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1 GUARDRAI L END TERM NAL FOR :
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The invention relates to energy-absorbing guardrail end term-nal s of

the type that may be used al ong roadsi des,

GUARDRAIL END TERMINAL FOR
SIDE OR FRONT IMPACT AND METHOD

The invention relates to energy-absorbing guardrail

end terminals of the type that may be used along roadsides,

5 and more particularly, to a guardrail end terminal for side
or front-impacts.

JF _tHF INVENTION

Guardrails are traffic barriers placed along roadsides
10 to screen errant vehicles from hazards behind the barrier.
A common guardrail in the United States is constructed
using a standard steel W-beam mounted on spaced wood or
steel posts. Because the W-beam functions primarily in
tension when redirecting impacting vehicles, a function of
15 the end is to provide necessary anchorage for the beam to
develop necessary tensile forces. In addition, since the
guardrail end represents a discontinuity in the barrier
gystem, it is subject to being struck "head-on" by vehicles’
with small departure angles from the roadway. When struck
20 in this mamnner, the end might spear the vehicle. Some
widely used terminal designs "bury" the W-beam at the end
to eliminate spearing, but this design may have
shortcomings including causing problems relating to
vaulting and rollover due to the vehicle riding up the end,

25 and subsequently becoming airborne.
Another type of highway safety device is the crash
cushion device. Highway agencies have been using crash
cushion devices at high accident locations for a number of-
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10 absorb energy during a head-on collision by a vehicle. For

example, U.S. Patent 4,655,434 to Bronstad discloses such
an end terminal. This type ¢of end terminal is designed to
interact with a front portion of a vehicle.

Most vehicles on highways today are fairly well

15 configured for a head-on impact with an end terminal. The
bumper, engine, and engine compartment generally provide
adegquate structure for the end terminal to provide an
energy absorbing force without unduly impinging on the
‘passenger compartment. The same cannot generally be said

20 for most side impacts.

Many vehicles on the highways today have minimal
structure on the sides of the vehicle that may be used to
receive an energy absorbing force from an end terminal
without unduly impinging on the passenger compartment. The

25 vehicle floor structure provides the most substantial

resistance during side impacts.

SUMMARY OF THE JINVENTION
' According to an aspect of the present invention, a
30 guardrail end terminal for side or front impacts is
provided that addresses many shortcomings of previous end
terminals. According to one aspect of the present
invention, a system for transferring forces from a floor
structure of a vehicle to beams on an energy-absorbing
35 guardrail end terminal during a forceful side impact with
the vehicle has a spacer channel attached between first and
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from a floor structure of a vehicle to beams on an energy-
absorbing guardrail end terminal during a side impact with
the vehicle includes the steps attaching a spacer channel
between first and second beams; forming a force transfer
member; and attaching the force transfer member to the

‘spacer channel with a portion of the force transfer member

positioned above ground level to receive a floor structure
of a vehicle during a forceful side impact.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the invention and its
advantages will be apparent from the detailed description
taken in conjunction with the accompanying drawings in
which: :

FIGURE 1 is a plan view of an energy-absorbing
guardrail end terminal according to an aspect of the
present invention;

FIGURE 2 is a side elevation view of the structure of
FIGURE 1;

FIGURE 3 is perspective view of an enlarged portion of
the guardrail end terminal showing a spacer channel with
portions broken away;

FIGURE 4 is schematic elevation view of a system or
mechanism according to an aspect of the present invention
for transferring forces from a floor structure of a vehicle
to an energy-absorbing guardrail end terminal;

FIGURE 5 is a schematic plan view of the system of
FIGURE 4;

FIGURE 6 is a schematic elevation view of another
embodiment of a system or mechanism for transferring forces
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FIGURE 8 is a partial perspective view of the system
of FIGURES 6 and 7;

FIGURE 9 is a schematic elevation view of another
embodiment of a system or mechanism for transferring forces
from a floor structure of a vehicle to an energy-absorbing
guardrail end terminal according to an aspect of the
present invention; and

"FIGURE 10 is a schematic plan view of the system or
mechanism of FIGURE 9.

The preferred embodiments of the present invention and
its advantages are best understood by referring to FIGURES
1-10 of the drawings, like numerals being used for like and
corresponding parts of the various drawings. -

The present invention includes an energy-absorbing
guardrail end terminal that may include many features of
known guardrails and guardrail end terminals. For example,
the features of the guardrail end terminals shown in U.S.
Patent 4,655,434, entitled "Energy Absorbing Guardrail
Terminal" and U.S. Patent 4,838,523, entitled “Energy
Absorbing Guard Rail Terminal® may be included. u.s.
Patents 4,655,434 and 4,838,523 are incorporated herein by
reference for all purposes. While many of these features
are discussed herein, it is to be understood that the
present invention may be used as an aspect of many
different types of end terminals as well.

Referring to FIGURES 1 and 2, an end terminal may
include multiple pairs of oppositely disposed horizontally
extending beams 10, 11 and 12 havihg overlapping ends
supported from a plurality of longitudinally spaced
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of the Oppositely disposed nose panels 22 and 23 overlap and are
secured to the free ends of curved end piece 20 by a
10 plurality of fasteners 24. The remaining ends of nose
panels 22 and 23 are secured in overlapping relationship to
the respective ends of beam pairs 10 and post 14.
Post 13 to which nose curved piece 20 is secured has
a main body member, which is notched inwardly of its
15 upstanding free end reducing the effective cross-sectional
dimension of the post at the notch by approximately
one-half. Wooden spacer blocks 28 may be secured to post 13
by fastener 21. Each of posts 13-18 1is preferably
positioned within a metal post tube with a soil anchor
20 plate secured to the post and post tube below ground level.

A cable assembly 31 has a steel cable 32 extending
through an aperture in the notch portion of post 13 as
best shown in FIGURE 2. The other end of cable 32 extends

25 through an aperture in post 14 at 35 and a spacer channel
36 that extends between beams 10 abutting post assembly 14
as seen in FIGURES 1, 2, and 3. A pair of nuts 37 are
threadably secured to the end of a stud 38 swage connected
to the end of cable 32 as is known in the art. A post

30 connection strut 39 extends between posts 13 and 14 just
above the terminal end of steel post tubes and just below
cable 32 on post 13 only.

Cable assembly 31 helps define a load path during
angular impacts down stream of the end terminal.

