 (m) 178 First 1ink-110 (Pin-to-pin) Second link 112
(Pin-to-pin)169 Joint 100 to joint 108846 Retracted |ength of act uat or

114565 F. Diameters of Pins in Rotational Joints {mm)
Joint 100 29
Joints 102-108 _ 25
5 G. Dimensions of Hydraulic Actuator 114 (mm)
Bore (diameter) 64
Rod (diameter) 32
Stroke (travel) ) 305
10 H. Distance Between Elements of Figure 13 (mm)
First link 110 {Pin-to-pin) 178
Second link 112 (Pin-to-pin} 169
Joint 100 to joint 108 846
, Retracted 'length of actuator 114 565
15
In one preferred embodiment, the individﬁal bays of the crash
~ attenuator shown in Figufes 1-6 of Léonhardt U.S. Patent 6,092,959
(assigned to the assignee of the present invention and hereby incorporated by
reference in its entirety) are modified as follows:

20 The bolts 48 and nuls 50 that releasably hold the hinges 34 in the initial
position of Figures 2 and 4 are eliminated. (All references in this paragraph
are to figure numbers and reference numbers of U.S. Pat. 6,092,959} In
substitution, each bay is provided with upper and lower tie rods that extend
across the bay (over and under the respective energy absorbing element 16,

25 respectively). Each tie rod is anchored at each end to a side frame element
34 near the respective pin 56, and each tie rod inciudes two overlapping parts
held together by one or more shear pins such as bolts. A force tending lo
collapse a bay places the lie rods of the bay in tension, and the shear pins are
designed to fail at a selected tensile load on the tie rod. Once the shear pins

30 fail, ihe.hinges 34 on both sides of the bay are free to open, and the crash

cushion operates as described in U.S. Patent 6,092,859. The main




1In one preferred enbodi nent, the individual bays of the c&gz&mcﬁ5@&?uator
shown in Figures 1-6 of Leonhardt U. S. Patent 6,092,959 (‘assIigné o the
assi gnee esent invention and hereby incorporated cein
its entir§$§ ng%ggnndified as follows: The bolts 48 and ngggﬂégbgﬁg?

rel easably hold the hinges 34 in the initial position of Figures 2 and 4
are elimnated. (Al references in this-f#aragraph are to figure nunbers
and reference nunbers of U S. Pat. 6,092,959.) In substitution, each bay
s provided with upper and |lower tie rods that extend across the_ bay (over
and under t headespege ol theetieragis darsobbi miporkdnthal they ensuwseithedinges Each

tie rod is anchored at each end to,a side fra . - I he
respective pi ﬁ"%@?h ﬁﬁﬁsggéﬂj%ﬂ%eqj%bo [Cﬂéﬁeuﬁtet e[%ﬁ$éo§@§méjéﬁ‘§ﬁage‘§§$'?§' hel d
toget her by one or TRBLR:shRENUAHSI BPEVIdSs iafidrant Adlaitaget endinedullp
col | apse a bay places the tie rods of the bay in tension, and the shear

pins are desiejrsted positon ohFigyre5itee danyaiesis sharbidepsth (eeasuged od. once
th h i fail h i i f t
open? and ©hergiadiien il n VIR Tt 0y blp s ™ neffubagigal ree to

6, 092, 959. TheoMBAly fémMae edaRODHINAOs03HO129 GBGriRKTT U0 22863 This2 advant age
of the tie rods descri bed above is that they ensure that, K the hin

both sides of asangsmerigaailitales oyeittbe 4pad fransaew of {feraRRd W&SB%'Sﬂﬁ?‘E%f 82
The crash at t gRUmMPl phleRILAWET heldRPES AR RALARDAARENt S tENIRICkH, | den

retracted position o Igure enuator is short 1n length (nmeasured
-5 hori zont al | whéd ¢ne tdaeh tatteakatdr dD isfglyr estidcted. wel | as in hei ght (neasured

vertically fromthe roadway . that supports the truck . T of Figure 1). This

arr 3%genent facil itareed B@'ém HT?eteF'B'a Oﬁﬂt‘*aﬂsEdP{e”g’Pét%a‘F'&i‘%gac%'PBéﬁs a

at t enuat or e sents fewer height restrictions to novenent of

the truck T, ]Tg\‘/‘g%m\ﬁhé'ﬁ% e crash attenuator 10 is fully retracted. 10 As

used herein the téeFhm teposi‘frooti'or i'fonvands ade ihtended foy meanaiesafiade a  range
of positions. The ter "front" or "forward" are intended t. n.loser to
the  vehi ol & HIGH PBHVACT P LERo M RRRHAIPHE mguw‘ggngggifth%ﬂe&n}shﬁam"?e ack"
or "rear” are intended to'mean farther away from the vehicle on which the crash

15 - attenuator is mounted.

