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(54) Energy attenuating safety system

(57) An energy absorbing system with one or more
energy absorbing assemblies is provided to reduce or
eliminate severity of a collision between a moving vehicle
and a roadside hazard. The energy absorbing system
may be installed adjacent various roadside hazards or

may be installed on highway service equipment. One end
of the system may face oncoming traffic. A collision by a
motor vehicle with a sled assembly may result in shred-
ding or rupturing of portions of an energy absorbing ele-
ment to dissipate energy from the vehicle collision.
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Description

RELATED APPLICATIONS

[0001] This patent application is a divisional of U.S.
application serial number 11/008,448 filed December 9,
2004 entitled Flared Energy Absorbing System and
Method, which claims the benefit of U.S. provisional ap-
plication serial no. 60/528,092 entitled Energy Attenuat-
ing Safety System filed December 9, 2003, which is a
continuation-in-part of the U.S. patent application serial
number 10/379,748 filed March 5, 2003 entitled Flared
Energy Absorbing System and Method, which claims the
benefit of U.S. provisional patent application serial No.
60/397,529 filed July 22, 2002, now U.S. Patent
7,101,111.

TECHNICAL FIELD OF THE INVENTION

[0002] This invention relates in general to energy ab-
sorbing systems, and more particularly to an energy ab-
sorbing system used to reduce severity of a collision be-
tween a moving motor vehicle and a hazard by shredding
or rupturing portions of an energy absorbing element.

BACKGROUND OF THE INVENTION

[0003] Various impact attenuation devices and energy
absorbing systems have been used to prevent or reduce
damage resulting from a collision between a moving mo-
tor vehicle and various hazards or obstacles. Prior impact
attenuation devices and energy absorbing systems such
as crash cushions or crash barriers include various types
of energy absorbing elements. Some crash barriers rely
on inertia forces to absorb energy when material such
as sand is accelerated during an impact. Other crash
barriers include crushable elements.
[0004] Some of these devices and systems have been
developed for use at narrow roadside hazards or obsta-
cles such as at the end of a median barrier, end of a
barrier extending along the edge of a roadway, large sign
posts adjacent to a roadway, and bridge pillars or center
piers. Such impact attenuation devices and energy ab-
sorbing systems are installed in an effort to minimize the
extent of personal injury as well as damage to an impact-
ing vehicle and any structure or equipment associated
with the roadside hazard.
[0005] Examples of general purpose impact attenua-
tion devices are shown in U.S. Patent 5,011,326 entitled
Narrow Stationary Impact Attenuation System; U.S. Pat-
ent 4,352,484 entitled Shear Action and Compression
Energy Absorber; U.S. Patent 4,645,375 entitled Station-
ary Impact Attenuation System; and U.S. Patent
3,944,187 entitled Roadway Impact Attenuator. Exam-
ples of specialized energy absorbing systems are shown
in U.S. Patent 4,928,928 entitled Guardrail Extruder Ter-
minal and U.S. Patent 5,078,366 entitled Guardrail Ex-
truder Terminal. Examples of energy absorbing systems

