WO 03/ 054413 PCT/ US02/ 39546 -1 H GHVWAY CRASH ATTENUATOR FRAME BACKGROUND
The present invention relates to franmes for highway crash attenuators such
as truck wouwstediattenuators. 5 June U. S. Patent 5,642, 792cansot/essahar dt

U. S. Patent 6,092,959 disclose highway crash cushions intended to be

mount ed on a shadow vehicle such as a truck. In both cases, the disclosed
crash cushions include franes having_{ransverse el enents interconnected by
side elenents. The side elenents are articul ated such that they can fold
outwardly to allow the 10 frame to collapse in an inpact. Premature

col | apse of the frane WEBP_[W\AG? ASPVAT?EN@A%RCIQRWI\? to the side

el enents. In the June patent, ese  restralnts 1nclude diragonally oriented

cabl es ext ﬁ@g%ﬁﬁmtthe center portions of the side el enents and one

of the tra s. These cables prevent the side elenents from

Vi ng outwar d![ mﬁ{:{]é}ésehpﬁ%eﬁﬁ Féa{egltgﬁ%ﬁﬁ]sg%[@g%fﬁgér)g&agh dilepSaldi@t secure

the cables to ansverse el enent. t patent, the
restraints sugkead theck moomtdd atdriumterscur ed bet ween adj acent central

i f th id | ith i f th i |
hges. The contae HingeBowrs 6ha 75 dBOdiRBRIS Yo FAHEVanDRe PPom  openi ng
until aft erdiéassé)ﬂilgﬁ@véﬁyaqfﬁséwgﬁgmeﬁgFﬁéhcg%efformge AUNE@Gh-a 2dBIPugh

effective in opera n, Iagonal cables of the June patent nmy not be
opti mal f orvehipé soalh asrestridiat Indmthobses dha dpchised aashicushipes dutlidgpse  of

the franme. Because the bolts used to hold the frane.of the Leonhardt

patent in tfFRmes F‘@Y'Haﬁra&%’?ﬁeoeﬁe%eé%e'ag‘ﬂc?’é’%%ﬁgSV@"%%P{?W%&?O&E‘& at the
respective Ge0blcRherls RES artldiate@80LM thAthd\PEam Flg DutWArdPROSIRAY Bedes of the
25 frane are not coordinated with one anotther. Gertz U S. Patent 5, 248, 129

dicri bes dranaér colianse infaat impact. uBesmature eplanpsesof] thﬁﬁmj@eﬁ%ﬁ_levﬁsteﬁel din
R s s e e
L7155 Lo i fepmiiaapuuly G4 semhimsz s betveen
portions of the side elements and one of the transverse elements. These
cables prevent the side elements from moving outwardly until they are
15 released by rotation of pins that secure the cables to the transverse element.
In the Leonhardt patent, the restraints take the form of bolts secured between
adjacent central portions of the side elements, on either side of the respective
central hinges. Thé central hinges of the side elements are prevented from
opening until after the bolts have been broken during an impact.
20 Though effective in operation, the diagonal cables of the June patent
may not be optimal for applications that do not use a probe to initiate collapse
of the frame. Because the bolts used to hold the frame of the Leonhardt
patent in the original position are each responsive only to forces at the
respective central hinge, the opening of the hinges on opposed sides of the
25 frame are not coordinated with one another.
Gertz U.S. Patent 5,248,129 describes another frame that includes a
scissors linkage that is held in an initial position by cables that extend
between bars positioned across the frame at the upper and lower hinges of
the linkage. The Gertz patent relates to a different type of linkage in which
30 rigid bars cross between the top and the bottom of the frame to form the

scissors linkage.