35 Connection strut 39 interconnects the respective posts 13
and 14. Notch post 13 will break-away upon an end impact



present invention; FIGURE 2 is a side elevation view of the

structure of 25 FI GURE 1; FIGURE 3 is perspective view of
an enl ar ged pwowy/aemsiof the guardrail end term nal Shawsagidderspacer
channel wth portions broken away; FIGURE 4 is schenmatic
el evation view of a systemor 30 meclani sm according to an aspect of
the present invention for transferring forces froma floor structure
of a vehicle to an energy-absorbing guardrail end termnal;

FIGURE 5 is a schematic plan view of the system of FI GURE 4; 35

FIGURE 6 is a ¥hhitemihe @aRdpapseamRive #nchoradt Frer post 13 wibbdASkeAs of a
system or nechani&Bhoer £bf arabier3NnGniol €€ attached post 14 and spacer

4 channel 36 which helps with downstream impacts on the
guardrail. _

5 The overlapping ends of beam pairs 10, 11, and 12 are
preferably secured to one another wvia shearing bolts. Slot
configurations illustrated in FIGURES 6 and 9 of the
drawings provide energy-absorbing shredding of the metal
strips between a series of openings or slots in the beams

10 upon impact.

Referring again to FIGURE 1 of the drawings,
connecting rods 44 will be seen extending transversely
between the respective beam pairs 10 and 11 adjacent posts
15 and 17. Each of rods 44 is fastened to the beam pairs

15 via a keyhole opening in the beam. Downstream from each
connecting rod 44 a box beam 45 is mounted on the upstream
side of each posts 16 and 18 respectively. Each of the box
beams engages, bends and releases rod 44 upon impact as
beam pairs 10 and 11 telescope down over one another during

20 a forceful impact. As used herein, "forceful impact" means
an impact by a vehicle with sufficient momentum to at least
cause pbsts 13 and 14 to break away and beams 10 to
telescope at least in part.

An important aspect of the present invention is that

25 structure is included to transfer forces from a vehicle's
floor or floor structure during forceful impacts with a
side of a vehicle as well as being able to accommodate head
on impacts. Referring to FIGURES 4 and 5, a force transfer
mechanism or system 100 for transferring forces from a side

30 floor structure 7 of a vehicle 9 (FIGURE 1) to a portion of

" the guardrail during a side impact (as suggested in FIGURE
1) is presented.

As described more fully in connection with reference
numeral 36 of FIGURES 1-3, a spacer channel 136 (FIGURES 4

35 and 5) 1is attached to beam 110 at one end and the other
beam 112 on the other end of channel 136. Spacer channel



froma floor structure of a vehicle to an energy-absorbing guardrai |
end term nal according to an aspect of the present invention;

FIGURE 7 is WOSMBhtic plan view of the systemof 5 FIPCURED834367

FIGURE 8 is a partial perspective view of the system of FIGURES.6 and
7; FIGURE 9 is a schematic elevation view of another

enbodi nent of a system or nechanismfor transferring forces 10 froma
floor structure of a vehicle to an energy-absorbing guardrail end
term nal accor in% to a1 aﬁ ect of éhe resent invention; and
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FIGURE 9. 15 114. S¥aRAr ERaDESCR TSN OF BeE-dd\NENTRDARd about its The
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guardrails an uardrail end rm,nal s. 'For exanpl.e thgf atures of
the guardrail q@%d t2rRATEPE B 1?& '['f%.bezgtta%& ERt f°ﬂ‘,’%§§?&§§?r
entitled "Enaeghenbi®-bi Agdefidecka [plate 12 gray @dksd bhedatiaShe@aomnt
4,838,523, ent oediokNSf Bupport meRBEE i1, CibPoRRi herlifdrd HRE" maRY be
! nCIudego llﬁ% angled towards one another as shown in FIGURE 5.
Additional strengthening plates, such as plate 124, may be '
attached. The attachments of components noted herein may
be by fasteners, welding, or by other techniques known in
the art.

15 Reactor plate 120 and/or a lower portion of force
transfer member 102 are positioned low enough to ground 126
to engage the floor panel or floor structure of most
vehicles. System 100 is thus operable to engage the floor
structure during a side impact and transfer forces to

20 spacer channel 136 of the guardrail system.

For one embcdiment, a bottom portion of reactor plate
120 and force transfer member 102 are preferably
approximately 3" above ground 126 as indicated by
dimension reference number 128. For this specific

25 embodiment (shown in FIGURES 4 and 5), the reactor plate is
shown approximately 3" behind post 114 as is indicated by
dimension reference number 130. Reactor plate 120 is
preferably positioned and sized to allow post 114 to break
away during a forceful impact by vehicle and engage the

30 floor structure if the impact is on a side portion of the
car.

According to aspects of the present invention,
numerous designs may be utilized to engage the floor
structure of a side impacting wvehicle and transfer forces

35 to Dbeams 110 and 112. Another example of a system or
mechanism 200 according to an aspect of the present
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Members 216 and 217 have a first and a second lateral edge
{(or end). On the second lateral edges, a third member 219
may be attached to members 216 and 217 for additional
strength and stability. On a portion of the first lateral

‘edges of members 216 and 217 of transfer member 202, a

reactor plate 220 may be attached. An additional plate 221
may be attached on another portion of the first lateral
edges of members 216 and 217 as shown if FIGURE 6.

As with the previous embodiment, force transfer member
202 and/or reactor plate 220 are positioned to engage the
floor structure of a vehicle having a forceful side impact
with the guardrail end terminal. Additional plates and
reinforcements may be added to force transferring mechanism
or system 200. As with the previous embodiment, post.214
is designed to break away upon impact and force transfer
member 202 will transfer forces from a side floor structure
of a vehicle to an approximate centroid of the beams, e.g.
beam 210.