satisfactory for use with highway guardrail systems are
shown in U.S. Patent 4,655,434 entitled Energy Absorb-
ing Guardrail Terminal and U.S. Patent 5,957,435 enti-
tled Energy-Absorbing Guardrail End Terminal and
Method.
[0006] Examples of impact attenuation devices and
energy absorbing systems appropriate for use on a slow
moving or stopped highway service vehicle are shown in
U.S. Patent 5,248,129 entitled Energy Absorbing Road-
side Crash Barrier; U.S. Patent 5,199,755 entitled Vehi-
cle Impact Attenuating Device; U.S. Patent 4,711,481
entitled Vehicle Impact Attenuating Device; U.S. Patent
4,008,915 entitled Impact Barrier for Vehicles.
[0007] Other examples of impact attenuation devices
and energy absorbing systems are shown in U.S. Patent
5,947,452, entitled Energy Absorbing Crash Cushion;
U.S. Patent 6,293,727, entitled Energy Absorbing Sys-
tems for Fixed Roadside Hazards TRACC; and U.S. Pat-
ent 6,536,985, entitled Energy Absorbing System for
Fixed Roadside Hazards. The foregoing patents are
hereby incorporated by reference into this application.
[0008] Recommended procedures for evaluating per-
formance of various types of highway safety devices in-
cluding crash cushions is presented in National Cooper-
ative Highway Research Program (NCHRP) Report 350.
A crash cushion is generally defined as a device designed
to safely stop an impacting vehicle within a relatively short
distance. NCHRP Report 350 further classifies crash
cushions as either "redirective" or "nonredirective". A re-
directive crash cushion is designed to contain and redi-
rect a vehicle impacting downstream from a nose or end
of the crash cushion facing oncoming traffic extending
from a roadside hazard. Nonredirective crash cushions
are designed to contain and capture a vehicle impacting
downstream from the nose of the crash cushion.
[0009] Redirective crash cushions are further classi-
fied as either "gating" or "nongating" devices. A gating
crash cushion is one designed to allow controlled pene-
tration of a vehicle during impact between the nose of
the crash cushion and the beginning of length of need
(LON) of the crash cushion. A nongating crash cushion
may be designed to have redirection capabilities along
its entire length.

SUMMARY OF THE INVENTION

[0010] In accordance with teachings of the present in-
vention, disadvantages and limitations associated with
previous energy absorbing systems and impact attenu-
ation devices have been substantially reduced or elimi-
nated. One aspect of the present invention includes an
energy absorbing system which may be installed adja-
cent to roadside hazards or hazards located on a road-
way to protect occupants of a vehicle during collision with
such hazards . The system may include at least one en-
ergy absorbing assembly which dissipates energy from
a vehicle impacting one end of the system opposite from
a hazard. When a vehicle collides with one end of the
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energy absorbing system, portions of at least one energy
absorbing element may be shredded or ruptured to dis-
sipate kinetic energy from the vehicle and provide decel-
eration within acceptable limits to minimize injury to oc-
cupants of the vehicle. Each energy absorbing element
may be disposed generally normal to an associated
shredder. For some applications each shredder may be
disposed generally horizontal relative to associated en-
ergy absorbing elements. For other applications each
shredder may be disposed generally vertical relative to
associated energy absorbing elements.
[0011] Technical advantages of the present invention
include providing a relatively compact, modular energy
absorbing system satisfactory for protecting vehicles dur-
ing impact with a wide variety of hazards. Energy absorb-
ing systems incorporating teachings of the present in-
vention may be fabricated at relatively low cost using
conventional materials and processes which are well
known to the highway safety industry. The resulting sys-
tems combine innovative structural designs with energy
absorbing techniques that are highly predictable and re-
liable. Such systems may be easily repaired at relative
low cost after a vehicle impact.
[0012] Failure mechanisms associated with moving a
shredder oriented generally perpendicular through a sol-
id plate may include a series of small thumbnail size
chunks being knocked out or shredded or ruptured from
the solid plate in front of the shredder as the shredder
proceeds longitudinally through the solid plate. For other
applications, a shredder oriented generally perpendicu-
lar with a solid plate may produce a single line of failure
ahead of the shredder as the shredder moves longitudi-
nally through the solid plate. The ruptured material may
deflect one way or the other around the shredder. Coop-
eration between shredders and energy absorbing ele-
ments having openings and lands incorporating teach-
ings of the present invention results in a generally con-
sistent, reliable mode of failure which restarts each time
shredder moves from one opening through an associated
land to another opening.
[0013] In accordance with another aspect of the
present invention, a crash cushion may be provided with
a shredder and one or more energy absorbing elements
to optimize performance and repeatability of the crash
cushion by shredding or rupturing portions of at least one
energy absorbing element. Each energy absorbing ele-
ment may have alternating lands and openings which
cooperate with each other to provide safe, repeatable
deceleration of a vehicle impacting one end of the crash
cushion. The crash cushion may include a first, relatively
soft portion to absorb impact from small, lightweight ve-
hicles and/or slow moving vehicles. The crash cushion
may have a middle portion with one or more energy ab-
sorbing elements and associated openings and lands.
The size of the openings and/or lands may be varied
along the length of each energy absorbing element to
provide optimum deceleration of an impacting vehicle.
The crash cushion may have a third or final portion with