The foregoing detailed description has discussed only a fe?w of the
many forms that this in-vention can take. This detailed description is therefore
intended by way of illustration, and not by way of limitation. It is only the
following claims, including all equivalents, that are intended to define the

20 scope of this i_nvention.




are intended to nean farther away fromthe vehicle on “hifﬁgihﬁ}%ﬁ@Sh 15
attenuator is nounted. The foregoing detail ed description ar CuUssed
only a few of the many forns that this invention can take. This detailed
description is therefore intended by way of illustration, and not by way
of limtation. It is only the followng clains, including all equivalents,
that are intended to define the 20 scope of this invention. 16 March 2006
-13 CLAI'M5S 1. A vehicle nounted crash attenuator conprising: a first bay
conprising a front end adapted for ngunting to a vehicle and a back end
spaced fromsaid front end in a |longitudinal direction, wherein said first
bay has g amiostantially horizontal orientation; and a second bay
conprising a front end and a back end spaced fromsaid front end in a

| ongi tudi nal direction, said front end of said second bay pivotally

connect ef to /saémlde p@g.lﬂe_g@@Spgugﬂjacbrfcbfﬂgﬁsnh@y, wherein said se_cond bay i_s
51 d second YRy CATOTHER A APTATFCABEN 18 R NGEI AN ST 2 e
retract eghdopicéd Pém suill oRl ehddaatoritadingl dbegtioh swiieptinteid firstbay hasat o sai d
first bay. thr h a rotatiqn. angle of greater than 90 relative to said
depl oyeoglﬁﬁgnﬁ#’gﬁoﬂ@n%ggf'ﬂlqé}lops%"cﬁay is maintained in said substantially
hori zont al ora sswbad banconthrisitig \adtuint Ered amlabad end spacesititognseid onteodpri si ng: '
a first | [ LS Ng. g ; j vehi cl e and a
back en'ﬁ%}s/l%'%a’cﬁg%n?[rdgren&@i %ar'é)#r?%'ﬁ% Hgﬁggﬁg%%gﬁé @8@?%‘?’98{*‘?& 9 %nm wher ein
sai d fi risackieag ohseid first lmaybwherainisald sechst bayds pibtableirelativettp said fisgiélay second

bay co [, S) t end in a
ongi ¢ uckSiapSiEh BerR8poblch, W DAY fo ol o3P REFS SlUSRINRR rk e AL Ty
connect eerientstigniand ayatictethrpsionswheteinispigisepeng bariefoiied ?ét'dei%%%d bay is
- pivot ab'ﬁﬁtﬁﬁgg@rbﬁ%sé gbtzftféh%nélbro%liegﬁ\‘thalﬂgov"?eﬁ‘élivétdj% QR6LeBQBEkibPas Wher ein

sai d secon ) a substantially horizontal  orientation, and a

r et r act etRihyst Raydmmaiptaiies| ip saig substiantiglhuhasggntaloriepielited rel ative to said
first bay through a rotation angle of greater than 90 relative to said
depl oyed_position, and wherein said first and second bays each have an

upper suf-f ace® VelHee BoHNtgd cfash aftenyatas SPMPERINGT sai d upper surface of said )
second bay ovefiki Ry cdnmgriéiag 8 Froaterlderiapted fd@®iduntiny 1fa vehicle and a back

end spaced from said front end in a longitudinal direction, wherein said first bay has a
substantially horizontal orientation; and

a second bay comprising a front end and a back end spaced from said front end
in a longitudinal direction, said front end of said second bay pivotally connected to said
back end of said first bay, wherein said second bay is pivotable relétive to said first bay

between a deployed position, wherein said second bay has a substantially horizontal
orientation, and a retracted position, wherein said second bay is rotated relative to said
first bay through a rotation angle of greater than 90° relative to said deployed position,
and wherein said first and second bays each have an upper surface, wherein at least a
portion of said upper surface of said second bay overlies and faces at least a portion of

said upper surface of said first bay when said second bay is in said retracted position.

