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BACKGROUND

The present invention relates to'vehicle mounted crash attenuators,
and in particular to arrangements for facilitating transport of such Crash
attenuators.

10 Vehicle mounted crash attenuators such as those described 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.




10 15 BACKGROUND The present invention relates to"vehicl gsmynhodogsr ash
attenuators, and in particular to arrangenents for facilitating transport
of such crash attenuators_ Vehicle nounted crash attenuators such as those
descri bedybwintgenhardt U. S. Patent 6,092,959 are commonl ycuae@z2itzshi ghway
repair and construction. Heavy vehicles such as trucks, sweepers, and
other noving vehicles are positioned in front of a work zone to protect
workers in the work zone from oncom ng-4raffic. Vehicle nounted crash
attenuators are nounted to face oncoming traffic, in order to protect an

- oncom ng vehicle in the event of a collision with the truck. Typically,
such vehi cl e nountewtierayiorat apraeshdingas Hepiedidd MAMed FEzont al
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t he “Assi gnee present ‘i nvention, teaches a solution to this problem
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reducing its overall height. Other . prior-art patents that disclose vehicle
nount ed cr asﬁgla&@fégiﬁdt'éhép%(ﬁé?”éﬂ’“gat‘gfi‘-vot ed vertically for transport

include Friton U g RRnBk wehifaleminted @p2sh32 and
Unrath U. S. Patenztg(snégg?jt E?éﬂfégs%gérgﬂﬁa%\aéé 6, 186, 565. 16 March 2006 WO

031029686 PCHitdiGRAH2 IR0 Fedutethet dnaral hewght af theppash@ttenvatisdn thie vehicl e
nounted crash attenuator in two places: one adjacent to the vehicle and
andPher near™iEeGPaYBPHt of the crash attenuator- When fully fol ded, this
crash attenuator includes a first portion that extends vertically upwardly
adj acent -t‘hesmm ythe 5 vehicle, and a second portion that extends

hori zontal ly torwardly, over the rear portion of the vehicle. The result

I's a crash barri & a%@&aﬂcﬁ vfnﬁ’il Qﬁr@t E%é& 8f the present 'invention, there is provided a
'  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_gflq
in a longitudinal direction, said front.é;:d of said second bay pivotally connected”tb
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




right angle, L-shaped configuration. A need presently exi§kg§084 ?(?‘5
| nproved vehicle nounted crash attenuator that reduces the overa hei ght
of the crash attenuator in the 10 retracted position. SUWARY 15 20 25 In
accordance with a first aspect of the2present invention, there is provided
a vehicle nounted crash attenuator conprising: a first bay conprising a

front end adapted for nounting to a vehicle and a back end spaced from

sai d fr oRerizentl ofertationy @gd ta ERtiesieddpastion; wherelthedidisroasl by lsr@iat%y has a
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angl e of greater than 90 relative to said deployed position as said first
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accor dangRumich trasSREPNSoRSBRGHsIAG: 4 he | nvenfkopay @d?ﬁflir%mgsa RoRvéested a
vehi cl e nounted crash attenuator conprisin a first ag%g r|S|ng a front
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said first ba%%g wherein said second bay is pivotable relative to said
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t hrough %Jt}s@r%!?'ﬂydi*?’%ﬂf&ﬁleort?ﬂtaé'P@aﬁ’@ra fewéﬁteg@%@%tw%em §28528°NHRM oyed
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fi irst baypakasie 16 adleSREPEstond bay between said deployed and retracted positions,

wherein said actuator further comprises first an second pivots, wherein said first pivot
is coupled with said back end of said first bay, 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.

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




bay is in said retracted position. In accordance with a thir of the
i nvention, there is provided a vehicle nounted crash attgﬁﬁg?a$8&ﬁ$
conprising: a first bay conprising a front end adapted for nounting to a
vehi cl e and a back end spaced fromsapid front end in a | ongitudinal
direction, wherein said first bay has a substantially horizontal
orientation; and a second bay conprising a front end and a back end spaced
from safddseermnd kayds indhe reteaetck pAsitioal thalovear eden is pagitigned eathesaneof sai d
second b@MeB\'M@;ﬁ’éHé’as ,ggggq&hggngas%ﬁgsgﬁa@k end of said first bay, wherein
- said second bay g& relative to Said first bay between a depl oyed
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said first ba I T st wherein the second pivot is_ coupled
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hori zontal orientation; 'and a second nprising a front end and a back
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wherei n said second votable relative to said first o é about a

r ot at i onadiaggat §a@effwé@ﬂdapfc¥@m tythay wope isaid, sagred baK s i) BRid& bay has a
subst ant pgdifion. hori zontal orientation, and a retracted position, wherein
said second bay is rotated relative to sai-d first bay through a rotation
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back ‘endy&Hicis 8p&rabRHS rd?a@WayQ:@ﬁ‘Bﬁélﬁﬁsa foak @H@'rarﬂdeg@ehlt‘ﬂ@%&infédsc?é% first bay
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first bayirection, 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 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,



In accordance with a fifth aspect of the invention, there bimRHSENﬂFd a
vehicle nmounted crash attenuator conprising: a flrst bay “conprising a
front end adapted for nmounting to a vehicle and a back end spaced from
said front end in a |longitudinal dirBetion, wherein said first bay has a
substantially horizontal orientation; and a second bay conprising a front
end and a back end spaced fromsaid front end in a |ongitudinal direction,
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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.




