; e3eLFF6| TH19 MAY 2003 -1 *G-~2* * 166166* METHOD FOR DECELERATI NG A

VEH CLE) H GHWAY CRASH CUSHI ON, AND ENERGY ABSORBI NG ELENMENT 1PHARCRERS
BACKGROUND The present invention relates to an inproved hi ghway crash
cushion that operate decel erate an inpacting vehicle safely and
efficiently. \m\M“W\\T\mmh cushions are widely useg te inpacting
vehi cl es whi | i ecel eration toelsafe |evel mm'm mmﬁ ﬂmm of the ',
vehi cl es. Such custiens are used al ongsi de roadways i N [BRY appl i cati ons,
such as in front of bridge piers and ot her obstructions. ,deitionally,

hi ghway crash cushi ons 0si t] hadow vehi cl es such as heavy
trucks that are parked “ﬁé%kmtﬁéﬁrﬁgpgz%ﬁ@&%\jﬁ]é VEhﬂéLﬁ:ot ects the work
zone agai nst intrusion froilGHBAAXCRABK CRESHI@NT A2 r oadway) and t he
hi ghway crash cushi on PNERGYSABBORBINGt EnEMENTCTIHEREFOR shadow truck
during the collision. June U S. Patent 5,642,794, assigned to the assignee
of the present invention, discloses one highway crash cushion that is
mount ed to aBAGWSGROBND support frame that includes articulated arms. An
energy absorbing gl enent is di g_gosed in the sugport frame, which is

desi gned to col | ape® PEPRENt veaLaN splates tgan ImpaeYehiohury Qrash aushiednt r ol | ed
manner . SUMVAR ' Iy | i ' d hi ghway
crash cushion ;’gﬁggtgigéﬁel%%@gﬁgiﬂggbtg\rggv %@g%%?g%lggﬁ%ﬂﬁ%&mat provi de

i nport ant advant abighway crashrsushionsrprewisttlvesedyto decseterate inngactinigi s al | ows

h h hi.on des; : i | h | ing | oads, | d by th

cr ash cushi ol esNE eqpand fgbaeriondsRs e ref Lo R AL This 1

i nvention i syelsitieBeSUey dushioneldrewWsed afdrjsite roaadlawmm]yiapmib'aﬁo@ect ion
way. O

shoul d be taken as_a limtation on those clains. By y. of introduction,
the crash cuS¥eibas Helent ofddidgelRicysiang) Qfhecokstiuciingst Additiopals ighwanst

first and segong &%ﬁ@nﬁe{;ﬁ@%@ﬂoﬁ@@ oﬁ%'ﬁiaaﬁwt\}é?\izgég@tﬁcﬂ 8s ﬁ@a?‘frh&l'ksoﬁ‘\ra?d

i mpact direction I ncludes at least first, secon
are parked in front of work zones. The truck protects the work zone against

intrusion from a vehicle that has left the roadway, and the highway crash
cushion protects the impacting vehicle and the shadow truck during the
collision.

June U.S. Patent 5,642,794, assigned to the assignee of the present
invention, discloses one highway crash cushion that is mounted to a truck via
a support frame that includes articulated arms. An energy absorbing element
is disposed in the support frame, which is designed to coliapse and to

decelerate an impacting vehicle in a controlled manner.

SUMMARY

The present invention is directed to an improved highway crash cushion as
defined in the claims and associated method that provide important advantages in terms
of improved design flexibility. This allows the crash cushion designer to tailor

the decelerating loads imposed by the crash cushion on the impacting vehicle
to optimize efficiency. This invention is defined by the following claims, and
nothing in this section should be taken as a limitation on those claims.

By way of introduction, the crash cushion described below includes a
frame that forms at least first and second bays arranged one behind the other
in an anticipated impact direction. The frame includes at least first, second



19 MAY 2003 -2 and third transverse frames spaced from one anot her al ong
the -antici pated i npact direction such that the first bay is H8tM®EARHe
first and second transverse frames and the second bay is between the second
and third transverse franmes. At |east four side franmes are included in the
frame, wth the first and second side franes extendi ng between the first
and second transverse franes on respect2ve sides of the first bay, and the
third and fourth side frames extendi ng between the second and third
transverse frames on respective sides of the second bay. Each of the side
frames i ncl uaed third tansyaise getes spiaged fioarene kaather alangtheandicipalgd ed to
the respecti ] J he first and
second side ﬁﬁ%%%%gééﬁgﬁgg&{ggﬁﬁgaﬁgggﬁgn%@%§€§ﬂgﬁégg%?ﬁé“%ﬁ@" nt is '

di sposed i n #anbease frantesodnd the duryad bayds bbtwesasthet sezondsindahinds are
coupled to the side frames to resist novenent of the hinges, The enerqgy
absor bi ng el HRBAYYSe famen Atlaast four sige fiamesredpeluded dythedramenwitner gy

absorbing_ el EEfet b LBees: LBBTERLChBrIRGIRIBET Ind ifbnd egAf o Fach

sheet net al ment defines a longitudinal "axis exte etween a snaller
and a | ar ger trandveraadrantes droresipectivensidesoé thedfiret bayard the third gnddowdh h sone
of the smaller ds facing.a first side of the, gner absorbi ng el emrent and
others of ¢ heNeiaimes SEagrehatiEen T Sadend i P G Ve ™35 857 bi ng

el ement, oppesdgertivd eidekof thesssond By . CEashoftekidinfrderRsindladed firstahai |

bel ow i s one exanple of a new type of crash cushi on having a system

response proSEFRNG e fianas plgaienis that gee spypled e the spestiva lanvierséid st ops
. . ) e | \ o ; L op
an 1 npacting g sg ﬁd'amaﬁg%geg@gt?b%ééw{rk ﬂk?é@#‘gﬁ%ﬂgjféutsﬁg& R ying wt

controlling regu I ons. em response pr i scl osed crash
cushi on i s cleragitsr iAt ézhsbpnarenergyt alzdorpiogtalementan dispgosedenliahteasponei on and

a final portiogpn. The deceleratjng force of the r nse profile during the
i nal por ti oft Risba. 08 fact M estatiin areeauned 3 s KB GEeR i RS he
initial portigiveRfatof He ﬁinﬁ@gue substantially greater than F; and the
decelerating force during the internediate portion falls to a val ue

substanti al 'y | es3hegaergy abgareingyelemaniscaandake mamrfiorasi i enaiprgfesedws t he
hi cl K ¢ ) e .
vt ol e et ksl ko et Abhtel FRAGES eflidBiont e dpeg GBI 0
decel er at i ngefemardst Gashshethmetad lelarhent definehiaslongijydindleaxis exteadithgdi st ance
ired initially t I t he i ti hicle. b ified t
(Such as 12 hefrdh pemalBtands wgRhentrmd B Gndvaindl S8 re snotilvc o
qui ckl'y reachfgndd'with Bohid Grané ispialief ehe iy A ikt sieesfthbh@ergipact i ng

vehicle is decelerated at a hl? average rate, up to about 20°G in many

h
appl i cat i ons abgeding elemens and @lrss of thedsmakierensisi fapingiassees side opinsf err ed
enbodi nments | eat : i a AN f their advantages. BRI EF
DESCRI PTI ON Bﬂe%ﬁﬁWQﬁgrﬁ?'gnbéE@S@gﬁg ﬁg%@s{%ée)’cti ve view of a first
preferred enbodi nfhe codsh tieshivrgdestyribedds ketailtielon iobné lexamplevefd new. Fi gure
2'ls a nore etaitj ed rger ective view of the crash Cl.si hLon g{ Fi gure 1.
Figures 3, 4URRPIETASILCSIon hayipg SakemdesRAnERProfledPateiovEles arbr  he
crash cushi OGneéuﬁy%fﬁ&eﬁt- od@rﬁﬁﬁrﬁaﬁ’d bﬁ)fpﬂ eﬁﬁﬁ‘rﬁidcﬁﬁg VeRMOin_gh Ghirdagnd
restraint included’in the enbodinent of Figure 2."Figure 7 is a top view of

a second pr eBbettdistamisodhite aemplyinchwith cankalling rgguatinnsa gl heheystemme at an

initial stag | gr i ct I .Gur . t. Vi ews
of the enbod???gr%nggfp@ﬁéy g%#,i'g%ﬂgé:ﬁiﬁ hceung)é'g§ C@ég%t%ﬂ&ldgbgéﬁéé' asﬂal |y
col | apsed popbttionnah ftgrmedigle pardoaandxd fims@drtion. The decelerating force of

the response profile during the final portion has an average value F, the

decelerating force during the initial portion peaks at a value substantially
greater than F; and the decelerating force during the intermediate portion falls
to a value substantially less than F. This system response profile initially
slows the vehicle markedly, then substantially reduces or eliminates

decelerating forces on the vehicle, and finally provides a controlled



position (Figure 9). Figures 10 and 11 are side views of the enbodi nent of
Figure 7, showing the crash cushion in an operational, hori zd'r?t'\é'f‘yﬁgg?’ti on
(Figure 10) and a vertical, transport/storage position (Figure 11 ). Figure
12 is a graph of deceleration force versus tinme for two variants of the
enbodi ment of Figure 2 during conparable inpact events. Figure 13 is an
expl oded perspective view of a portion3sf one energy absorbing el enent
suitable for use with this invention. Figures 14 and 15 are a perspective,
partially exploded view and a front view, respectively) of deformabl e sheet
net al el enerfecelgiptingfasce & sigpdhe Nebisla: Harthisieayyhe bl Mdhdistansgent of this

i nventi on. L VAY. - i . tl7
per spective rﬁ@@@b '@Qgt?]es |V!/r:ler%ﬁ| nacﬂ‘ﬁ%r@rag'fﬂeo?\?% %8&?@%832#@4%3 ({ehae ement s.
Fi gure 18 i stanmeterspec segend) iewinimizedyiandi the dmnpedctirlg wehiele qiickiyaper ed

el bl ShSTER: BT ihebulfac BB USRS S 2 o
uni - di r ect i oslel@BEbdAt éjhibﬁfatvg]?a'% ra06, 3D alRE RO i Bla %bgne&a&rﬁ.e

pol ygonal deformabl e el enen gure 19. DETAI LED DES TI ON OF THE
PRESENTLY PREFERRE® ¢nenamysvend detailed degcintiont diseloge theapiiefejéed Fi gure 1 shows
a crash cushi : i { I . r odi nent of
this invent %’ﬁ&’q’ﬁ‘e“*‘t“g‘? @&@%@é%&% %@n@g&ﬁﬁﬁﬁﬁ&(ﬁf é@é'fé@/érrgggg%? a shadow
vehicle or truck T by neans of a nmounting structure 18. The crash cushion

10 incl udes BRIEREBEICRIPIIONOF THEIDEAWVANGS ai | bel ow. The frame 12
supports an inpact face 14 directed away fromthe truck T, and the frame 12

defines two bays figae sisppperspeekiysedemal adfiret preferredenibegdireertafiite 16. The
frame 12 for fsu rti t. e, and the energy absorbing
el enents 16 @Q‘ﬁazga&ﬁeﬁgﬁlﬁ’t“a@g?@Bﬁgeﬁﬁ%y in an inpact but not to serve a

structural functifigurer? tshenira@gbtailed peesisdution vidlv ofthglirast2 castivs ot nor e

detail ed perzégect{ ve view of the crash cushion 10) including transverse
frames 20, difd'-24 and side frames 26, 27, 28, 30. The inpact face 14 of

Figure 1 is not shgusid) 4FhiH6 BrefrbAt, tngioéﬁd'li%bdecvie\ivéﬂ %géé’tWeW",'gofmﬂ the face

re
14 is nounted on t e transverse frame n sone enbodi nent’s) the face 14
can be non- sarasiecushion of Figuee 2el i m nat ed. As best shown in Figure 4, each

32 that are i nt eraBineEaoRged NS4 AR % ASPALEL R e Ty

each of the @hbsedificatef Bigef@pts 32 i s connected by additional hinges 36 to

a respective one of the transverse frames 20, 22, 24. As shown in Figure 4,
the side frame elfdgws:&issiop ew of a second preferred’ embodiment of this

invention, showing the frame at an initial stage of collapse during an impact.

