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.~ ATTENUATOR FRAME BACKGROUND The present invention relatej4to f%ﬁ%es for

hi ghway crash attenuators such as truck nounted attenuat '

~Patent ®o®48s4432 and Leonhardt U S. Patent 6,092, 959, ﬁﬁs&ﬁ? hlghmay

- crash cushions intended to be nmounted on a ShadOMl ve e such -as a truck.

~In both cases, the disclosed crash cushions include franes havi ng

~transverse ‘el'ement s i nt er connect ed by side elenments. The side el ement s. are
articul ated such that they can forh outwardly to allow the frame to
coll.apse in an inpact. Premature . collapse of the frane is prevented by

‘restraints coupled patent, these |

- restraints include Wﬁyﬁm |¢A5Emgﬁ%f9g]ﬁ?%| ng between the center
portions i etenents and one of the transverse el enents. These
cabl es pr@%hgﬁcﬁg@ de el ements fromnoving outwardly until they are

lenent. 1 {hEP{EBnpialiEn paRk 15 faiel hiliafigl fash Audilirl T e b ¢
s_egur e]g {sﬁtémraeguglam_oan@dtatteamtoal portions of the si de el errg][lt;s,heogi g;t her
:eﬁegts are g‘f’g‘%@fﬁ éﬁitqrﬁg:ﬁ&?ﬁg 3’98%? BFH%?@@W@%%Q@ have been broken

during amuscra@a%ighwﬂyw@éh &ishR@b inténded toPEMGIMEd ohRestdidggonal cabl es of the
June patent, may be optimal for applications that do not use a probe to

initiate V@B‘Fieép@@ aS@ftque ln Peifreasesh tha disclesrd grash sushiens ingudl d the frane
~of the Leappa h%bmgﬁl%@@é & @le%tﬁhie%oﬁ:ﬂlect@ﬂ té.@é‘ei@ﬁ%n&ac responsi ve only
to forces at t res ec Ive central peni ng the hi nges on
opposed sidgeteroénts laee alftlcldmedaaueh that thegrmadlfddtcenwandtyhocaﬂmwa‘nmt her .
10 frame fo collapse in an impact. Premature collapse of the frame is prevented
by restraints coupled to the side elements. In the June patent, these
restraints include diagonally oriented cables extending between the center
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. Tﬁe central hinges of the side elements are prevented ﬁom
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 Iinkage 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 Gerlz patent relates to a different type of linkage in which
30 - Tigid bars cross between the top and the bottom of the frame to form the

scissors linkage.




Gertz U S. Patent 5,248,129 describes another frame that includes a
scissors linkage that is held in an initial position by ce?l es &Rﬁt extend
bet ween bars positioned across the frane at the upper and JuRst nges of
-the linkage. The Gertz patent relates to a different type of linkage in
which rigid bars cross between thg top and the bottomof the frame to form:

the scissors |inkage. SUMVARY According to an aspect of the present
i nventi o§ Mh@:@Yl s provided a highway crash attenuator frame conprising: .
first an C transverse elenents spaced along a central |ongitudinal

axis; a first AzbSi@ing 8 EN HspetiSrang hRgeRENBRIL, iferd id Sfoviagd sSecond

transverse el enents, said first side elenent disposed entirely on a first
si de of thighwayrgashuaiteratantiasme corprisimgt firstizothe selcont rinsversndi ng bet ween t he
first and second transverse el enents, said second side el enent disposed

ent i r el y SleNts 8paRe Alpnda Genra|dongiiyrisiel axrralirshgide eleisi te the first
i de: ; 3 et }
ot end nS Bor (B FRE e ft ifhecind s vorbEbiflus Rkt Cuge, o S

| ongi t udermertdisposedeatireR s #1irstLRIBRI the RABItudING Bixis?a BBEHRNI cal fuse

operative to fail in tension when the first and second side elenments apply
~an excesSideeiernant extending betweeon theefinshreand segdrsidratisyetsestementsa hi ghway crash

tt tor. f i.ncl udi t [ | t d bet
opposed ST EeEPIHHE Slsre d3Rosed ealfihton & SeeoRY SHCHI Wges. Each tensi on