-2¢ said vehicle nounted crash attenuat or conprising: a filﬁﬂargn‘?%%
conprising a front end coupled to said rear end and a baCck end spaced from

said front end in a longitudinal direction, wherein said first bay has a
top and a bottomand a substantially horizontal orientation, wherein said
bottomis spaced above the roadway when said vehicle nounted crash
attenuator is in said retracted and deplpyed configurations; 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
connected to said__back:end of said first h erein said second bay is
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pivotable relative to said first bay and has a substantially horizontal

‘orientation when said vehjcl or is in said depl oyed
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vehi cl e nounted crash attenuator is in said retracted p05| m&ﬂ]ﬂiﬁkphrch
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nount ed cwagh/oatssenuat or having first-and second bays i nteeTUsSN2086d by a
~rotational joint. An actuator is coupled between the first and second bays
to nove the second bay between. a deplgyed position, in which the first
and second bays are aligned horizontalty, and a retracted position, in
whi ch t he secbnd bay is rotated about the rotational joint by a rotation

angl e great er $2W's LNl ESREGES thQ 408, Sesl eHgdomaghid P thkn the

illustrated enbod fhe secon IS arranged to overlie the
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i ntroduction, ar e no trict e scope of th
fol lsowi ng ckaramsed Bo&YiEn BEE@BlreP!EI ON OF THE DRAW NGS Fi gure 1is a

perspective view of a vehicl e nmounte (g%cr ash fattﬁg r E ncprporates a
preferred embodi meigtrest 60§ qet‘f'i’r'@ﬁ‘tgr’ VIEYESPHGEOHEUPYIORS & gﬁ%{% posi ti on.
16 Varch 206,003 029650 PRHMSRRIRARET FiuBs U5 aedpiaivaiel de view of the
crash attenua or igdre 1 1nt depl oyed position. Figures 3, 4 and 5
are side views coFigespbdd algcln@nﬁmgdtagran shhviichthe sasondduynid Yaigere t he

- crash attenuator as_ it is rai FEd progressively to the fully 5 retracted
 position of h"bthéa%emﬁp%P‘é%' 1Y are detailed side views of central

pogb' ons of the cg; @E s ﬁéﬁcﬁ‘ﬁ?t&é p@f-sp'élcwé Gielvsi oF destddsoinipensntefofd gur es
respectively.“Figure 10 1s a schematic di agram show ng the second bay

18 of Fi gur esecbndrprefanreal emhwilmetei ipdé pRdiady F&@@B@@ﬂééuﬁﬂmﬁﬁateﬂz are

erspective views of sel ected conponents of a
P P positions, respec?vel P

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




second preferred enbodinment in the partially retracted an%fl\kl lcl¥ gt ract ed
positions, respectively. Figure 13 is a sectional view throug %e el enment s
of Fi guregolbmasyds 12 i n the depl oyed position. 15 Fi gurepgdisey/asschenmati c
side view of another vehicle nounted crash attenuator. DETAILED

- DESCRI PTI ON OF THE DRAW NGS Turning now to the drawi ngs, Figure 1 shows a
vehicl e mounted crash attenuator 10 nmovnted 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 havi [l?g a.fr Et %S,d H20.and a rb%ck end 22.
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arrangement 30 ¢hd bedorkbay 08 iexappireedib the retradled gostioregsamast pelgw by

arrangenment. As shown in Figure 1, the first bay 12 .i.s cantilevered from
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respect to the trug ' AephoYiet aandetohd dalyed2, POBAL bens
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the. truck T (Figure 14). This pivoting,ca tiLelw L er eby
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end. 22 of tbhesshigdebmntlpoughsuphetareents are pel skewa i B Ef‘ogif‘?ri Aty
descri bed bel by ..a bracket 92 secured to the truck T or other shadow
vehi®le. 5 sPMP%%S‘P%y of exanple, the first and second bays 12, 18 can
be constructed agsdeswn Redgiesleanher tie ddck.erfdat@of the f19LhHH2 isassi gned

to the Assignee of the present innvention and hereby incorpotated, b
A0 thal
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- 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




As shown in Figures 2 and 6, the back end 16 of the first F &F
secured to the front end 20 of the second bay 18 by a rotational jolnt 40
that defwoagoaeket ati onal axis 42. As best .shown in Fi gupet@soi/zvséai s
enbodi ment the rotational axis 42 extends horizontally and is positioned
adj acent the .15 upper portions 24, 26. Also as shown in Figure 6, an
actuator 50 is nounted between the back®end 16 of the first bay 12 and the
front end 20 of the second bay 18. In this exanple, the actuator 50 takes

the formof a hydraulic ramthat i nounted to the b 160 t he
first bay 12 withzgespagbio Bis/is! B@y 12@&’0%%5&8 rOéa‘ﬂﬂaﬂaﬂﬁ?‘éd 'E‘%d e O %d
second |inks % ?) %@rﬁ;ﬁgg %Ee@ﬂgoThe first link 56 in turnis

pi votably con 16 of the first bay 12, and the second
link 58 is pivot abllnw;gommaad Jt thet tederenoa syl ?@defmgna@ssaawhcalwe 18

In one practical exanple, the elenments 50 th h 58,a lic

bot h si des ofDQ%@Q:Wé@‘FQ%meeWGHE'W?Q TUaP%erBreB(/?@ r%«xm ﬁeqﬁgl ai:éda Tendi ng
to 2g rotate t1ot he JrepiosBalentidiprebdwardlgor®e 2 and
6 sh%w t he cr%és}ﬁ tﬁ%?‘%ﬁ%&?ﬁ%’ecﬁdﬁ@g 1c%ehlgored%tp'f)jy tlegn xsrEachaofsgt he bays
12, 18 defi nesrical etgex 70 wadnahgicrast ammmt@rs ®®,ingRe depioyed @o9ifion /hd i n

- the depl oyed positjon of Figure 2 the |ongitudinal axes 66, 68 are
substantiallﬂpﬁ%¢h #1el to one another and oriented substantially 30

horizontally (i.e. inﬁ-ﬁé@rle%ei 4téhd5lethéqaxé\ﬁaycessmﬁmtzm sk tb indi¢gte al n