Referring now to FIGURES 9 and 10, another embodiment
of a system for transferring forces is shown. Force
transfer mechanisﬁ or system 300 is attached to spacer
channel 336.° A torsion bar 350 is attached, preferably by
welding, to spacer channel 336, A force transfer member
302 transfers forces to spacer channel 336 during forceful
side impacts. Force transfer member 302 has a first member
316, a second member 317, a third member 319, and a fourth
member 321. Each member 316-321 may be welded to a portion
of torsion bar 350 and/or spacer channel 336. As shown in
FIGURE 9, a number of additional support plates, such as
plate 323, may be attached to the members.
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member 325 may further be reinforced in position by
supports or blocks 329 and 331.
As with the previous embodiments, system 300 is
designed to engage a portion of the floor structure of a
15 vehicle during a forceful side impact with the end terminal
and to transfer the forces from the floor structure to a
portion of the guardrails, such as the centroid of beam
310. With the embodiment shown in FIGURES 9 and 10,
reaction plate 320 is divided into distinct members 400,
20 325, and 327 which are sized and configured to allow post
314 to break away and be forced into channel 360 (FIGURE
10) with a portion of post 314 resting against second
reaction plate 325. As shown by dimension reference numeral
364, first and third plate members 400 and 327 are located
25 upstream of a back side of post 314 by approximately 2 1/4"
to 2 %" or as necessary to allow post 314 to break and be
received within cavity 360. With post 314 in channel 360,
first reaction plate 400, a surface 362 of post 314, and
third reaction plate number 327 present a substantially
" 30 flush surface for bearing against the floor structure of
the vehicle which is impacting from a side angle. Because
combined surface areas 400, 362, and 327 are larger than
other embodiments, the resultant force experienced by a
portion of the floor structure engaged by system 300 is
35 smaller than with other designs.
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6 while the cable assenbly anchored to post 13 will act as _

an anchor for cable 32 and its attached E gst 14 and spacer - channel 36
whi ch hel ps with downstream inpacts on the guardrail. 5 The
over |l appi ng ends of beam pairs 10, 1}, and 12 are preferably secured
to one another via shearing bolts. Sl ot configurations illustrated in
FIGURES 6 and 9 of Alwhough thelpaesenfs imventikn emdr §is @dyanbages dtaveddi ng of
the metal beahr idascRebygeinagsenies of QR6HLANIBe OlinddRdtodd EH&Q beans

10 upon |npac t he

dr awi ngs, arious changes, sﬁgst{tutf%ns?gghd1al%eratlégg canlbe made

therein without departing from the spirit and scope of the
5 invention as defined by the appended claims.
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(FIGURE 1) to a poftTRAFGT © anne aFﬁ@" yree ﬂbr%\ “&esﬁ t (as
suggested in BeShRE and 1) I s presented. As descri bed nore
fully in connectiog wdhe 6haheFee menber %%ﬁ%t? 3@1%tF|engEa§dl 2 a

spacer C(Fannel 136, (FI GURE I's altached to _beam 110 at one
end and*$ he offEPRd (& %afrﬁ%eﬁﬂ hk? SB?C%’Flaﬁ‘Wé‘PqB%n Spacer
channel the second end extending below the first and second beams

to a position above ground level to engage a floor

structure of a vehicle during a forceful side impact.

15 2. The system of claim 1 further comprising a
reactor plate attached to the second end of a force
transfer member, the reactor plate positioned 3" to 9"
above ground level for receiving a floor structure of
vehicle during forceful side impact.

20

3. The system of claim 1 wherein the force transfer
member comprises a first and second support members, the
first and second support members coupled at a first end to
the spacer channel; and

25 a reactor plate coupled to a portion of the first and
second support members proximate a second end of the first
and second support members.

4. The system of claim 3 further comprising:

30 a first gusset plate coupled to a portion of the
spacer channel and a portion of the first support member;
and

a second gusset plate coupled to the spacer channel
and a portion of the second support member.

35
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7 136 is preferably secured near a downstream portion of post
114. Spacer channel 136 nay be bolted or wel ded about its ends to

beans 110 andvO®®278Att ached to a portion of spacer. PeR@eRAkc136 1S a
force transfer nenber 102. 5 Force transfer nmenber 102 may i ncl ude

support nenbers 116 and one or norg gusset plates, such as gusset

pl at es 118. A reactor plate 120 may be attached to force transfer
menber 102. A deflector plate 122 may al so be attached on a portion
of support nmenber 116. support nenbers 116 may 10 be angl ed towards one
anot her as shown i §-Fl GURE System ofaddlaimndl Strthegt heonmeigingt es, such
as plate 124, wemsibg bar cou@léaC&'l@C&heT@@aééi'a&t%@tls 2ha GHERRRNE 3. NOt ed

herei n may e , or by ot her techni ques known in
the art. 15 fordd tgxréc‘?g%gl aFe 'i?ﬁp °5r a lower portion of force

transfer nmenber 102 éﬂé‘%o@?@%ﬁe@a\rm endligistt @angr serdnd2énd and 40 engage
the floob panefirt famDrseddndt ] @fde, the first end of first

member coupled to the spacer channel and the torsion bar;
a second member having a first and second end and a

first and second lateral edge, the first end of the second
member coupled to the spacer channel and torsion bar; and
10 a reactor plate coupled on the first lateral edge of
the first member and the first lateral edge of second

member.
6. The system of claim 5 wherein the force transfer
15 member further comprises a third member coupled to the

second lateral edge of the first member and the second
lateral edge of the second member.

7. The system of claim 1 wherein the force transfer
20 member comprises:

a first member having a first and second end and a
first and second lateral edge, the first end of the first
member coupled to the spacer channel;

a second member having a first and second end and a

25 first and second lateral edge, the first end of the second
member coupled to the spacer channel; and

a reactor plate coupled on the first lateral edge of
the first member and the first lateral edge of second
member,

30
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vehi cl es. System 100 is thus operable to engage the floor structure
during a side inpact and transfer forces to 20 spacer channel 136 of the
guar dr ai | syg‘f(’é’gm”’ For one enbodi ment, a bott omBSEUSPEIA36H

reactor plate 120 and force transfer nenber 102 are preferably
approximately 3" above ground 126 ias indicated by ‘di mensi on
reference nunber 128. For this specific 25 enbodi nent (shown in
FIGURES 4 and 5), the reactor plate is shown approxi mately 3" behind
post 114 as is |nd| cate n ref eren unber_ 130, React or
plate 120 is pref&ea%ﬁtﬁ%s?{jcgeﬁ gn‘ﬂ t?‘& g?’FSﬁ/ YEEELRE4 ¢t o

br eak aw&yn.besrr Cﬂ@p@a‘e@rceful | npact by vehicle and engage the 30
floor structure if gt Eﬁré SEeH!%n%rahﬁ‘!rﬂQ_; ROE{+ON 408 EBEond end 8A4-

According to | nvention, NUITET ous desi gns

e
may be utili zeadqi% ﬁﬁﬁesetcﬁélgf F‘ﬁg £2F Cage Structure of a side inpacting
vehi cl e and transf er skgpoéspBite memberhdaving18 fhyst land seeonHeenéxanpl e

of a system Orand a riPBENME S8ERE BLCH I RAgkp an aspect of the present
a third ﬁlate member having a first and second end and
a first and second lateral edge;
a fourth plate member having a first and second end
10 and a first and second lateral edge;
the first end of the first, second, third, and fourth
plate members attached to the spacer channel;
a first reactor plate member coupled to the first
lateral édge of the first and second plate members;

15 a second reactor plate member coupled to an
intermediate plate surface of the second and third plate
members; and )

a third reactor plate member coupled to the first
lateral edge of the third and fourth plate members.

