Title:
franme
el enent s.
central

Each side el enent

| ongi t udi nal

H GHWAY CRASH ATTENUATOR FRAME Abstract:
i ncl udes transverse el enents that are
is disposed entirely on a re

axis of the frame, and one or nore tension el enents

.(22) International Filing Date:

11 December 2002 (11.12.2002)

{25) Filing Language; English

(26) Publication Language; English
(30) Priority Data: B
10/025,025 19 December 2001 (19.12.2001) US
(71) Applicant: ENERGY ABSORPTION SYSTEMS, INC,
[US/US]; One East Wacker drive, Chicago, IL 60601 (US).

are sequyRfedRnbRE, SbteiAbR PRiLisieh Qnﬁﬁ&tﬁﬁ%ﬁﬁ’r E@@ﬁ:ﬂﬂﬁn zﬁﬂ%y gpment s
across the longitudinal axis. Each tension elenent Inc es a nechani cal
fuse operative to fail in tension y n the first and second side el enents
suppl Y@ Rvdea SRS M rdperdlsfuihfRd FFIPFR tension G el ement \Wen the
mechani cal  { Us@mfudhdi Bukad € ENSI ON e M O e AEO AL .
si mul t aneously rel eased to nove o ly, away fromthe |ongitudinal
axi s, andad) nisRinynd Bipf@lidedR&e 1N a WAy whi ¢h) hénatRhibuhRiRE NARispeen the
left and theJiy o @aictasont the fpare. 14 Jupne0208f0544P3 11220
(51) International Patent Classification” F16F  (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
(21) International Application Number: PCT/US02/39546 CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,

GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE,
$G, SK, SL, TT, TM, TN, TR, TT, TZ UA, UG, UZ, VC,
VN, YU, ZA, ZM, ZW.

-(84) Designated States (regional): ARIPO patent (GH, GM,

KE, LS, MW, MZ, 8D, 8L, SZ, TZ, UG, ZM, ZW),
BEurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TF, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SI, 8K,
TR), OAPI patent (BE, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

A hi ghway crash attenuator

i nterconnect-egégl}ép?sg(gﬁsi de of a

Published:
without international search report and to be republished
upon receipt of that report

(72) Inventors: WELCH, James, B.; 6703 Long Avenue, Plac-
erville, CA 95667 (US). COBB, Lincola, C.; 12543 In-
cline Drive, Auburn, CA 95603 (US).

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(74) Agent: STOVER, Andrew, D.; BRINKS HOFER
GILSON & LIONE, P.O.Box 10087, Chicago, IL 60610
(US).

O 0 R

{54) Title: HIGHWAY CRASH ATTENUATOR FRAME

(57) Abstract: A highway crash attennator frame includes transverse elements that are interconnected by side elements. Each side
element is disposed entirely on a respective side of a central Jongitudinal axis of the frame, and one or more tension elements are
secured to the side elements to extend between the side elements actoss the longitudinal axis. Each tension element includes a
mechanical fuse operative to fail in tension when the first and second side elements supply an excessive tensile load to the tension
element. When the mechanical fose fatls in tension in an impact, the side elements are simultanecusly released to move outwardly,
away from the longitudinal axis, and !hereby to col]apse in & way which is coordinated between the left and the right sxdes of the
frame.
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25 30 .V\D 03/ 054413 PCT/ US02/ 39546 H GHWAY CRASH ATTENUATOR FRANE

. BACKGROUND The present invention relates to frames for hi qgﬁaéh;?d@%sh
attenuators such as truck nounted attenuators. June U.S. Y 642,792

~and - Leoghasiuld- S Patent 6,092,959 disclose hi ghwa shi ons:
- i-ntended to be nounted on a shadow vehicle such as._ngl‘rilg@E?éiF

- the disclosed crash cushions include frames having transverse elenents.

