WD 03/ 029686 PCT/ US02/27863 VEH CLE MOUNTED CRASH ATTENUATOR CROSS
REFERENCE TO RELATED PATENT APPLI CATI ON This application clainms the benefit
of the fiwpngoewse of U. S. provisional patent applicati orC3arsozak7sh.

60/ 325, 729, filed Septenber 28, 2001, which is 5 hereby incorporated by
reference in its entirety. BACKGROUND The present invention relates

t o' vehicl e mounted crash attenuators, and in particular to arrangenents
for facilitating transport of such crash attenuators. 10 Vehicle nounted
crash attenuators such as those described in_ Leonhardt U.S. Patent

6, 092, 959 are commnly UEEHGUE MQUMNEREPRASHAAT TRYRATYE | on. Heavy
vehi cl es such as trucks, sweepers, and other noving vehicles are

posi tioned i CROMY R FERENK FZ00eREL A DDA TN K ARPLICAR®OMor k  zone
fromoncomng traffic. Vehicle nounted crash attenuators are nounted 15 to
face onconi ng tr afffriicapplitadpderaits the deaefit eihedbbaidate 0eRiTIBOYVIRIONRE event

of a collision with the. truck. pi SL vehi ¢ u .

attenuat ors &ECHSRPIGRP geaal &%ré@%#ﬁ?%@é?tﬁe rtlerinhgﬁgg; @%é;ﬂ “ﬁ@;r%are

oft a pi Vot eq, @ RinkBFidrS@l BPsitieABe filts ehti@gport. Modern vehicl e mount ed
crash attenuators hav , a substantial 20 | ength, and when such a crash

attenuator is pivoted to a vertical position for transport, it may extend
vertical ly t BACKWIOAMNDal hei ght that prevents the vehicle from
travel i ng under overpasses,. through door _o%‘enli nrﬁs, t%@d ”E lti ke.t ;I'he
above-identified UderiHapen! iBUeRiit” CUSH thie 'S TAW RIS GrE8 1 T RE" present
[ nventi on, -t eagiies ARl ybiRMhd Rnldlis (RIABIEINS ahshon o vesn basti al |y 25

S

col | apsi ng the cr attenuat or, thereby reducing its overall height. Oher
prior-art pata¢eheatohat di scl ose vehicle nmounted crash attenuators that are

GpIdt - U5, Pat ent/ UM AP D S HE S PAPRATeo 60698 P57 6, 183, 042,
and 6,186, 563,nnardt 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'anoncoming vehicle in the event
of a collision with the truck.

Typically, such vehicle mounted crash attenuators are deployed to a
horizontal posihtion 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 overall height. Other
prior-art patents that disclose vehicle mounted crash attenuators that are
pivoted vertically for transport include Friton U.S. Patent 4,635,981, Oplet
U.S. Patent 5,052,732 and Unrath U.S. Patents 6,098,767, 6,183,042, and
6,186,565.



WD 03/ 029686 PCT/ US02/ 27863 -2 Another prior-ail approach hinges the
vehi cl e nounted crash attenuator in two places: one adjacent to the
vehi cl e awo anodsBer near the mdpoint of the crash attenwatraso2¥sen ful |y
folded, this crash attenuator includes a first portion that extends
vertically upwardly adjacent the rear of the 5 vehicle, and a second
portion that extends horizontally forwardly, over the rear portion of the
vehicle. The result is a crash barrier that is folded into a right angle,
L- shaped configuration. A need preseggk exj sts f?r roved vehicle

. an i
mounted crash at IR GNQHAE APRIGAERS THE Heereliqle %%%?8538 he crash
attenuator | tt%pgabojrq)w [)vi(? g%%%gd Oﬂg:écgééght (SO cle TR Bhether hedr the

enbodi ments describe w i ncl vehicle nounted crash attenuator
havi ng first naiddoseodme drays aitabeatwoniécteflilyyodedr tiatiashaligneiair.  An

actuator is coupled between the fiyst and.second bays to 1 et econd
bay between $deHoy8E HOSIY Bt ef{?'\ﬂﬁi"@ﬁtf aﬁ'é‘ %w@éﬁl\;%g[éace Z(t:’geg}c;eatgé)ﬁgh%re
al i gned hor i %Qﬂﬁ?é,lay\d ABdhd sdHiBRtes Heshdd RBsizdntaMhiophatdhe oveedend bay is
rotated about the'rotational joint by a rotation angleagreater t han 90