I nt It 44 A f id
of tho. 1 CRHEIRaIERIE SPpoq ing Bt pleed bibrftnt OFrbd e | L ncl udies

a mechanficabnd sseoridneidle Elehients and &aBAdIAG baheser e firitHld steengecond si de
el enents of the frane ap an excessive |load to the tension elenent. Once

I
t he rrech%éﬁlﬁ@éﬁmm}gacmslﬂge ?tlmgiétmimeuaxiﬁ, sgiddension stematit gempusinghe frame are
simul taneously al]owed to, begig.opening.. In.this , the coll apse of the
frame me§ “beéh%'at??tﬁ’ﬁ%f’eafat%%f‘ﬁf@ﬂm Fﬂ?@'q"ge{f’?e'bmmﬁtgﬁ\gﬁy%qcaﬁg of thg frane.
- The foreggp @%m@g@gg@p% éaééési@é?e%d'tafug@%%eiohyeaa\ﬁ&n f general

i ntroduction, an ey are not 1ntended to narrow the scope of the

foll owi ng. cl Alsorlisalosedyis wadghwaigl deirs HOEEREHRI SO fedih ©nclidind Bt/ biNGS

- more tension elements secured between opposed side elements near the
respective central hinges. Each tension element extends across the
longitudinal axis of the frame, from one side of the frame to the other side
of the frame. Each tension element includes a mechanical fuse that fails in
tension when the first and second side elements of the frame apply an
excessive load to the tension element. Once the mechanical fuse fails,
central hinges on both sides of the frame are simultaneously allowed to
begin opening. In this way, the collapse of the frame may be coordinated
between the left and right sides of the frame.

The foregoing paragraphs have been intended by way of generel

introduction, and they are not intended to narrow the scope of the foliowing

claims in any way.

BRIEF DESCRIPTION OF THE DRAWINGS




Figure 1 is an isonetric view of a highway crash attenuator frane that

incorporates a preferred enbodi nent of this invention. Fi qgrjes %O nd 3 are
enl arged views of the corresponding encircled regions of igut . Figure
4 is atop.view of a portion of one of the tension elenents of Figure 1..

'DETAI LED DESCRI PTI ON OF THE DRAW NGS Turning now to the drawings, Figure 1 =

shows a highway crash attenuatorframe 10 that includes first, second and

third transve 1 . : ' a central .

| ongi t udi nal ia:%% g@h?ﬁ?ﬁ‘st% me;&:ei'éwr‘r'pq]f% lli@@&ﬁ@%ﬁﬁ%@é&%etg#eﬁ nts are shown as
frames, [t inddrgdrates Rairefepredritpsbdimehtof thideXveitiyn.be i npl emented as solid
panels. In general, the transverse elenents can take many forns, including
one- pi ece el efrighres 2a0d 3swe eblargsd views of theosteresppading enviled/ 054413

PCTI US02/ 39546 5':.10 5 20 25 30 -3 The first and second transverse el ements
12, 14 a9 UTdGHRdcted by a first side element 18 on a first side of
the central | | i I Fﬁ:’?ﬁb i 0 on a second,
opposed si de g@&ﬁgﬁggﬁd& \?é‘gﬁjrfllgl aXIrgonggr?eC(g{lﬁ]e é‘%ﬁfélgﬁgnge%ond and third
transver Figued ¢rent s 14, 16 are interconnected by a third side el ement 22
positioned entirely on one side of the longitudinal axis L and a fourth
side elenent 24 positioned entirely on the opposite side of the

| ongi t udPRAAlSE PESCRIFHENLOR T BAWINGSi de el ements 18, 20, 22, 24 are
shown as articul r ane Lt shoul d be,understoqd that nmany
alternatives Zﬁ@"“%ip'ﬁog'gi%ﬂﬂgd?ﬁ’ﬁ*iﬁ%, %ng;g _ﬁﬁ%%‘?’%awv‘ﬁé{ F3¥hed of panel s or
| ndi vi dugiteriu@b? fraiiel 10 thaindidexdirdt, §t@nkiaRE afrdiRFSUERE Gidnrérity.  Wien hinges
are used, they can be
' 12,14, 16 that are spaced along a central longitudinal axis L. in this example,

the transverse elements are shown as frames, but in altemative embodiments

they may be implemented as solid panels. In general, the transverse

elements can take many forms, including one-piece elements and assemblies

of-oomponent parts.