~i'nterconnected by side elenents. The side elenents are articulated such
that they can fold outwardly to all'owthe frame to collapse in an inpact.
Premature col |l apse of the frame is prevented by restraints coupled to the

“side elenents. Int i I ncl ude di agonal |y
- oriented cabl es ext Eﬁ@%ﬁgﬁﬁmgﬁ{'%ﬁﬁi‘@%@ﬁ%@w‘%ns of the side elenents
and one O%ég@ﬁ,@ verse el enents. These cables prevent the side el enents
from novi Bﬁ:{/ until they are released by rotation of pins that
secure {he cabhgdrdsant AiedtipATEMRLIS EhBRITHhighddl tagh bRGTARSGL pat ent, the
e bol't’s ween

restraints take orm o Secured be adjacent central
por ti ons suth ahusk cheustedratiensatorsn ei t her side of the respective central

Bttt tor (HEGRIS Catit e Bede2arditenniiil e SatrdR %t ough ef fective
i n oper aldiglbse hitfwlyagadmedushimbh aftefedith Be Hibithted bR Bishai®y Not be opti mal

for applications that do not use a probe to initiate collapse of the
franme. Byebigesuchasidrck. (R bethicaserithe dipdosecdprasbrustiensigidr dt  patent in
~the ori g'fﬂ%mesm%?ﬁg't%s rSe BRY nﬁﬁﬁ%?%'ngaeﬂ'Hgysi&é)eltaﬂ{eﬁ§§ THe the respective
central hinge, t openi ng of the hinges on opposed sidés of the frame are
not coor dideatierdents ke artieulatedisueh thaGheyzaul fAld dedwvandty t6,ald8 29 descri bes

not her fra t hat 1ncludes sci ssors,link hat is held. .in an initial
16001 ¢ on TBYROREPEPSEIIR N ERb e TR E A IBR OEBe B e ArtBRBes t he frame a
t he uppebyédirairmyesupled@she elde didifedts.nkatie Juhbpafeit lthegeat ent rel ates to a

different type of linkage in which rigid bars cross between the top and

t he bott &al@Nts Welude skagonally ¢riantedgables 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.

n-both cases,__‘g




sci ssors |inkage. SUVWMARY According to an aspect of the present invention,
there is provided a highway crash attenuator frame. conprising: . first and
second transverse elenents spaced along a central | ongi t&%'rlwng is; a

- first side elenent extending between the first and second transverse :

elements, said first side ‘elementdisposed entirely on a first side of the
| ongi tudi nal axis; a second side €lenent extending between the first and
second trsfm\a&ﬁg?@ el ements, said second side el enent disposed entirely on .
a second "si the longitudinal axis, opposite the first side; a tension

el enent  secur adcb@ing® anfddpdkt Giife PRERAiINTEAKOrC I Srodiaed @xt endi ng

between the first and second side elenents across the |ongitudinal axis,
sai d -t enbighway|ceasinatteromiorifemmegconpnisind dinsteamld decord bpeswvatseve to fail in
t ensi on \rg/%%_‘n the first and second _side elenents apply an excessive load to

the tensPENNEARed glpng,a geakkal lengitudinahaxis (i) side glanentt enuat or frane

I ncl udi : ' | dsid
el enont o SxSAdinGibetMBE LR AHa B0 Huflp RS SOt BRI SFHER chrent “ext ends
across t Beméreagpbbed BatireR drea Aifst bide df tdRnghudRBIRR; 8isdéof the frame to

the other side of the frane. Each tension el enent includes a nmechanical
fuse t hasidpsienentrextensiing betwake the first aind secanddransyersd eférdents) enents of the

f - |. . ' | pad ] ' . On h hani cal

Fuse. 1 ot ha sEonf KB SHenic oot ehliehish s aropmbSRE AHISar o si mul { anoous! y
|1 d : ' | ' : f b

Coor o nal o AR (RaRE PRt P et s Bend i BRI BB B8 1 2T o7 edoi ng

par agr apfist had eedrisidenblentiats Syd stgndihg Hefesat] theififétzpduelcomn, and they are
not intended to narrow the scope of the followng clainms in any way. BRI EF

DESCRI PT$idR etgments aprasthciongityrdingl axis, saigriensiomstement ¢omarisinga hi ghway
crash attenuator ane  that ipcorporates a preferred enbodi nent of this

i nvent i ofl .'“%—’%%6_[]193&”59 QHaFEQV%}%Pa@m %) W%@‘eﬁfﬁt%’ ¥EPPEspondi ng

- enci rcl egide RMHENS ra;g{r)llty?ngéﬂc@séive foal 46 EhéttenSioR diGRent. 8w of a portion of one

of the tension ele
Also disclosed is a highway crash attenuator frame including one or