Wi t h. respect rear pdveordeptheyeehigosilthicoiesult is e teeash barsier Htadds ENgRAINRAL,  the
second bay is ﬁrraqe 00 e first bay. when in the retracted 20

d lje t
position. Th&9IALFNE n%‘é%apgﬁgéﬂg'@frapﬂﬂs crash attenuator can be

substantially regucadl hRisehlRBSBE for anifpeciied VsHidashognteberaster al | hei ght
of the retracted crash attenuator excessively. The foregoing sections have

been provi dedttbpusiay thft geweeathe pygriadheiaht oh thag@shrtiendaoridthsg nt ended to
restrict the stcocge of the following 25 clains. BRI EF DESCRI PTI ON OF THE
DRAW NGs Fi gl 1 888y specti ve view of a vehicle nounted crash
attenuator that incorporates a preferred enbodi nent of this invention,

posi tioned i BIAIMARY
The preferred embodiments described below include a vehicle
mounted crash attenuator having first and second bays interconnected by a
rotational joint. An actuator is coupled between the first and second bays to
15 ~ move the second bay between a deployed position, in which the first and
second bays are aligned horizontally, and a retracted position, in which the
second bay is rotated about the rotational joint by a rotation angle greater
than 90° with respect to the deployed position. In the illustrated embodiment,
the second bay is arranged to overlie the first bay when in the retracted
20 position. The horizontal length of this crash attenuator can be substantially
reduced for transport, without increasing the overall height of the retracted
crash attenuator excessively.
The foregoing sections have been provided by way of general

introduction, and they are not intended to restrict the scope of the following

25 claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1is a perspectlive view of a vehicle mounted crash attenuator
that incorporates a preferred embodiment of this invention, positioned in a

deployed position.



depl oyed position. WO 03/029686 PCT/US02/27863 -3 Figure 2 is a side view
of the crash attenuator of Figure 1 in the deployed position. Figures 3, 4
and 5 ar eweiod@29s68e€ws corresponding to Figure 2, show ng Phe/tseroised bay of
the crash attenuator as it is raised progressively to the fully 5
retracted position of Figure 5. Figures. 6-9 are detailed side views of
central portions of the crash attenuator of Figure 1 in the positions of
Figures 2-5, respectively. Figure 10 is a schematic di agram show ng the

second bay 18 of Eiig(?ﬁége\zsiséz%gige&w 8l tth%rdr?rgglil\éﬁeﬁt%tifotrgpﬁ%uréq jrtigures 11 and

12 are perspective sel'ect ed conponents o second preferred
enmbodi ment i Bephgepddsitainl y retracted and fully retracted positions,
respectively. Figure 13 is a sectiaonal view throu%h tC?e_ieI gﬁgznﬁs of Figures
11 and 12 in theFupiseoyved 3est Breorde ViR RIFS PRGN © K8HE & TOYeMUe vi ew

of another VAAI el & MUY SAneT A3l aRbAGIHRLOT s PRIAH bRI: iy THE

DRAW NGS Tur ni ng no aw ngs, Figure shows a vehicle nounte
cragh attenuattatedPosmwivnioédigureid. ace behind a truck T. The crash

attenuator 10 20 includes a firs ay 12 havjng .a,front end, 14 and a back
end 16, aid a secbldredss’ 4§ %19{‘@@5' SOt O*e?‘n‘%ﬂ% PORUPTS PHER CEId 22. The

first and se i 8 NE oo £6PRIGLIaLE2 WP PRIpaRAUl ons 24, 26, and
t he back endgggg%%qeﬁfe!:%é%in% ba!;/ 18 defi nlgs a | owner F:g](;jge %8. The front

end 14 of the firBigubay0iaisshematintdéapram shwing dek sgceyd Baywbdef Figyre
arr angemnent ,']'SO, thabmcan. for ﬁ.xarrpl e 25 be a rigid, fixed nounting
arrangenent . | A N GHRMANVEPQSIHENS. the first bay 12 is cantilevered from

thgotruck T, and ghgrdd f$tnhay 4@ J&spedRveivievas b seldctedrigencientsioft h
respect to the truck T in both the deployed and retracted
second preferred embodiment in the partially retracted 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
mounted 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 retracted
positions discussed below.
Alternatively, the mounting arrangement 30 may allow the first bay 12
30 to pivot about a horizontal pivot axis 90 with respect to the truck T (Figure 14).

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



positions discussed below. Alternatively, the nounting arrangenent 30 may
allow the first bay 12 30 to pivot about a horizontal pivot axis 90 with
respect twotlm@zdeseick T (Figure 14). This pivoting can be pemiusozbisepassi ve,
thereby allowing the first bay 12 to tilt WD 03/029686 PCT/US02/27863 -4
upwardly to pass over an obstacle, or active, thereby allowing a user to
position the first bay 12 at the deS|red1t|It angle. In Figure 14, the back
end 22 of the second bay 18 is supported in the retracted position

descri bed below b a bracket 92 s c red t C shadow
vehicle. 5 Si“rh’}‘.MaygI 9%3&?581"%?3@8?%0? 178 afCPY%DRSne&g'sag@%rgé 8?}3@?&02 18 can
be constructgd; s tﬁ@%%td%&;ﬂm At freanhwedttiitrgle. Pate@m@n@%e%k @sshaned
to the Assignee of the présent invention and hereby incorporated by

reference. Asf tdeserdriselRy m8nswtspmateéhm the fetrarted PoRition daseribay Heleuyby

i ncl ude an en r orbln ele t ts are not shown in
Figure 1 for @ f\'/kett ﬁ%f:ucg? Fodr}%%%;a g]&n\,\ﬁ\l, |Bgures 2 and 6, the

baclg end 16 of thejhprsty \bayolaxmpléewne;dahd dcleenfibagt 1@nds 28ndfe t he
second bay 18 by a rot ational joint 40 that defines a rotational axis 42.