formed as l'iving hinges or as nul tipl e-part hinges. In some cases, the side

- . elenents may be. rigid rods, bars, or tubes extending between adjacent

transverse el enents and shaped to fail in a predictable vvéﬁJH’BFr Q’?& an

i npact . wgyshbgexanpl e of Figure 1, the four side el %E%H%al?}&ﬁ 20, 22, 24
' e taken a '

are identical, and one of the side elenents 18 will S
representative. The side element 18 includes a first frame 26 and a second
frame 28. The first frame 26 is cqgnnected by first hinges 30 to the first
" transverse elenment 12, and the sectond frame 28 is connected by second

hi nges 32 to the second. transverse elenent 14. The first and second franes

26, 28 are CONfiRCH t-R88% §ee% [ 4. i 30, 32, 34
are oriented to péfel?nantd tﬁe@ﬁégmag 2 %ﬁ%gﬂgt@gﬁ?r?geem(g%{’](\?\n/ar{rég@q%amy fromthe
| ongi t udi &éirst adesldampentii8on a first Sidaobthe@@eotvsll lopgiwsginahags Liamdact . The frane

10 defineg fi.r and nd bays surrounded, by th trangverse elenents 12,
14, 16 an%mp%%@e&éerg%ﬁ%@nqrgaf ,Or'gﬁ)?p@zc',egflﬂe il?%ﬁ’ngﬁ‘]‘ﬁnéééﬁ ener gy
absor ber sSifilaripaha secandsindi thin® ansvetdecelémbsts 13N 46 IRS Mtstcoriifed

en the frane 10 collapses in an inpact, the energy

tively, Ve LC . | t he
Sosor ber DB dengnitd posiinegpndiely emene sigesf Hia langitidinetel er at i on
forces 143 L ah@ thilh {idP @iehidi 24 Hoibifed ditfielf BRIGY gBBORE MIer30, 38 can

take many forms, and the energy bsorbers descri eonhardt U. S.
Pat ent = 6,thekr@dadipaltaxistL.can be taken as exanples. It is not required in

-al | enbodi nen . h n r bsor.b 4.June 2006 WO 03/054413
PCT/ US02/ 3954 @ﬁ%ﬁl@)@ﬁ@g%ﬁﬁ%gﬁéﬁﬁlﬁnzf AL SR80, and in sone
exanpl es drtieuisiod frgneajtrnitshogld haidRestesd hiat manpbiteMatifesare itsel f are
ufficient tiB provide the desired _decelerating forces. In Figure 1,

18 agonal Rossile- gomepts naay, ke formed of paels prigiviguabroglsy with

or without the hinges described below. When hinges are used, they can be

formed as living hinges or as multiple-part hinges. In some cases, the side

elements may be rigid rods, bars, or tubes extending between adjacent

t_fansverse elements and shaped to fail in a predictable way 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.

7 - 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. Itis not required in all embodiments that an energy absorber be




_to make Figure 1 nore readable. These dlagonal braces 37 inproVe rigidity
of the franme 10 prior to collapse, w thout inpeding coll aﬂgﬁ 20%% I mpact .
Typically, the di agonal braces- 37 are forned as flexible s he first

transvegsfsfl@¥ent 12 is secured to a nounting arran that is
adapted to cantilever the frame 10 fromthe rear of gegﬁ%’é"?ﬁ’%‘gem cle . such

as a truck. The elenments 12 through 39 descri bed above may take - many- forns,
—and they may, for exanple, be forned as described in Leonhardt U S. -Patent