- 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




Fi gure 1. DETAI LED DESCRI PTI ON CF THE DRAW NGS Tur ni ng now to the dr aw ngs,
Figure 1 shows a highway crash attenuatorfrarre 10 that |g Iud%f 6|rst '
second and third transverse el enents 12,14, 16 that are ga{ 069 ong a
central longitudinal axis L. In this exarrpl e, . the transverse elenents are .
‘'shown ‘as franes, but in alter nati'\_/fa_er_rbodi ments ~they may be inplemented as
solid panels. In general, the transverse "elenents can take many forns,

i ncluding one arts

b9 O RS Ay e 3T RSP o, SHAIRROF B 5

t r ansver geit cothtes bprefefredlnbatlifeROoMAEtiSdEiaYn. @ first side el ement 18
on a first side of the central longitudinal axis L and a second side

el ement’ 20 onFigusescdand 3ape eskuiged dewsfof theecdrmmsgondidg eatircled s L.

Simlarl .t he ond and third transverse elenments 14, 16 are

i nter con¥F‘& ﬁ'ﬁ%"‘rﬁ khird side el ement 22 positioned entirely on one side
of the longit o5l tioned
entirely on tﬁ?ug%%(')ss??d vdavge of&r{‘ﬁgaﬁ%r%?fﬁﬁ%%@,&%!?@%n& q?n thi s exanpl e,
t he si deFigjuesrents 18, 20, 22, 24 are shown as articulated frames, but it
shoul d be understood that many alternatives are possible. The side

el enent s §cTy be forned of ganels or individual rods, with or w thout the
hi nges dB&dAlliged DESGHP V@R PR ThiFeRRAVENG:J, they can be formed as living

hi nges or as ' - Dak ! : .I n cas the side elenments may be
rigid rods, bgygmﬂ?&f Bﬁ%‘%}d«g %ﬁgl 'Sui?ef%% W4 g5|3v§¥tcra§r} ansverse el enments
and shapagbriutdy #aine 10 Ratih GG Y Sodtill AR ARvedRBKImedd Lhe exanple of
Figure 1, the four side elenents 18, 22, 24 are ntical, and one of
t he si de1%né,rf’£ﬁ'that #r8 spadad dleng akemtremk)ngmmm erisat imtbts 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.




The 'si'de el enent 18 incl udés afirst frame 26 énd a second frame 28. 'The'

- first frame 26 is connected by first hinges 30 to the first transverse

elenment 12, and the second frane 28 is connected by secoﬂéJHﬁl%%)@@ 32 to

t he _s_ecqg)%mgﬂﬁnsver se el ement 14. The first and secg,gqﬂ%gﬁggﬁ 26, 28 are

connected together by center hinges 34. The hinges are oriented
to permt the frames 26, 28 to hinge outwardly (away fromthe | ongitudi nal
axis L) when the frane 10 collapses in an inpact. The frane 10 defines

" first and second bays surrounded by the transverse elenents 12, 14; 16 and
the side elements 18, 20, 22, 24. First and second energy absorbers 36, 38

are positionedryd¥ fdal , | n the frane
10 col | apses ?wé;rggtlhﬁngaécg: éﬁcg ﬁgﬁse\%g%gﬁgngﬁgxl?b& §§§@?ér§(éﬂae¥ tGed\;é&e ally
col | apseda fitsh eidetelerpend 1 B dinrayfirdbside of theicentraldomgisidiniahatis &lamda he i npacti ng

vehi cl e. e ab bers 36, 38 can, take ny for and the energy
' absorberSJ%S’EQSIJS%ET%'%?&%%P%‘E“’H: @p%ggéf?{é(g%}énggﬁ‘?ﬂtaéﬁican be taken
as exanpl §inilaty, the secndradguthirE dansvetdd el@mbadi 14216 Grd hddrcdihelRAr gy absor ber
%ﬁ 14 June 2006, ‘WO 03/054413 PCT/USQ2/ 39546 5 10 15 20 25 30 placed within