sci ssors |inkage. WO 03/054413 PCT/ US02/ 39546 -2- SUMVARY By way of
general introduction, the highway crash attenuator franme described bel ow

i ncl udes woasos44mdr e t ensi on el enents secured between oppOTABIE3TGec

el ements near the respective central hinges. Each tension 5 el ement extends
across the longitudinal axis of the frame, fromone side of the franme to
the other side of the frane. Each tenshon el enent includes a nmechani cal
fuse that fails in tension when the first and second side el enents of the
frame apply an excessive load to the tension elenment. Once the nechani cal
fuse fails, seanpigkyhi nges on both sides of the frame are 10 simultaneously
all owed to begin opening. In this way, the collapse of the frame is

coordi nated bet wggrydynsr dedleralandodidith, tHelgighbyidigsH basRuatbhRafmer €goi ng
par agr aphs have been i ntended by way of general introduction, and they are

not i nt endedes@ibegrhvalow indudesopee of maie tergivpelampents|sgcHied betepnway. 15
BRI EF DES ' 1 i t ' f
hi ghway c?géﬁgéﬁ%eﬁﬁgigoﬂﬁgﬁg\r%gﬁé{r&:ﬁ%g@%18(?%1’[ esﬂ"zgégeifg‘é% géd‘%\é% od?ment of

t hgs i nvent élemerftiegtores atrediithd l8ngiteiiharadgomiheviiarng, frtve @w sidepdndi ng

encircled regions of Figure 1. 20 Figure_ 4 is a top view of a portion of
one of the H&rfsamA tetharihes sige ofphg fragne.. Epeh nsion elestgatprsieier THE

DRAWNGS Tu s g:ﬂgni%f’ﬁuﬁg tﬁéﬁaﬁ i@‘gseﬂgﬁn WhEH R f?ra§£'t‘?&"§eﬁ?rm giiM e MEARD

at t enuat or t 1nc irst, second and third transverse
el ements 26f the,frabde applytdraexcassivedaae to tHeotepsmnocalatmeant. Cowgithedi nal axi s
he transverse el enents are sg wn.as franes, but in

L. In this exapple,
al ternati ve”‘@ﬁgg'afp Hee failsp ggntralhinges ap botpides A& BRME F&nel s. In
ggperal . therd iARSYEET SllowbE T8 BEircakdifd eIy wh) the: cdiRpbyéf Bk one- pi ece
e?grrent S an aqstgengﬁ% Zs Oo!f: corrpglrle(?f?9 Sgé(t S. Ywap) P
frame is coordinated between the left and right sides of the frame.
The foregoing paragraphs have been intended by way of general
introduction, and they are not intended to narrow the scope of the following

claims in any way.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an isometric view of a highway crash attenuator frame that
incorporates a preferred embodiment of this invention.
Figures 2 and 3 are enlarged views of the corresponding encircled
regiohs of Figure 1.
20 Figure 4 is a top view of a portion of one of the tension elements of

Figure 1.

DETAILED DESCRIPTION OF THE DRAWINGS

Turning now to the drawings, Figure 1 shows a highway crash
attenuator frame 10 that includes first, second and third transverse elements
25 12, 14, 16 that are spaced along a central longitudinal axis L. In this example,
the transverse elements are shown as frames, but in alternative embodiments
they may be implemented as solid panels. In general, the transverse
elements can take many forms, including one-piece elements and assemblies

of component parts.



WD 03/ 054413 PCT/ US02/ 39546 -3 The first and second transverse el enents
12, 14 are interconnected by a first side elenent 18 on a first side of

t he cent rwb Besgils udi nal axis L and a second side el enentrc2Uson3g4second,
opposed side of the longitudinal axis L. Simlarly, the second and third
transverse elements 14, 16 are interconnected 5 by a third side el enent 22
positioned entirely on one side of thezlongitudinal axis L and a fourth
side el enent 24 positioned entirely on the opposite side of the

| ongitudinal axis L. In this exanple, the side elements 18, 20, 22, 24 are

shown as arti cuirpé gigstfananeeon Wanistesaibmehes ﬂ@dﬁfé@@%rhbﬁﬁed’@@by
alternatives are 10 possi ble. The side elenents may be fornmed of panels or

i ndi vi dual @868 sidg element 1ﬁanh@UfSttSIlfé€ o tﬁ@é‘@”ﬂ@émﬁédinbéaﬁwL ¥eAa hi nges