Figures 7-9, the reference synbol 64 desighates a rotation angle that will
be used as a pimaes passiof thﬂmeghcbh%f@tahmah%é?i‘fz and efienipd tEansupEehlp e 16
ﬁ? 2006 V\(P Oa@q@?q% P /U802/27863 -5 with respect to the first bay 12
t he rot'@Hy' In Figure 6, the . rotation angle 64 takes

the val ue of 00 'rFlé;:ur%'érﬁén@-?%hdvﬁa sideevigvecarrespsendingiwihal Of BigargRaines a
vertical plane passing through the nmounting arrangenent 30 fohﬁrd f the

first bay 12 wladdthﬁsatbfutatortﬂﬁ)eh&ﬁ begn exanded pabialxye raise thpgseqog
t | t 10
entirely rean "‘@1 fft—’e G V?rthb‘léﬁgie%@%e tfcgjt‘gﬁgnﬁ@reﬁ@%ht@éﬁenua o

is in the de Pon of ure ures 2 and -th
reference Synﬂﬂ@fm@&aw sl@@dntl@a irotfactatrecfahe second bay 18.

15 Figures 4 and 8 show the crash attenuator 10 at another, more
advanced stage in the retractio-n‘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




pl-ane passing through the rotational axis 42 and orientedkh ly to
the 10 longitudinal axis 66. Figures 3 and 7 show a si deléib@%/}véﬂ%%e

correspongiondebdiss hat of Figure 2, in which the actuator pe@nRasReen
extended partially to raise the second bay 18. 1In the view of Figure 7,

the angle 64 is about 55. This represents an internmedi ate stage in the
retraction of the second bay 18. 15 Figw-es 4 and 8 show the crash
attenuator 10 at another, nore advanced stage in the retraction-of the
second bay 18. In this case the actuator 50 has been extended until the
rotation anglgefdyddbaadtu rel2tted poglions. 8) thisexempiat(ai is Anualde 83 78R,  t he

| oner edge 28 has noved f.qrward f th | ane . (Fi -hown
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b. Wien the L&d pbahed vl pbBRioAxi FufiRebyreRAclidrast ikown in
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e

h. Further rateabhdmayaks bénonef & tredfices e enprathbeigbhet theggasP 8UERYRT t h
| ower edge 28 crosses the plane 72, after which the | ower edge 28 begins to
25 ndve doman}dly. Once the rotation of the second bay 18 has gone beyond

the position shownpiHy @Rthi@ExainiiRs distubsgiingeritatot hayshwitylatreofangiarl over
- edge 28 (and thereforé the overall hei %ht of the attenuator %0‘% becones

| ess than 11.shaphethimisiie nouzaymerngin mi the scerpual ion¥eetdh (B¢ BIeSeRhd t he
angle O is equal to 2 ar I r 8 mhdy & r hhat the
second bay 18MGPBGATRE ﬁég]%ﬁ(ig’nﬁgeﬁ]&?‘;g&nb?ygégy% a%&l?gg%ﬁzsreg?gt an (alb))
in the retraghagdeposidi &nclipssidslepolygonainand ettdrathaphks. overal | hei ght of

the fully retracted attenuator 10 is | ess than, K that of at.tenuator in

whith the second fragures 5iand 3shpwdher aitarwstar 10,0 e iy B8 o
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exanpl e, (al t?) equa second bay 18 is preferably rotated
by a rotati onomighena®k b4 rsagprarimiataly eduet toetB0 (figute ) oyr thiafdiyt he
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15 bay 12 (Figure 5). In this position the back end 22 of the second bay 18 is
positioned adjacent to and overiying 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 Figurés 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.rotaled fo such a large
| exient. For example, the secohd bay 18 may be rotaled by 145°, 1557, 165°

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




ihventi on can be applied to attenuator_ bays of many ot her tional
shapes, such as ellipsoidal, polygonal, and other shapes. I%ﬁ%?%%@;ﬁg 5 and

9 show t gt tenuator 10 in the fully retracted posihRiy2Aaes Whi ch
t he act ugﬁgﬁﬁ?g ﬁas been extended to the point where the rotation angle 64

~is approximately equal to 180 (Figure 9). In this fully retracted
position, the |lower edge 28 is positiongd substantially forwardly of the
pl ane 72, on the same side of the plane 72 as the front end 14 of the first
.15 bay 12 (Figure 5). In this position the back end 22 of the second bay
18 is positithedyds) mtaad byonaredthendB0y., ihthe intationahexisrie peaitighed pech j r st

bay 12, and he uppe ortions 24, 2 [0 i n Fi gure
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face upwardl yy(&isBS8he bbchRPbAPEs ABERBd bYnabredhhh GO tetwpesiid dephiedi gur es

1 and 2), and the second 20 upper portion 26 now faces domnmarghgd-tomard
e

the first bayntretiantednposiimist ilothisfexempig. soBtioprnalescaicdigrdhan sts upon

and is supported by th first.b Al . i d second
by 12 16 areideng apvanipddr B RO bR oldbRrad e, SO Tre
second bay 1&iefplalkf 8RvRtharkd o bifeldedta@drosttatudlooo thieesade dietersdred

position of Figures 5 and 9 to the deployed position of Figures 1, 2 and 6
for use.. In tinetisteldpd enly by stiekation angle ALY @RiAJRe W’ﬁéagg&ﬁqas%y 18 is
rotated by 1 j t il aeted Bokilgn et ract ed
position of %Eﬁg%)»e%?’ ‘@Saﬁéggﬁ'gﬁgggﬁg%‘grggyﬁg '??\%@gée%l oyegop!osri]ti on of ~

Fi gures 2 angréferdtily aabtier mavtateneriytelbgneater tham séTombregyefegatily not .
rotated to such a |arge _extent. For exgé | e, 1’:82)@ iecond ba% 1&_’&may be
rot ed by 1g5zatesthanliés”, and mest prefarad U189 e SPTMEY @355y P2, ~ As

anot her exa ; )6 Prat ©490686,RPd 2127863
-7 18 may bgpértggl?a% gﬁg%ﬁggwgd%g&%ﬁ&wggﬂeN% ational axis i)éjﬁ,gosi tioned
such - that t betehnasKomvadd@dfitlse pianer72 foanll vhkiesafthe eotation apgletdegreataract ed

position. In _ al] cases the second bay is rotated by nore than 90 between
t he depl oyedthaé'n%0 retracted positions. In this exanple, rotation angles

greater than 145 pyrppanskdR shBadA aRiaerRcalthaesd waddeaddieotateingek ahai ght of
the fol ded crash attenuator as conpared to a fol ded crash _attenuator of
t hd5sane di mewsdiferasions 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 either

the deployed or the fully retracted posilion.