As best showsonsiritgdiee @scribed Hi kel He%tpatﬁﬂlcﬁ P AT REFIgARE o e
e oor ! BROL AL r B ol S R R BOR ARG IncbfifordR A BPRIeREE! 20> 22,

26. Al so as an actuator nt ed et ween the back
end 16 of thge§érfbsdd |haM|slpiat@ﬁQohbe3tfhmimbfémd)é§& by if@udeeordehgy 18. In
this exanple, the actuator 50 takes the formofé)? g drau i C rgnfﬂth‘at. IS
mounted to t ABSHREG eeEerd HPughsush eigmeals a9 n VB F 9§ dtToB slankhg

th is 20 first and second |inks 56,58 at an upper pivot 54.
Thgltofl rst ”BEﬂggtﬁatlcﬁ\ turn is pivotably connected to the back end 16 of the
first bay 12, andAs seowsein drigures ikarsB 61 thephaabt el Y6 obtretitsebay d2tihe front

o 0 o e et o e BEESH E3LB Rl B I A, °
provide symgtsical (fQhcRs 18N8 NAstiest shown in Figure 6, in this embodiment
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
mourted 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 longitudinal axes 66,
68 are substantially parallel to one another and oriented substantially

30 horizontally (i.e. parallel to the roadway supporting 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



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 defi newoasnespect i ve | ongi tudi nal axis 66, 68 (Fi gurePxr/usanessh t he
depl oyed position of Figure 2 the |ongitudinal axes 66, 68 are
substantially parallel to one another and oriented substantially 30

hori zontally (i.e. parallel to the roadwdy supporting the truck). In
Figures 7-9, the reference synbol 64 designates a rotation angle that wll

be used as a asure he.r ot at i onal sitian of the.s T8 WO
05/ 620680 Permiagsyeraissine S Che 2 €§88§¢P‘etr8"%qi?«£‘a¥ P¥REZnal PR U8, e
rotational axrio%tﬂ%-ar@e lBuaHk&s the ¥hge of 0f Ot ation angle 64 takes the val ue
of 00 In Figures 2 and 5, the reference synbol 70 designates a verti cal

pl ane passing t hrlouggurtelse? andiht ihegredereangsndne! 30 desionates aretingl AIpP8t bay
12, and 5 both the first. and seg } nthr :
rearwardly ofp%ﬁ?@%@(?‘i‘@h‘hep'fngﬁﬁ%gﬁg%ngéét %(I}g%rﬁfagq tgtaﬁ%gtﬁgfrjb Oﬁlt’s&#é/n t he
depl gyed posigdiemfirst BhaWeeordd bals F2gug ese dispbsan@dntirely hearwafdly ehitee synbol
72 is used to indicate a plane passing through the rotational axis 42 and
ori ented transvisaieiana &0 when the crasty?featen This ig e depioyGf 95808 7 show
a side view c}prrres?ondi ng to that of Figure 2, in which the actuator 50
has been extended partially to raise the second bay 18. In the view of
Figure 7, the anglig Fédures 2aliand 5%he Thiesemapsyaseolt &2 @nuseditenmiidatatee st age,
in the retraction of the second bay 18. 15 ur es

attenuator 10lape Qﬁ%‘iiﬂ@ﬂ,‘ro%’ﬁ@e 5&’1@%@%&"‘&%8”? Hri@ﬁt@%ﬂ%%&%&%&gogtﬁefL:Sh
ot on angl B ISERE 50° (Eglre ©). Note that in this position the
| ower edge 28 has Fipwed ¥ andvarstiby asideheeylcamesgandirg guthet 4 Figure 2, in

which the actuator 50 has been extended partially to raise the second bay 18.