' sons. casee e ERIaBRIp S RF o3 sl BRoPh s g o elinblefaia ™ "o
ext endi ng bsmvmry #t secvnd artdmna\t@nmeadeeaemmgamd s@ar@mté:@oﬁaecttedn a

predi ctabl e way durinhg an |r'rB 15 In the exanple of Figure 1, the four
si de el errent?)éaiB“d 2@9 elomepiy %P@S't'pﬂéﬂﬁ%&’y oarm*eoﬂ@e@fthm@ngitu@nél ement s

18 will J%Erhr?osa r?éiﬁétfgér‘nkf_ﬁt 24 ;58%8 ?6* Btﬂ@o tédgﬁg%ff' rst

frame 26 an asecon I'rst I's co y first
hi nges 30 tthetlbrgitudissl atxrsﬂnsverse el ement and t he second franme 28 is
connected by second. hin 32 to,the seco verse el enent 14. The
first and second”fg %‘8 Séﬁ"’ee[%‘h‘?fgéggd% ééef‘ﬁ@?e $howRABer hi nges 34.
The hi nges 38cuBfed R4mRSELA bbUrRRFHobd thitimbh AR o hinge
outwardly (avvgl;/ ferom "En%e tPor: ?ﬁj‘glalnal aX|rs ? ? émrzagxgg%(r)é col | apses
i M0 an i npacpossitiie. ﬂ'mar&ide_eledmmsnexayf be mrnwddofsmmmobmﬁm@malrrodmdmm by t he

25 t I 2, 14, 16 t [ t

Frstand Souditane Pisgessbsrigs Bafow. S EndTnges Broied hed Ran e o¢ and
second ban%rméé%iQQMdgVﬁhyes ¥hes rﬁxhﬁplfa&%ﬁhﬁ@e?;ohrﬁ 30mRcdsesathel émé‘Ct the
energy absorbers 36, are axially col | apséd, thereby providing

decel erat i cﬁiefr@ntfemaytbeamglé Irogs, tbaeslmmabes ﬁgter@mg:b@twe@o ahacenter gy
absorbers 3ttlt)ains?\’/%rs(z:eacralletrnaekn s ARd %hfa(p)(raér?o faalnlg at pr)]r%d?crt]gblgx/vay during an impact.
15 In the example of Figure 1, the four side elements 18, 20, 22, 24 are
identical, and one of the side elements 18 will be taken as representative.
The side element 18 includes a first frame 26 and a second frame 28. The
first frame 26 is connected by first hinges 30 to the first transverse element
12, and the second frame 28 is connected by second hinges 32 to the second
20 transverse element 14. The first and second frames 26, 28 are connected
together by center hinges 34. The hinges 30, 32, 34 are oriented to permit
the frames 26, 28 to hinge outwardly (away from the longitudinal axis L) when
the frame 10 collapses in an impact.
The frame 10 defines first and second bays surrounded by the
25 transverse elements 12, 14, 16 and the side elements 18, 20, 22, 24. First
and second energy absorbers 36, 38 are positioned in the first and second
bays, respectively. When the frame 10 collapses in an impact, the energy
absorbers 36, 38 are axially collapsed, thereby providing deceleration forces
that slow the impacting vehicle.
30 The energy absorbers 36, 38 can take many forms, and the energy
absorbers described in Leonhardt U.S. Patent 6,092,959 patent can be taken

as examples. ltis not required in all embodiments that an energy absorber be



absorbers described in Leonhardt U. S. Patent 6,092,959 patent can be taken
as exanples. It is not required in all enbodi nents that an energy absorber
be WO 03/W6444314PCT/ US02/ 39546 -4 placed within the framectQsoasmd4é n sone
exanpl es the energy absorbing characteristics of the frane itself are
sufficient to provide the desired decelerating forces. In Figure 1,

di agonal cabl e braces 37 are shown in_gptted lines in order 5 to make
Figure 1 nore readabl e. These di agonal braces 37 inprove rigidity of the
frame 10 prior to collapse, w thout inpeding collapse in an inpact.