6,092,959, assigned to the assignéé& of the present invention and hereby

i ncorporated by reference in its entirety. One inportant difference between

.~ the fra ;}mﬁ relates to the
- first. aﬁl%%eﬁ&'% E}ﬁesﬁcr%rﬁgg? emen 50@% &Qﬁ@e%&ﬂ%%ﬁ%@y%%&% nr%]3| on el enents 40,
42 incl ud:&mre&:temlpeofnheérameatmmaeahuff dierstao povidbtheaiedirédhe nechani cal fuses

44, 46 ho he res ective tension elenents 40, 42 intact until a tensile
| oad is e&@ P9 1PKESt ensi | e el ements that exceeds a predeterm ned

threshol d val yeriguben, dlﬁ@oﬁapééﬂ% Brack$87 aFESHAH “ﬁi‘iottfe@ﬁﬁés .%mérfi separate,
t her eby decoupllng t he opposed side elenents 18, 20; 24. The function

&t the t dasmake Rigeadnmeresgadatie.i Thase diaganal bhraces aﬁﬁnm@ve Hoidithe posi tion of
Figure 1 gigld irar‘ﬁBHb%?@F{bganQﬁ%s uﬁh&ut%’.ﬁ%@ﬁ@ c?t?ﬁr@blu%n‘irﬂ jdie longi tudinal

axis L in an €se col I'apsi ng {00 ARE the side
el enent s TiPicaly th@ﬂl,agﬁdaltbcadee\a?cane voamet\as (flawible dables.t he | ongi tudinal axis

L) by rotation, of. the res t|ve t he tensi.on el enents
4, 42 are | niERArtBRB A AP 4 B serief 2 ARl e SHEPUEBRNL he I cspect i ve
center hizogRat iS4damed 1é bATRREr edipid 16 18mftha 7@ar bP afshatbw QbhigRsi ng. Once
t he nechani cal fuses 44, 46 separate, the side elenents 18, 22 on the first

19 de - of ®Heh peAdIuckdi nal axis L are no |onger coupled with the respectlve

he si de w0 03 BaETENEE MG EEREbU b ay LRBMAA IR, 1S T and

and they may, for example, be formed as described in Leonhardt U.S. Patent
6,092,959, 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 refates to the first and second tension elements 40,
42. Each of the tension elements 40, 42 includes a respective mechanicat
fuse 44, 46, and the mechanical fuses 44, 46 hold the respeclive 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 paraliel 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




25 30 elenents are free to nove outwardly. Because the tension el ements 40,
42 - cross the longitudinal axis L and are secured between %gl%o%z& éi de :
el ements, the tension elenents 40, 42 insure that the si MBS on both

-sides ofyglfifsdspngi tudinal axis L are freed to collap |y at the
sane -instant (wthin any given bay). Figures 2 throégﬁfaﬁ&é@%‘gi de further

“_information regarding the tension eleéements 40, 42. In this exanple, the

tension elements 40, 42 are identigcal, -and the follow ng discussion wll"
focus on the tension el enent 42. “shown in Figure 2, the tension el enent
42 'includes first and second cables 48, 50 that are secured at their

central e pi I 5 4. Fhe,over | appi ng

~ elenents %gﬁ]eh% é(;fg? @%gé lgﬂ\éigaﬁe@;algggn .Brgig%“*‘% ta%%?oﬁégmgﬂﬁs #-5522 passes through
 the al i gnedsothencngitudinBhaxisbead aps secufed betwiebh oppasedEide i s ori ent ed

per pendi cyl ar | bl es, 4 | enented as, a threaded bolt.

o the c , 00 and is i
The out bdaf§eR dé'ec}?"?%gleg'ﬁp'@s“ 4§§ Insire Q}air{f}%:{R%e ?'ﬁﬂe@%bl?‘?toe t hr eaded
shafts S5&iddder thd IpRfedIng i Sare $raRa 18 chHREPUARER A e ddnd | anges 62
secured to the side el enents adjacent the respective center hinges 34.