20
9. The system of claim 7 wherein the second reactor
plate and a portion of the second and third plate members
form a post-receiving cavity.
25
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8 invention is shown in FIGURES 6-8. In this enbodi nent, a
torsion bar 250 is secured, preferably by welding, to i nt er nal
surfaces of SPA¥ER™Hhannel 236. Spacer channel 23GPdaTaIshsnassr ed
adj acent to post 214. A force transfer 5 menber 202 has a first. nenber
216 and a second nenber 217. Menmbess 216 and 217 have a first and a
second | ateral edge (or end). On the second | ateral edges, a third
menber 219 may be attached to nmenbers 216 and 217 for additional
strength and stability. On a portion of the first lateral 10 ° edges of
nmenbers 216 and 2171% fr SIYSER feFhdrapgserping forcepe fxoBr apIfAreT220 may
be attached. Aatzdcivreonaf pl ¥bil2Pd to beamsmynbanalehaghgcarmyvraiagher
portion of the t f AR17 shown
if FI GURE 6. gﬁé*é}aiﬁ é{daltemma%e prgJl i gug e‘%%rl s@&? ﬂ&sjarcé tfﬁgnsfer
menber 15 SYBteh FUPTL8RIor plate 220 are positioned to engage the
fl oor stiducture of a pledratlieyhsf ibrgak-beayafadtssi de i npact with the -
guardrail end term {i p s may be
added to force trané;]?éelfl;sltﬁgyr?ecs%g%#gmiaééﬁ %qed tot'é}ﬁé%ﬁj&&g‘ggf% t he
previ ous embodPAR/ post. 214 20 i s desi gned to break away upon i npact
and force transfera spacer atmmnel 263pled lbetwaasftie Faksesadd @@cangi de
floor structurgeams; and®f @ vehicle to an approxinate centroid of the
beans, eiog
means for transferring forces from a floor structure
of a vehicle to the spacer channel during a forceful side

impact by a vehicle.
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beam 210. Referring now to FIGURES 9 and 10, another enbodi nent
25 of a systemfor transferring forces is shown. For ce

transfer mecNEhPPd4®r system 300 is attached to spacer PCT/USSHHRAHel 336.
A torsion bar 350 is attached, preferably by wel di ng, to spacer
channel 336. A force transfer nenber 15 302 transfers forces to spacer
channel 336 during forceful 30 side inpacts. Force transfer nmenber 302
has a first nenber 316, a second menber 317, a third nenber 319, and

a fourth megber 32 Q%nbr -321. may be we d to.a_portion
of torsion bar SSOHShd./%rlg%%gogér] C an%‘gpﬁ%ggggﬁn%ho% L réyd&e'm TRF GURE 9,
a nunber of ad@EpréaETingufpEFes pfees fdgen asrgrure pfatevaElenty be

attached to theaf@nderéh energy-absorbing guardrail end terminal during 9
Mith thi s embOdlTRE i Sacli el PLA' IR MY 0 Y Birarasy edd bl ot
S having a first beam and a second beam, the method
comprising the steps of:
attaching a spacer channel between the £first and
second beams;
forming a force transfer member; and
10 attaching the force transfer member to the spacer
channel with a portion of the force transfer member
positioned above ground level to receive a floor structure

of a vehicle during a forceful side impact.

15 12. The method of Claim 11 wherein the step of
attaching the force transfer member further comprises
attaching a reactor piate attached to the second end of a
force transfer member 3" to 9" above ground level for
receiving a floor structure of vehicle during forceful side

20 impact. '

13. The method ‘of Claim 11 wherein the step of
forming a force transfer mewmber comprises:
forming a first and second support members; and
25 attaching a reactor plate to a portion of the first
and second support members proximate a second end of the
first and second support members.

14. The method of Claim 13 wherein the step of
30 forming a force transfexr member further comprises:
attaching a first gusset plate to a portion of the
spacer channel and a portion of the first support member;
and
attaching a second gusset plate to the spacer channel

35 and a portion of the second support member.
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FI GURE 10. Support nenbers 316, 317, 319, and 321 have a first

| ateral edge and a second | ateral edge. Attached to 5 a portion of the
first |atera™MWPe8f nenbers 316 and 317 is first Pcoasmsnee pl ate
menber 400. Simlarly, attached to the first |lateral edge of .nenbers
319 and 321 is third reaction pl atse menber 327. M ddle or second
reaction plate menber 325 is attached to an internedi ate surface
portion 10 of support nenbers 317 and 319. Second reaction plate
menber 325 may further be rei nforced i n_position by supports or

bl ocks 329 and 33115+ The methed \\ofh Ciain oé&r%%dl‘%?é‘ﬁt’%suﬁlstem 300
S desi grrecititng reg &ges forp dralri, onouglinlyethe amirsibn Usdrine epaded S

vehi cie dur i NG:ank@h celdla Shfgrd{Paghe ;&ﬁeo%n%&% ﬁbné\ihe force aNd O

transfer the forces fromt oor structu ortion of the
guardrail s, smné?i’h'ée‘%ﬁ ABfdabFaghing comprises g Wth t he enbodi ment
shown i n5Fl GURES 9famdid®,a first meshetimawvipigatae £328t i andligeicdrd émd 0

di stinct nenbey gogugp and gggonangagg%alv\?agg are sized and configured to
al | ow post re ced into channel 360 (FI GURE
10) with a portlonCBPpib%Sf ‘%‘f4%'é'§f"| fRd aQhifidst memkendo the SPaSRY | on