one or more energy absorbing elements and associated
openings and lands designed to absorb impact from
heavy, high speed vehicles in accordance with teachings
of the present invention. The present invention may allow
reducing the number or length of energy absorbing ele-
ments required to dissipate energy from an impacting
vehicle by varying the size of openings, spacing of lands
or segments between the openings and/or the thickness
of each energy absorbing element. For some applica-
tions, an energy absorbing assembly may be formed with
two or more energy absorbing elements stacked relative
to each other.
[0014] Further technical advantages of the present in-
vention may include providing relatively low cost crash
cushions and other types of safety systems which meet
the criteria of NCHRP Report 350 including Test Level 3
Requirements. A safety system having an energy ab-
sorbing assembly incorporating teachings of the present
invention may be satisfactorily used during harsh weath-
er conditions and is not sensitive to cold or moisture. The
system may be easily installed, operated, inspected and
maintained. The system may be installed on new or ex-
isting asphalt or concrete pads. A modular safety system
incorporating teachings of the present invention may
eliminate or substantially reduce field assembly of impact
attenuation devices and energy absorbing components.
Easily replaceable parts allow quick, low cost repair after
nuisance hits and side impacts. Elimination of easily
crushed or easily bent materials further minimizes the
effect of any damage from nuisance hits and/or side im-
pacts with the system.
[0015] Technical benefits of the present invention may
include a modular energy absorbing system that may be
used with permanent roadside hazards or may be easily
moved from one temporary location (first work zone) to
another temporary location (second work zone). A safety
system incorporating teachings of the present invention
may also be mounted on trucks and other types of high-
way service equipment.
[0016] Technical benefits of the present invention may
also include installing one or more energy absorbing as-
semblies with respective energy absorbing elements dis-
posed in substantially horizontal positions. As a result,
the energy absorbing elements may be more easily re-
placed and/or repaired after a vehicle impact with an as-
sociated crash cushion or other energy absorbing sys-
tem.
[0017] An energy absorbing system incorporating
teachings of the present invention may have energy ab-
sorbing assemblies arranged in various configurations.
For some applications, only a single row of energy ab-
sorbing assemblies may be installed adjacent to a haz-
ard. For other applications, three or more rows of energy
absorbing assemblies may be installed. Also, each row
may only have one energy absorbing assembly or mul-
tiple energy absorbing assemblies. The present inven-
tion allows modifying an energy absorbing system to min-
imize possible injury to both restrained and unrestrained
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occupants in a wide variety of vehicles traveling at various
speeds.
[0018] An energy absorbing system incorporating
teachings of the present invention may more easily be
repaired following impact by a vehicle. Energy absorbing
elements may be disposed in a horizontal position and
securely attached to other components of the energy ab-
sorbing system by a relatively small number of mechan-
ical fasteners. For example, one bolt and associated nut
may be used to provide the holding power or structural
strength of three or four bolts and associated nuts. As a
result, the energy absorbing elements may be more
quickly and more easily replaced following a vehicle im-
pact. Panels attached along sides of the energy absorb-
ing system may be more quickly and more easily replaced
following a vehicle impact. For some applications mod-
ules which may be easily replaced are used to shred
energy absorbing elements to dissipate energy from a
vehicle impact. Each module may include a bolt or other
type of blunt shredder that may be easily replaced. The
present invention does not include any type of cutter or
sharp edge. An energy absorbing system incorporating
teachings of the present invention may be installed as a
modular unit, removed as a modular unit following a ve-
hicle impact and replaced by a new modular unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A more complete understanding of the present
invention may be acquired by referring to the following
descriptions taken in conjunction with the accompanying
drawings in which like reference numbers indicate like
features and wherein:

FIGURE 1 is a schematic drawing showing an iso-
metric view with portions broken away of a shredder
and an energy absorbing assembly incorporating
teachings of the present invention;
FIGURE 2 is a schematic drawing in section with
portions broken away taken along lines 2-2 of FIG-
URE 1;
FIGURE 3 is a schematic drawing showing an ex-
ploded, isometric view with portions broken of an en-
ergy absorbing assembly and an energy absorbing
element having lands or segments disposed be-
tween respective openings or holes in accordance
with teachings of the present invention;
FIGURE 4A is a schematic drawing showing a plan
view with portions broken away of an energy absorb-
ing system incorporating teachings of the present
invention;
FIGURE 4B is a schematic drawing showing a plan
view with portions broken away after a vehicle has
collided with one end of the energy absorbing system
of FIGURE 4A;
FIGURE 4C is a schematic drawing showing a plan
view of another energy absorbing system incorpo-
rating teachings of the present invention;

FIGURE 5 is a schematic drawing in elevation with
portions broken away showing an energy absorbing
system incorporating teachings of the present inven-
tion;
FIGURE 6 is a schematic drawing with portions bro-
ken away showing an exploded, plan view of the en-
ergy absorbing system, associated shredders; en-
ergy absorbing assemblies and guide rails as shown
in FIGURE 5;
FIGURE 7 is a schematic drawing showing an iso-
metric view of overlapping panels disposed along
one side of an energy absorbing system incorporat-
ing teachings of the present invention;
FIGURE 8 is a schematic drawing in section with
portions broken away showing a first upstream panel
and a second downstream panel slidably disposed
relative to each other;
FIGURE 9 is a schematic drawing showing an iso-
metric view of a slot plate satisfactory for releasably
engaging a panel with a panel support frame in ac-
cordance with teachings of the present invention;
FIGURE 10 is a schematic drawing showing an iso-
metric view with portions broken away of an energy
absorbing system and associated sled assembly in-
corporating teachings of the present invention;
FIGURE 11 is a schematic drawing showing another
isometric view with portions broken away of the en-
ergy absorbing system and sled assembly of FIG-
URE 10;
FIGURE 12 is a schematic drawing in section and in
elevation with portions broken away showing anoth-
er view of the sled assembly and associated energy
absorbing system of FIGURE 10;
FIGURE 13 is a schematic drawing showing a plan
view with portions broken away of the sled assembly,
shredders and associated energy absorbing assem-
blies and associated energy absorbing system of
FIGURE 10;
FIGURE 14 is an enlarged, schematic drawing in
section and in elevation with portions broken away
taken along lines 14-14 of FIGURE 13;
FIGURE 15 is a schematic drawing with portions bro-
ken away showing an exploded, isometric view of an
energy absorbing assembly such shown in FIGURE
14 incorporating teachings of the present invention;
FIGURE 16 is a schematic drawing with portions bro-
ken away showing a plan view of energy absorbing
elements incorporating teachings of the present in-
vention; and
FIGURE 17 is a schematic drawing in section with
portions broken away showing a panel support frame
and attached panels satisfactory for use with an en-
ergy absorbing system incorporating teachings of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The present invention and its advantages may
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be better understood by referring to FIGURES 1-17 of
the drawings, like numerals being used for like and cor-
responding parts of the drawings.
[0021] The terms "longitudinal," "longitudinally" and
"linear" will generally be used to describe the orientation
and/or movement of components associated with an en-
ergy absorbing system incorporating teachings of the
present invention in a direction substantially parallel to
the direction vehicles (not expressly shown) travel on an
associated roadway. The terms "lateral" and "laterally"
will generally be used to describe the orientation and/or
movement of components associated with an energy ab-
sorbing system incorporating teachings of the present
invention in a direction substantially normal to the direc-
tion vehicles travel on an associated roadway. Some
components of energy absorbing systems incorporating
teachings of the present invention may be disposed at
an angle or flare (not expressly shown) relative to the
direction vehicles travel on an adjacent roadway.
[0022] The term "downstream" will generally be used
to describe movement which is approximately parallel
with and in approximately the same general direction as
movement of a vehicle traveling an associated roadway.
The term "upstream" will generally be used to describe
movement which is approximately parallel with but in ap-
proximately an opposite direction as movement of a ve-
hicle traveling on an associated roadway. The terms "up-
stream" and "downstream" may also be used to describe
the position of one component relative to another com-
ponent in an energy absorbing system incorporating
teachings of the present invention.
[0023] The terms "shred, shredding, rupture and rup-
turing" may generally be used to describe the results of
a shredder engaging portions of an energy absorbing
element to dissipate energy of an impacting vehicle in
accordance with teachings of the present invention. The
terms "shred, shredding, rupture and rupturing" may also
be used to describe the combined effects of ripping, tear-
ing and/or breaching portions of an energy absorbing el-
ement without cutting portions of the energy absorbing
element. U.S. Patent 4,655,434 entitled Energy Absorb-
ing Guardrail Terminal and U.S. Patent 5,957,435 enti-
tled Energy Absorbing Guardrail End Terminal and
Method show examples of shredding material disposed
between spaced openings to absorb kinetic energy of an
impacting vehicle.
[0024] The terms "gore" and "gore area" may be used
to describe the area where two roadways diverge or con-
verge. A gore is typically bounded on two sides by the
edges of the roadways which join at the point of diver-
gence or convergence. Traffic flow is often in the same
direction on both of the roadways. A gore area may in-
clude shoulders or marked pavement between the road-
ways. The third side or third boundary of a gore area may
sometimes be defined as approximately sixty (60) meters
from the point of divergence or convergence of the road-
ways.
[0025] The term "roadside hazard" may be used to de-