Adj ust i ngnstank(wiibinagny givenderbd onto the threaded shafts 58 to adjust the
effective |l engt : : ensi on el enent
42. The overl gﬁ |%%ﬁéqr§§%ﬁ?§}0§@e 4@?%&@’%@@%@%@@%ééﬁoo'tI d be

under st oaderaents Ay 4Dnin thisaxpinglep thedteasioh @lEmente 40,4 arsliddntisal, Many
alternatiyv a ossi.ble,. in din chanical fu using two or nore
“shear pi%?stgﬁg‘ﬁlﬁg'ﬂ%iﬁ%'é#mf‘W@Lfgcfﬁg'ﬁaj'eeetlegﬁlgﬂte "Eﬁf@ligneq to fail in tension
rather than A8 shB@alin FilR ZRsd@NsRAlcldHER 428 Rcads b aridRiergnt ed by
selecting a cable that parts at a selected | oad, a connection between the

18abl e and&ables 48 PAtaErM SesuEda thisermirahendsie reppeclive avsiappingss) that fails
at a sel gegérﬁé’nts '5?;‘]‘@4. Phe E%‘?!abbihg%e'rﬁl?ﬁtgﬁg, §£&@ﬂngeta|ﬁ§%%$§$b?gﬁ%s?' fuse 1s

i ntegr at I' Nt o ension’e a single a cabl e)
serves agnia $heahpint #hsasses thedugyhethe atignedspdnirggsndtieaheacpinfoéde. The

oA oty i o S dead B R e B oo Lenet e
col | apsejmplehipitdd 2% thkfaded bolt.
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 aiso 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,
o .. depending upon the desired mode of collapse of the frame 10. -




14 June 2006 10 15 20 25 WO 03/ 054413 PCTI US02/ 39546 As shown in Figure 1,
tension el enments 40, 42 are provi ded above and - bel ow t he rg‘jsg_{%gﬁhl ve energy
absorbers 36, 48. Thus, there are two tension ‘elenents 4 & ?n-g .

I at er alyyy oh6dgen the side el ements 18, 20, and ther ‘tension
el enents 42 extending laterally between the side el e?r%ﬁtﬁgs(ﬁm%? 24. By way

of exanple, the followi ng details of construction are provided to clearly
define the presently preferred enbodi ment. These details of .construction.

~of course are not intended to linmt the scope of the following clains in
any way. In this exanple, the first and second cables 48, 50 are

I npl'enmented a \ £ t4) I d ' o 0 (5/16 inch’
i Bretor, 7 X To"OR UPFRUIER bl BERichls ARAR ore PRYGRR Pl 1
di anet er belenthelrasperiive anergy sbparbetsriifh 48 THbus Heere gue twdBnsiona 5/ 8 i nch

di’ d bol t,. djust i 0 i i h
Lenston Sangts 396xenling AR bYMsAInF §lB el 16, &0t oo T on of
Fi gure 1 zp¢ tviad tehioalem@ds 42 exibhainghateiaiy betweeabesidelemeits structure

adj acent the center hinges 38 of the type used to receive trigger bolts in
Phe abové?i &&ntified Leonhar dt patent, no trigger bolts are preferably

used, and in BYkey ¥ atRhle! i BRMIng BeReof ARkHLdBN'AE pRRRIAIO NI nges cl osed
are supplied by the tension el enent’s 40, 42. As used herein, the term"set".
i s i'nt endledrly definathequiesantly pferredrambodiment efhese detailgef can include 1, 2, 3
or nore hip . Th "PIR ]Sy I onpass rods of
various ?95%@?01'%&%&&%%'}%03&”& '(%)dredﬁéﬁ &%gﬁ%sgc{p%ztﬁéﬁ? bﬁ)‘?‘ﬁmﬁay be i nplenented.
as a threpdtadirhalyiwag laanis eixbepleath@irst afteseicond gablog 48ciareed descri ption

e O R e SR Rl R g B 2 ke,
way of | el ¢% 19 %aﬂrﬁwiﬁ?f)y ThOthrE QI PWMARES i858 #Eh il diahatbrng al |
equi val ents, that are 1ntended to define the scope of this
and has 11 threads per inch. The shear pin 56 is a 5/8 inch diameter Grade 2
bolt. The adjusting nuts 60 are tightened to tension the tension element 40,
and thereby to hold the frame 10 in the position of Figure 1 prior to an impact.
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 in\}ention 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.