pl ate 325. As cHazmwelbyndlitiensoosioeflsamence nuner al 364, first and
third plate nenber%o%%aadséazn@rn%nl&ah&%@ga £1408! LEARA0nE DaFk S de

of posthg14 by or as necessary to all ow

ppr Qxi na
post 31#°to b 2 %ar%% and/ secPﬁ‘ée}?)éecF% EHAPR  cavity 360. Wth post 314 in
channel 360, cbiupling etine | Hirglt aerd 460, thesuﬁifs:cemé’r&ﬂemftqaoshe 314, and

third reacti ondal-ai-echamiiar a3d7cBEE850 b3 SHRgt antial ly

coupling a reactor plate on the first lateral edge of

the first member and the first 1lateral edge of second
15 member,

16. The method of claim 11 wherein the steps of
forming and attaching the force transfer member comprise:
forming a first plate member having a firxrst and second
20 end and a first and second lateral edge;
forming a second plate member having a first and
second end and a first and second lateral edge;
forming a third plate member having a first and second
end and a first and second lateral edge;
25 forming a fourth plate member having a first and
second end and a first and second lateral edge;
attaching the first end of the first, second, third,
and fourth plate members to the spacer channel;
attaching a first reactor plate member to the first
30 lateral edge of the first and second plate members;
attaching a second reactor plate member to an
intermediate plate surface of the second and third plate
members; and
attaching a third reactor plate member to the first
35 lateral edge of the third and fourth plate members.
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30 flush surface for bearing against the floor structure of t he

vehi cl e whi ct'whg%&zggacti ng froma side angl e. Because conbi ned
surface areas , 362, and 327 are larger than ot herCEUDSisEENT S,
the resultant force experienced by & / portion of the floor structure

engaged by system 300 is 35 smal ler than with other designs. "~
10 Al t hough the present invention and its advant ages have

been described in detail, it should be understood that vari ous
changes, substitutions, and alterations can be nade t herein w t hout
departing fromthe spirit and scope of the 5 I nvention. as defined by

t he appended cl ai ns.
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VWHAT |S CLAIMED | S: *

1. Canceled 5 2. A systemfor transf erring forces froma

fl oor 9% 8 e of a vehicle to an ener gy- absor bi ngPgueassnest end
termnal during a side inpact by thé Yehicle, the guardrail end
termnal having a first beam and a second beam the system for
transferring forces conprising: 10 a spacer channel attached
between the first and second bears; a force transfer
menber having a first end and a second end, the first end coupled to
t he spacer channel and t he secogg end extendi ng below the first and
second beans 15 to a position abov eund31 evel to engage the fl oor
structure of the vehicle during the side inpact; and a reactor
pl ate attached to the second end of {pe 28 force transfer nenber, the
reactor plate positioned 3" to 28




9" above ground |l evel for receiving the floor structure of 20 t he
vehicle during the side inpact. 12
3. A systeWe8¥9%f¥ansferring forces froma floor SEFTEPHE D a
vehicle to an energy-absorbing guaddrfafl end term nal duting a side

I npact by the vehicle, the guardrail end term nal having a first beam
and a second beam the 5 systemfor transferring forces conprising:

a spacer channel attached between the first andgigecond beans;

a force transfer nenber havi ngra—f++$t end and a second end, the
first énd coupled to the s er channgb and 10 ° Cfffté?ﬂff&5CEE§ xt endi ng
bel ow the first and second ggahs i ~td3h positi apove ound} |l evel to
engage the fl oor str ur e of ﬁényébicle dd&&ﬁﬂzfﬁg:gﬁég;?npact;

the force transfer menber jhaving-a, firsiiand seeghd __ __support\ menbers,
the first and second suppoft nﬁ%%g?g _§§1§£ - )

(@) @) / O
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15
r eact or
menbers pr oxWeep878! second end of th
menbers.

coupled at a first end to the spacer channel;
pl ate coupled to a portion of the first and

e first

and a

second support

and secBFUR ST t

4. 4 X gystemfor transferring forces froma

fl oor structure of a vehicle to beans on an energy-absorbing
guardrail end termnal during a side inpact by the vehicle, t he
guardrail end term nal having a first beamand a second 5 beam the
system for transferring forces conprising: 210 . a spacer channel
attached between the first ang—second beang; a force
transfer nmenber having a JiI/st end gn rtbgh_ej rst end
-coupl ed to the spacer channgl rand 1( (baq?ﬁe %GCOE% ng_pel ow t he
first and second beans to a gostiien @%av:c: @‘ engage
the fl oor structurp of L@E_J/G,_hdi_g{e,:‘ U_Tg‘a\ngeja__i.ge-i_rrnagl;_’
'--ijlgi;:::ééi?é--i
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the force transfer nenber having a first support menber and a second

support nenber coupled at a first end 15 to the spacer channel ;

a reactor pl &f‘b‘”@éﬁbl ed to a portion of the first spﬁaﬁg?‘l“%nber and
t he second support nenber proximteSa/ 3 second end of the first-
support nmenber and the second support nenber; 20 a first
gusset plate coupled to a portion of the spacer channel and a portion
of the first support nenber; and a second gusset plate
coupl ed to the spacer channel and a portiongf the second support

menber.” 25 / 14 5 A

systemfor transferring fd g froma1oor ehicle to

a first beam and a second bﬁm of . 336 gagrgyéﬁsﬁl%giﬁ ail end
o) N oD o -

term nal during a side

[ m—y—ozmm -
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S L s ore.98/ 14261(
I npact by the vehicle, conprising: 5 a spacer i@ attached

bet ween the first beam and t he second beam - g g
tramsfer nmenber having a first end and a seco d’EﬁdUShe%fg

coupl ed to the spacer channel and t he_second end extending beIOM/the
~first beam and the 10 second beamto a p&%ltlon above ground level to

‘engage the floor structure of the vehicle during the side inpact;
a torsion bar coupled to the spacer channel, and— wherein the force

transfer nenberE&@gﬂﬁgﬁgﬁggpmg%&gg a first nenber havi a-first and
_second end and a | econd Iateral first end of
.:'fl rst menber coupl ed to the spacer channel wﬁw t/y, bar ;

%a second menber haV| a fi rst ]Taagig second end and a‘ ”and second

* ateral edge, the f|r second menber coupfed*to t he
*spacer channel and tor5|on bar and 20 a reactor plate coupled on