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 the 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 dotted 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 angle () is equal to
2 arctan (a/b). Therefore, itis 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 attenuator 10 is less than

that of an attenuator in which the second bay 18 is rotated by 90° between the



20 As shown in Figure 10, the second bay 18 is characterized by a depth a
and a length b. Wien the second bay 18 is rotated about the axis 42 by 90
(as showwpr3szdeBel | i nes in Figure 10), the partially-ret Pattusd2/atssEnuat or
has a height h. Further rotation has the effect of lifting the | ower edge
28 until the |ower edge 28 crosses thgﬁglane 72, after which the | ower
edge 28 begins to 25 nove downwardly. e the rotation of the second bay
18 has gone beyond the position shown in dotted lines in Figure 10, the
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arctan (a/b) ’t{w@@gcgng b%?}%@ﬁs?/)rét%rﬁﬂ&'%ta?é@i by AFRh@Eh §R4IB)no IEBeIRione3 it is

preferred that 'the seco ay 18 be rotated by 30 an angle no less than (90
+ 2 arctan (ajdvpennhée beploged aniddte pesactedmoshioosdéurther refeatie@ phie t he

overall height of the fully re cted -attenuat 0., es of
an at t enuat orSECANGEYH & WJ%@CH}% rﬁgvcﬁ%mesovreéggpé@hlta)glf Btf %rg%ﬁ%@ﬁnpﬁg}rm
03/ 029686 PCT§0U802/ 27863 -6 deployed and the retracted positions. In this

exanmple, (a/b) is equal to 0.5 and the second bay 18 is preferably rotated
by a rotation anglAdtheoighdbis exaamle 48cusprs akbemataebaspvel edresn ol

tracted it . Furth t i pn. 8 430
educes the_guiepal s e e FisE I B She sifhs BFHRDRyBRog PrREYPELkAS
exanpl e di scysagsioAtldnpabeplidaysatidridate Factamgahpaothes haps sddiosal s in no

way neant to limt the scoge of this invention. The present invention can
be applied t shapesnishoas elipsoidel, palygobehand OthRIsSNEPESi onal  shapes, such

as gllipsoidal, polygandl,,podrghARE SRGPETend ot G4 B RIIFRGSLsgOW the

crash attenuator int ul'lty retracte position, 1In ich the actuator
50 has been gxisgderh Whichhiee peiudtonflehas bhen extaratdddn taegloet8hers the

The | ower eddeissen andfpst ( sregreussyaarPLa 1o¥ el ) or i ane 72,
R e ™ PAPRPL DS BRPpk Baakon oghoned iesabubhchyany 3 by 2
‘ the plane 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
positioned adjacent to and overlying 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 Figures 1 and 2), and the second
20 upper portion 26 now faces downwardly, toward the first bay 12. In the
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 rotated
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 not rotated to such a large
extent. For example, the second bay 18 may be rotated by 145°, 155°, 165°

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



positioned adjacent to and overlying the front end 14 of the first bay 12,
and the upper portions 24, 26 face one another. As shown in Figure 5, in

t he ful | yworestoewmsé ed position the first upper portion 24 eomusexemses o face
upwardly (since it has not been rotated fromthe position of Figures 1 and
2), and the second 20 upper portion 26 now faces dowwardly, toward the
first bay 12. In the position of Fi gure‘75, the second bay 18 rests upon and
is supported by the first bay 12. Al so, both of the first and second bays

12, 18 are stjJl | ocated ntirely behjnd the vertical .pl . &, second
bay 18 can beHn‘B\i’é %Oﬁ?{egﬁ’é( 'He'i%%?& 0 lI{?%%qtﬁ%or?g%lxéslto'?ic%gg%g%%-sgpg?on of
Figures 5 anqng e BN GRPPPKa8wWBPE AN BB (Rint Ehawres the rétra@bd position. wise. I n
the exanple illustrated in the drawi ngs, the second bay 18 is rotated by

about 180 wi tdll casspdibe seconhbay isrofatedypyrpoientheRSY diatgeeedhosisiriaved of
Figures 5 and 9, as conpared to the depl oyed i ti J¢ QLK and 6: In
30 alternati \)aéwderr’?zr@&f)%e‘?ﬂsét,'oqshéngﬁ'éoeﬁ% % rﬁ?gaCf?)g énrgc‘{feggféz?ttgﬁhgﬁ 1S%l])Ch a
large ext entyofige 18X a8PARagt Be rereanstHean k8l neighbef thetfatded drysti45, 155,
165 or 175 with respect to the first bay 12. As anot her exanple, the

second bay WO!GBLORIEEEORTRITS02AZPEIEY crash aierusione! st $rBE IBYCRBPES t han
e e ABAS LARRY oAty ooPARI ARRedr e e WAL dridf MG RRES 22 | =

| ower than the tf'?cg int rettacte ositio cases the
second bay i sibootnt Eer this easen ttharseg8dnd ebvednintthe retepdtoy @dsitiands r et r act ed
positions. In this exanple, rotation angl es greaftter ihgg‘n 145 5 Frovi de the
advant age of Prefgbnerteles iy e fatined e B8r9rERie tfdo o Ak Prate@iat or as
co red to C h I i t is
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rotation anghe,pdpiay be greater than 180. Note that the second bay 18
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, Gertz 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 second bay somewhat angled with respect to the
underlying first bay, rather than in the overlying 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 position.



extends forwardly of the plane 72 for all values of the rotation angle 64
greater than 90. O course, it should be understood that a w de range of
changes awo 03b3es®di fi cati ons can be nade to the preferreecansodorsent s
descri bed above. The crash attenuator can include nore than two bays, and
t he bays thensel ves may vary widely in construction. For exanple, bays of
the type described in the followwng U S’ Patents can all be adapted for
use with this invention: June U S. Pat. 5,642,792, Certz U S. Pat.