3. The vehicle mounted crash attenuator of claim 1 wherein said rotation angle is
about 180°.
4. The vehicle mounted crash attenuator of claim 1 further comprising an actuator

coupled to said second bay, said actuator operable to move said second bay between



sai d upper surface of said first bay when said second bay ,i.S i n i
retracted position. 3. -The vehicle nounted crash attenuat&P%g?t%?QFQ 1
wherein said rotation angle is about 180. 4. The vehicle nounted crash
“attenuator of claim1 further conprising an actuator coupled to said
second bay, said actuator operable to nove said second bay between 16
March 2006 -14 said depl oyed and retracted positions. 5. A vehicle nounted
crash attenuator conprising: a first bay conprising a front end adapted for
nmounting to a vehicle and a back end spaced fromsaid front end in a

| ongi t udi nal direction, wherein said"¥rst bay has a substantially

hori zontal orientation; and a second bay conprising a front end and a back
end space@aifl deplpyssl andfreteastedapgition; a | ongi t udi nal direction, said front end
of said second bay pivotally connected to said back end of said first bay,
wherein said second bay is pivotable relative to said first bay between a
depl oyed Posi-t fyphicigmausied caghpiteBYaieFOPRYSIAGs a substantial |y hori zont al

orientation, agdsBbdedohdfibng alRnt &dddaptdas@hdunting & eamdslampy badk rot at ed
relative to said. first bay through_a rotation angle of greater than 90
rel ative £ &pfcgd H%'EIS@WJH’"\};@%‘? 'Piadg’,‘g'mdalﬂﬂ difetiony ‘ﬁ'&?grﬁ'ln S@b”lfﬁ?@ay %°%ai d second

bay, sai dsasstantibigrhoBp@itakientbiorTang said second bay between said depl oyed
and retracted

E 'gositi%ns, wher ei n, sai d,ac ugt r furthe cO qcisesdfirst an
“second pivot s, 3 RFROPEPAY BAMBISNE A TOrD 0% AN & bRch AeRaGTd P S8 BRI dend of
sai g ]1: i rstn d)laygiLquercﬁ@emic?ﬁ:s@Id ﬁreﬁtcmﬂ ﬁmwbgém:i ﬁeyl pivedliy\cdrinestad th dzdrt k fng of

irs a a.ti i, N an erein the C V upl e
nith sai abrokane B ade Bist By, e B 08 Bos PUBIBRTSAIo Bl it k8PP OF
nount ed_ cbetwlaemiak:lepluwetdqms‘;ﬁbn,omrwirein Said/laewoelti_rtnasahsia achsfmttiolly lm_minp'nalses a
hydraul | € oftel | ﬂ,eénde lleﬁg&!a@ go%?t?otn%ﬁ&e%%%idf%eﬁgﬁd l?egrqs Fo‘?&gﬁ'gelﬁivg?é Said /- The

attentat or " of "¢l armT1 Wwher€i

. n[tét@ eﬁ
vehi cl e nbuhted tras n sard rotation angle
conpr i sesfiat haythroughya aatatism gl of greateat thenasl08 relativaitel saia dikpleyad nopitigrii d second
bay conppjiges a |ower edge, wherein said |ower edge is positioned at a
hei'ght h when said second bay is rotated relative to said first bay by a
second rot at i o#h agtepter espplad dusaideecond hay. whidastugtos aperaplete movesaid i on angl e

is sel ect ggh,alehy bdiRber Baid BEpILRI A& RASIOLKIORS, SRkrbin said actuator further
comprises first an second pivots, wherein said first pivot is coupled with said back end of

said first béy, wherein said second pivot is coupled with said back end of said first bay
"by a first link, and wherein the second pivot is coupled with said front end of said second

bay by a second link.

6. The vehicle mounted crash attenuator of claim 5 wherein said actuator comprises

a hydraulic cylinder extending between the first and second pivots.

7. The vehicle mounted crash attenuator of ¢claim 1 wherein said rotation angle

~ comprises a first rotation angle, and wherein said back end of said second bay
comprises a lower edge, wherein said lower edge is positioned at a height h when said
second bay is rotated relative to said first bay by a second rotation angle of about 90°,
and wherein said first rotation angle is selected such that in the retracted position said

~lower edge is positioned at a height no greater than h.