i nvention. 14June 2006 WD 03/ 054413 PCT/ US02/ 39546 10 15 20 CLAIM5 1. A

hi ghway crash attenuator franme conprising: first and second.transverse

el enents spaced along a central longitudinal axis; a firdtlepged® ement
- extendizgohpiygen the first and second transverse ekgﬂ%gh%94§aid first
~side el enent disposed entirely on a first side of t e,longr%udlnar axis; a
second si-de el enent extending between the first and second transverse
el'ements, sai-d -second side el enent_di sposed entirely on a second . side of
the longitudinal ‘axis, opposite thE first side; a tension el enent secur ed
to the first and second side elenents and extending between the first and
second-side el enents across the |ongitudinal axis, said tension el enent
conprisiqg_ chani cal fuse operative to fail in tension when the first
and second. sl de elenents apply an excessive |oad to the tension el enent.

2. The inventilon o,{\ h?g%?c}asfhwenﬁémﬁﬁ?%icﬂfﬂﬁgﬁ”gi ener gy absorber disposed .

bet ween t he transver enents an ween de elenents. 3. The

~invention of O ai nfirdt ardesezbond trbesversiceleteneripaicedalong @weptralse first and
second franes secured together by a set of center hinges, each first frane
secured tPHHENRPEE transverse el ement by a set of first hinges, and each

second frane securgflst ut Benfh BAUntinA BENRICHANERIBAK sBloriy set of  second

hi nges. 4. The invention of Claim3 erein the tension elenent is secured
"~ to. the st@eswareselamentsdpaiddint sids alerpentddispased ienjesly ona fist sitla®f i nvent i on of
Caim1l Y\(ﬂaelr ﬁ'gi[hdg&?agig.chani cal fuse conprises first and second overl appi ng
el enent s "And & ShEAF pi n passing through the overl appi ng el enents. :
a second side element extending between the first and second

transverse elements, said second side element disposed 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
--Idngitudinal 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,
S 20 each first frame secured to the first transverse element by a set of first hinges,
BN and each second frame secured to the second transverse element by a setof

second hinges.

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

- to the side elements adjacent to the center hinges.

25 e 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.
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Claim5 wherein the tension element further conprises a first cable '

secured at one end to the first side elenent and at an oppdeit&%nd to the.

- first owgydsapping el ement, a_nd a second cabl e secur eq,cfil Sm%g‘ﬁe_r_ld to t_h‘e_ |
. second side el ement and at an opposite end to the secon overl.appi ng .
~element. 7. The invention of Caim6 wherein the cables are oriented —
transversely to the shear pin. 8. The invention of daiml further
conprising: a nmounting arrangenment-8secured to one of the transverse .
el ements and adapted to nount the crash attenuator frame to a shadow .

vehicle. 9. The inyention.of aim1 further, canprising; .a third -

transverse el ehent ;g PRPIE %f%%'%%MFﬁ'ﬁgl&'@ﬂaP &i%'é‘?'&mef he second and
third trempmese MR secufd A oh8iehl 16 tHisirel Sd@Blenfénbarsschrentirely on
the first side of the |ongitudinal axis; a fourth side el enent extending

bet ween t9RPOSER 6RE taathg firstioverlanpingrrioimeste aad arfiesprd cable geqused eh si de el enent
di sposed Gl drcfiodndlel s‘f&fﬂ@rq?ﬂtsé at%fn§dg)%s{t§8%g}%b@ ot S¢ @ second
to the Ir ur side e

tensi on el enment ‘secure and _ enments and
é&xt endi ngviedapmieg etdmeenthi rd and fourth side el enents across the
| ongi tudi nal axis, said second tension elenent conprising a second

ol emont s appl 3 an IRELRER o chim & PpRER kBB S B e

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 L .~ asecond 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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