‘that is fol ded only by a rotatlon angle of 90 (as in the
di scussed .above). For this reason,.the second. bay 18 |26t1\%g 1?‘%@(%6“,[ ed

"~ position rably rotated by a rotation angle 64 grg TRGoL 36 145,
nor.e- pr ef@ab@y %‘g greater than 165, and nost preferably about 1 80. In

sone cases, the rotation angle 64 may be greater than 180. Note that the
second bay 18 extends forwardly of the-%lane 72 for all values of the
rotation angle 64 greater than 90. O course, it should be understood t hat

a w de range of changes and 15 nodifications_can be made to the -preferred
embodi nent s descr|$),edaab>é¢éamfﬁﬂ1éh%ffél§W"ﬁ delaila ob Forsifisliog hive e than

exami o, baydound shiios sl ReFRLAR s IDER Y JraRarEetEhRh (2 o),

be adapted fofccaf@ntetditt MeSdus¢tay@r@toroms Patent 8,002, 959 5,642,792, Gertz
U S. Pat. 5, 6248, 129, Gertz U.S. 20 Pat. 5, 199 577, %—ZE Us. Pat. .
4. 711, 481, Fritt orfhe Bgures 11-13ehowteiectedoprinongnts o3 pestmds 915, o

courge, Other  Lybgs heMi9eted BGHIBHAKS ot urle!sﬂ‘ﬁ%ﬂﬁﬁ@%l@% sUpshbt Ut ed

for i 11 ust e alternative, the actuator can include
cabl e ext ending fpat wees thé@a&ieeandnfbmﬂmmayiaed arftarke 448 teatferme s such

as a winch or the like for pulling cabl 5 ro te the second bay
to the retraéf@@eﬂéﬁfﬁh%ﬁecqflﬂ?%rﬁ%?ga F&b cq'&d° ag%@?’ti on may | eave

‘the second b%ytef%gﬂ%%bl@@'r&gu 3l mh?@@@céndfPletélﬁstt@Jﬂ@ﬁﬂhlewamemeSt bay,

rather than in ng-substantially, parallel position showi in the
drawi ngs. Foragd@npéere ittie Sdém)rfdjﬂnaw) |$jdﬁlemww(bf@$|aqt@ﬂiof% whigiuindbiser i zed by
~a rotation angle of 170 or. 175

linkhge and ©¥a8milg [pkedhe f@fﬂéPEP&%fay“C F%E‘ ?i‘r‘n ?E% bzeeifa’ldﬁvevﬁqsgght Pﬁat

there is no I 006f5th@rro§|ih¢ebbrmh @b cyhelereciarnd bay |s in
either the d 832dm(;éreu erU(%L ly retracted pgleon 16 NMarch 200

03/ 029686 PCEbLGE@AR BYESfirsslimy 1h@yo tte samepl 18 anchby pracend gk ddgdp Nse of
construction_have b en found suitable when the first and second bays 12,
18 are i npl ef@R%d! accordance with the disclosure of U S. Patent

6,092, 959. The Fi gig’u‘#é 13 1shbAsRe U 5@ B Gh rhichpiedremes! 16finelubies b paide 5
exarrpl e. The illustrated conponents of Figures 11 and 12 inc)ude a franme
- 15 vertically oriented, spaced, parallel piates 120 disposed on opposite SldeS of
each of the hydraulic cylinders 114. Similarly, the frame 118 includes a p;ur of
vertically 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




116 that forms the back end of the first bay and a frame rnms the
front end of the second bay. The franes 116, 118 are rota&éﬁ%&gﬁ&0&9

i nter connged £, ?ﬁ a rotational joint 100, and the p05|t|ogcqﬁﬁﬁg@m&;ane 118
(and therefore e second bay) is determ ned by actuators, which in this 10
exanpl e take the formof hydraulic cylinders 114. As best shown in Figure
12, the upper end of the rod of each hyef-aulic cylinder 114 is connected
by a first link 110 to the frame 116 and by a second |link 112 to the frane
118. Figure 12 shows the manner in which the frame 116 |ncluq§% pai r of
15 verti cal | y5.3PPdhbeassianed kutheshssgned obihgrgsan dnypntingamg @ bposite

si des of each | 4i I 118

i ncl udes a pal 8{5)T0rr£8g%ﬂélael%hgo%%grfgggﬁétg%ﬂ%@ t;rc),qaf!r)lzi?{icI me/dmgngltéeers”ggg each
di sposed OutMQﬁ@anpka@ESh@§p£OWMMEn0ne of the plates 120 As shown in
Figure 12, when the frame 118 is. P05|tjoned