Figures 8 and 9 are top views of the embodiment of Figure 7, showing
the crash cushion in a partially collapsed position (Figure 8) and an extended
position (Figure 9).

Figures 10 and 11 are side views of the embodiment of Figure 7,
showing the crash cushion in an operational, horizontal position (Figure 10)
and a vertical, transport/storage position (Figure 11).

Figure 12 is a graph of deceleration force versus time for two variants
of the embodiment of Figure 2 during comparable impact events.

Figure 13 is an exploded perspective view of a portion of one energy
absorbing element suitable for use with this invention.

Figures 14 and 15 are a perspective, partially exploded view and a
front view, respectively, of deformable sheet metal elements suitable for use

in another energy absorbing element of this invention.



19 MAY 2003 -5 bowed outwardly, and the hinges 34 are positioned to all ow
the side frame elements 32 to nove outwardly in an inpact. ThE MAX2008rse
frames 20, 22 and the side franes 28, 27 forma first bay 38 that contains
the first elenment 16. Simlarly, the transverse frames 22, 24 and the side
frames 28, 30 forma second bay 40 that contains the second el enent 16. The
energy absorbing elenents 16 are attachgd to and cantilevered from
respective transverse frames 22, 24. As shown in Figure 5, one or nore
hydraulic cylinders 52 can be provided in the nmounting structure 18 to
pivot the frane 1Righessve@and e dretippenaad loveRgicrépautiab vizdd bf #Bnehown in
Figures 5 and 10, and the verti cal storaqe/transport position shown in
Figure 11. ceiseetiopaharsay ahtapereddeioreablsalomERtS: he transverse frames as

shown in Figures g4 ; j id oL ;ngpt% hese cross
braces 44 have beg'ﬁar%g Eilst'oﬁtp Bﬁb‘é'tcﬂge ?Fgrargdl)#nél' %d'ﬁdgt]@bggs&{ér C E?Eet-ﬁy of

i Il ustrati ondeférmable élemeots. des an expl oded perspective view of one of the
hi nges 34 and the_assocj ated side.frane el ements . Th i.nge 34 i s shown
ST ot at od-post FRUM TOF € Pariresttt o gt Pabpandl s B ARSI nges 94
are orientedgpdhtverti cal hinge axes, as shown in Figures 2 and 4. As
shown in Figure 6, a restraint 46 is associated with each of the hinges 34.
In this enbodi mentigurese2Q and 2diate peespaskive viens ofdmnndiiectionsbend M8 and a nut
50. The bolt ' o] ] j j ~fand the
nmount i ng bl ng(llgdg)?\gp?f?%f&g|f§3,&éé§3§8€|gd8:§ﬁb E??%B%'%ﬁ%?%@@?ﬂ%%ﬁ%@ﬁg t he side
frame el emenFigud219The hinge 34 in this enbodinent is formed by a pin 56
that is received within openings 54, 55. The opening 55 nay be fornmed by a

sleeve 57 regei j f hj shion 10 is
in the oper abﬁcﬁ@g 9%?9%'%&% bﬁ%gﬁ?é?%%ﬁﬁ&fg%%@@gﬁof t he ei ght
hi nges 34 i sEMB@DIMENESc| osed position by the respective restraint 46.
Note that the hinges.34 ar ositiogned in such a way that co si.ve
forces appl i ed t of SREG patdo i anings. Gigkne; {ehaemia Erash siath AR o1 r i i ng
the transver gRofdcrates Hprekenty pleferrdPambotini@fidf &ls invehtigh! Thé)craemd! v
tensile forces to the respective restraints 46. \Wen these tensile forces
exceed the seusdien A0ds monatadeaigberearofirpshadovgvelicigurdrusk T bymeansof yay
2003 -6 bolt r [ ; i : rdly,
and al | ow ngatnﬁ%‘ﬁ]@g%é@gpgéq f:ﬁn}és&%gﬁ "93',"592' OD gagg%sr; giﬁ?q%ﬁg%%ﬁgﬁ%f and
to conpress ingreaterdgiaileowbiTing fedraed Rtssippbrts Bngmpest face HAaligdetedl rel at e

to a second preferred cra cushjon, which is in n s simlar to the
(1ot "crash BUSKTG MESEi b bedrarts i sieipes hup Bt et SHEP gy on

compar abl e r%‘s%'é@ﬁ\?é*eﬁé’r@’?%‘b_%orﬂ el‘é‘h?éﬁﬁs QG.Smh‘érfré?ﬁ_e "TQ%'Fn%aEeIfh_rOUgh 11
differs fromthe crash cushion I0 described above I1n that the side frane

el enents 32 serpateg sbucthee, fanddhe enargnabsosbing siements dbcaradtasigneddpl y
provi ded wt il . hi j i ; i or mal

i npact the mg"r’n%dgé égg?éﬁéw%rpnﬁﬁaggggt ét?]tﬁﬁ%%e%%ggkﬁgﬂﬁu@nogﬂél’jl?%glaa;ﬂt hr ough
11 operates cusHiendOm larly to the enbodi nent descri bed above in
conjunction with Eigures 1 through, 6, . shown .in Fi s 8 and this
enbbdi ment al so | FORIRIEShEHBUB0RIaed POrSPREIEPHESTIRE srasTaian od o
respective O'i‘@’,ﬁnelﬁcsﬁn@%afr%ﬂ/@%re@r&gg@%f 2ang AR Sidé4raptlisezEnty, b8 she

auxiliary hinges 58. "Wien the cables 60 are tightened and the cable 62 is
| oosened, fofbedmpactfappil#ofFigure rids not slkown ¥ bigure 2der dakdtywits 32 to cl ose

from the sechnaraeoBreloes 43¢ hitpudd pabd FhoiePSs emead, Bune: 2
Figure 9. Cosmbbdirhents thefadd1¢4 eahlbendilstalictutaporev@tleinihatdtk cable 62 is
tightened, the first transverse frame 20 oward the second

rse s pulled t
transverse frame 29bgst shawnindigues 4. eachgifdha sidedfmed26a47.<bwh i n Fi gure
8. In this r t sy I i J S The
hi nges 58 n:wygggg‘?%‘%SaEh%gggtfgav@%(?iét}ﬁ%ﬁ%pem %55% lﬁgaé{[:?hor{] to ?ggi litate
t hi s novenenpair Bf ekeetrabhinges B4. Aalditenabhy,eath afitle aidedramee etementa8@ris i ng

structure simlar top that..di scussed ove in such a hat the cabl es 60)
52 are | cosehRAEsine bY GATRRA HESKRat K1 Baasnnsie cagl iR IRBMERes the cr ash
cushion is rRakes®0dedVeeNALRAWArh FRIral4, tiPsidatitnablepnsits Bomref Figure
10 and the vertical) travel/storage position of Figure 11. Thus, when the
crash cushion is raised to the vertical position of Figure 11, the cables
60 are automatically | oosened and the cable 62 is automatically tightened

to shorten the travel height of the crash cushion automatically.
Conversely, as the crash 19 MAY 2003 -7



cushion is lowered to the operational position shown in Figure 10, the
cables 60 are automatically tightened and the cable 62 is autﬁhﬂﬁwéﬁpﬁy

| oosened to extend the first transverse frame 20 to the operational
position shown in Figure 9. !'n this way, the overall height of the crash
cushion 10 in the travel position can be maintained at the desired | evel,
such as no nore than about 13 feet abowpe the roadway. The cables 60, 62 and
the auxiliary hinges 58 function as a nmeans for automatically coll apsing
the first bay as the crash cushion is rotated fromthe horizontal to the
vertical posbowed outwardlys aad tesahingés B4 aunt poaitivned ty akbow ¢énslside ftamee f i r st bay

as the crash cushiop_ is rotat?\g’ Hgomth.e vertical to the horizontal
posi tion. ThEEEERRAR R TOYELYWaAKY INAN WPactneans for at |east partially

col ' apsing the frep@iddsidrss RarR™0, 02 drRNBERIdLframber®dye7 dhe atRans for
automatically extending and retracting the franme 12 can take many ot her

forms. For elkaypB &hatidostaimsaithe firet elesenhd® n§imiterly, tkertransyersa flambs 22,

Ul 1y et onaeh SURGHE PR TP 28 Mimed SRor ¥l T coh iR dahione o

nor e |atCheSel@ﬁmerGDWreiéiﬁﬂl?)‘zebﬁdrbtngielembﬁtst’r@u% atpgshediteranand/ or t he
operational posjtion the configuration of the crash cushion 10 is

mai nt ai ned byAteMerad HRE tsRertiMetEaNIVErsE famen 22né4 cabl es. Figure 13 shows
a preferred struc I { 6. As shown
in Figure 13, a pllt\ﬂ%g?\lfvmn g@%srﬁgé%”h@rrgfa r?ﬁ!@%ﬁ‘ﬁ%?&'@?ﬁ% ?g%%gsbfrle di sposed
bet ween coveproyidedds 92 mdunting stroptace 18 thpivet tiecfeameadi2adieteleentine s are
crushed to provide a controlled. decel erating force. e cells 90 and the
chver pl at euhgPetfalppGIALoRs HoRuoE sRoRah FtusS Petish Tt arst tearnaid or U
Patents 4,7 létofb‘bb/@é\%@n%iﬁ&ﬁshmmmgmet 1.t CRRITOSS A4 GFe MRINESENT
i nvention and herebK i ncorporated by reference in their entirety. Another