Typi cal ly, él?@e@hﬁtﬂﬂﬂ@m‘e fRArAE 8D, 8fd & Somerdr@thes tHeghdrg® amahﬁﬁ? hThe first

transverse elenment 12 is secured to a mounting arrangefent i s
adapt ed t o crembcteastes oftbefframeitagf areosnfficient eaprogidedhesigss@dvehi cle 10
such as a truck. The eI enments 12 through 39 descri bed above may take many
forns, and'§955/aHRY fOFEP- exanpl e, be formed as described in Leonhardt U S.

Patent 6, 092, 95§, F.%éﬁal ﬂrtﬁﬁlgcsrfalfcbalea@ratg@se #é shbenph eeet linegembrdyt and
hereby i ncorporate reference in_ its entirety. 15 One inportant

di$f er ence tbanakefiguie 1fmafmre@dabled Theserdiggengfsases 38 A IMREOVediidiby dt

patent rel at r C Each of
the tension fgﬁ%&(@ﬁ‘ﬁ (5) ”O?&)I n%pigeglﬂgoétggﬁ [h @é&@ghjﬁéga'wp%% use 44, 46,
and the nmechgic#g tl‘fdl&%?oﬂél ,brée 187 dré Fanicesashiétivie dableg.on el enents 40,

42 intact until a tensile load is placed on the tensile elenents 20 that
exceeds a predetE?%f'WéHaﬂﬁY%’§ﬁ@iQi"9ﬁq TRis saeured ta 3 mpunting arfangemethani cal

20, 22, 24 R Ahtel A REIAg DI AR ] o IR

ft@me 10 i rsuchhws @dsicki on of Figure 1 until collapsing |oads are applied

parallel to the 25 |ongitudinal axis I n_an inpact. ese coIIa S|ng | oads
tend to cause thee slegeents didhioyghg’d c;@scr@gg af’g}‘)’?d“%w ’avvay from

0y i b e e s g o
bet ween t he6,082 95661 assigned to the assignee of the present invention and hereby
incorporated by reference in its entirety.
15 One important difference between the frame 10 and the frame shown
in the Leonhardt patent relates to the first and second tension elements 40,
42. Each of the tension elements 40, 42 includes a respective mechanical
fuse 44, 46, and the mechanical fuses 44, 46 hold the respective tension
elements 40, 42 intact until a tensile load is placed on the tensile elements
20 that exceeds a predetermined threshold value. When this occurs, the
mechanical fuses 44, 46 separate, thereby decoupling the opposed side
elements 18, 20; 22, 24.
The function -of the tension elements 40, 42 is to hold the frame 10 in
the position of Figure 1 until collapsing loads are applied parallel to the
25 longitudinal axis L in an impact. These collapsing loads tend to cause the
side elements 18, 20, 22, 24 to bow outwardly (away from the longitudinal
axis L) by rotation of the respective hinges. As long as the tension elements
40, 42 are intact, they limit the maximum separation between the respective
center hinges 34, and thereby prevent the frame 10 from collapsing. Once
30 the mechanical fuses 44, 46 separate, the side elements 18, 22 on the first
side of the longitudinal axis L are no longer coupled with the respective side

elements 20, 24 on the second side of the longitudinal axis L, and the side



center hinges 34, and thereby prevent the frane 10 from col | apsing. Once 30
the nmechani cal fuses 44, 46 separate, the side elenents 18, 22 on the first
si de of twe oBosgiz udi nal axis L are no | onger coupl ed w tircrhsoz/espect i ve
side elements 20, 24 on the second side of the |ongitudinal axis L, and

t he side WO 03/054413 PCT/ US02/ 39546 -5 elenents are free to nove
outwardly. Because the tension el enentg 40, 42 cross the |ongitudinal axis
L and are secured between opposed side elenents, the tension el enents 40,
42 insure that the side elenments on both sides of the longitudinal axis L

are freed t&eﬁ@nkfaﬁeefreéwwo%mmaw BaEBuse (HESeABon(dbilhis 40401 ven

bay). Figures 2 through 4 provide further information regarding the tension
el enent s 40grod@thd h}“\gﬁu@nek@rr@Leﬂndtaire seshsedhebyverreoppostd side ar e