Id 8 B y retraﬁiég
position,, each hy8taigiexampe.itha@civpior isa weldsg hy E?é"thc&!{ piel (Weldek i ved
bet ween t he r hyawh K 13, when
Che Tyar auti (oD erabPgBdlFs a0 b b @atle oAmdeh 1RtBUSE UALES, oyed
posi tion, thecyipderchds & smpllenpefite Witk savatler eu@ndfe@imebémeﬁﬂdaﬁdh@mféct ed

by the respective plates 120 this rs 114 are
- protected frdﬁPﬁH% éFF¥%ﬂ9¢%wk€89w@Pt§ %ﬁBQQY%eC d%fc?n8§¥§g§3§| damage,
for exanple ig haal, one. Sinmply by way of exanple, .the
. paraneters of @@gﬁwg hdﬁgﬁﬁﬁg% found suitable in one enbodiment of this
i nvention. O course, all of these paraneters are intended by way of
illustration, and they in no way limt the scope of this invention.
Ref erence nunerals of Table 1 identify the 30 associated structure in the
drawi ngs. The energy absorbing el enents of the first and second bays 12, 18
can be constructed as described for exanple in U S. Patents 6,092,959 and
16 March 2006 WO 03/029686 PCT/ US02/27863 9 5,199, 755, assigned to the
Assi gnee of the present invention 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 hydraullc cylinder, because a

_ melded




Cyl i nde'r has a smaller profile with smaller outside di ”E”%‘R/focl?gé’oéi S
rnder can be

- therefore nore easily packaged. O course, a tie rod type cy

used i n @ikt ve enbodi nents. _ 16 March 2006 WO 03/ 0289880227863

PCT/ US02/ 27863 Table 1 Presently Preferred Crash Alternator Paraneters A_
- Mass of Frane Elenents (kg) Transverse frane at back end 16 72 Transverse
frane at front end 20 82 Transverse fr-d6e at back end 22 152 Side frane
el enent 32 B. Monent of Inertia of Side Frane El enents (kg-nR2) 1.92 C.

Longi tudi nal Gap Between Energy Absorbing El ement and Adj acent Transverse
Frames (m) First bay - 12 0.229 Second@/118 0.178 10 D. Energy Absorbing
El enent of First 1 . I jacent back end 16) 8
row 58 CRow 5 16 PESHIW %%fe'%%g/v%g%gdijué.@\egﬁ Sarbni@ghs 14) 12 E. Energy
Absor bi ng El eqent @hssSeconhdEleméntsiikg) of cel I s/row Row 1 (adjacent back

end 22) 4 Row2 4 Row 3 8 Row.4 16
: 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 1 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




Row 5 (adjacent front end 20) 8 Material Thickness 96§,}ar 61 02 (4
' Th| ckness 8}

of each) 1.27 1.27 0.81/1.02 (6 of each) Materi al

0.81

0.81 O. Sbhsfrstd of each) 1.27 1.02 16 March 2006 WO patRR&PH%s3

PCT/ US02/ 27863 -11 10 15 20 25 30 F.Dianeters of Pins in Rotational Joints
(mm Joint 10029 Joints 102-10825 G Di nensi ons of Hydraulic Actuator 114
(mm) Bore (dianeter) 64 Rod (dianeter)-'32 Stroke (travel) 305

H. Di st ance Betiween El enents of Figure 13 (mm) 178 First I|nk 110

(Pin-to-pin)

10

15

20

25

30

Diameters of Pins in Rotational Joints (mm)

Joint 100 29
Joints 102-108 _ 25

G. Dimensions of Hydraulic Actuator 114 (mm)
Bore (diameter) 64
Rod (diameter) 32
Stroke (travel) ) 305

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

In one preferred embodiment, the individual bays of the crash

~ attenuator shown in Figures 1-6 of Leonhardt 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:

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,
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
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




Second link 112 (Pin-to-pin)169 Joint 100 to joint 108846 Igﬁhr gﬁ&&% | engt h
of actuator 114565 In one preferred enbodi nent, the indivi ar ays of the
crash at{@aabsdegShown in Figures 1-6 of Leonhardt U S. BatRRb/SsiP2, 959
(assigned to the assignee of the present invention and hereby 1 ncorporated
by reference inits entirety) are nodified as follows: The bolts 48 and
nuts 50 that releasably hold the hinges-¥ in the initial position of
Figures 2 and 4 are elimnated. (Al references in this paragraph are to
figure nunbers and reference nunbers of U S. Pat. 6,092,959.) In .

substi tuti on, adeatiapayf lre e oxdsdizboibed ahoyers Hiad theyensuredhatdhe hingas

extend across the b ver and.under,_fh es I: r bi ng

el ement 16, P@?ﬁ@b?%éél%?. aég%%"f :P%r 18% ?etsthgﬁ%ﬁ%r g?é%a@@gﬁc:@ﬁg%b a side

frame el ement 34 fggakrddneatiearpR@st 10/BravideSifporiacht @dgdmibges I Adtherfolipdes two
overl apping parts held together by one or nore shear pins such as bolts. A

force tendi ngratmctedposiisreohFiguge pithe adennalor iesheit IgPIHE9RHE% t ensi on,
d t.h h i. desi .aj l.eG : i d th
' Bod. “oncenBinifbSor Tie POPRT &t Riflte, PladudB S Th Aichf0TbyukaRd, PO | 7°

are free to opgficalgForhhBe esaslay (ias bipporopeieatreck Asf Feaoeithedhisn U S.
Patent 6,092,959. The nain 16 March 2006 WO 03/(;%9686_PCT/ Usp2/ 27863 - 12

advant age of @fiengereentdasiliatpyadaespad §ansren tq%@seéﬂngr@,s_ aftﬁa't’a_i%e
ninges on Doyh AP Brdbnfs #a%*ﬁ%gjrg QbR © AbyaMEnEEMclth/ER TR 2

col lision. The crash attenuat or rovi des 1 nportant advantages- In the
~fully retrackén posciasbhmttefiuiiogddds fuityhestaddteduat or is short in length

measured 5 horizontally fromthe truck T of Fjqure. l s.well as_in_height
Ems&@ur ed verticdl$ 9”&%@5@%3‘%@5’8\/\&93'@’9& ’SéﬁJﬁg‘g'?Sy%’ﬂ@ytt? GBROHFPEPS B gu?e
1). This ar r@gggr@@bsi{i@g&! itates over the road transport of the raised