¢

preferred stbefMegndne danpyrrseiamas aHsw igFieHEaschend O tpinjavide1 i ncl udes a
lurality of f bl gt f f.ar ments can
Ito allie rr:anz fﬁ%@ﬁ%ﬁﬂ)rgg\}@ﬁ)gﬁ e@ae(rgr%l es a%cé-ﬁg&nh%?ﬁ |e8dfg§?h§ﬁ‘e{£'% InS
gener al , t herenagiringdigled¢oforetarity ef ibnsdrationcan be formed as separate)

st and- al one tapered el gnent.s t hat a]rgﬂit abilized .b%f sterptn% bot h %ds of
the tapered el enenfd& péo‘f"?%ﬁ@” §¥PIodGE PPRPECING, WRWAS QNG Of G NGRS Sno3 ¢

exanpl e by ugfd e ddsteldted WRlkdama elRpsdnte 320 ThetHiRge B2%4 SReWsin Al ternatel y,
the tapered defornable el enents can be fornmed in one or two di nensional

arrays. Fi guiotated pogitignfer elariytaf itustration.r Normalhethsrhingpesé @releriontetbl e

el ement 94 iR I I ical in shape and each
i ncludes a s‘?rﬁwbﬁﬁé‘t @@ggﬁggg'nﬁgs;?@({eﬁneﬁgf@{ﬂ@%%gﬁ%g' al ong a | ongi tudi nal
axi s 96. As shownAs shéwgin Eiglde 6] a restraintetthisdissedatadwith apeh efitheef or nabl e

el ements 94 are clgsely.stacked with sone o he small._end 0 i ented
Conard a 11 ranoes dd Todis priE st e aniebt 4 e e dhabel AL 65
facing the sgepathut 9DPTRRDAH 4RisHibsed thrBagRbpaNings h hﬂﬁmﬁﬁ%bﬁcﬁ\éf&f Figure
15, the deformable elenents are identified as 94' "and 94". The el enents 94
have their safd theemauniyey biogks ate rgidly\seswras iandgce pn respeigtive paae pf thegs”
have their s N i [ Q) t i to
Frgare 14, 0% (el Btbnie 32 e ife pd R bbb orpidBey 4bRF, 0
two stanped Sthtwitds dddeivetiOBitiin opesings54n85.eThelopeniny 56 nedyass fornedibyum
Dependi ng upon theéﬁesi red sti ffnf@'}se, qQf the deformabl e el enments, any
appropri at e J5FG¥eSe5eivEd Ineneaf K6 hinge BAMBe used. As shown in the

upper most row of \ihgH'tRe tashe@BhidAf 10 Bq?] gﬁeébéraiigﬁal idnSsHdvTRed or

otherwi se forned to create an array of cones. The sheets 106, 108 may

be physi cal | fighet thraugh 6, eaeh okthe eightdingass3pishald snthe glosgsbpositiam t he

shapes of ) I fESRat e Bahbhe hOIERIES the ALY B ark dBsliohBHTAMA, he
| ower two roawvagfthal esmpretdive Threes applisd Hhe fiddfe a2 byl ingddttihgget her in

any suitable manner) as by spot welding) riveting, fastening, or adhesively
hol di ng t henahigled el shown) striingthedranaversedrame 5t alang e impacydirectian 18

relate to a § ; ' I ' er bl e

el enent s 11?0(5@%(2&3%%? Mtﬁg%‘%g%sgsgﬁﬁéé%e\gﬂg%& s%%gnt%]?ﬂé a \Qﬂgg?& %aeygri al
such as sheeensileifareesrexdaedtthe streagth dftibe regpectde bekod4 8¥bigarebiiieat s 111
are stanped or drawn fromthe sheet 110 in a conventional stanping or

drawi ng operation. Thus, the single sheet 110 19 MAY 2003 g forns all
of the associated tapered elenents 111, along with the remai ni ng pl anar
portion of the backing sheet. As shown in Figures 16 and 17, a single sheet
110 of the tapered deformable el enments 111 can be used to forma

uni -directional array. Alternatively, as shown in Figure 18, two of the

. A A N . v .



It is not essential in all enbodinents that the tapered defornable el enents
be circular in cross section. As shown in Figure 19-21) vari ol&sMp¥I3p§anal
cross sectional shapes can be used. The tapered deformabl e el ement 116 of
Figure 19 has a rectangul ar cross sectional shape. O her polygonal shapes

i ncl udi ng polygons with nore or fewer sides arranged as regul ar or

i rregul ar polygons can be used. As showg in Figures 20-21, pol ygonal

t apered deformabl e el ements 116 can be arranged in a unidirectional array
118 or a bi-directional array 120. Though not shown in Figures 14-21,
convent i onal bolts/are pokepsthesabytfecaise thet linhesi84 tandes eatwardiyhantdaper ed

deformabl e el gnents, in place) .if desired nd nultiple ro of e

11 st rat od efonBiae BaRofash samdst 2 a4 e cafttrgh Sbutifiegend frent . he
tapered def opsmplessaheEpRlgy mgwbiq?_ ddmemdviant age of an increased stroke
and thereby increased efficiency. This is because the ta;r)]er ed def ornmabl e
el ements 94, 111, Figueesathioeglligrlate taoa seeond prefersed cashaiushiss, whigh gi nal
| engt h beforg ; -1 Q- ; provi des

subst anti al !%n'g‘rﬂe'%]' eé’ Y%gm'ear%%%@&r%ﬁ%] ?gﬁ?g?@ggvﬁ%ﬁgﬁé\?eﬁm ng. The
crash cushi oGotfparaidletetementshare igigemcdonaparableabierbrce nuinbers. oThevrash way .

First the inpactin ehicle contacts the rear, i npact face 14, This face
provi des a LTE‘i‘? ?#ﬁﬁ@#&%ﬂ'@{@g'ﬂéﬂ%f&ﬁf&f@"ﬂ &'q ‘%é?&l’,‘?h'ﬁﬁﬂ _%ﬁﬁ?r Pdnsfers
the | oading fpepm H‘tﬁat’(lﬂé' &Jlj)@frhﬁ]etélé?%%%‘z ?é@ﬂb@'?o g%dﬁr:s'ﬂﬁaﬁé\%ﬁsé fraitte

el ements 32 begin to flex because o i s | oading en continue to flex

until the re20es¢ additiasalfyaprovidedevitmawiliary hingesditagAs Bhowndn bjgaredd to an

ot det o m AU aihmBimpT e nb 8 5B PLCHREFEHES e BB BERA Qe ect fve
hi nges. ThesEiguaes Prisrolght 1i1rspeatatesiduite SaniaRly ty thé ehitbdimbatdestdibaad t he

side frame elenents 32 in relation to the location of the restraints 46,

the ul ti mat e@ReYeinganiwictiopavitiorigyresg! thrads®i f f ness of the side frane

el enents, and the fi ek i fr SRS ibdiIggsy anes
and the face 14. ,ég%gat én%@%i@ﬁatng %gﬁfg I, tlhgnts%lgg "?c?arre g%%?rsegps 32
begi n to rotand62n Thesmilee6@ are benrfasterkbtosneppeite dnestdfdhe fipaerd siglevehi cl e

to the transyerse fra . «Ihe translation of transyerse fra 20 and the
rotation of HECSIAEENT TR adPrapIng sBklgY L oes B S Eine e 20 Cner gy
that was ori gigwdHt¥nédahdlehd oatsle B2rg IoosBhed Sotddsark i plied i@ thie2forivArr eby

sl owi ng the inpacting vehicle. The sjide frane elenents 32 continue to

col | apse unt ideffame glesnents 3o slasgdbe aukibiayingss ad 85a1p eytanddhedist 16 and
t he transver [ : gy absor bi ng
el enents 16 gfsgé\{ﬁg‘%ﬁgé% o%(r?réwgg\sﬁ%{'ﬁ{eh%sﬁlo gé‘%ﬁﬁ%’tﬂsﬁmﬂt gtcg{erg gn | evel of

ki neti c ener gperationdlgmsitiinsshopat ind-igyret heCopeareatypwhehdéhe ehbles &€0hare been

brought to a _stop.,The.cras shi.on, 10 /i si.gned so that der ny
Croacts mostionseRad 205 456 ANl 8236 i ienRr e 178! CHIEVe Rt bR 2R PuRETY,
absorbi ng el Rt 3hd Becdri] RARSRARDIIEMAITY 4¢ thel AbGREE Hirlgeshre lopehagesk af t er
an inpact. The initial decelerati ngg forces applied by the crash cushion 10

to an i npact SHRWR EhFiguee 8r dn Hhis wa h%evgr@lléeng%h@f thenCrash cushiontg | j near
i i f . X . h
{ransver se 1 EuESGDTREHinGe BB Ha B2 siitfy BiEGEPtoboriiiné opblifigliRRIth & 1°

frame el emenfxxilitste thisangdBmenmte angul ar of fset of each side frane el enent 32
with respect to the .collapsing | oads | i ed during an jnpact., Note that
both the linear a eeferably, %f ﬁ%ggi @g%% a ﬁBr%@Q”B*‘%ﬁ&U%tyﬁ em do not
i nvolve any ghaRpesitie biskabiaNabdve ih@aich 2Oway thatih@ERSEs $8MBg@ré0 the frame
9 2. The initial inpact response of the crash cushion 10 al so depends on
the use of nieoRaned and dightgnediasalascribed ehove agtomatically abshe crasht rel ease of

t he col | apsi pl &.: S j | I , NJ f i npact
severity is g% |'€r€}e/sdr.°w#%§ bg@@%%@%l%?ﬂg%ﬂ;ﬁ%@ﬁ@%ﬁ%ﬁgﬁ E/gj'lr%g@si ve, and
relies on thandtleakertigalptrabellsterape poeitioh of FRjuse dn . bihdshehenrtag icragh contr ol
the rel ease of the frame 12. O her passive nmeans such as shear pins,

br eakaway caBHUon is resegro theyerticahpesition efi-igurect1.dRe sAbleeSU #%each of the
hi nges 34 C?Qut%h?ﬁicgﬁxl}b%ggned\%ﬂﬁﬁ%é%ﬁ'62’is L&fImh idéiliti@Htetn%B'tS s!xﬁf‘teh'se W th
this invention may 1 nvolve sensors and/or controls that adj ust e
properties ofhettraval beight of the drast cashion ahtenpaticallz.uCanvetsehqasdhe stashs of
the inpacting vehicle, after sone determ nation is nmade about the
conditions of the inpact. For exanple, a restraint may include an

el ectronmechani cal device. Wien a |oad (as neasured by an integral |oad
cell) reaches a threshold value, a |locking pin nay be pulled out of a joint
by an actuator, thus releasing the hinge. Thus) the restraints that limt
col |l apse of the frame may or may not be reusable and they nmay be passive or

T ) - - N o - Y " o o o,



19 MAY 2003 -12 The crash cushion 10 can al so be designed to r&@¥$? @?e
overall length of the crash cushion 10. It is generally true’f A
greater the length of a crash cushion, the |ower the forces of inpact wll
be. However, additional length [imts the sites at which a particular crash
cushion may be properly applied. In the application of a crash cushion
nmounted to the back of a truck, the |epgth of the crash cushion is of
particular sensitivity, in that additional |ength adds wei ght that nust be
supported by the frame of the truck. Further, the weight of the

t r uck- nount exisbioash lawered do thesopematiordi ppsitimntshioewnein-Figunet H3) the cablest r uck,

so that additjonal .| ength increases e mept . of the wejght of e crash
cushi on on tédearﬁ[ﬁ}ﬁ?'inﬁgcéhcyrt@g‘f%}eéj ai'ﬁﬂ?‘/ﬁlcgg’,le Qé % ﬂ'étomwwgﬁosﬁneé ks

truck- mount egt&idie MEStRAVelROFAAE 29, tothe op BRIBRAK p&sitbroshdwe irf T ash
cushion will tend to swing widely as the truck turns. For these reasons,
reduci ng t hdigeed. hindhistway Kherouenad dieighd of thauerasb ssishionctO ipdheitiayehr
benefit. As . | engt : r i LSl i3 ] Syl rtant that
the i mpact MSSHSHER e Rlauttaelar uTE AR bPeL FSHEES nelhels alRERLE"So 1o
conti nue to 13 feet deowaptievebdwayety perfornance. The ability of the designer

to tune the respqnse of t crash cushion allows this delicate bal ance
bet ween t he syst ce)’rrhescq?%?%&ﬁ %%Pﬁ?@ ey %HEPFMHEQOQ 8% 5‘6‘“@%’1‘%&?1” shed.
Anot her advaphg@ati _Ilgtdl?oﬂaﬁ%ﬁgﬁwelﬁrsl Bay B8khd &ra%ﬁ%u@ﬁioﬁgblr@t@&%ﬂfréﬁ tReVery

conpact size for shippin storage. If the included energy absorbing
el ement s 16 harizontad trstblewesticad pbsitien angd @& agnedns fos @autdmabjcliy @ixtending