e framPndihingide plemspielZpesitaned anfiee!:erpag sige b the langitudingl act eri stics of
t he frameg bl V. ' : rating
forces. mlean)éléFiﬁgh? gﬁﬁtfﬁ#@%g%ﬁg%fbgﬁggl’éécdg%tgg?gﬁgﬁ%Egé{%snt?%%?o ted lines in
order  t dhedngitedigalraxisil.nor e readabl e. These di agonal braces 37 inprove

an’i mpact. . TybiS PRGN SR e e ACRE 22 M R as 1 exi bl e
cabl es. Trticuiated frameastsut drsheuldl e riderstéod thas ﬁﬁﬂﬁ%ﬂeﬁrﬁti@em ]pt i ng ] f
19" gﬁgggvrrle Rr;)tgﬁgbé? e‘!th%astidé éslererln%% stn%gy E)g fo(:rr%ré%lolf ggﬁ&s E)r ﬁld];vrid%r;?ro%lgs, wirtr?m the rear o
: 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




such as a truck. The elenents 12 through 39 descri bed above may take many

fornms, and they may, for exanple, be fornmed as descri bed iq Le ardt U. S.
Patent 6,092,959, assigned to the assignee of the preSen94' ﬁﬂlon and
her eby rated by reference in its entirety nt difference
bet ween P&§949§ne 10 and the frame shown in the Leonﬁ %PB%% ent relates .
to the first and second tension el enents 40, 42. Each of the tension

- elenments 40, 42 includes a respective nechanical fuse 44, 46, and the
mechani cal fuses 44, 46 hold the F%spectlve tension elenments 40, 42 intact
until a tensile Ioad Is placed on the tensile elenents that exceeds a

. predeterm . 0, . t ]l ni cal fuses 44,
' 46 separ g%’%&%t‘f@"gg%dﬂ%@%ﬁ%’rﬁq’ﬁdwgﬁ@eo%%@é’%ﬁ%gge'lggl%é’ﬁen 18, 20; 22, 24.
The f unctdéharagiéristibe of tediaome itlelf mensusficient té Providd heluekied he frame 10 in the
posi tion ‘ﬁ{& Fiﬁ%ure 1 until collapsing |oads are applied parallel to the
| ongi t udi F&FEEINY rGe8 an i npact. These col l apsing | oads tend to cause the

si de el enent s |4 BiguRd1, cﬁ&?]on%ﬂcémb biacou? R ol ARHed 1868 hftfadrong t udi nal
axis L) by rotatlon of e respective hinges. As long as the tension

& enent s to amkefagued mﬁmeadahfﬁeyh%erﬁlagmaébrmsm Alimp@yariaditvn bet ween t he

respecti o?thegﬁ%grmﬂzlrfag?os o%épsegmpélglg@ﬁg%?ﬁ E@Ya‘siﬁ% il Qﬁ ufuchg.‘e* 10 from

col | apsi ng IC epar at e side el enents
18, 22 ortypheally, |thsd|agenaimralkst3ﬁreardamnglieﬂlasiﬂeaiblwoébbad_ are no | onger coupl ed
with. the resp side elenen econd side of the

1
ona {udi ner P 6P 61 1308 STRAL A esiee A et g ey snauasE. 5 1o 15 20

25 30 el %@&ﬁéﬁsaegptteawCérﬂuévevmeqmnw@erm tRE ¢t f aldmadbWNEhiGlR €l ements 40,
42 cross the longitudinal axis L and are secured between opposed side

181 enent s suehas edrkon el enents 40, 42 insure that the side el enents on both
' The elements 12 through 39 described above may take many forms,

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




sides of the |ongitudi nal axis L are freed to collapse outwardly at the
sane instant (within any given bay). Figures 2 through 4 1_g{r]ovi-gg 6feurt her
i nformation regarding the tension elenments 40, 42. In thil$8Raai% the

- tensi ongR BHEALS 40, 42 are identical, and the follgu hsgcussion will
focus on-the tension elenent 42. As shown in Figure gWr}tﬁﬁoez '%rg\si on el enent

42 includes first and second cables 48, 50 that are secured at their

central .ends to respective overlapping ‘elenents 52, 54. The overl apping
el ements 52, 54 define aligned opéHings, and a shear pin 56 passes through
t he aligned openings. The shear pin 56 in this exanple is oriented

‘per pendi ¢ [ 5 | [ I t hr eaded bol t.