“the first ateral of e r d fjr edge
. of secondé Q? A SYStéﬁ ng %ﬁ?%§¥%§E%§% ¢J¥%eﬁr£%9@hére PPhe
‘force transfer ﬁmCW@b@If ﬁuvehwl%d:mmrs@@eagwabaonbmmgnmm tend he

-second | ateral G&Qf.%ﬁfalt BRrihgSh FPALS AUt WP theCoBflicle, thétHldlalioe

of the second nenb
- end term1na1 having a first beam and a second beam, the

system for transferring forces comprising:
10 a spacer channel attached between the first and second
beams;

a force transfer member having a first end and a
second end, the first end coupled to the spacer channel and
the second end extending below the first and second beams

15 to a position above ground level to engage the floorxr
structure of the vehicle during the side impact; and
a reactor plate attached to the second end of the
force transfer member, the reactor plate positioned 3" to
9" above ground level for receiving the floor structure of
20 the vehicle during the side impact.

This is the replacement sheet

Date: /¢ &1 0]

b
oy

AMENDED



o e e PG Yo/ Las00
7. A systemfor transferring forces froma floor structure of a
vehicle to a first beam and a second beam of r/ﬂiJGgmgg"
guardrail end terminal during a side I mpact biﬁﬂﬁﬁjﬂﬂglc# -
conprising: 5 a spacer channel att ed between the flrst beam and
t he second beam a force transfer” nmenber having a first end and

a second end, the first end coupled to the spacer channel and
‘the second end extending below the first beam and the 10 second beamto

;& position above ground |e‘Ae|s§é)c§ﬁlgfgf %ransferrg.hgorfo?ctc(é&tf’f&nog @ or
'vehicl e during the side inpac fi menber having a fjrst

and second end arfraicture °ff1'=‘r‘§?h35ﬁpoe stéz:@@depsrgk'aﬁbéaﬁalnsr@mrc}@ﬂeﬁ@dof
dhe first tHeriealc aupiag éosidfé? iR bs-haﬂee{zehiéle, the quardednd

reber havi 19 2 R e AL RS 8"%iar, pean, S RS REE LR e
.¢hannel ; arkd system ﬁ@rraaamsfepkang tounpksdcomptihsifigt st Iateral edge
;Pf a spacer channel attached between the first and second
. beams;
a force transfer member having a first end and a
second end, the first end coupled to the spacer channel and
10 the second end extending below the first and second beams
to a position above ground level to engage the floor
structure of the vehicle during the side impact;
the force transfer member having a first and second
support members, the first and second support members
15 coupled at a first end to the spacer channel; and
a reactor plate coupled to a portion of the first and
second support members proximate a second end of the first

and second support members.

AL
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the first menber and the first |ateral edge of secoan@m._Jre%/. 1 4367
8. . Asystemfor transferring forces froma floor mggre of gG 1999‘
vehi'cle to a first beam and a second beam of an {@n ; sor P
guardrail end term nal during a side égﬁact by the vehicle,

att

conprising: 5 a spacer channel ed between the first beam and
the second beam a force transfer nenber having a first end and
a second end, the first end coupled to the spacer channel and

the second end extending el gyt ELESteeaRatd e des SE6ANY HEARA ©

.a position above ground |level to engage a structure o ]
“wvehicl e during tHeFYTdErs npéced vehicle to PNt OP| Ae SRPAEY -dR8OTRLNRg

4first and secondnensirrid end te2mihaltd@Pthger¥idie akpadk BYUEhe vehicle,
a second plate rﬁlqebegruar}%\éjaqq %n]:ii {:esa;mfga Sl-?acxpir}gg eam%irst beam and a second

5 beam, the system for transferring forces comprising:

a spacer channel attached between the first and second
beams;

a force transfer member having a first end and a
second end, the first end coupled to the spacer channel and

10 the second end extending below the first and second beams
to a position above ground level to engage the floor
structure of the vehicle during a side impact;

the force transfer member having a first support
member and a second support member coupled at a first end

15 to the spacer channel;

a reactor plate coupled to a portion of the first
support member and the second support member proximate a
second end of the first support member and the second
support member;

20 a first gusset plate coupled to a portion of the
spacer channel and a portion of the first support member;
and

a second gusset plate coupled to the spacer channel
and a portion of the second support member.

25

L Thic i o .
L Tms_ is the feplacement sheet
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having a f
a fourth p

second | at eral

.and fourth

first

~coupled to

t.
kS

~ plate

“=the first
The syst emygf
~portion of

9.

. cavity.

5

10

15

20

25

and’ a first and second | ateral edge;

_ react or
“first and second pl ate nenbers;

S 987/ 14567

rd plate nenber

oaa AE51908

20T4h
' %’I hT’
GO

irst and second end and a first and S

| at e menber having a first and second end el
edge; 20 the first end of the first, second, third,
pl ate nenbers attached to%ﬁm&spacer channel ; a
pl ate nmenber coupled to the first | ateral edge of the

a second reactor plate nenber

25 ' ' | h hi
D 2o o, o A AP SULREE Slod EotRE AN A Ky
stanetare edlfjed ofehilvd ef lgior @ Shust doeah andite sanensk Heam 9f

?%@gv ' d . nd=
the secon and%ﬁﬁgﬁg@agﬁmps P Ofminal RIS A7E1Re

orm a post-recel Vving
impact;py than¥ehesl®s comprising: 17, Cancel ed

a spacer channel attached between the first beam and
the second beam;

a force transfer member having a first end and a
second end, the first end coupled to the spacer channel and
the second end extending below the first beam and the
second beam to a position above ground level to engage the
floor structure of the vehicle during the side impact;

a torsion bar coupled to the spacer channel, and
wherein the force transfer member comprises:

a first member having a first and second end and a
the first end of first

member coupled to the spacer channel and the torsion bar;

first and second lateral edge,

a second member having a first and second end and a
first and second lateral edge, the first end of the second
member coupled to the spacer channel and torsion bar; and

a reactor plate coupled on the first lateral edge of
the first member and the first lateral edge of second
member.