Phe truck T 08 i pbasahe et B Tof i fomaReuaRREE 13 e fortfeiib en t ne
truck T is igositioRSTHeseAtémahtsaIgSfuncton ashaneans vatlidwst pakteallgr ash cushi on

10 can readi qu be tuned by adg’ usting the paraneters descri bed above to
obtain a desolapsinghs Eame; Bnlocghorten itsilgagth fepstorRak two curves 80) 82 of

decel erating for Y/ i ; iegg@ﬂ-' I i rash
cushion 10. The gﬁ%@?%ﬁf&éia@&eﬁggé& et méded;g?%g&t%s@g%@%g?ﬁfeeisgle?gd in

t he curves 88kenthngdther fatres.t 6osekaupledthemeans farrextending theefrathesvay bed
above. For th urve 80, .t wo, ener bsor bi | epent s,, 16, wer sed, but
the ener gy ARuiBRmpEiRSd Sster thateapisrs it Bt haY ol s ralfe JAd0 ess st f 1
thin the engemygin full) eMdPhdé8Whenltheabractiimeatfésarloobenédielfgeepad, bay. In
particular, the gap GL was 33 inches while t gﬁ was seven inches. The

: he gap X
condi ti ons WEPFBere Intchescae bepomided godhabindhe tigyebprtion agd/er Bigent in
the first b ; i 0L Bi-ng
el enent of t g@%&%}] 8%2@5 g%;&%l%f@ngaetl?@n tﬁ?%ﬁ%@&%@@f?ﬁé@%gﬁﬁ H%@ b? hat the
curve 80 pr comiemeansetferdhare tdosidnt en theheables.t i al spi ke that occurs

substantially earlier during the crash,than the se d peak in the curve
82. The magni tyoléJ g!gﬁoﬂ%pa%%ngefﬁﬁeﬁi%cwfe fal Srpeabe SRR theie Rl e by
properly chqgshBatst 18 AY8h6Wh RRFRIURS 88 Sa Pluvalits ©F dhedavetal kEamgdigr f or egoi ng

it shoul d be apparent ~that an inproved highway crash cushi on has been
descri bed t inglls POrade disposed bebvern eryer piatas B¢. dmandewaghdheseoshasdr ti cul ar

i npact char j 0 : i , : st five
ng i abl es tf\rg%t%!:g% e@%%%e%’%’éﬂgq g‘{rs'z’g&‘%%? brﬁ’tﬁoelljeg V\%é%géyrgt'ﬁﬁs ﬁlrgéfr IT?E'%erti a,
rot ati onal icedls B0andsthefcbuesplates 32hef Eigaregy3 alessinbiiantp ebreespunding t he bay,

bet h i I t t S [ t
7 ams, - and TOTEEES L SaP et A Al 8198755 poeEed | B4 B Gan be
set at di ffefrend pleehl mvbhfiord &%d h%bpggéo\{lggﬁﬁté@h By Tefefenddin thil eRfidety.

cooperate with one another in a conp y. The preferred crash cushion of
this invention afyetigrprefesed stauciurslfesthecnesgy abeorhingosiemesy of em r esponse

profile thatg, ts. current ly-prevailin | r d ile

provi di ng aFdé@%aﬁng%d%%swbd/@é’n%@ae?r hée?%riﬂ%%&qrﬁ%@%t a‘:ag%{%g of crash
cushi ons i s dpfordesblé BldNMHtS céﬁMI{eCmah% féries, At seatal exanpled aressHdwghway
Research Program Report 350 { NCHRP-350). The NCHRP- 350 guidelines rely on
the flail spafguissidf-4loringereial: thertapereddalprmmble elamentsicay banformedct
test. The flal e n#HPﬁ ' i-n:the front
seat of the a\%eérﬁp(?@fé' %\ttgﬂtg%éo eg#%nggo tﬁg{dé%?aé;ﬁ%g@g%? )t gfe\’r}gt#]cl eis
decel er at ed bofh ehds bfthedapeiedreleiments tashframetof somentyipeestidteas farupant
continues forward in an uni npeded nanner. At sone point, the occupant mnakes
contact with the inside of the vehicle, and the NCHRP-350 guidelines
specify limts on the velocity of the occupant relative to the vehicle at
t he nonent of contact. Once the occupant has conme into contact with the
vehicle interior, he or she is assuned to remain in contact 19 MAY 2003
-14 with the vehicle as it is decelerated to a stop. The NCHRP-350

o o N o o o I L o



As shown in Figure 12, the initial portion of the system resggwm&ile
is characterized by a high peak deceleration, that is associ f a
peak decelerating force exceeding 3F in this enbodinent. The initial
portion is followed by an internediate portion in which vehicle
deceleration falls. The intermediate portion is characterized by a
substantial reduction in decelerating fgrces on the vehicle. In this case,
the decelerating forces approximately reach zero. Once the vehicle has been
decel erated by the desired velocity (such as 12 neters per second), the
crash cushi oaxarple tpruse dfeiveds,oveids,ddhedives oe lothaxtfastenbsl. oddtdrhatehe ghe at or y
limt of 20 dur | t he, final rtiaogn. .In the final portion the average
decel erati ng afpgr%deggfgrrg@bl@ﬁgemgsgc OQ%E%‘QPH” Pf‘alﬂféwgéﬂm?ﬂ%loe rve 80 is
provi ded by wgyy9f exanple. In general, it is preferred to apply high

decel erating forces to the inpacti n? vehicle that peak at F1 during the
initial portion ofiguras 19hpadilSdelatr o aiirst dynsr efftaparsdydafermabieelement 150%
of F, nore p r %.Qf t at 19
vy 2003 - 160 LERARLNE EierfE o Rhey Cuftcalh R iR o REONEREBY T o

t he vehi cl e winalt lend @8tarndalage tenda (hep-ced tabgry & prdjitatimat axit @6. tAs | npact

event. However, if the high peak decel eration of t initia ortion of the
i npacting eveMWRKL '%%i“?-dﬂfg’a‘? q‘%@%ﬁ%ﬁ"é t@\B‘ﬁf_IeH OrH@%?éleéF"éHSlg& such an
extent that é%ﬂ@%&?@?d&e&%ﬂhdsoﬁﬁé bk@etdiRall é’ﬁ@s‘t'l@(ﬁ oRéntelqowaR &kikstwi th an

excessively hi elocity. fn order to prevent this undesired result, the

i nt er medi at esigeriO2ed tie atray, anteibersoithe sonalk éndsr s fasingetherasicond, falls to a
decel erati ng . i b ntially less than F. Preferably, the

decel erat i ngoig‘%isf:é? Stf@‘rglt‘ght%(f)ﬁgé S/ri%ﬁe F2 that is | ess than 50% of F, nore
preferably | ess tinahe20%wéw lof Fijide MBsthepdefbmnaii gldrasststdhaidetiiiedtsF. The
decel erating forcegtf)'ref erably remains below this value for at |east 20 nf,

nore pref er aPtyanst 94 e ake glemasts 4 chavedhels setadansisyP8afaging the iewns. The

| ndependant - Ranangbs B YrRl S A Rk B et b ol A AR AR 1o

any speci ficvieaifamat i on of force |evel and time duration. The inventors of
the present invention have discovered that by taking the counterintuitive

step of substantiBeiWnipgdetiguse décin Bisrmpgdimant & deformablgeiemeatsditt i ng
the internmedal@rRay ‘g‘gﬂi‘tv&g s Hﬁ)éd@%‘é}ts ¢¥6Mos 5fcgt tgé’léttg\?%ﬁbhgll mré&s peak in

decel erating forces ring the'itnitial portion, apsed tine and
the total elspsdcdliumistemclepéndihg upom fve desiead stiffaesh ef treddefotmallecause a
short i npact |eveni i S ir&ortaqt for many Ific t%gcjns bthis epresents a
significant QNG g qHRE° }qgggpg{%@{) 0 y er 8ﬁ{3| g U§% ¥ i cant

syst em par angidis irthe Uppai@dstiolhWoft Figusy ™, @fach btthasinsbits 4d6! 1gs gecel erati on
curve 80 of Figure 12 are described in Table I. Table |I: Preferred Crash

Cushi on Par a¥afiied ot otherdseformedria creaiaantaray efialieroness ridweshests 129 kg
L novero© QI Ry B s ReR AN BTN s prd eloned PO 2000 10
bol t, 318", cwthesshadis.e¥hengthadhestsDl06H 08 e nated 2@getheGthe 178m E.  Fr ont
Ener gy Absor#&srlgcgrkigm%tezp%g of the individual tapered elements 94 are formed, as

shown in the lower two rows of Figure 14. The sheets 106, 108 can be held

together in any suitable manner, as by spot welding, riveting, fastening, or

adhesively holding them together or to an external frame (not shown).

Figure 16-18 relate to another preferred embodiment, in which the

tapered deformable elements 111 are each formed from a single sheet 110 of

a sheet material such as sheet aluminum. In this case the tapered

deformable elements 111 are stamped or drawn from the sheet 110 in a

conventional stamping or drawing operation. Thus, the single sheet 110



Nunber of cells Material thickness (m) per row Row 1 (Front) 4 .81 Row 2 4
.81 Row 3 8 .8111.02 (4 cells of each) Row 4 8 .8111.02 (4 cel9BAY2083ch)
Row 5 (Rear) 8 1.02 F. Rear Energy Absorbing Elenent 16 Nunber of cells per
row Row 1 (Front) 8 Row 2 12 Row 3 12 Row 4 12 Row 5 (Rear) 12 Materi al

t hi ckness (mm .81 1.27 1.27 1.27 .8111.02 (6 cells of each) In the crash
cushion of Table I, the energy absorbigg el ements 16 each include five rows
of sheet alum numcells. Figure 13 shows a twelve cell row, and the other
rows were simlar, but with fewer cells per row where appropriate. The

crash cushi CfBﬁnQ‘é%ﬂHEé’ss%‘é@{?% Ea%gé@@emmaﬂuwnﬁoggwmae rb@afiii evi ng the

desired systemresponse profile. ny ot her approaches are possible. For
exanpl e, a |pangr pavtion phlhenkaokingsshasd pl aced at a selected 19 MAY 2003

truck-mounted at tanaind) EGBRE TR T Lotk S By B ed o nater y,
br ake- based dufashatiiy slementsudl s BdasedipsiormbedhitdiredtiénalRatsgnt 5, 022, 782
can be provided with an internedi ate portign of the stroke in which the

braki ng ef f iAtesRaivelnms shaweinfigwe Holue of is sheatedd@ caphe repded ant i al | y
reduced. Thi D i i | i mat eri al or

| ubrication tQ?&?’%{aRﬁogﬁQ& gg lréegtﬁﬁgf%/rg%ﬁ%%?]dg?ﬂgx@mﬁ%,@ﬁ?ﬁ'g?megh peak

decel er at i orelementsgl thef ome shedt face a ficat direcliore whiledbe sevaller eodsobihepr ovi ded

by a pneunmatic or drapl | £, eper absor bi systemthat. is. followed after
2 spee 11 eq taRRre ARt b S BESecBhy Bherdgs i ERlyradiohem T
further exanpl e qfissistlessestich irean BrdvUmesShtyittidt the RipRIER Ueforably draul i ¢
ener gy absorbing system the energy absorbi ng neans can be valued to

provi de an igiemeals heciceulgraicrososecdined Asyshow arfgure tEdlicYarigwsi n

resistive f i : f e LWSLive force.