5,248, 129, Gertz S. 20 Pat . L (- Kr : ' Fritton
U S Pat. 4,635, Qgix Wamf I?é?m@?%.jlgg’ﬁl.ozﬂ?gggg%i?fégwg@%ﬂ'ro;he@%% ﬁ%érn types of
hi nges, act uahghg saitsble Mikkagesfireaand eesaisbayut 2418 are infygemehtst inat ed

el ements. As one alternative, the actuator can inﬁl ude cabl e extendi ng
bet ween the ssonthrsaywiththe disclospisck did Fader! GBdAs Such as a winch or the

|ike for pulling the lgi%?heess1*—Q32§1ori/\9£é}%@teh%n$ms BRY dedt kel etract ed

position. Furthernore, € retracted osition may | eave the second bay
someghat angl@anwiié hThesipesttatéd componandesi Rigugstlirand hayncluae hefratiean in

the overlying substantially, paralle|l position shown inthe draw pgs. For
exarpl o, 11 0HE 1hal foymadbrsiel s e oy 20CATP 78 Bot BrrLAe on
angl e of 170 i LA of i SeBB bEAUTRE AL 1 7.M BPaRNdiigply nkage and the

actuator. Pre bl'y e systemis designed such that there is no |oad on
t he act uat or sntercdrneclednting awhitionhgose d 0Adandihd positiorpf Hue framie! depl oyed

the full t ted iti .03/ 029686, PCT/ US02/ 27863, .-8.B f
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t he disclosure o atent 6,092, 959. The Figures 11-13 show sel ected
conponent s ofFigurbels throdppd @xdapihe. rotid dach hydratledrydpdapohthiss of Fi gures
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118 are rotatahhy11s.
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
vertically oriented, spaced, pafallel plates 122, each disposed outwardly of a
respective one of the plates 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 associated structure in the drawings.
The energy absorbing elements of the first and second bays 12, 18 can

be constructed as described for example in U.S. Patents 6,092,959 and



i nterconnected by a rotational joint 100, and the position of the frame 118
(and therefore the second bay) is determ ned by actuators, which in this 10
exanpl e twkestbwsé orm of hydraulic cylinders 114. As best pehmamo2/21863 Fi gur e
12, the upper end of the rod of each hydraulic cylinder 114 is connected
by a first link 110 to the franme 116 anqaby a second link 112 to the frame
118. Figure 12 shows the manner in which the frame 116 includes a pair of
15 vertically oriented, spaced, parallel plates 120 di sposed on opposite

sides of each the | & .C 1?q%; L ‘ 118

i ncl udes a pa‘?';é)%'zogv%%&é%r dy$gr¢(4e§ﬁ e ,82%§3“é8,§é@é¢§‘ﬁ%|" gf)ﬁb:'g(gerrseg 22, each
di sposed out vinesthyranéd @y refespend, iane thaenateribhesql atfosm I2dividds! sfievaani n
Figure 12, when the frame 118 is positioned in the fully retracted
position, eadf’ BXAIPRIGIBLSSALIANBIUM4 i s at 20 | east partially received

bet ween the respect iy ~t Dl A WA i 3, when
the hydraulic cyl ﬁﬁ]lctﬁgrgse 9%@1&?@%\%%{; h@t@e'(%%:]\gglp re gﬁwévd%}%gn:tygﬂ?(ﬁgg%lﬁ%yed
posid i on, theddyflasvpposayta adierrsdljpk bydrankc eylveidr, Hzstweera weldegr ot ect ed
by the respectjv |ates 120. In this way, the. hydraulic cyl]inders 114 are
protected fr&H 3Py %WC\%@ B 89 rpguise %Bweé‘ts'c’ﬂso?ﬁgc'égﬁﬁ'ie%%ﬁnage,
for exanple i@ éysgg\a%ké@érdﬁ 2PBBurssl HWile)/roQXY[y@ziylﬂﬁeﬁéé«%le%sebhﬁ _
paranmeters of Table have been found suitable in one enbodi nent of this

i nvention. ORltcoatise erabddimentshese 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
WO 03/ 029686 PCT/ US02/ 27863 -9 5,199, 755, assigned to the Assignee of the
present invention and hereby incorporated by reference, and the materi al
used to formindividual cells can for exanple be sheet al um num