: '-Fl)'hepout boéla%@]ehﬁa%gg%gﬁ%g%gégﬁtewlsg%{%, ggggﬁgrtﬁ]eﬁ%éoﬁrﬁgﬁgglﬁg@“ e threaded
',shaftst&roiéﬁmetImdmdF\dl atiwf nacé_aae @amsec:] betewggh oppesedrdde i n f 1 anges 322

secured tqQ the sjde el.enents adjagent t respective center hinges )

Adj Esti ngeq?\’ﬂ?ﬁgtsﬁ edpusionelemgaty A&ngg InSyEe Bb?g‘?é‘ge giRaEnts ‘?S'Bb‘?tg agj ust the

ef f ect i veside\aitths IonGitidIRal GRiILesre 4ed 26 camtbsblaptedrar et fle ddise t ensi on el enent

¢
42. The aoverl apping el enents 52, 54 and the shear pin 56 should be
@nder st odastast (withip anyoiwodigy).e of a suitabl e nmechanical fuse. Many

alternatives ak ' ' | g1zl A ' WO Oor nore
shear . pins a%q ﬁ%%%?n&%@ﬁ’@gggqhgﬁ%g epgﬁ%(ﬁf]lsegée!s@ﬁggé% ail in tension
rat her tehements 40h42r In thisexempleatiiectahsibn etencents 40,542 4re idenpiceliirent ed by
selectin cable.that parts. a sel.ected | oad onnection between the
‘cabl e angangrjfhe ﬁﬁlpy ?ﬁ”%E‘PBHﬂﬁ[PC‘(%%H‘%?"PHB e?qW%@ééd shaft 58) that fails
at a sel ect ed Aslspadn i®FighRe2 lth&kRnsioh didthénteBsicluddfirsBsfipdiceal fuse is
integrated into the tension elenent, and a single part fe.g. a cabl e)

18erves asablosHe; AG that geg sacurad altheit ceml aads ierempeatiu@peeiiappiige. The
Tochant cRkerhdiE sz M SRR URTANE L O SRR B dipd e o0l L
col | apse aotl a steaf pmas ddised thraughah Glgnadogenirtfs. Ahe shear pin 56 in
. this example is oriented perpendicularly to the cables 48, 50 and is
implemented as a threaded 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,

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




“WD 03/ 054413 PCTI US02/ 39546 As shown in Figure 1, tension el enents 40, 42
are provi ded above and 'bel ow the respective energy absorﬁﬁés-%g- 48. Thus,
there are two tension elements 40 extending laterally betWwgl Re side
el ement and there are two tension elements, ing laterally
betmeeﬁﬁtﬁg g%%e el ements 22, 24. By way of exanple, 6ﬁﬁ %ﬁﬁg
of construction are provided to clearly define the presently preferred
enbodi nent:. These details of constructien of course are not intended to .

~limt the scope of the following Tlains in any way. In this exanple, the
first and second cables 48, 50 are inplenented as wire rope neeting

federal speci fal ' | vani zed
The t hreaded 5}3%@%}%@31 Rg{'}gg]tlg?%ﬁ{ %'Emder‘galr}ﬂ ggwgﬁfgl%ésdbf%gtaﬁ?eads per)

i nch. Thdekivethe rpspectiiee eaergy BbsorbearsiBGl#8ndhas, tidredae two tsoision The adj usti ng

nuts 60 are en t thereby to
hol d t he eflq, é@g?éeﬁf&fng I%%@IY%SHNG tb‘?g@? Iﬁrﬁ%ﬁgﬁgg ’nﬁﬂifil act. Though
Fi gure 1 sbavstepbiphiditheris noekiehdingdatantipbetitenthobide ddmgeas 38 of the
type used to receive trigger bolts in the above-identified Leonhardt

atent, 2de 2‘Erlgger bolts are preferably used, and in this exanple the only

forces hol di pg s eRiinsie, oaRsvifd 8 8 @n3RRIchae Blovided 1 ensi on

el enents 40, used herein, the term"set” is intended to nmean one or .
mor e. - Thekearly defiee thefpresengy prefeived awbodiment. Phese detailssfe hi nges. The term