Vor e speci 1 Raqqat EfbssisaRlibial'hapBan BY (3ede iR apetilppafast

pr e- pr essur igeaieph&téraf Figued ¢fhat,a fectangutareressasagtionslaitapeniOhebag, with
after, t hat

th tic el | lowed, t i dly. vent i nmedi at el
it Al poalP AR ShaRPoLiG RATGR A Bt ofow e GeSafandihtn fal 1 s
dramatical | yregifar 88 _irFé,b%lér’t;ﬁachH?Qi b SESEENAs ShoWAth Figusds ggent) after

whi ch t he gas-contai ni'ng can be explosively re-pressurized to provide
t he necessarfolygaialtapesed detsmable elgments 11thean be @@ngedin anlicr ash event.

Anot her appr | b enment to provide the ideal
response pro %%ggh% é&%ﬁfﬂﬁ? graﬁ%i é{r%(ggoéﬁhgrgéﬁﬂgdg] osed by June U.S. Patent
5,642, 794 woul d tTeughaictabewafit Eigures p4d1f, conventionat cafer piates chatbet aken

pl ace. Anot her roach to generating the desired, systemresponse profile
’s o suppordsechie NosaAncrestde e RBSIE AG{ORTRNIF SIETIFRR PSR 111 i a)

mechani cal  jgaRaAt ahd Alultile YdWS of fHedllnetsd clemdrt@caR BRudedrin@ dglei s then
conpletely crushed or shattered so that its resistance drops to near zero

for the intenasgy absorbingnelamest. t he crash event, after which the inpacting
vehi cl e engages ' I kpal segnent of
the crash event. %{agFﬁegﬂé%ﬂéhgﬁgﬁé%@g@tgﬁ é@aggéﬁ é@‘:’a‘%{ﬁ%@efg@ﬁents that are
extrgggg) sghérteasedlsgleldé ahdmlk@rdh byMcr@adwamlsienc%cﬁhiegsbébﬂs?her maﬁ. 19
MAY -18 A suj e crash cushion, ca so be e Wt y.S_ t.hat

col | apse vi dapered grjounabie 95’“?'?@3@&131&{]@0% b&oﬂﬂ?‘i‘%g%? %108 he

hi nged el e ittﬁei%rigih%l réhaﬁhbcﬁfg%"m% IE-métal &gig@dtt?éftraé BishedMmysy i ety of

ener gy absorbing syStens can used to provide esired systemresponse
profile, andravideesuhstastialriggreabedirbihadoncesiequitag fos futherissushirgl t o achi eve

different portio of the t respqn rofi.l e._ Th ! t Sibl e
range of nateri a%ﬂ&?ﬁ&?gﬁfgﬁ rgpc{%ggilﬁ%gpp%tog@ivgh?c&%dﬁ%{aﬁ&@éberi al
shattering, ay.cFirstithe imgaéting eehidld @bRictsthedadr insict Fade $4/SThigHaean be
used either alone or in various conbinations to achieve the response

profile di sdUsvidasajsviormauriasafacthenghicle inintpractamidh aad trensters can be
made to the joa4ing from the vehicle to the crash cushion 10. The side frame elements 32

begin to flex because of this loading and then continue to flex until the
restraints 46 fail. The amount of loading that is applied to an impacting vehicle
can be tuned by taking into account the several factors that determine when



preferred enbodi nents descri bed above. For exanple, the frang can bs made
in whole or in part of solid panels as opposed to the illust rRNAY 2003
construction. Simlarly) the transverse franes can include solid panels and
may differ fromone another in thickness and in mass. |If desired, the
folding sides of the franme may be positioned at the top and the bottom of
the crash cushion instead of on the |atfgral sides. Living hinges can be
substituted for the multiple-conponent hinges illustrated, and as descri bed
above many alternatives are available for the restraints. Any suitable

ener gy absor ﬁim@s&hmr&le&m:ﬂhnabeggcthamimgzesadﬁmsecfabmlrs osy inclute tie s

oul vor i 21 ng. HRRGYHEY Uk b bas pa e R JsCtcaTe e R ot h T hny “he

enpl oyed. Byjocatibh vethd esiramtd 46 iabentinate sifeingth SERSWoks IBY halstiffridlser mat i on
to the crash cushion which is in sone manner eval uated and used to al ter

t he perf or raptéestide frams elementss mndrﬁmp mass of hepidedrarae elamaettBethenpact .
Furt her nore, tﬂaﬁsvesrﬁg?%n?e%sﬁgfh@faég each energy absorbing el enent be

confined to a'singleée desi re "the transverse frames can define
central openi ngs Omat tbd; restraints 46dhib tbeaerd@/fraabe@lérhegsa:aemgm to cotatecupy
space in two, or nore Eh% Thi s | g tion . is ot limted to use in truck
mount ed at t eKLESBPESE edarreguppligd by dlagimpag mgﬁ{ehg.‘,le thertranpygeseye
obstruct i onsjrahfdCh0idTRE trfahél%ﬂoﬁ Bﬁﬂ‘éh%r@é’ﬁbﬁ#&éo 8ng 1158 ftatioh Bf thddddi er's
for exanple. Also, nore than two bays may be used if desired. 19 MAY 2003

19 As used fremsi elerieats &2 nauwart@asfer |0§Kinﬁtl@ﬁd@t9)/tihéh‘da§ orlgwiaﬂy:lmth@ frusto

P aneport acTipfting ety 1R REAARS2 wierkfl SRWTtS MRS VBRI T, cover
t ensi on nmenb&he sikamelglementsl 3Ricaginabao lasl,lapserlmtrl tm;?gaps Gdes2 and the

| i ke. The foregoing detail ed degcrleﬁtl on h cri bed onI{ a few qf the
many forns t REEVESH beianeegy abser %ﬂ’@@”tsF trangverse frames & &71 ed

description hévé Bf()%@?$ﬁ|gg¥e ?‘?Yl‘ﬁé ehéﬂg!%%@%u%‘e@ﬁ%d’!@ﬁ(i%fe‘f@é’n of

limtation. IS on ow ng“clains, Tncluding all equival ents,
that are int deﬁm@red(asdbewellapse witib e dssigmievel ofidnetioenergy haseen2003 - 20

and second bayebaieEREuT SRR aRbEhas bed CHoubRl B8Rl | rooce

direction, said fTRERr&NGUSHOM isadedi sd trraftmdsnem@nyl irapdctsmast of
transverse franes spaced from one anot al onﬂet he anti ci pat ed i npact

direction suth® eafaponeds of the frame 1|253f8é99\m9t efeneLay abrPre®gond
f
transverse E%ﬁ?&lt@q@ aer%x?Sf#l : Se BAY dré .rgsﬁangﬁdﬁ ﬁég‘t St ih ifdce

transverse franes; eas t, secon h si de frames,
said first and seEbamm&ildECE}emtmg f@m@rﬂnpﬂgdmytthe@rasmwﬁl@rsﬂoztmdnsecond

transverse frames. on respective sides of .t fi ay. i ird and
fourth i de FPoRRCOeTERR,HErhined are ditfon st HNaRBline & BeBRLUbEL {  aves
on respect i veompdAEnElieiRatsSEItRs frabfy/ 12 @@Phth@fmagé of thiedearfsvargsframepr i si ng:
first and second side frane el ements coupled to the respectiye transverse

frames, and &0hi(AyWedingsr aad palgtiera] ingrta of the side frame elements 32, and (3)
the angular offset of each side frame element 32 with respect to the collapsing

loads applied during an impact. Note that both the linear and the rotational
inertial responses of the system do not involve any planned deflection of,
tearing of, or other damage to the frame 12.

The initial impact response of the crash cushion 10 also depends on
the use of mechanical or electromechanical restraints that limit release of the
collapsible bays until some desired minimum threshold level of impact severity
is achieved. The system described above is completely passive, and relies
on the breaking of bolts placed in tension by the impact to control the release
of the frame 12. Other passive means such as shear pins, breakaway cables,



first and second side frame elenents; at |east one energy absorbln% el enent
di sposed in at |east one of the bays; and at |east first and

restraints coupled to the side frames to resist novenent of the hinges. 2.
The invention of Caim1l wherein the restraints are associated with
respective bays, wherein the first and second restraints rel ease the side
frames of the respective bay at respeetiwve first and second | evels of
conpressive force, and wherein the first and second |levels differ. 3. The

i nvention of Claim 1 further conprising a second energy absorbing el enent
di sposed i n artéghsioting bisakes Wﬁg qfthaglnigesﬁﬂ canRlsebensedner gy absor bi ng

T2 Tiret anieRtabRly. iPSPahBaERRTRL LG iy TRBTERY okt Ton, and
wher ei n t he deink6is @itlosenmrls that balee thedbiopertiesiafith® releagwtoisdst sdit The
i nvention of Claim1l further conprising a second energy absorbing el enent

di sposed i n thepagicsaiehazcteriticsaf the Wépqqt'f’gtVeQI%e Adleh8aMEner gy absor bi ng
el ements dif{ egrnhlﬂaliér* fsfrﬂ §S abBut the (%HH‘UB"\Q%F tfg )@é}ﬂ) 5. The
aim urality o Xillary

i nventi on of er conprising: a p hi nges in
the first sirdetrainhmyelh@udelae abécttamedhanital dadcec¥dimeh gilake fasames; a first
cabl e coupled to at . | east. on Lrst a fr.ames to pull

Cho T TouP, ttieddlidh bV Aintedtd 18ad BB rbfits A MiteRAENBLR, AlatkifgPh

may be pulled out of a joint by an actuator, thus releasing the hinge. Thus,
the restraints that limit collapse of the frame may or may not be reusable and

\ they may be passive or active. The key characteristic is that the collapse of
the system is released under specific and predictable conditions, but not
otherwise. Active restraints may allow collapse of the frame to be conditional
on any desired combination of impact conditions such as force, velocity, and
displacement.