In this exanple,

body) as opposed to a tie rod type hydraulic cylinder,

the actuator is a welded hydraulic cylinder (welded 5

because a wel ded

cyl i nder waesmssal |l er profile with smaller outside di nren®Cansoanmes s

t herefore
used in

nore easily packaged. O course,
alternative enbodi nents.
Presently Preferred Crash Alternator

atierod type

WD 03/ 029686 PCT/ US02/ 27863
Par dmet er s

A. Mass of

cylinder can be
-10- Table 1
Frane El enents

(kg) Transverse frame at back end 16 72 Transverse franme at front end 20

82 Transverse frane at back end 22 15
Inertia of Side Frane El ements (kg-

TP

e franme el ement
92 C. Longitudi

32 5 B. Mnent

nal Gap Between

Ener gy Absor bi ng Ei’rggg.my BRdeAdl 25884 AldFRNSVRESAn&ipses (M) First bay 12
1 .178 D. Energy Absorbing Element of First Bay 12 No.

of
0.229 Second bay
of Materi al

Row 2 8 0.81/1.02

4 of each w3 16
front end 14) 12 0&8‘@‘1@69?“(‘2@1%5%%&?“ i@
Second Bay 18 No. 15 Mpdr8E if@imelhi Mes® 20

5 B.
C.
D.

10
E.

Transverse frame at back end 22

Side frame element

27 Row 4 16 1.27

E. Energy Absorbi

Moment of Inertia of Side Frame Elements (kg-m?)

Thi ckndsss ofdedans? Eemnémm)k@ow 1 (adj acent back end 16) 8 0. 81

w 5 (adj acent
g El enent of
82

152
32

1.92

Longitudinal Gap Between Energy Absorbing Element and Adjacent

Transverse Frames (m)
First bay 12
Second bay 18

Energy Absorbing Element of First Bay 12

Row 1 (adjacent back end 16)
Row 2
Row 3
Row 4
Row 5 (adjacent front end 14)

0.229
0.178

Material Thickness

0.81/1.02 (4 of each)

No. of

cells/row (mm)
8 0.81

8

16 1.27

16 1.27

12

Energy Absorbing Element of Second Bay 18

Row 1 (adjacent back end 22)
Row 2
Row 3
Row 4

Row 5 (adjacent front end 20)

0.81/1.02 (6 of each)

No. of Material Thickness
cells/row (mm)

4 0.81

4 0.81

8 0.81/1.02 (4 of each)
16 1.27

3] 1.02



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 front end 20) 8 1.02
WO 03/ 029w B63Pb84JS02/ 27863 -11 F. Diameters of Pins in ReTatSopamb3 Joi nts
(mm Joint 100 29 Joints 102-108 25 5 G Di nensions of Hydraulic Actuator
114 (mm) Bore (diameter) 64 Rod (dianeter) 32 Stroke (travel) 305 10 H.
Di stance Between Elenents of Figure 13 (nm First link 110 (Pin-to-pin)
178 Second link 112 (Pin-to-pin) 169 Joint 100 to joint 108 846

Retracted 1ength ob AGLIAL 8f pikin $8Raudeal UBiROENRNET er red enbodi nent, ¢ he

i ndi vi dual bays$s of 't attenuator shown 1 n Figures 1-6 of Leonhardt
U S. Patent 6,092, 968t 10@ssi gned to the assi gnee2®f the present invention
and hereby incorporated b rgference inits entirety) are nodified as
follows: 20 The bop@'ﬁtsﬂﬁéﬂ@ nuts 50 that releasably hold the hinges 34 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.
6,093, 959.) |6. subshessionoof Hedchlibdytidgopt bvided with upper and lower tie
rods that extend cro t he bay (over and under.the respective ener
absorbi ng el ement %fe (Sd?ameter;) 64 P »

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
n one preferred embodiment, the individual bays of the cras'h
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 nuts 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 includes two overlapping parts
held together by one or more shear pins such as bolts. A force tending to
collapse a bay places the tie 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, the hinges 34 on both sidcs of the bay are free to open, and the crash

cushion operates as described in U.S. Patent 6,092,959. The main



25 respectively). Each tie rod is anchored at each end to a side frane

el ement 34 near the respective pin 56, and each tie rod includes two

over | appiwg paedess hel d toget her by one or nore shear pinecausyameholts. A
force tending to collapse a bay places the tie 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, t N hi nges 34 on both sides of the
bay are free to open, and the crash cushion operates as described in U S.