6.
member further comprises a third member coupled to the

The system of claim 5 wherein the force transfer

second lateral edge of the first member and the second
lateral edge of the second member.
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17 o, 12. A néthod of manufaéturiﬁg Pc'gﬁstﬂkmgg
transferring forces froma floor structure of a vehicle to an| 1%%?
ndé&ﬁﬂd@kn e

-energy-absorbing guardrail end term nal during a si dPgAlOUS
veéhicle, the guardrail end termnal having 5 a fr¥ eam and a second

~peam the nmethod conprising the st eps 15, attaching a
“spacer channel between the first and second beans; form ng
“a force transfer menber; 10 attaching the force transfer nenber to

P I S M
gvehicle during taerettere mfac velridle to a firstathea"rdniargi & sexohdr bphat eft 0
R e opond =nd cho! Bhckey apleEBLol SUBLETITEY edfky AR OMTs
" impact by the vehicle, comprising:
5 a spacer channel attached between the first beam and
the second beam;

a force transfer member having a first end and a
second end, the first end coupled to the spacer channel and
the second end extending below the first beam and the

10 second beam to a position above ground level to engage a
floor structure of the vehicle during the side impact;

a first member having a first and second end and a
first and second lateral edge, the first end of the first
member coupled to the spacer channel;

15 a second member having a first and second end and a
first and second lateral edge, the first end of the second
member coupled to the gpacer channel; and

a reactor plate coupled on the first lateral edge of
the first member and the first lateral edge of second

20 member.
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-18~.’ 13. A nmethod of manufacturing :E)C;ytsmﬂ‘%r 1496?-

transferri ng forces froma floor structure of a vehicle to,
ener gy-absorbing guardrail end term nal during a si dﬂ%ﬁp}u& MGh‘S&g—

vehicle, the guardrail end termnal having 5 a fim and a second
beam the nethod conprising the st eps 16f : attaching a
spacer channel between the first and second beans; form ng
a force transfer nenber; 10 attachi ng the force transfer menber to
t he spacer chanpel with a gortlon of t farce ransferf 1
positioned above grouht | erFB Pedory LTS NG tPEres trom (?f 5 oor

‘wehicl e during téerectiee mgfact vehlcle to a fiwasn hpam fandsth saedoadcbaam of
='_-su ort merrbers c r I d
“supp éﬁrz rgy gEB%}E P?PEQ %ﬁd t%%l%al A (?0?1% side

‘attaching a reactor
-support nmembers mmtmme %h%é@imp]emd asmpieing:  first and second

'support megrbers. a spacer channel attached between the first beam and
the second beam; _

a force transfer member having a first end and a
second end, the first end coupled to the spacer channel and
the second end extending below the first beam and the

10 second beam to a position above ground level to engage a
floor structure of the vehicle during the side impact;

a first plate member having a first and second end and
a first and second lateral edge;

a second plate member having a first and second end

15 and a first and second lateral edge;

a third plate member having a first and second end and
a first and second lateral edge;

a fourth plate member having a first and second end
and a first and second lateral edge;

20 the first end of the first, second, third, and fourth
plate members attached to the spacer channel;

a first reactor plate member coupled to the first
lateral edge of the first and second plate members;

a second vreactor plate member coupled to an

25 intermediate plate surface of the second and third plate
members; and

a third reactor plate member coupled to the first
lateral edge of the third and fourth plate members.

30 9. The system of claim 8 wherein the second reactor
plate and a portion of the second and third plate members
form a post-receiving cavity.
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12, A method of manufacturing a system for
transferring forces from a floor structure of a vehicle to
an energy-absorbing guardrail end terminal during a side
impact with the vehicle, the guardrail end terminal having

5 a first beam and a second beam, the method comprising the
steps of:

attaching a spacer channel between the first and
second beams;

forming a force transfer member;

10 attaching the force transfer member to the spacer
channel with a portion of the force transfer member
positioned above ground level to receive a floor structure
of a vehicle during the side impact; and

attaching a reactor plate to the second end of the

15 force transfer member 3" to 9" above ground level for

' receiving the floor structure of the vehicle.

-
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14. "A_ mefhod of nanufacfuring a system for tr apRf errd n
forces froma floor structure of a vehicle to a Eﬂlﬂgarrl’:ﬁdgue 1999,

second beam of an energy-absor bi ng guardrail end termnal during a
side inpact with the 5 vehi cl e conpri si nlg: attaching a
spacer channel between the first beam and t he second beam

formng a force transfer nenber; attaching the force transfer
nmenber to the spacer 10 channel wth a portion of the force
transfer nenber positione o&ha ove gr oun %eve o recel ve the flqor
structure of the vehi &Pe dfiri dEETIRT si 88 | npRRYLacturing "a’; System, Aors

support nmenber atdaasfervadgsippoes from a rﬁrmm ;stifmcture of @ wehiiad et Itr@
:¥irst and second aSU R %uard[raat fll rsta &0 J‘.)néf é?gﬁsra s:Lde

“channel ; att achi ng a reéct or e to a portron o
support nmenber aABPRRE !!é‘ébn@lh%umqlmrﬂiﬁ guardnesitle eng termm@ls@@(yn@g

‘end of thesfirst aSyppett b@aﬂib%darad seltense T, ZQhe metPRY bofHi®ing the
attaching a fi rst]tgusset plate to a portion of spacer channel and

‘a portion of theSFEPSt ©fapport menber; and attaching a
second gusset plate tatthehspgces @p&@@@ éhanneRNGhetviei | @ReOf£ihexr sagand
_support menber. second beams;

- forming a force transfer member;

10 attaching the force transfer member to the spacer
channel with a portion of the force transfer member
positioned above ground level to receive a floor structure
of a vehicle during the side impact;

< forming a first and second support members as
15 components of the force transfer member; and

attaching a reactor plate to a portion of the first

and second support members proximate a second end of the

first and second support members.
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20 - . 15. A nethod of manufacturing a “wlst @n 7o
transferring forces froma floor structure of a vehicl

a first
beain and a second beam of an ener gy- absor bi ng "ﬁm e”Mﬁlg@h?ﬂgg
|

during a side inpact with the 5 vehi cl e conpri sing:

a spacer channel between the first beam and 19 t he second beam
forming a force transfer nenber; attaching the force transfer
menber to the spacer 10 channel wth a portion of +the force

transfer nmenber osi ti oned .abpove ground level to receive a floor
structure of th&& ehficl é"?ﬁfr“?‘iﬂ P%e s'P%F%PI?e ing a SYSt?‘Brmfr‘?ﬁ a
first support nethansﬁadrﬁngeﬁ@ndesLﬁxmmta floorlﬁﬁﬁﬁﬂtur%Bof a vehiedepltiong

cthe first and sgcopd SUPRALE "HIPELS fedhd beam 'of ShnClel %yt-g%s%‘%%cin

channel ;
- guardrail end terminal during a side impact with the

5 vehicle comprising:
attaching a spacer channel between the first beam and
the second beam;
forming a force transfer member;
attaching the force transfer member toc the spacer
10 channel with a portion of the force transfer member
positioned above ground level to receive the floor
structure of the vehicle during the side impact;
forming a first support member and a second support
member ;
15 coupling the first and second support members at a
first end to the spacer channel;
attaching a reactor plate to a portion of the first
support member and the second support member proximate to
a second end of the first support member and the second
20 support member;
attaching a first gusset plate to a portion of the
spacer channel and a portion of the first support member;
and
attaching a second gusset plate to the spacer channel
25 and a portion of the second support member.