By adjusting the inertial properties of the transverse frames 20, 22 and
the side frame elements 32, by adjusting the geometry of the side frame
elements 32 (i.e. the amount the side frame elements 32 are bent at their
hinges 34 in their deployed, operational position), and by adjusting the
characteristics of the restraints 46, the response of the crash cushion 10 can
be tailored to optimally trigger onboard airbags or other onboard safety
systems of an impacting vehicle. One particular challenge for airbags is the
distinguishing of conditions requiring deployment of the airbag, for example a
high-speed accident, from conditions under which the airbag is not required,
for example a low speed bump into a parking bollard or another vehicle. By
adjusting the response of the crash cushion, the problem of non-deployment,
or inappropriate deployment of airbags can be reduced. For example, by
adjusting crash cushion parameters to obtain a relatively high initial
deceleration spike, the crash cushion 10 can provide an initial force on the
impacting vehicle that is large enough and shaped to tend to ensure the
deployment of an airbag early in the impact, thus maximizing the benefit of the
airbag to the vehicle occupants.



to cause the auxiliary hinges to close; and a second cable coupled to the
first transverse frame to pull the first transverse frame towtdMAYRO0Bhi rd
transverse frame and to cause the auxiliary hinges to open. 6. The
invention of Claim1 further conprising: means for automatically coll apsing
the first bay at |least partially as the crash cushion is rotated froma
hori zontal to a vertical position; and4peans for automatically extending
the first bay to an operational position as the crash cushion is rotated
froma vertical to a horizontal position. 7. An energy absorbing el enent
for a highway cr a¥he cresh cushichal @lcamalsgybeadssigriadiy redace the muamahi sing: a

| [ it f def t def b t
ot i g Hlenelratineggadh rstisn Tha o8 opherlE e thalihe ar Salfn oty
respect i ve V\@fécﬁé%%h&ﬁw ttrhberowéettw@w?cese@fqh]p@etwnlwlﬁowbe@relaadﬁi@hbnl ng a

respective | ongitudinal axi s extendi ng between the respective snaller and
| ar ger ends, lesgthdlimis e sithsratiwhigle 8 pgetinstian argshcugiien maytive prapeslial | er ends

Sbsor L?tng"QF%R@Iﬁo‘- DRdhERBP IR o <caeh Bydriah Bl Motk S tiiunr e &
el ement s facth@geagmemnd cRaghecushidnie oﬁpeﬂmulaabéﬁsumnqg iretreitedtitionaposi te the
19 MAY 2003 - first, side, the walls of ﬁ'ﬁt onebgalr of a j acent

first and se@@ﬁ&h 6¢Q%W8f9hltH@td@+%tbﬁa9Mp8°€P‘éﬁ¥m% e the yrickalfut §éparate
from one anofﬂée\heﬁﬂfi?%qukﬂﬂo@teagﬁésg\e? orma @ %Fa anfiftel-MtmePn of

Claim7 wherein t I rst ones t he nts having smaller
ends facing tohtheftiuaki sgithid additionel Iengthgycr@lasw m&@lommﬁth%wel bofred from
aﬂgr iem]e;c? In ecérglglaltaéisrﬁgg}io&tﬁgﬁ%oun ing struc{1 et|8. %\'lsé%es thg\f&%th%? aof Gaim?7

truck-mounted crash cushion increases, the rearmost end of the crash

cushion will tend to swing widely as the truck turns. For these reasons,

reducing the length of truck-mounted crash cushions is of particular benefit.

As the length of a crash cushion is reduced, it is important that the
impact response of the crash cushion is very carefully designed so to continue
to provide optimal safety performance. The ability of the designer to tune the
response of the crash cushion allows this delicate balance between the
system's length and its impact performance to be established.

Another advantage of the frame 12 is that it can be collapsed to a very
compact size for shipping and storage. If the included energy absorbing
elements 16 are themselves collapsible (e.g. formed of hydraulic or pneumatic
elements), then the frame 12 can be collapsed while mounted on the truck T
so that the crash cushion 10 can be made very compact when the truck T is in
transit.

Actual crash tests have shown that the crash cushion 10 can readily be
tuned by adjusting the parameters described above to obtain a desired
deceleration curve. Figure 12 shows two curves 80, 82 of decelerating force
versus time as an impacting vehicle strikes the crash cushion 10. The
principal differences between the tests that resulted in the curves 80 and 82
relate to selected ones of the variables described above. For the curve 80,
two energy absorbing elements 16 were used, but the energy absorbing

element 16 in the first bay was shorter and less stiff than the energy



def ormabl e el enents conprise two netal sheets) each netal sh?gﬁw f\%@ g a
respective half of and extending between the first plurality Ale bl e
el enents. 10. A nethod for decelerating a vehicle that has |left a roadway)
said nethod conprising the follow ng steps: (a) applying decelerating force
t hat peaks above a value F1 to a vehicle with a crash cushion during an
initial portion of an inpact event betygen the vehicle and the crash
cushion; (b) applying a decelerating force that falls below a value F2 to
the vehicle with the crash cushion during an internediate portion of the

i npact eventabsafrbiag eldéreentintthakequrd bayn; Ingradti¢uiar, dppbsp G wasd8ddhehes i ng

f t J Fto th hi ¢l ith th hi duri
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F1is substaiﬂbliuabay\oq:,rr@m@éb_émmg%m@n% thé fisdtBahaHd @Eby dfeRfy dean F. 11
0 erein FZ is | fifth of F

The method of Claim1l s less than onée-fi . 12. The
met hod of d iachnbetwegiethei enaray phsorbing element gidheiseeengbayandthe net hod of

s o S S5 i 222 L S S IRIUS T iy AL o
cushi on t hatafgarthe ittt spilkethhboccues pobstentialiyfedrie neheingi thp acasiothian the vehi cl e
Fesponse. pr AR dEaRdR s Fyda BBy P APPSR gatongn tme of the ' ©"
peaks can be controlled by properly choosing the system parameters
discussed above.
From the foregoing it should be apparent that an improved highway
crash cushion has been described that lends itself to being tuned by the
designer for particular impact characteristics. For the crash cushion 10, there
are at least five variables that can be selected for each of the two bays: linear
inertia, rotational inertia, stiffness of the energy absorbing element in the bay,
gap between the energy absorbing element and the respective transverse
frames, and release load of the restraints. Any of these variables can be set
at different levels for the two bays. Furthermore, the two bays cooperate with
one another in a complex way.
The preferred crash cushion of this invention arranges these variables
to achieve a novel system response profile that meets currently-prevailing
regulatory standards while providing a dramatically shortened crash cushion.
Impact testing of crash cushions is guided in North America by the
National Cooperative Highway Research Program Report 350 (NCHRP-350).
The NCHRP-350 guidelines rely on the flail space model for evaluation of
occupant risk during an impact test. The flail space model assumes an
unrestrained occupant in the front seat of the vehicle. At the beginning of the
crash event, the vehicle is decelerated by the impact with the crash cushion,
while the occupant continues forward in an unimpeded manner. At some
point, the occupant makes contact with the inside of the vehicle, and the
NCHRP-350 guidelines specify limits on the velocity of the occupant relative
to the vehicle at the moment of contact. Once the occupant has come into
contact with the vehicle interiot, he or she is assumed to remain in contact



I nternmedi ate portion, and a final portion; said crash cushion conprising
nmeans for applying an average decelerating force F to the |npéUWR§&09%h|cle
during the final portion; nmeans for applying a decelerating force to the

i mpacting vehicle during the initial portion that peaks at a val ue
substantially greater than F; and neans for applying a decelerating force
to the inpacting vehicle during the inygrnediate portion that falls to a
val ue substantially less than F. 15. The invention of C aim 14 wherein the
decelerating force to the inpacting vehicle falls during the internediate
portion to awitathevélsle dshbis develdratedtod stbp. The NOEIRF@80Guatelinés Cl ai m 14

iner oD e SoEk AR SR BRI o BT i

daiml4 mem%bﬁlt&d@om@l%ﬁéh BgtﬁeQYé}ﬁclél#ﬁdd’!G\ot BRcdddf 20 @dTl@éﬁ portion
remai ns bel ow one-half of F for at |east 30 nBSec. 18. A highway crash

cushi on conpguidelings ais¢ speeiif thahthegcsuphekshalifnat comeniate ecniadt Wiy thear r anged

conpr i ng SigR et artaPivE k8l B AR Rl S el SRl a0t £ e
second, third andrératetpursosts cﬁltmmw,ss@as:men;ﬁorﬁamdfanﬁiﬁpebﬁélmﬁar

extending betvveenthefront and the back o respective bay, .said first
and second st@eh&pdadhe ?séﬁrg;ﬁ’ggéau‘eﬁptr"@gﬁ%tc“t“ah/g‘es' o of ﬂien\ée'?"?'?é’f"bay) and

said third apgrdianbl o ab W% 8&%@@@%&%%@&!’ ah@iﬁ@?éh‘éﬁd%% @etheo! the

second bay; at |east one energy absorbing el ement disposed in at |east one
of the bays;ewn (frodpccopaatinm@oBuntil the vehicle comes to rest) will be referred to

) as the ride-down segment. N

The delta-V segment and the ride-down segment for one’ (i;npact are
shown in Figure 12. The delta-V segment is divided into an initial portion and
an intermediate portion, and the ride-down segment corresponds to the final
portion of the impact event. These legends are relevant only to the curve 80.
The curve 82 has been tuned for other characteristics and is not relevant in
this discussion.

As shown in Figure 12, the initial portion of the system response profile
is characterized by a high peak deceleration, that is associated with a peak
decelerating force exceeding 3F in this embodiment. The initial portion is
followed by an intermediate portion in which vehicle deceleration falls. The
intermediate portion is characterized by a substantial reduction in decelerating
forces on the vehicle. In this case, the decelerating forces approximately
reach zero.

Once the vehicle has been decelerated by the desired velocity (such as
12 meters per second), the crash cushion then provides a controlled
deceleration below the regulatory limit of 20 G during the final portion. In the
final portion the average decelerating force is at the level F shown in Figure
12.

The curve 80 is provided by way of example. In general, it is preferred
to apply high decelerating forces to the impacting vehicle that peak at F1
during the initial portion of the impact event. F1 is preferably at ieast about
150% of F, more preferably at least about 200% of F, and most preferably at



a respective line extendi ng between end portions of the respé

el enent. 19. The invention of Caim 18, wherein said at |east sonme of the
side elenents bow away 5 fromthe respective lines to a greater extent
after an inpact of sufficient severity than in the initial condition,

t hereby accommodating conpression of ti® at | east one energy absorbi ng

el enent. 20. The invention of Caim18 or 19, wherein each of the side

el ements bows 10 outwardly fromthe respective bay in the initial

condi ti on. 2dastEheut 30@%tafdn This Pravided 8 shagp decelératiohdo ¢harvehiele

first-menti . ' | i di din the,first bay, and
further compiieh Ry aBtebdnd P sbraReatseics SraRE feafayatb HoivRE second
bay. 15 22. iflthe Higty peak 88cslerdtoniontRd initit @bitioh dfitRe firmpattirpevasitwaig ener gy

absorbing el enents are shorter than the respective bays b%/ respective first
and second d&estinrddhe Nebigle wauldde decaderatgshior suphrancextent thahthenvher ein t he
first and s i pLfer . et . i nvention of
Claim 21 or %%ggg%qev?%@ﬁ%t ee%lgr"?{enéﬁl%gg%rqgﬂ%%ﬁgay %g:g(%rglgfe%}ﬁ%*errent S

di ffer in stveldaitgs$n brderie paemdant tipauedesimhesullj thednhieonedizde pdtiniafvent i on

f f clai 18, t 0,20, wherei h bi 25 el t o
Subst ant | al e BSATGHEE} Of erresharieainals PUE bAoA SR ehakioea | npact
direction. %ﬁbsfﬁfﬁﬁa!ly‘!é%tthé}ﬂF9fPréf_é‘x‘atSlg,eth@fde@bwrﬁﬁ\glﬁréé)fai’lg40}@(‘\%']&! pathe
ener gy absorbing el enent extends in the antici gat ed i npact direction at

| east part i dhatyisieasghan&0fs ok, moce BEferabbrass tan 20% of fhandvestt i on of any

one of cl ai , ] h [ i i horter
than the reShebratiR I iR TR 0Lty ToB e iREloR P B Yes S ont - one
inch or | esbelow ftis {Aluktyr 208as2A0 mB)endreviaafdraily at leasy 30 meS odindChnaistrs 18 t o
23 wherein the frame further conprises at |least first, second and third
transverse éﬁr%fﬁ@*ﬁlé ats{?éé%fﬁgm%mqgﬁéo@ﬂeme‘fa?‘é?%"f‘lr& R Hé’dﬁﬁﬁ‘?rcl%%ﬁ eyesnpact
direction syal ti@bukdi®nbidsShdbibhdent BSIANRGBrd, BRdTdrb Hot Aéh@arend 5
transverse el ements and the second bay is between the second and third
transver se didicatatasprefgrenece fortdny spacific combinatiamaf foratelegelaanshtimeext end

bet ween t he fi&g t and second transverse el enments on respective sides of the
first bay, é’H érein the third and fourth side el ements extend between