i denti cal and t he f ow ng disc s' n wll f n the ensi.on el enent
42" hs ahodlEents. dus fensieh Al 13k st indi3F Rit rbRont T 85 B8 s econd
10 cabl es Afge$Bf ﬁmbngmwﬁﬁww afd frebaitd c@mereabuwélgta@ thesamet i ve
overl apping elenents 54. The overl appi ng el enents 52, 54 define

al% gned opdnstags(within@ny giterabayli n 56 passes through the aligned openings.

The sh 5 h bl
46, 50 and'is |l UoRdR TS s B RECR RS hiteh b "C; T
cabl es 48, &émieRtOME inthiscorgeiieVe tehsioadetdmehaf 4G, HBareliientiduieaded
shafts 58 pass through openings in flanges 62 secured to the side el ements

adj acent t fnd Bedeliewing &‘FHSéPO’h‘IVNd%U%@r” thentgnsian algMRM 4260 are t hreaded
onto the threade §It?8\fv¢v§r% Egutré) Zafi”eutﬁh foﬂ%lg%%%?ﬁg 6:Y($|ﬁéi§§ﬂrtslﬂ nﬂ’fsetz@ﬁd cabl es

48, 50 and therefore o ténsi on e enen e over applng el enent s
500 54 and dditesi8 60 manaB@sectwaUdatU&anr cmﬁealMsdoaespnﬂtwe@verlapmngl e of a
sui tabl e rrechani cal fuse. alterpatives aggﬁg&sm i ncl udi ng

mechani cal SeREests32.myft- t Woe 8Verrﬁﬂ%”%ﬁ&%"r‘en BiHs \RE 'SHPQQPef‘ﬁ@és usi ng
el ements degj g %%Hegpﬁ)fnaéd Pééd%etsem ul?;ﬂ tﬁétahﬁﬁe%g)lﬂ g{g@ SEhealipin BEGHanNi cal

fuse can also ectin t hat par at a

sel ect ed | dhd, emn@@emeonemgdnmrpmmmlaéy traﬂ1€ecab1els 48, 5@1Bndci$|rrent el enent

(such as t qr%pwragr?t%%dassgal{rea e& bolhat fails at a selected

15 The outboard ends of the cables 48, 50 terminate in respective
threaded shafts 58. The threaded shafts 58 pass through openings in flanges
62 secured to the side elements adjacent the respective center hinges 34.
Adjusting nuts 60 are threaded onto the threaded shafts 58 to adjust the
effective lengths of the cables 48, 50 and therefore of the tension element 42.

20 The overlapping elements 52, 54 and the shear pin 56 should be
understood as only one example of a suitable mechanical fuse. Many
alternatives are possible, including mechanical fuses using two or more shear
pins and mechanical fuses using elements designed to fail in tension rather
than in shear. The mechanical fuse can also be implemented by selecting a

25 cable that parts at a selected load, a connection between the cable and an
attachment element (such as the threaded shaft 58) that fails at a selected
load, or the like. In this case, the mechanical fuse is integrated into the
tension element, and a single part (e.g. a cable) serves as both the tension
element and as the mechanical fuse. The mechanical fuses 44, 46 can be

30 designed to separate at the same tensile load, or at different tensile loads,

depending upon the desired mode of collapse of the frame 10.



| oad, or the like. In this case, the nmechanical fuse is integrated into the
tension elenent, and a single part (e.g. a cable) serves as both the
tensi on wbases41and as the mechani cal fuse. The nmechani cacTfuse®sos4él, 46
can be 30 designed to separate at the sanme tensile |oad, or at different
tensil e | oads, depending upon the desired node of collapse of the frane
10. WO 03/054413 PCT/ US02/ 39546 -6 Asgshown in Figure 1, tension elenents
40, 42 are provi ded above and below the-respective energy absorbers 36,