8. The vehicle mounted crash attenuator of claim 1 wherein said first bay remains in
said substantially horizontal orientation as said second bay is_rotated between said

| ‘deployed and retracted positions.




nmount ed crash attenuator of claim1 wherein said first ba

substantially horizontal orientation as said second bay is rotated between
said deployed and retracted positions. 16 March 2006 -15 9. The vehicle
mount ed crash attenuator of claim1 wherein said second bay is pivotable
relative to said first bay about a rotational axis. 10. A vehicle nounted
crash attenuator conprising: a first bay conprising a front end adapted for
nounting to a vehicle and a back eng-spaced fromsaid front end in a

| ongi tudi nal direction, wherein said first bay has a substantially

hori zontal orientation; and a second bay conprising a front end and a back
end spaced from saj d front engb in a tudlnal directio said front end

of said $econt'e@Pics Meknig] g2 H?‘@HO Werﬂﬁéﬁ'déﬁﬁorﬁ%%éﬁ d first bay,

wher ei n siadtable aatve 1P adid fist Payvaboabd &atastbhaltax\se to said first bay about a
rotational axis between a depl oyed position, wherein said second bay has a
substantially horizontal orientation, and a retracted position, wherein

sai d sectmd bayehide moumatiechshettaitjamcbmpsai@ first bay through a rotation
angl e of great n_9 2 d erein said
back end of saaﬁat ga@%ﬁ'&gﬁ rgh&)?\d %gp %S:fog\/\ngﬁp'k@%%da \Pewﬁeeréénﬁa I%ézgﬂd first bay
def i-nes enddpaned MSaleropquemdllangitemnal dlractloongln&retd|salalflrs§ioasshaaea<t endi ng

bet ween Ld,hack end of said first bay, and wherein the
rotati onag)%gp{'élg%nﬁwal?ﬁ%ﬁ g@gat er than 90 such that when said second
bay is in the‘ﬂ sqoend b@xwmﬁmgﬂfmtemd@d dbrak esd geaces fippysaid bartendn t he sane
si de of fhfé%rfgltﬁ&ﬁal%‘ﬁ'ebtﬁmsﬁdjfr?rttréﬂm)f @J@s&%n&ﬁbﬁplnbtéﬁtcopiﬁéfcte&t% sake vehicle

nount ed crash attenuat or aim1l wherein sald rotation angle is greater

t han 125back gnd pheaid st kavewheraintsall serardhbavtis aiplablgrrelglivedp gaighfi ESt\'R/Hlér ein said

rotati onaRgh %tét%nal%x%e@&eén@(ﬂbp]ﬁéd péé’monTmemé.‘d Qeoﬁfﬁ&' PhyerhsCd ash
att enuat or of cl wher ei n sai rotation ang a%eater than 165. 14.

The vehi Patapialkhetzantal sheniationnang fetgsied P%Wﬁf& PRI PBE St i on angl e
i's greabefted laRMive BaidlifrstViRaly ehroddHbrotation angle of greater than 90° relative to

said deployed position. wherein said back end of said second bay comprises a lower

| ower edge is positioned at a height no greater than h. 8 e v |l e
}Gﬁ%ﬁlz@é sai d

edge, wherein said first bay defines a plane passing perpendicular to a longitudinal axis
extending between said front end and said back end of said first bay, and wherein the
rotation angle is sufficiently greater than 90° such that when said second bay is in the
retracted position, the lower edge is positioned on the same side of the plane as is said

front end of said first bay.

11.  The vehicle mounted crash aftenuator of claim 1 wherein said rotation angle is
greater than 125°.

12, The vehicle mounted crash attenuator of claim 1 wherein said rotation angleis

greater than 145°.

13.  The vehicle mounted crash aftenuator of claim 1 wherein said rotation angle is

greater than 165°.

14.  The vehicle mounted crash attenuator of claim 1 wherein said rotation angle is
greater than 180°. '




-16 15. The vehicle nounted crash attenuator of claim1 fqrt erhga&Prising
a nounting arrangenent secured to said front end of said P' gt ay

wherein said nounting arrangenent acconmodates rotation of said first bay
about a substantially horizontal axis adjacent said front end thereof. 16.,
A vehicl e nounted crash attenuator conprising: a first bay conprising a
front end adapted for nounting to a vehicle and a back end spaced from
said front end'in a longitudinal direction, wherein said first bay has a
substantially horizontal orientationfg-and a second bay conprising a front
end and a back end spaced fromsaid front end in a |ongitudinal direction,