L he si‘gond and t Mhedneraosveithe peésat ivention hase dicoverel tasbptakinge second
ay.

inan initial condition at | east sone of the side el enents boy’t"wg from
%2504

the counterintuitive step of substantially reducing decelerating forces on the
vehicle during the intermediate portion of the impact event, following the sharp
peak in decelerating forces during the initial portion, the total elapsed time and
the total elapsed distance of the impact event can be reduced. Because a
short impact event is important for many applications, this represents a
significant advance in the art.

Simply by way of example, significant system parameters associated
with the system that produced the deceleration curve 80 of Figure 12 are
described in Table 1.

Table I: Preferred Crash Cushion Parameters

A Mass of Frame Elements
transverse frame 20 - 129 kg
transverse frame 22 - 58 kg

side frame element 32 - 32 kg



28. A highway crash cushion according to any one of clainms 18 to 27,
wherein in a col |l apsed condition after an inpact of suffici ent® MéV@Pp?y, at
| east some of the side elenents bowing outwardly to a greater extent than
inthe initial condition to accommodate novenent of the respective
transverse frames toward one another. 15 29. The invention of any one of
clainms 18 to 28, wherein said side elet@nts limt collapse of the bays
until a mnimm]level of inpact severity is reached; and said franme, at

| east one energy absorbing elenment, and the mninmumlevel of inpact 20
severity codper atMomenpebiedi a system response profile conprising an
initial portion, an i i_at ion, and jnal sportion, wherein said
response profile comﬁ@%&s&eg%g%gﬁgé? he initi Iéjplﬁq"h on, falls
substantial | y bel t peak in the internmediate portion, and rises from
the interme "ate%\llhst n to the final portion. 25 30. The invention of
claim28 or 29 wherei HdBolB 8", ebsrERNhfedel, iddeeg | ocal i zed areas of

defl ection during an inpact of sufficient severity. 31. A highway crash
cushi on conphi si ngazp@ frame formng at least first and second bays arranged
one behind another 1n an 30 anticipated inpact direction, each of said bays
conprising a front and5h=b32&msaid franme conprising: at |east first,
second, third and four(%#u:siﬁlg el ements, each of said side elenents

ext endi ng between the orit "M the back of a respective bay, said first

and second side el enents di sposed res tive sides of the first bay, and
said third dnd f JPfqﬁgg‘?'@é( '%Fsgﬁ%'ﬁgg?emﬁﬁpﬁésposed on respective sides of
the second bay; 19 May 2003 at | east ORI ET RS MAEfialdRickh&sk @m} he
frame; each of the side elenments configurgg @ collapse after an iInpact of
sufficient severity to accommpdate shortening of the respective bays al ong
the anticipated inpact gy @3,&}09,@ 5 said sige elenerggs limting collapse of
the bays until a mininuml|evel of inpact severity is reached; said frane,
at | east one energy ab&owb2r, and mini num | ével of i8fpact severity

cooperating to provide stemresponse prgofile co b S\l i nit.al
portion, an internedi a@\% rtion, and a fi ng porti %{/ngrgecféﬂsggﬁéb%
response profile conpriRgms4a peak in the inigial porgi/002 (Baddls of each)
substantially bel ow the 10 rzﬁak in the intermediate pgortion, and rises from
the internmediate porti &P 8 (RR&)final portidh. 32. #H¥ invention of claim
31, wherein said crash cushion is operative to decelerate an inpacting
vehicl e at aF-pea@%@%@&ﬁ%ﬁ”ﬂm@ﬁ%ﬁemhﬁ 20 Gduring the initial portion

and at an average decel eration bel ow am%be%%f%eh@ Mbqelfiélqmckﬁégstfn?fﬂ)

per row
Row 1 (Front) 8 .81
Row 2 12 1.27
Row 3 12 1.27
Row 4 12 1.27
Row 5 (Rear) 12 .81/1.02 (6 cells of each)

In the crash cushion of Table |, the energy absorbing elements 16 each
include five rows of sheet aluminum cells. Figure 13 shows a twelve cell row,
and the other rows were similar, but with fewer cells per row where
appropriate.

The crash cushions described above represent only one approach to
achieving the desired system response profile. Many other approaches are
possible. For example, a large inertial mass can be placed at a selected



15 33. The invention of claim31 or 32, wherein the side el errents are

predi sposed to provide |ocalized areas of deflection adj acent! 98N 2803 of
the respective bay in the anticipated inpact direction during the inpact.

20 34. The invention of claim 33 wherein the side elenents are additionally
predi sposed to provide |ocalized areas of deflection adjacent a central
portion of the respective bay in the anyicipated inpact direction during
the inmpact. 35. The invention of any one of clains 31 to 34, wherein the
side elenents are predi sposed 25 to collapse outwardly fromthe respective
bay during tdietanm}aeinfronBéfaEbevémimeatd:raah@stlany,mtdnaﬁthel taiaksmdlinteal 35,

back of tne PUee escagd T EES pdeal o G ERbArdakEasen T

predi sposed tm@sh@WsRidhVsdicHlas tﬁé%édﬂ@eﬂ%ﬁﬁstpat@ntls@manmﬁH)@n during the
30 inpact. 37. The invention of any one of clains 31 to 36, wherein each of

the side el eR@videdysilt anintaemediate pejtion 0é theestde inwhighghe braking i niti al

Censt some ofTERned; s BEEE 8 HosBRMuRTRned 555 SRt redficed' s AR T2t o1
extent aft ercambeidopadly groperly adjastingtHei dimenemhl, triaterial 29 lubtlvatiomoétiid on of

any one of c] ains to 38, wherein each of the s e el enent ri ses at
| east one reé@t‘;‘@tqagé H&%ﬁ%t anpthey exgap Pn\y@rﬂ'g'@)ﬁeék ereleration dSLWﬁ‘Q 88n the

hinges are ppgid PBHEH 6f9h§§rﬁﬂé&%ﬁt &é}?bé%?&g&éd B¢ a %:L n?ét%rﬂ%fﬂy'élrétﬂxc he

col I apse outward fromt respective ba urin npact .
i nvention of emy@mowngswtm that lSdOlJmNed/\hﬁem apeditied gasbymﬂqooded ener gy

10 absorber | I | fl bay and further conprising a second
eher gy absor%%?%ﬁ%&%@oé%tr&ﬁg S&éﬁeﬁ)’hd bay. 42. The invention of claim4l,
wherein the firstnefrihenesasipts glysuthspsyastemi irosided twith 4 pasumbtic bi r st bay

by a first distance in the anticipated inpact direction, and, said second
energy 15 abBY#Balc ?%G@M&W@Fb"f!glﬁ)‘ﬁt?%t'k%%’b‘?fﬂY@&’ﬁowngimse@é‘éﬁéndﬁestance in

the anticipajgged [H)??r\{cog érﬁ@ﬁt’i#ﬁorc RER! I’E‘)II&WE? Bgraséra%aifcar@ﬂﬁgéﬂo%mﬂ' f1erent

fromthe second dis e ITnvention o l'arm 41 or erein the
first and sece@mdilverﬁ@ncgytrmhs“maﬂglfdlodue‘dflwalsacemd fldwesresisti@e darce TMorenvent i on

of any one of cl ereln ' | enent s royi e localized
ot ea) of "Ger TRl iR et Rek R be Broided Ry BT P mre i RERl  one ot

clains 18 tOpAéhmmr@élerrrerim@rémﬁ‘plel §%§M§h%|h@b@gvﬁnlhm@pt2@rﬁﬁlrctranSDOVt
and el evat ed above ground | evel he i nvention of ne of clains 18

to 44, wher ePlgmeant afioweae tq EaPrHJMNﬁ@H‘”%fBe@a%hﬁ%@haE'"&'%Bﬁﬁk&Iﬁ%éptthﬂg

structure. the resistive force of the crash cushion falls dramatically during the
intermediate segment of the crash event, after which the gas-containing bag
can be explosively re-pressurized to provide the necessary resistive force
during the final segment of the crash event. Another approach is to use a stiff
crushable element to provide the ideal response profile. A mechanical
release, as disclosed by June U.S. Patent 5,642,794 would then release after
a specified amount of crush had taken place.

Another approach to generating the desired system response profile is
to support the impact face of the crash cushion with a sacrificial mechanical
support that provides the needed initial peak force but is then completely
crushed or shattered so that its resistance drops to near zero for the
intermediate segment of the crash event, after which the impacting vehicle
engages a more conventional crash element for the final segment of the crash
event. The crushable element can be replaced by elements that are

extruded, split, curled, kinked, or otherwise mechanically deformed.



30 47. The. invention of any one of clains 18 to 44, wherein the frame is
configured to be cantilevered froma vehicle. 19 MAY 2003
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sides of the frame may be positioned at the top and the bottom of the crash
cushion instead of on the lateral sides. Living hinges can be substituted for
the multiple-component hinges illustrated, and as described above many
alternatives are available for the restraints. Any suitable energy absorbing
element technology can be adapted for use with this invention, including
hydraulic, pneumatic, material-deforming, tearing, or pulverizing and other
approaches. Both passive and active systems may be employed. By “active"
is meant systems in which sensors provide information to the crash cushion
which is in some manner evaluated and used to alter the performance of the
crash cushion prior to and/or during the impact. Furthermore, it is not
essential that each energy absorbing element be confined to a single bay. [f
desired, the transverse frames can define central openings that allow a single
energy absorbing element to occupy space in two or more bays. This
invention is not limited to use in truck mounted attenuators, but can also be
used in front of other roadside obstructions, including fixed roadside
obstructions such as bridge piers for example. Also, more than two bays may

be used if desired.