0 '

crash attenuat and it presents fewer height restrictions to novenent
of the truck T, evEre tewhsrifroh octfaskaal beainteoded ® ineanuylosertethact ed. 10

Fange. of posiHeRHE onHEEh Brerash AllsmatobR mpupigr ano o e ReBh o oran
closer to theye 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.




vehicle on which a crash attenuator is nmounted, and the tiégﬁ“"bﬁﬁﬁ" or
"rear" are intended to nean farther away fromthe vehi cl - ﬁh ch the
crash 15 attenuator is nounted. The foregoing detail ed description has

di scussed 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 follow ng clains, including al
equi val ents, that are intended to define the 20 scope of this invention. 16
March 2006 -13 CLAIMS 1. A vehicle ngunted crash attenuator conprising: a
first bay conprising a front end adapted for nounting to a vehicle and a
back engLﬁﬁﬁped fromsaid front end in a longitudinal direction, wherein
said first bay has a substantially horizontal orientation; and a second
bay conprising a front end and a back end spaced fromsaid front end in a

| ongi t udi nal Ai&Rad dlnted dieh bitéilat® REmpfisisqi d second bay pivotally
connected to-said back end ?f said fi ra# bay, .wherein, sai d s%ﬁ%nd bay is
n,

pi vot abl e r el AYFRAYSMRESIRY B fPalend Aariy ntingyied YRisle F5d wher ei n
sai d secmplsd padyd fhef saidSiohséraina hzddgyumnngidg@mbaj whedgin eaigaitsjt bay hasal a
retracte Si.tion,. rein sai econ ay is rotated relative to said
first ba?}’bgﬁf’h?]{éjﬁ'ogzq\?{gaﬁgf'?rgﬁ'ognﬂ?dz of greater than 90 relative to said

depl oyed posid samondbay sammlisingrastonberyd arsd avbaaktenid spacedrfropasaid fomfsndnt i al |y
hori zontal_ ori. t§. 2 .Gl r rising:'
a first 'B%Jg%‘ﬁ{%ﬁ‘ug‘sd."%é"’g' ?ar'%*rﬁ%/'%%hg oﬁs&@%’é&%ﬁ&gg{y @guﬁ@{éﬁgnﬁédg&’ve Icle and a
back enshckpad etisdid finst lsayi whéreiprsaidesedoichbay it pivgfiablg délative teiseidfirstday wher ei n
said fir ' ' [-TyiA) AT N e To M a second
bay corrp?%tvsv?%a Q@é?%gtp %gﬁ@{g%regi %%%_E%?hggg%gécseﬂg'f%om s!l id IfZ ?g%t_ end in a
| ongi t ucerieatation.randta reiactethpasition omerein gagisesendbaydeiriedmiptive fotald 1y

- connect eﬂsttﬂéystlﬂbﬁbh Qﬂﬁéﬁioﬁ%ﬂ?!_%f ?@E%;iﬂah%“ Ritive W&di@ldbiSRUDoSREPRS bay is

pi votabl e relative to said Tirs . between a depl oyed position, wherein
sai d seceaidifirsbiayiagaitaingdde said sapstgntialy hogamtal oriegigfight ati on, and a
retracted position, wherein said second bay is rotated relative to said
first bgg throug_&}a rotation angle of %reateg than 90 relative to said
depl oyedé-posi# Vefrcle meHefedseash AREnuZIQ] cPMPUSINGnd second bays each have an

upper surf aces firsfRiyRlofpasing 8 88kt ehd Faaptet €t ntduntiey 10 aNabizie adrd back of said
Seend, Dol Saet <ot CoE A kb ArBa Hhcl seB B pAEREY g5 o

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




i d tion
angle is about 180. 4. The vehicle nounted crash attenuatgﬁag?héﬁg?n1l
further conprising an actuator coupled to said second bay, said actuator
“operabl e 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 nounting to a vehicle and a
back end spaced fromsaid front end in a |ongitudinal direction, wherein
said first bay has a substantially horizontal orientation; and a second
bay conprising a front end and a back!4snd spaced fromsaid front end in a
| ongitudinal direction, said front end of said second bay pivotally
connect edsaid dgplpypd anderirastrg psfsitions.d first bay, wherein said second bay is
pivotable relative to said first bay between a deployed position, wherein
sai d second bay has a substantially horizgntal orientation, and a
r et r act edSposi fivekicle spted praghiafese g t@MPEYY's rotated rel ative to said
first bay throyghtBay @hitisng adrat éndPidaPteaasihoditing idPvédiabnd/#bick sai d
depl oyed position; ‘"and an actuator coupled to sald,secgnd bay, said
act uat or BpEsRAsPE TP SR\ Ensengn %%H@nﬁé&reg@w)@%ﬂe@m’ tRIPFBYRY2 and
~retract edsipREntibifHorizaMigiogbmata; dndict uat or further conprises first an
- second pivots, mhergin said.firsg iv&t 45 cqg%@ed mﬂtf saLgqu%§ end of

“said first bay?SGHP8f PR CUBPIFNEANH epf ard @ PRk W PREF IR ST R end of
sai'd firsindi@ygitudinal ditettdn, baid kronteand ofissid eedont] hay pivoiaiglcqrinecied tessaibupl ed
with said front, end of said second, ba a _se d Link. ehicle
mount ed cPAtPRT B BL P BT TSR B P oRPERR P B i Bels " o
hydr aul i cbetwkeemddepleyddenditing, iereie szid sbeonflibag hasa dulsstardinlly ipirieoitsl. 7. The
vehicl e o : ' I ' ' angl e
conpri seg8 Qé}?ﬁﬁfrggtén%za{}aeﬁ %%t%@éﬁ%ﬁ%: Ré%rgin%emrégic %%&dgﬁog%ﬁgg{@kgﬁd .gd;? d second
bay conpfiistieay througine rotatitgengiaind gesater $ndOC eslative del grid deplpyssinosiamd at a
hei ght 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
i s sel ected su@hagthier qonpled éo said pepond Bay, saidtackiatos aperabledoerve s ie i s