'sai d from, enthdfehich HosR6PAEsDatendbioPbEdidid CRARGGORPrisiag 8 aiddntiiiack end of

said first bay, wherei,n said second hay i iyotable relative to said first
oy bet seamelieabRId FAL ToRGne At rehosh WSttt Bi s &

subst ant a@drigemeat accomirabates ritativhalf said firstbaly aboues salestadialhoisirkzontal, wher ei n
sai d second @a% its.rﬁ_t%tea ﬁel qtive to said first bay through a rotation
angl e ofaﬂ‘?a 834 ?ﬂg OYE LT ve to said depl oyed position, wherein said
front end of said second bay is positioned adjacent said back end of said

first bay, an | | .bay is positioned adjacent said
front en%lﬁ'of H%’%ﬁggﬁz’?géd%a%%h\%ﬁ%ﬁ?ag%i%ﬁgggo id bay is in said retracted

posi tion. 17.aflistbayedeimprisingre inenezhdeadapied serntreeuntingio aYehidleaand aBadkher ei n sai d
second b j Idi Sa AdaR3Nstibsy hiks sai d
retracte df&’?ﬁ%?%ﬂ%i@%ﬂt %/H%ﬁ%“%%?g&é@?@f%&%ﬂ, \gﬁtfrgiag\?vay SE:orr){)ri sing: a rear
end; andsupstaatialylheriasia odentetionsandit t enuat or noveabl e bet ween a depl oyed

configurati on, s&Rfd Bay &MEHEINGH FMREADHRAS badk enaa;?gcéeefmnﬁcgﬁd MBitEngd crash
attenuat or conpr]j ir b rising a front end coupled to said

_ nprising: a first bay conp ]
rear endnaenaiudingidiesion, sgidtrent onf oheaidseront by Pikeially seraesien i $8Rii nal
di rect i OpuckWn@loBbdid firdt Ishyf Whéreinlbald $¥26ndbdy0P piveablede BBl 6 Bar Tkt day
rel

substantjally harizontal, orientatiqn, wh sai ot t i s spaced above
Che' T onclyeSHE ARG FOSHELITeTRL L R ery Aot SRR FORR o r et raot od
and depbriwnedion Giiidi a0 tradiedpssitiod Whereinearindchaybaydstotated rptme to sadd end and a
back end, spac fromsaid front _en ina.l itudi.ngl direction, said _
ront ety diehet I Rensabie s osRlr i B i PP B RP s 5006 - 17
wherein said front end of said second bay is positioned adjacent said back end of said
first bay, and said back end of said second bay is positioned adjacent said front end of

said first bay when said second bay is in said retracted position.

17.  The vehicle mounted crash attenuator of claim 16 wherein said second bay rests

on said first bay when said second bay is in said retracted position.

18. A vehicle operable on a roadway comprising:
a rear end; and
a vehicle mounted crash attenuator moveable between a deployed configuration
“and a retracted configuration, said vehicle mounted crash attenuator comprising:

a first bay comprising a front end coupled to said rear end and a back end
spaced from said front end in a longitudinal direction, wherein said first bay has a top
and a bottom and a substantially horizontal orientation, wherein said bottom is spaced
above the roadway when said vehicle mounted crash attenuator is in said retracted and
deployed configurations; and

a second bay comprising a front end and a back end spaced from said front end

- in a longitudinal direction, said front end of said second bay pivotally connected to said




back end of said first bay, wherein said second bay is plqg I @iative
to said first bay and has a substantially horizontal orienta |on en said
vehicl e nounted attenuator is in said deployed configuration, and wherein
said second bay is rotated relative to said first .bay through a rotation
angle of greater than 90 relative to said substantially horizontal
orientation of said second bay as said first bay is nmaintained in said
substantially horizontal orientation when said vehicle nounted crash
attenuator is in said retracted comf7iguration. 19. A vehicle operable on a
roadway conprising: a rear end; and a vehicle nounted crash attenuator