10" 10" *10% & ()-! FI0%&T&T& ()- F10% & ()- *g<dE~_@s
109&' ()-, 10%& ()-f109&' ()-fs109& ()-10%& () - fZlO%& () -Z<2JdEIS WA BOR3 () - f
109%' ()-S

10%& ()-,, 109& ()-f109%& ()-, 109& ()- IndE~ @S10%& ()-f)10%& ()- SF( YL0%& ()
-&109& () -f 940%& ()-#10%& ()- HLdE~ @5510%&' () - s310%& () -

S1f 109& () - LOGLO%&' ()-S. 109& ()-S 10%-()-L# bC, s 10% & ()-#-10% & ()- 10
10 10S910%& () - S@B

10%& ()-6' 109%&' ()-' ?2ZwX6bCl y10% / & (3 MO E ()| v9 10% ] & (

1y9  109%& ()- !y9Asugeskhe mu hederaigonieql) is intenged bf@%{'w@ lnC!L e figgto-

e

10%: () - #- 1G2awel asg&gjrage)lrhemmmbmus um@wdem Aosal0wE oy EF tefnS|0k0%<>x>& ()-
f 109 | £ 100& ( a?PE: |
y 109 ()() ! ﬂ%@h‘%ﬁg %”%ﬁ@/&@' '”QLC B9 t’? ’99%%?‘?3 ’éotﬁéigﬁ[ 4\4h4| 4~

10! L 10%& () - #- 1084 foregoing detailed description has described only a few of the
many forms that this invention can take. For this reason, this detailed
description is intended by way of illustration and not by way of limitation. Itis
only the following claims, including all equivalents, that are intended to define

the scope of this invention.
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1. A highway crash cushion comprising:
a frame forming at least first and second bays arranged one behind
another in an anticipated impact direction, said frame comprising:
at least first, second and third transverse frames spaced from
one another along the anticipated impact direction such that the first
bay is between the first and second transverse frames and the second
bay is between the second and third transverse frames;

! at least first, second, third and fourth side frames, said first and
second side frames extending between the first and second transverse
frames on respective sides of the first bay, and said third and fourth
side frames extending between the second and third transverse frames
on respective sides of the second bay, each of said side frames
comprising:

first and second side frame elements coupled to the
respective transverse frames, and a hinge coupled between the
first and second side frame elements;
at least one energy absorbing element disposed in at least one of the
bays; and
at least first and second restraints coupled to the side frames to resist

movement of the hinges.

2. The invention of Claim 1 wherein the restraints are associated
with respective bays, wherein the first and second restraints release the side
frames of the respective bay at respective first and second levels of

compressive force, and wherein the first and second levels differ.

3. The invention of Claim 1 further comprising a second energy
absorbing element disposed in the second bay, wherein the first and second

energy absorbing elements are shorter than the respective bays by respective
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4, The invention of Claim 1 further comprising a second energy
absorbing element disposed in the second bay, wherein the first and second
energy absorbing elements differ in stiffness in the anticipated impact

direction.

5. The invention of Claim 1 further comprising:

a plurality of auxiliary hinges in the first side frame elements of
the first and second side frames;

a first cable coupled to at least one of the ﬁrst‘and second side
frames to pull the first and second side frames to an operational position and
to cause the auxiliary hinges to close; and

a second cable coupled to the first transverse frame to pull the
first transverse frame toward the third transverse frame and to cause the
auxiliary hinges to open.

6. The invention of Claim 1 further comprising:
means for automatically collapsing the first bay at least partially
as the crash cushion is rotated from a horizontal to a vertical position; and
means for automatically extending the first bay to an operational
position as the crash cushion is rotated from a vertical to a horizontal position.

7. An energy absorbing element for a highway crash cushion, said

energy absorbing element comprising:
a plurality of tapered deformable elements, each deformable

element comprising a respective smaller end, a respective larger end, and a
respective wall extending therebetween, each deformable element defining a
respective longitudinal axis extending between the respective smaller and
larger ends, said longitudinal axes generally aligned with the smaller ends of
first ones of the deformable elements facing a first side of the energy
absorbing element and the smaller ends of second ones of the deformable
elements facing a second side of the energy absorbing element, opposite the
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8. The invention of Claim 7 wherein the first ones of the deformable
elements having smaller ends facing the first side of the energy absorbing
element are formed from and interconnected by an integral metal sheet.

9. The invention of Claim 7 wherein a first plurality of the
deformable elements comprise two metal sheets, each metal sheet forming a
respective half of and extending between the first plurality of deformable

elements.

10. A method for decelerating a vehicle that has left a roadway, said
method comprising the following steps:

(a) applying decelerating force that peaks above a value F1
to a vehicle with a crash cushion during an initial portion of an impact event
between the vehicle and the crash cushion;

(b)  applying a decelerating force that falls below a value F2
to the vehicle with the crash cushion during an intermediate portion of the
impact event, after the initial portion; and

(c) applying a decelerating force at an average value F to the
vehicle with the crash cushion during a final portion of the impact event, after
the intermediate portion;

wherein F1 is substantially greater than F and F2 is

substantially less than F.
11.  The method of Claim 10 wherein F2 is less than one-fifth of F.
12. The method of Claim 10 wherein F1 is more than two times F.

13.  The method of Claim 10 wherein the decelerating force during
the intermediate portion remains below one-half of F for at least 30 mSec.

14. A highway crash cushion that generates a system response
profile when impacted by a vehicle of a selected class at a selected speed,
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said system response profile characterized by an initial portion, an

intermediate portion, and a final portion; said crash cushion comprising:
means for applying an average decelerating force F to the
impacting vehicle during the final portion;
means for applying a decelerating force to the impacting vehicle
during the initial portion that peaks at a value substantially greater than F; and
means for applying a decelerating force to the impacting vehicle

during the intermediate portion that falls to a value substantially less than F.

15.  The invention of Claim 14 wherein the decelerating force to the
impacting vehicle falls during the intermediate portion to a value less than
one-fifth of F.

16.  The invention of Claim 14 wherein the decelerating force to the
impacting vehicle peaks during the initial portion at a value more than two

times F.

17.  The invention of Claim 14 wherein the decelerating force during

the intermediate portion remains below one-half of F for at least 30 mSec.

18. A highway crash cushion comprising:

a frame forming at least first and second bays arranged one behind
another in an anticipated impact direction, each of said bays comprising a front and a
back, said frame comprising:

at least first, second, third and fourth side elements, each of said side
elements extending between the front and the back of a respective bay, said first and
second side elements disposed on respective sides of the first bay, and said third and
fourth side elements disposed on respective sides of the second bay;

at least one energy absorbing element disposed in at least one of the
bays; and
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19. The invention of Claim 18, wherein said at least some of the side elements bow away
from the respective lines to a greater extent after an impact of sufficient severity than in the
initial condition, thereby accommodating compression of the at least one energy absorbing
element.

20. The invention of Claim 18 or 19, wherein each of the side elements bows
outwardly from the respective bay in the initial condition.

21. The invention of Claim 18, 19 or 20, wherein the first-mentioned energy absorbing
element is disposed in the first bay, and further comprising a second energy absorbing
element disposed in the second bay.

22, The invention of Claim 21, wherein the first and second energy absorbing
elements are shorter than the respective bays by respective first and second distances in
the anticipated impact direction, and wherein the first and second distances differ from
one another.

23. The invention of Claim 21 or 22, wherein the first and second energy absorbing
elements differ in stiffness in the anticipated impact direction.

24, The invention of any one of claims 18 to 20, wherein the energy absorbing
element is substantially no shorter than the respective bay in the anticipated impact
direction.

25. The invention of any one of claims 18 to 20, wherein the energy absorbing
element extends in the anticipated impact direction at least partially into the first and
second bays.

26. The invention of any one of claims 18 to 20, wherein the energy absorbing
element is shorter than the respective bay in the anticipated impact direction by about one
inch or less.
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anticipated impact direction such that the first bay is between the first and second
transverse elements and the second bay is between the second and third transverse
elements, wherein the first and second side elements extend between the first and
second transverse elements on respective sides of the first bay, and wherein the third and
fourth side elements extend between the second and third transverse elements on
respective sides of the second bay.

28. A highway crash cushion according to any one of claims 18 to 27, wherein in a
collapsed condition after an impact of sufficient severity, at least some of the side elements
bowing outwardly to a greater extent than in the initial condition to accommodate movement of
the respective transverse frames toward one another.

29. The invention of any one of claims 18 to 28, wherein

said side elements limit collapse of the bays until a minimum level of impact severity is
reached; and

said frame, at least one energy absorbing element, and the minimum level of impact
severity cooperate to provide a system response profile comprising an initial portion, an
intermediate portion, and a final portion, wherein said response profile comprises a peak in the
initial portion, falls substantially below the peak in the intermediate portion, and rises from the
intermediate portion to the final portion.

30. The invention of claim 28 or 29 wherein the side elements provide localized areas of
deflection during an impact of sufficient severity.

31. A highway crash cushion comprising:

a frame forming at least first and second bays arranged one behind another in an
anticipated impact direction, each of said bays comprising a front and a back, said frame
comprising:

at least first, second, third and fourth side elements, each of said side elements
extending between the front and the back of a respective bay, said first and second side
elements disposed on respective sides of the first bay, and said third and fourth side elements
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32. The invention of claim 31, wherein said crash cushion is operative to decelerate an
impacting vehicle at a peak deceleration greater than 20 G during the initial portion and at an
average deceleration below about 20 G in the final portion.

15 ,
33. The invention of claim 31 or 32, wherein the side elements are predisposed to provide
localized areas of deflection adjacent each end of the respective bay in the anticipated impact
direction during the impact.

20 34, The invention of claim 33 wherein the side elements are additionally predisposed to
provide localized areas of deflection adjacent a central portion of the respective bay in the
anticipated impact direction during the impact.

35. The invention of any one of claims 31 to 34, wherein the side elements are predisposed
25  to collapse outwardly from the respective bay during the impact.

36. The invention of any one of claims 31 to 35, wherein each bay comprises a central

portion intermediate the front and the back of the respective bay, and wherein the side

elements are each predisposed to bow outwardly from the respective central portion during the
30 impact.

37. The invention of any one of claims 31 to 36, wherein each of the side elements bows
outwardly from the respective bay in the initial condition.

35  38. The invention of any one of claims 32 to 37, wherein at least some of the side elements
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bow outwardly to a greater extent after the impact than in an initial condition.

39. The invention of any one of claims 32 to 38, wherein each of the side elements
comprises at least one respective hinge.

40. The invention of claim 39, wherein the hinges are positioned to predispose the
respective side elements to collapse outwardiy from the respective bays during the impact.

41, The invention of any one of claims 31 to 40, wherein the first-mentioned energy
absorber is disposed in the first bay and further comprising a second energy absorber disposed
in the second bay.

42.  The invention of claim 41, wherein the first-mentioned energy absorber is shorter than
the first bay by a first distance in the anticipated impact direction, and, said second energy
absorber is shorter than the second bay by a second distance in the anticipated impact
direction, wherein the first distance is different from the second distance.

43, The invention of claim 41 or 42, wherein the first and second energy absorbers differ in
stiffness.

44, The invention of any one of claims 31 to 43, wherein the side elements provide

localized areas of deflection during the impact.

45.  The invention of any one of claims 18 to 44, wherein the frame is coupled to a vehicle
for transport and elevated above ground level.

46.  The invention of any one of claims 18 to 44, wherein the frame is mounted to a vehicle
as a self-supporting structure.

47. The invention of any one of claims 18 to 44, wherein the frame is configured to be
cantilevered from a vehicle.