POSi ti oneds@hd BalGétdBén S4d BESG)eR ank Pafaclbd Rsitidhe wheRiFsd Saubatritdrash
attenuator of claim1l wherein said first bay remains in said substantially

hor i zont aForBprisen fit abPEcREd BiPlE. Warreingalddijst ol is carrlerd Wi sald Radksnd of

said first bay, wherein said second pivot is coupled with said back end of said first bay

3.'The vehi cl e nounted crash attenuator of claim1l mhereiq

. by afirst 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.




depl oyed and retracted positions. 16 March 2006 -15 9. Th hi,c unt ed
crash attenuator of claiml wherein said second bay is p§9§@ggféﬁ¥gFative
to said first bay about a rotational axis. 10. A vehicle nounted crash
attenuator conprising: a first bay conprising a front end adapted for
mounting to a vehicle and a back end spaced fromsaid front end in a

| ongi tudinal direction, wherein said first bay has a substantially

hori zontal oriéentation; and a second bay conprising a front end and a back
end spaced fromsaid front end in gslongitudinal 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 positiqn, erein said second bay has a
subst ant¥-al | yﬂ}?o"felh?@d?%‘l'"t‘?ﬂ?rg?ﬂ snygtor of fping rwisreip said Sﬁ‘cﬁﬁdtsqa&'ﬁ wher ei n

sai d secgivslaflayelitive té odiatietbdyedbaut ¥ ®tdtdnslaixd. fi rst bay through a rotation
angl e of greater than 90 relative to said deployed position. wherein said
back end of said second bay conprises a | ower edge, wherein said first bay
def i nes #.pl akechids mongtep erash atermuskanicomerising:ongi t udi nal "axi s extendi ng

bet idf ' of ks [ . wh inth

rot at i on angl ey PRPRRE o PR HaRe i maBll o Mt P 0" S Ona

bay i s iendsdpaced fom asiddéwnipesi it admgitudieal dbertion adhprein saigdisit bayhasda on t he sane

si de of éﬁgtaﬂ{ieﬁlp‘ﬁoﬁéonitaﬁoﬁé’ritgionférﬂﬁt end of said first bay. 11. The vehicle
a

nount ed cras tenuator of clarm1 wherein said rotation angle is greater
than 125. 12.a sasend bay eareprising atfecnt enchard abackandtsprcagifrom saiddrantndr ei n sai d

rotati Orﬁn%n%igqu{iiﬁal &F@t\;\@ﬁtﬁ?éai& han e;%géf salPsecbRé b¥)‘?Pﬂé&bl‘F‘y SRHEES 10daRE D

at t enuat or clalm erein sald rotation ang IS qgreater than 165. 14.
The vehi kack eps ghsaidifist kaynwherelrraish sseonst bay ia pivpieblgrelaibierio saif drst et i on angl e
is  greaiit h Rdtioh8laxislbetMnCd \detitiied pééitidrd whéhtdh dhéddoRd BRMIdsad crash
attenuator of claim1 further cor‘g)r i Si gtg a nmpunting. ar aeggenEnt_ secured to
sai d fr oibstentillyhodzanipl prignigtionegnd JripeiPA Psfion. WOBIN %?@J SeePPd Reiftent
accomMDO@atAs feRitidd toaidirstsaaly thrbidhsd roeaiyn akgle lof greatéh 1ad 90 Adidtiye Ror i zont al
axi s adj acent sai.d front end thdere%f. . . .
-~ . said deployed position. whereih 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 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. A vehicle mounted crash attenuator conprising: a flrsh 32 |sing a
front end adapted for nounting to a vehicle and a back 8 %éce rom
said front end in a longitudinal direction, wherein said first bay has a
substantially horizontal orientation; 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 relative to said first
bay between a deployed position, whein said second bay has a
substantially horizontal orientation, and a retracted position, wherein
‘sai fj Se?wd btﬂye@;?r@mam@h ér@%}ﬁé&ef@atoeoﬁcaéiﬁ 1 fhhﬁértcob@kisu?@amtgh%ag rotati oncI
angl e of greater an ativ 0 _.sal Sition erein sa
front endTYIoSHENLSECHE Hﬁ%lsaﬂ {)’°T'tse”§c5’i F?'ﬁgﬁgaavaﬁ'hs% ‘gﬁf’ﬂmﬁ‘gck end of said
first baa(r,rar@;&meaaadﬂ;odnamldateacbt@tfonﬁ'satd$[stbaudal’nmrya ISBbS}Ml‘BiBIIy laomeontaldj acent sai d
front end.of ;. said en said second bay is in said retracted

f
posi tion® X'S:’La)djaﬁe}%s?)%hf’@ eggﬁ%h?ﬁ ed crash attenuator of claim 16 wherein said

second bay rests on said first bay when said second bay is in said

retract e% posA%l%le "%%”Eeé&ya%n'aﬁ%&#@enu tgné)n a roadway conprising: a rear

end; and a vehi cl'e noun noveabl e bet ween a depl oyed
confi gur at i ora firshbRyzcomprising 8 égncendfadgniedferanoungiad t a edhiidls anchbatked crash

at t enuat gy %%@ %ledéﬁm{ érgdsiﬁ g%ﬁ@ltﬁ&%@ #tﬂg WndrbifRhidgnd bﬁ?HQé gd to said

rear end a ced from said front end in a | ongi t udi nal
directi owbstﬂﬂéﬁlh/lhﬁ'"m%0f'¢"rt§tt°"b&'§'ﬁ has a top and a bottomand a