-moveabl epdiRieng oNsad ﬁemagwﬁler@mra‘aicgwcaﬁd Bdy is ﬁmdtaalerr@bf\%ctb%dldm bgur at i on,

sai d vehic]e nmounte enuat or conprising a
Front | entBs R SRSk rila SHeTTe e B erikmOupad Blebabr R o ¢ 1 ont
end in asdld)d@ldyledchﬁﬂguﬁhtlbﬁCdrldOﬂ'sermeailélséocmalbdyfs miitedreintiva® saidfog and a
bott om and bst ntl al | ori taI ri ent wher.ejn_sai ottomis
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di rection, Ssai sal connected to said
back endcapfig@aliah. first bay, wherein said second bay i s pi votabl e rel ative
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a second bay comprising a front end and a back end spaced from said front end

in a longitudinal direction, said front end of said second bay pivotally connected to said

back end of said first bay, wherein said second bay is pivotable relative to said first bay

and has a substantially horizontal orientation when said vehicle mounted attenuator is in

said deployed configuration, and wherein said second bay is rotated relative to said first

bay through a rotation angle of greater than 90° relative to said substantially horizontal

orientation of said second bay when said vehicle mounted crash attenuator is in said

retracted configuration, wherein said first and second bays each have an upper surface,

wherein at least a portion of said upper surface of said second bay overlies and faces at

least a portion of said upper surface of said first bay when said vehicle mounted crash

attenuator is in said retracted configuration.

20.  The vehicle of claim 19 wherein said rotation angle is about 180°.

21. The vehicle of claim 18 further comprising an actuator coupled between said first

and second bays, said actuator operable to move said second bay between said




22. The vehicle of claim 18 wherein said rotation angle ii ﬁ%ﬁ@ﬁ§6m§han
125. 23. The vehicle of claim 18 further conprising a nou ?'-g arrangenent
di sposed between said rear end and said front end of said first bay,
wherein said nounting arrangenent acconmodates rotation of said first bay
relative to said rear end about a substantially horizontal axis adjacent
said front end of said first bay. 24. A vehicle operable on a roadway
conprising: a'rear end; and a vehicle nmounted crash attenuator noveable
bet ween a depl oyed configuration angd-a retracted configuration, said
vehi cl e nounted crash attenuator conprising: a first bay conprising a front

end coupdgpbyk® ahididkratRacoliiraiogs.a back end spaced fromsaid-front end in
a longitudinal direction, wherein said first bay has a top and a bottom

and a substantially horizontal orientation, wherein said bottomis spaced
above t hz2.r oarhaawhisleast ciaih d8 wabieltl saidmtative dngle &sdreatbt thand28r is in said
retracted and depl oyed configurations; and a second bay conprising a front
end and a back end spaced fromsaid front end in a |ongitudinal direction,
sai d froi ertheokhiskia cleic 68 firthaycqmprising lal pounting ecaredntent disased back end of

said fir . ' ' i iV, J ki to said first
‘bay an eitﬁlgg&gs%%g{ gn{?@ﬁa@d ﬁ@ggg%ﬂf%\/d f(i)r?tl b(%kt \gltgt?r%h%a d%&@gﬁ\{% vehi cl e
nmount ed arrangemantaccommpdates edtation epsay Brgt brrrelaljve Wtsaisirearand alelai n sai d

second_ b lodighkaHd 8LeLEork Gl ol dibich baig by 0Uh @ rotati on angl e

_ If . .
of greater than ative to sal stantially horizontal orientation
of said second bay when said vehicle nounted crash attenuator is in said

retract eghy Conf {Hiiebprible VR 8rEadhagbfipfigigt end of said second bay is
positi oned adjacent said back end of said first bay, and said back end of

sai d second Fpas %889 t i on adj acent said front end of said first bay when
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and a retracted configuration, said vehicle mounted crash attenuator comprising:

a first bay comprising a front end coupled to said rear end and a back end
spaced from saidfront end in a longitudinal direction, wherein said first bay has a top
and a bottom and a substantially horizontal orientation, wherein said bottom is spaced
above the roadway when said vehicle mounted crash attenuator is in said retracted and
deployed configurations; and

a second bay comprising a front end and a back end spaced from said front end
in a longitudinal direction, said front end of said second bay pivotally connected to said
back end of said first bay, wherein said second bay is pivotable relative to said first bay
and has a substantially horizontal orientation when said vehicle mounted attenuator is in
said deployed configuration, and wherein said second bay is rotated relative to said first

. bay through a rotation angle of greater than 90° relative to said substantially horizontal

~ orientation of said second bay when said vehicle mounted crash attenuator is in said
retracted configuration, wherein said front end of said second bay is positioned adjacent
said back end of said first bay, and said back end of said second bay is position adjacent
said front end of said first bay when said vehicle mounted crash attenuator is in said

retracted position.