I o chPARIBH g SRS A PR RS e AR MBP S, et her
~ -descri bedlatheireanyTgy. f larsig @xappiethel ﬂra(hmllmonqbt:amms hassarecussed only a
I A O RO M T W I S

It is onlganidigr, 7o 1 IM:zéEi) afrﬁ@ thrbaddd SHaMGeAk ls/mbh pdigfeter, that are
intended to define t e scope of this invention. 14June 2006 WO 03/054413
PCT/ US02/Apd has 11dhresds per mch 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 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.

ow ng details -




‘20' CLAI M5 1. A highway crash attenuator frame conprising: first and second
transverse elenments spaced along a central longitudinal axis; a first side-
el enent extendi ng between the first and second transvers dpesEios, said

o first syyd9smda@ENt disposed entirely on a first side - ongi t udi nal
o axis;.a _Secongf?gi'-de‘el enment extendi ng between the fi'rPg m%%%§§g'cond SEEN

transverse elenments, said second side el enent disposed entirely on a second ..

si‘de of 'the longitudinal axis, oppgsite the first side; a tension elenment
secured to the first and second sife el ements and extendi ng between the
first. and second side elenents across the |ongitudinal axis, said tension
el ement conprising a nechanical fuse operative to fail in tension when the
first anqgggﬁﬁgd side elenents apply an excessive |oad to the tension

el enent. Z. e invention of Claim1l further conprising an energy absorber

di sposed bet ween ggg%@p%ﬁhﬁteﬁ{l%@aﬂ %e% ﬁ}gﬁgh en the side elenents. 3.

The i nvention of erern e sIrde e 5 each conprise first and

- second frames secUirgicaridogebhe trabgvesseselbmentscspated along@eentrakeach first frame
secured It]o the first transverse element by a set of first hinges, and each
second fiNAIUdBel#¥ to the second transverse el ement by a set of second

binges. 4. The i nvefit Ge BlonfarbeRditl Pefidbrl e e BAYSBcsHerent i s secured

to the side el enents adjacent to the Center hinges. The i nvention of

‘Caim1 Weererse elrmentss Baidificstisideglementrgisnased entitelysen _aﬁdit side®hd over !l appi ng
2006 o ST ORI EIRERR 5057 30548 5 10 15 oo Ceeng elements. A4 June
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.




20 25 6. The i nvention of Cla| m5 wher ei n the t ensi on eI ement further

conprises a first cable secured at one end to the fi rst side el ement and at -

~an opposite end to the first overlapping elenment, and a dadumt 8l e

- secured end to the second side el enent and a ite end to
~the sec‘gﬁ't m%@gﬂlapplng el enent. 7. The invention. of%E? @£€§@MEYEIH the .
~cables are oriented transversely to the shear pin. 8. The invention of -
Cl.aim | further conprising: a nounting arrangenment secured to one of the-
transverse elements and adapted t-8 mount the crash attenuator frane.to a
shadow vehi cl e. 9 The invention of Claim1 further conpr|5|ng athird

transverse el a.third si e nt xt endi n bet t he second and
third transverse gpgg@lﬁpéw gﬁéﬂa'"i T'g?ae'é’f‘é'ﬂﬂ 8 entirely on
the firsteomstes@ffirshibleangitaddit 6Ab eANitS theirkOsigd Bleme@l@arei s@ant extendi ng
bet ween the second and third transverse elenents, said fourth side el ement

di sposed QP(PPW%BW &thﬁﬁ’@t%@ﬂﬁﬂwmgs@@l@%ﬂ‘ aﬂﬂé‘ 39§ﬂ@€i| e2fle peguregkpk: a second

t ensi on r%r@rﬂf SRRt s and

ext endi ng etvvetgﬁﬁ‘%ﬁé&gﬁ cf; ?‘Iurt %ﬁ@%ﬂ?hgglﬁoss t he

ISongi t udiavatiapping elesadnd second t ensi on eI errent conprising a second

mechani cal fuse operative to fail in tension when the third and fourth side

el ement s apply, an §GY3hih el SwhBbi HEQHIds S oRGnEk et -

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.

25