substanti al | y, fQiohd gg\} @Jm&fsln@%tfﬁ:mt Bfd a8 b&dkbrdidb8editdnPBail frosti@ed above
t he roadway when saj d vehicle nounted crash attenuator is in %lléi retracted

and dep‘PGVB’éS iuginrl raplion e fr°'§r?ﬁd & said serena fpy p¥RBEHY «rpgetgd fo end and a
back endpfRIHEDS I::r@ﬂass wﬁér@mtsaﬂr@cond\b@ ik piablediate tdi lsaiacﬁrst@a sai d
front end of said secon X’W? i yot al

nnegcted to.s 2006 -17
Dok ondbeierts HoREaPOSLS WIREEs Y deaid bBY b pusranl A %&@?'e relative
to said (fmernt?ett;obaand a&@da&@cﬁpcﬁsltwmlhaéhlsaldlgecdsmrbaz/d@tcmte@relaivem gakh t hen said
vehi cl e ggmatten t or Con(fi Iﬂgéjratl on.. and wherein

i d
sai d secgﬁ pgh 3 {ogﬁnglgloéggq?%?{t@ng@p C%V% sal oY R584R™a r ot at i on
angl e of wiggreiatsaid ftdnaenddr saiell setondebayds pasitibned bdjtieetit lsat! Ibgcihend deaidal

oLt el s SRR oP ) Selbly ol oL FUREf b oo ¢

substantl orien nmoun crash
at t enuat said first bay vWeindaidetecerst ey is incaid rgtracied 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




19. A vehicle operable on a roadway conprising: a rear qu%mﬁquaxyehicle
nmount ed crash attenuator noveabl e between a depl oyed configdration and a
retracted configuration, said vehicle nounted crash attenuator conprising:
a first bay conprising a front end coupled to said rear end and a back end
spaced fromsaid front end in a |longitudinal direction, wherein said first
bay has a top and a bottomand a substantially horizontal orientation,
wherein said bottomis spaced above the roadway when sai d vehicl e nounted
crash attenuator is in said retracted-and deployed configurations; and a
second bay conprising a front end and a back end spaced fromsaid front end
[in a | ongadkeAl dRsaidlfikcEsdyl @Rerefmdiaill $dcomd baNE pRbtabRirdatroerRdiddiasgt bay vot al |y

connect edio sai id secand bay is

back end of said first bay,. wherein s

vt bt &nd it 1 betan g 4o ofdipn s ienc Rh e e SR G RO ot o
or i ent at saihdepieed sanfthurtibh cdrel whiausih eald 3édupdbay @rrotated relatisaiotdaitiefppstoy ed
configurati.pen, and erej aid.second.bav.is ratated relative to said
rrot o h3 GRvafgfodtAsTeh IR e do ST B ETa B G .2 o
subst ant ériEntafioh of sakbsecahd bay aseseidfiistiraydé mebitainesico eaid shbstantladn sai d vehi cl e
mount ed rééﬁlaﬁérfeﬁf%'rf@rﬁ \%edhé id et FhoubEl LRAGH gﬂerﬁj%{Hr:iIa%H%QEd'r Pacidlfrer el n said
first and sécond bays eac Pave an upper “surftace, erein at least a
porti on @emfigapiibrupper surface of said second bay overlies and faces at

| east a portion of said upper surface of said first bay when said vehicle
mounted crash attenuator is in said retracted configuration. 20. The

vehi cl e B clAvehicloopgiehle PR ageadvayeeaprighdangl e i s about 180. 21. The
vehicl e of clajem diy: bt her conprising an actuator coupled between said
first and second bays, said actuator operable to nove said_second bay

bet ween sai d 2"l BRUBEHE2sN altewaiopoyeahiribeteese ferioxssfoniighralionons. ~ 22,
The vehiglda Rfragb@tdhiigranbie sidvehiRlctndudtadt dradh AREL&or Congiremer than 125.

23. The vehi cl f claim.18 further c I SL a unting. arrangenent

G sposed. el SPaPT 2 KA S soltP i FiEaEets BT 8t 2 ot bay.

wher ei n spakcel @ Bhid ignt ebdriaadgegitading erectiondetesin koiddirst bay hds s&pd first bay
relative to said rear en t .a ubstantial ly. horjzontal axi s adjacent
ol a1 1 A RBtoBy SrECH syERErBaly fapPonsd] SRStk Eherdip BIBR B S achy
conpr i siatgve the madwayevten saiidvehicleahowited crasmitethustoasiin sdit esttaatedrandoveabl e
bet ween & %ﬁg‘h gé/n‘?lgu ﬁéﬁs' ?Hcf ation and a retracted configuration, said

mgu ed crasn at

vehicl e enuat or conpri si ng:
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




a first bay conprising a front end coupled to said rear en n ck end
spaced fromsaid-front end in a |ongitudinal direction, mﬂgngﬁlg%?ﬁ first
bay has a top and a bottom and a substantially horizontal orientation,
wherein said bottomis spaced above the roadway when sai d vehicl e nounted
crash attenuator is in said retracted and deployed 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-Birst bay, wherein said second bay is
pivotable relative to said first bay and has a substantially horizontal

ori ent at §gpbydh and Foliadted @BhfigurstioRdint ed attenuator is in said depl oyed
configuration, and wherein said second bay is rotated relative to said

first bay through a rotation angle of greater than 90 relative to said
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nmounted crash attenuator is in said retracted configuration, wherein said
front end of said second bay is positioned adjacent said back end of said
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arrangement accommodates rotation of said first bay relative to said rear end about a

substantially horizontal axis adjacent said front end of said first bay.

24.  Avehicle operable on a roadway comprising:

a rear end; and

a vehicle mounted crash attenuator moveable between a deployed conﬁguratio'n
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.