Pat ent 6, 092, 959. The n 3/ 029686 PCT/ USQ2/ 27 t

the tie rods agx@& ?%%BFEY?OV% ng‘qq*?a‘f{ Fﬁ&y’ogﬁéﬁ t%ﬂ%g%ur%ﬁp%dﬂég% r?r(%’esooth
sides of a bay,bgg &dé@ofgttﬁéﬁ)@n I eaRME thiRRInskIGNRG AiNgOd tolﬁslon The
crash attenuator 10 provides inportant advantages. In the fully retracted

posi tion of Fi gureTbe tteshaattenusdeoto P@Vgiﬁ‘ﬁr'fnn(}ﬁta%ﬁét/%m@ﬁ‘éésm fully

vertioally friitins ponniey Ve SUfpaRetbeRE s Pl Pep Pt ¢

arrapngenent fagiidntalyafora\es tiube W@&dg@fean)swwtallafs it Iheighai(sedsareas h
attenuator 10, and it presents fewer height restrlctlons to verrent of the

truck T, evenvedipaly fram tee setrivayt GrbarBPOiD thestreeh IwiréyseciedN's1o As used
herein the tegéﬂ% e(feorﬁér]it fgglll ésb éretﬂgq'gag r%ﬁgééfrtto@tf?@ SRPAES A attreﬂﬁgﬁor()f

p05|t|ons h I nt ene to nmean closer to
the vehicle on am |Cbr@eatsafselwamte@maeﬁncilmsmxmbeelmeahdf thied ruckr heevepack”

or "rear" are intended to' mean f ? fromthe vehicle on which the
crash 15 att ewied die s@shwligpegior e'S ‘Hye&g?%ﬁe@et ail ed description has

di sgyssed only a f h derfonegitbhat Hén%ie'drblréﬁéﬂ QB cp@Bmpakea This
det g?l ed descri ptl'&(;ér/lvulgésdt ger'%?%] ' |rF1)t elnlde Sb'y way of :yustratl tg% and not

by way of i nnahgemnposmbnss only the follow ng clai ms i ncluding all

equival ents. that are intended | o def | pe Lhe 20 560RRAobblSoiyent i on. WO

vehicle on which a crash attenuator is mounted, and the terms “back” 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 few of the
many forms that this inAvention can take. This detailed descriptioh 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 invention.



-13- CLAIMS 1. A vehicle nounted crash attenuator conprising a first bay
conprising a front end adapted for nounting to a vehicle and a back end; 5
a second way3omsps i sing a front end and a back end; a rot &Cirarsat/2j8es nt

i nterconnecting the back end of the first bay wth the front end of the
second bay; and an actuator coupled withisthe second bay to nove the second
bay between a depl oyed position, in which the first and second bays are 10
al i gned horizontally, and a retracted position, in which the second bay is
rotated about the rotational joint by a rotation angle greater than 90 with
respect to the deployed position, thereby raising the second bay above the
first bay. 2. The invention of Cdaim1l1 wherein the back end of the second
15 bay comprises a | owex \gfigR. mBDRIR SabNaEALAbLE BBRpriskignt defines a
rotational axis, wherein the first bay defines a plane passing
perpendi cul ar to a | ong fistbaakoexirsingxa &ndi end bdamledrfotr hwuhtiogto end and
the back end of the first bay, and wherein the rotation angle is

suf fici ent |y §hede 8nd@nrco®Such that when the second ba-/ is in the
retract ed position,tfuggéwﬁmj5g¢ﬁbm§n§ﬁ§kﬁﬁ@ﬂdeZQmpgb@beeﬁane side of the
plane as is the front end of the first bay. 3. The invention of Caim1l
wherein the back end ofa toteticet it intsagorsmepng desback gagof dybrst GAerei n t he
| ower edge is .positioned at i _ n the second bay is rotated
about the roﬂﬁﬁ?@ﬁ%ﬁ?&é?ﬁﬁﬁﬁsé5g8?%$g?P6%mgngle of 90, and wherein the
rotation angle is sel egihestisatoh cbhplediwithi2hetdeeonetbiagad edoveotictseapntihe | ower
edge is positioned at a height no greater than h. 4. The invention of

Cl ai m 1 wher diay heteese coirp!ovag .dRyhich et 326 apet DAYSS#E a | ength

?g; _ ter b, aﬁagem%ﬁ%rﬂaﬁﬁ%n@% ?étié%@ecﬂ]géiﬁon,i in wqﬂcfln ﬂ'?essé&ﬁﬂ t?eg ié' 2 arctan

rotated about the rotational joint by a rotation angle greater than 90° with

respect to the deployed position, thereby raising the second bay above the

first bay.
2. The invention of Claim 1 wherein the back end of the second
15 bay comprises a lower edge, wherein the rotational joint defines a rotational

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

20 on the same side of the plane as is the front end of the first bay.

3. The invention of Claim 1 wherein the back end of the second
bay comprises a lower edge, wherein the lower edge is positioned at a
height h when the second bay is rotated about the rotational joint by a
rotation angle of 90°, and wherein the rotation angle is selected such that in
25 the retracted position the lower edge is positioned at a height no greater than

h.

4. The invention of Claim 1 wherein the second bay comprises a
depth parameter a and a length paramelter b, and wherein the rotation angle

is no less than 90° + 2 arclan (a/b).