48. Thus, there are two tension elenments 40 extending laterally between

the side el ementgs 48owR0On Fajude tihesRioraelenioms ONS2 are pravided sbdvd end endi ng
| ateral |y between the side el enents 24. By way of exanple, the

5 22
fol | owi ng ceelawitse cespaaiYE AIEII0ADSTBelS 4 idded! Y. tRereaTryiWadensiant he

t f i h tail t i
e not | niafeats Ao BT Rteral B8GH B sleniaS B 20, A MlergOLToe |

thi s exanplge thbaehsibatel@ndnietdadendibgdateddly bétwere tho sidpélememted as wire
rope neeting federal specification RR-W410 (5/16 inch dianeter, 7 x 19
gaPvani zed)22. P4e t hreaded shaft 58 is 5/8 inch in diameter, and has 11

threads per inclyy A oHexamdN. e followify Bethils i RoALRIBIGH afé fdfided ol t.

The adj usting nu are tirghtene ensi on the tension el enent , nd
t her eby t o diedrty téfind thengredOnilynpteferrebeirttiodiment. Filgseeddtajts obr to an

i npact. 15 Though Figure 1 sho hysical struycture adj.acent t.he center
hi nges 38 SonSITEten ALogan A6 oL BRAeY 1o L Hiaedre PiPERIowinG
above- i de”tdléih%din%ﬁﬂﬂ%.dm g @%mple(‘ﬁwoél fils08RE seebh@ cabrspreeberabl y used,

and in this exanple the only forces ing the center hinges closed are
stppl i ed byinipremestesi amwie eopanieeliog faderahspecichtioar BRAN-4 HE(Y/ &6 inchset " i's

i ntended to, nmean ope re. Thu 20 e f-hi s can i el 2, 3
or nore hi @%@?%“hhﬁé H?nf‘)/ar'ﬁed?s'?'i‘%#a’ﬁa@a&Sb?ﬁé&'?%?%' ﬁdgr%%ﬁé%?'ods of
various typas had1el RseabiBRAdRN. OThesfeardiidl 58 is SM®8Nn¢H diakted@rady? enent ed
as a threaded bolt as described above. The foregoing detail ed description

has di scusdudt. ohhs/adjusting atits 6@ areightened testansian theitlensiepatiemsnt 4&n t ake.
TS e A PRk 88 Y R, R Pl APl 8 pacend
15 Though Figure 1 shows physical structure adjacent the center hinges 38 of
the type used to receive trigger bolts in the above-identified Leonhardt patent,
no trigger bolts are preferably used, and in this example the only forces
holding the center hinges closed are supplied by the tension elements 40, 42.
As used herein, the term “set” is intended to mean one or more. Thus,
20 a set of hinges can include 1, 2, 3 or more hinges. The term “pin” is intended
broadly to encompass rods of various types, whether threaded or not, and a
shear pin may be implemented as a threaded bolt as described above.
The foregoing detailed description has discussed only a few of the
many forms that this invention can take. This description is therefore intended
25 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 scope of this

invention.



claims, including all equivalents, that are intended to define the scope of
this invention. WO 03/054413 PCT/ US02/ 39546 -7- CLAIMS 1. A highway crash
att enuat owofmasetigonpri sing: first and second transverse @camEsor/39sgpaced
along a central longitudinal axis; 5 a first side el enent extending
between the first and second transverse elenents, said first side el enent
di sposed entirely on a first side of _$he |ongitudinal axis; a second side
el enent extendi ng between the first and second transverse elenents, said
second side el enment disposed entirely on a second 10 side of the

| ongi tudi nal axis, opposite the first side; a tension elenent secured to
the first andap@eond side el enments and extending between the first and.
second side elenments across the longitudinal axis, said tension el ement

conprising a mscpani c&bghgga& ?ggﬁgﬁ%bggtqua% Eorjngri%llﬁpSi on when the first

and second side €l enen excessive | oa o the tension

el ement. 2. The i nvertrsttamd$eddral trarisvieusd bBlemadspasedglong ecamtggl absor ber
di sposed between the transverse el enents and between the side el enents. 3.
The i nvent i'8RIB{ditdlA8:1 wherein the side el ements each conprise first and