N
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-atotaéht”g & reactor plate {o a portion of the first ' *Ziuﬁ)r?ﬁe/nblérl*}b?

and the second support nenber proxinmte to a second end of the firs
support nenber and the second 20 support nmenber; !PENUS fCU&AHGi égg_
first nenber having a first and second end and a first and second ----
lateral edge; coupling the firs20end of first nmenber to the

spacer channel and the torsion bar; 25 formng a second

menber having a first and second end and a first and second | ateral
edge; coupling the first end of the first nenber to the

spacer channel and tlorsi bApthgAg ©f manufagturingy & r eH¥ELFpl HYF on
the first |atenamad@erdhg3fiorceshfrémrat fIGsbestanckdre df rstvdiaiclaltedge

Of second a n?lmr)g{:. beam aﬁgrra] second beam of an energy-absorbir?g1
guardrail end terminal during a side impact with the
5 vehicle comprising: )
attaching a spacer channel between the first beam and
the second beam;
forming a force transfer member;
e attaching the force transfer member to the spacer
' 10 channel with a portion of the force transfer member
positioned above ground level to receive a floor structure
of the vehicle during the side impact;
forming a first support member and a second support
member;
15 coupling the first and . second support members at a
first end to the spacer channel;
attaching a reactor plate to a portion of the first
support member and the second support member proximate to
a second end of the first support member and the second
20 support member;
forming a first member having a first and second end
and a first and second lateral edge;
coupling the first end of first member to the spacer
channel and the torsion bar;
25 forming a second member having a first and second end
and a first and second lateral edge;
coupling the first end of the first member to the
spacer channel and torsion bar; and
coupling a reactor plate on the first lateral edge of
30 the first member and the first lateral edge of second
member. _—
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"6 A met hod
fron1a roor

.oﬁf- -manm; a?furlng a evyst'e:m .for »CT af% /glflbggﬁ

structure of a vehicle to a first! n
-of an energy absor bi ng guardrail end term nal a*5|de i npact ="~

w th the vehi cl e conpri sing: attaching a spacer channel
petween the first beam and t he secon@lbeam formng a
force transfer nenber; attaching the force transfer nenber to

the spacer

channel wth a portion of +the force transfer nenber

‘posi ti oned above ground | evel to receive a floor structure of the
vehicle during the sl@le ikpadethod of manyfackyrang rsa seyesem mehPer

-and a second Suﬁﬁﬁﬁéferrlng'ﬁaﬁaﬁé1f%ém a floorCQHPhbﬂGréthfér§éh§6ﬂe5€@0nd

£upport menbers at_.a first, end to acer _channel ;
%attaching a reatt iEStatRe® 89%60r3 | 8ﬁ°8f1 t a1 ef an energyorbsqERiRg
~and the second gw):p@faﬂrerémr peewifale during a asi@eonionpeiut owithe thest

‘support
First pI

~second | at er al

first and

% d 20 support nenber; formng a

er aV|ng ¥’ and second end and a first and

edge attachlng a spaceirnghanped ohdtpeancthenbersthabeéayg and
.a first and second | ateral edge; 25

£ B
sformng a third plate nenb aV|n a first and second end and a
first and second Iat%‘PﬁFllﬁlgﬁ‘e force transfermempers fourth pl ate nenber

haV|ng a first and attaching the force transfer member to the spacer

10

15

20

25

30

35

channel with a portion of the force transfer member
positioned above ground level to receive a floor structure
of the vehicle during the side impact; .

forming a first support member and a second support
member;

coupling the first and second support members at a
first end to the spacer channel;

attaching a reactor plate to a portion of the first
support member and the second support member proximate to
a second end of the first support member and the second
support member;

forming a first plate member having a first and second
end and a first and second lateral edge;

forming a second plate member having a first and
second end and a first and second lateral edge;

forming a third plate member having a first and second
end and a first and second lateral edge;

forming a fourth plate member having a first and
second end and a first and second lateral edge;

attaching the first end of the first, second, third,
and fourth plate members to the spacer channel;

attaching a first reactor plate member to the first
lateral edge of the first and second plate members;

attaching a second reactor plate member to an
intermediate plate surface of the second and third plate

members; and
’ This is the replacement sheet
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sécond _ehd’ and a first and’.’f'\second | at er al edge; uE/US- ?tﬁaémln‘%éﬁe?

first end of the first, second, third, 30 - and f jeat e
t he*spacer channel; attaching a first rMat!‘m@ Tpgg

the first | ateral edge of the first and second pl ate nenbers;
~attaching a second reactor plate nmenber t®an internedi ate pl ate
‘surface of the second and third plate 35 menbers; and

"This is the replacenent sheet 22

‘attaching a third reactor plate nenber to the first |ateral edge of .the
third and fourth pl attapBibgr @ third reactor plate member to the first

lateral edge of the third and fourth plate members.
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(57) Abstract

The end tesminal has a system for trangferring forces from a floor structure of a vehicle to bearhs (110-112) on the energy~absorbing
guardrail end ferminal during a side impdct with the vehicle. The system for transferring forces includes a spacer channel (136) attached
between first and second guardrails and 2 foree transfer (102) member coupled to the spacer channel and having a portion extending to a
position above ground Jevel to receive a floor structure of a vehicle during a forceful side impact. A method of manufacturing a system for
transferring forces from a floor structure of a vehicle to a guardrail end terminal during a forceful side impact includes attaching a force
transfer member that extends to a position to engage the floor structure,