WO 03/ 029686 PCT/ US02/27863 -14 5. The invention of Claim1l wherein the
rotation angle is greater than 125. 6. The. invention of Caim1 wherein
t he rotatwornsapgke is greater than 145. 5 7. The inventi earafsofbzmesn 1
wherein the rotation angle is greater than 165. 8. The invention of Caim
1 wherein the rotation angle is substa @#]I ally equal to 180. 9. The
invention of Claiml wherein the rotati angle is greater 10 than 180.
10. The invention of Claim1l wherein the first and second bays conprise

respective fi1st and sepond SRASIRALH] 05 RREl BiklR didisk Gadiorsecond

upper portlons faée up second ba

posi tion, e? ©in the flrst upper portion faces upwar dl y and the second
15 upper portlon aces downwardly, tomard the first upper portion when t he
bay is in the retracted position. inventio m 10 wherein
the rotational jobnt i §heweéﬂwpaﬁe&”@6}éd@ﬁ¥eWHQeﬂP?@P”dB§$?Bﬁﬂﬁ?(%n 12.
The inventio oflglalm 1 further conprising a nounting 20 arrangenent
secured to t 1oht end of the first bay and operative to cantilever the
first bay froma vehicle with the first bay in substantially a horizontal
posigt i on, both when t hehseoantiobay Glaim i viHeeeiddpk ogledop@sidle ror&ate” when

t he second bay is in the retracted position. 13. The invention of Claim12
wherein the Hsint%hg arrangenent 25 acconmpdates rotation of the first bay
around a substantially horizontal pivot axis. WO 03/029686 PCT/US02/27863

- 15 8. The invention of Claim 1 wherein the rotation angle is

substantially equal to 180°.

9. The invention of Claim 1 wherein the rotation angle is greater

10 than 180°.

10.  The invention of Claim 1 wherein the first and second bays
comprise respective first and second upper portions, wherein the first and
second upper portions face upwardly when the second bay is in the deployed
position, and wherein the first upper portion faces upwardl.y and the second

15 upper portion faces downwardly, toward the first upper portion, when the bay

is in the retracted position..

11 The invention of Claim 10 wherein the rotational joint is

positioned adjacent the first upper portion.

12.  The invention of Claim 1 further comprising a mounting
20 arrangement secured to the front end of the first bay and operative to
cantilever the first bay from a vehicle with the first bay in substantially a
horizontal position, both when the second bay is in the deployed position and

when the second bay is in the retracted position.

13, The invention of Claim 12 wherein the mounting arrangement

25 accommodates rotation of the first bay around a substantiaily horizontal pivot

axis.



14. The invention of Caim1l wherein the second bay in the retracted
position is positioned with the back end of the second bay adjacent the
front erwooB/otdses first bay. 15. The invention of C ai m 12CERS0BE21863 he
second bay rests on the 5 first bay when the second bay is in the
retracted position. 16. The invention f Claim1 wherein the first and
second bays are both entirely disposed”on the same side of a vertical
pl ane di sposed forwardly of and adjacent to the front end of the first

bay, both when th nd. ba h he
second bay is in f‘he rets ﬁwf%ﬁo 8§b |”tc’)1n1ewﬂ§pé @Yﬁ(‘%ﬁ%@?ﬁ/% :rgtﬁgcgf@h%aaepm 1
wherein the Gedila ArHEAMEEdSSith fHeHSéck antloseeardopizysadjabentdha frone fir st
pivot is coupled vvlth t he back end of the first bay, wherein the second
pi vot i s couphadf Whetfhistihay.back end of the first bay by a first link, and
wherein the second pivot is.coupled wwth the front end of the second bay

by a second i nk. 5%5 1ﬁ1e NERGY SPELRR O wibAliMHe s¥bsHED By tdigs aptibat or

conprises a hydraulic cy I'nder extendi ng between the first and second
pivets. 19. {JRephynvweshitensetord bayislinheretracted posdionuat or conprises a
hydraul i c cylinder, wherein the back end of the first bay conprises a pair

of spaced, paraIIeI plates and I ei he .h - ecei ved
20 between the spHted, ! FaFNPMEN BY\IEF {ﬁr%w{{ %gagg%ngﬂgayy%?%n t he

depl oyed posj b, iadd diheBet ae theGaR® Biay df & VettiddIplares dispbset fumsiatdlpn.
of and adjacent to the front end of the first bay, both when the second bay is

in the deployed position and when the second bay is in the retracted position.

10 17 The invention of Claim 1 wherein the actuator comprises first
and second pivots, wherein the first pivot is coupled with the back end of the
first bay, wherein the second pivot is coupled with the back end of the first bay

by a first link, and wherein the second pivot is coupled with the front end of

the second bay by a second link.

15 18, The invention of Claim 17 wherein the actuator comprises a

hydraulic cylinder extending between the first and second pivots.

19, The invention of Claim 1 wherein.the actuator comprises a
hydraulic cylinder, wherein the back end of the first bay comprises a pair of
spaced, parallel plates, and wherein the hydraulic cylinder is received

20 between the spaced, parallel plates both when the second bay is in the

deployed position and when the second bay is in the retracted position.