segond frames secur ed, fiRgeiiich¥nPeRBhafly 5ANEH e Aktnd stloRach i1 st

frame secured to the Tirst transverse e y a set of first hinges,
and each sdravefgcnaiensetsrsal fist side elementidispassd enelebe aditst $ige af set  of
second hinges. 4. The invention of Claim3 wherein the tension elenment is
secured tdNEMRNQUGNAPLISent s adj acent to the center hinges. 25 5. The

invention of O ai m 1 et RidsildidmREMaitERding LBvEOTRd A6 and sbsdndnd

second overl apping el ements and a shear pin passing tthuPh t he

over | appi ngraisyems alemapts) Fa@bdecoh drite eoneaiodaposed entirely on a second
10 side of the longitudinal axis, opposite the first side;

a tension element secured to the first and second side elements
and extending between the first and second side elements across the
longitudinal axis, said tension element comprising a mechanical fuse
operative to fail in tension when the first and second side elements apply an

15 excessive load to the tension element.

2. The invention of Claim 1 further comprising an energy absorber

disposed between the transverse elements and between the side elements.

3. The invention of Claim 1 wherein the side elements each
comprise first and second frames secured together by a set of center hinges,
20 each first frame secured to the first transverse element by a set of first hinges,
and each second frame secured to the second transverse element by a set of

second hinges.

4. The invention of Claim 3 wherein the tension element is secured

to the side elements adjacent to the center hinges.

25 5. The invention of Claim 1 wherein the mechanical fuse comprises
first and second overlapping elements and a shear pin passing through the

overlapping elements.



-8 6. The invention of Claimb5 wherein the tension el enent further
conprises a first cable secured at one end to the first side elenent and at
an opposwoasmesdito the first overl apping el ement, and a Pexarsd2/sshé e
secured at one end to the second side elenment and at an opposite end to
the second 5 overl apping elenent. 7. The invention of Claim®6 wherein the
cables are oriented transversely to the shear pin. 8 The invention of
Claim1 further conprising: a nounting arrangenent secured to one of the
transverse 10 elenents and adapted to nount the crash attenuator frame to
a shadow vehiclg. 9. i | - Of { : ieSkng: a third
transverse el emebﬁ't; aﬂér%ﬁ]r\)gms{?@yg%é’?r‘e?]?hgg%m% F}%&%\?\een tr@mg%cond and
third 15 treomyedeea fiftablessectimed at bne enditd¢hefietside deaprsaddattanrel y on
the first side _of the |ongitudinal axis; a fourth side el enent extendi ng
bet ween t hePRRASEAENSHE thAifliFe OV@f'aﬁgloer%%ﬂsnb@@Et%?e%%%cafaﬁrs?ﬁurﬁdéeé el enent

di posed_enyid ghyihd 48 FREAIT iR i 300 bORUSIR 18XcEondO @ second

t ensi on el eman? secure%&’to ourt enents and
exbendi ng heteneepirghaetrient.d and fourth side el ements across the
| ongi tudi nal axis, said second tension el enent conprising a second

mechani cal fuse pperative to.fai|F [ n tension en élhe third and fourth side
el ements apply dn excH&INVENYLE Pi&'"?‘ri@&&%ﬂ ¢ GAYES AR COREIY. 25

transversely to the shear pin.

8. The invention of Claim 1 further comprising:

a mounting arrangement secured to one of the transverse

10 elements and adapted to mount the crash attenuator frame to a shadow
vehicle.
9. The invention of Claim 1 further comprising:

a third transverse element;

a third side element extending between the second and third

15 transverse elements, said third. side element disposed entirely on the first side
of the longitudinal axis;

a fourth side element extending between the second and third
transverse elements, said fourth side element disposed entirely on the second
side of the longitudinal axis;

20 a second tension element secured to the third and fourth side
elements and extending between the third and fourth side elements across
the longitudinal axis, said second tension element comprising a second
mechanical fuse operative to fail in tension when the third and fourth side

elements apply an excessive load to the second tension element.
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