scribe permanent, fixed roadside hazards such as a large
sign post, a bridge pillar or a center pier of a bridge or
overpass. Roadside hazards may also include a tempo-
rary work area disposed adjacent to a roadway or located
between two roadways. A temporary work area may in-
clude various types of equipment and/or vehicles asso-
ciated with road repair or construction. The term "road-
side hazard" may also include a gore area or any other
structure located adjacent to a roadway and presenting
a hazard to oncoming traffic.
[0026] The terms "hazard" and "hazards" may be used
to describe both roadside hazards and hazards located
on a roadway such as slow moving vehicles or equipment
and stopped vehicles or equipment. Examples of such
hazards may include, but are not limited to, highway safe-
ty trucks and equipment performing construction, main-
tenance and repair of an associated roadway.
[0027] Various components of an energy absorbing
system incorporating teachings of the present invention
may be formed from commercially available structural
steel materials. Examples of such materials include steel
strips, steel plates, structural steel tubing, structural steel
shapes and galvanized steel. Examples of structural
steel shapes include W shapes, HP shapes, beams,
channels, tees, and angles. Structural steel angles may
have legs with equal or unequal width. The American
Institute of Steel Construction publishes detailed infor-
mation concerning various types of commercially avail-
able structural steel materials satisfactory for use in fab-
ricating energy absorbing systems incorporating teach-
ings of the present invention.
[0028] For some applications, various components of
an energy absorbing system incorporating teachings of
the present invention may be formed from composite ma-
terials, cermets and any other material satisfactory for
use with highway safety systems. The present invention
is not limited to only forming energy absorbing systems
from steel based materials. Any metal alloy, nonmetallic
materials and combinations thereof which are satisfac-
tory for use in highway safety systems may be used to
form an energy absorbing system incorporating teach-
ings of the present invention. For some applications, en-
ergy absorbing elements incorporating teachings of the
present invention may be formed from mild steel.
[0029] Energy absorbing systems 20, 20a, 20b and
20c incorporating teachings of the present invention may
sometimes be referred to as crash cushions, crash bar-
riers, or roadside protective systems. Energy absorbing
systems 20, 20a, 20b and 20c may be used to minimize
the results of a collision between a motor vehicle (not
expressly shown) and various types of hazards. Energy
absorbing systems 20, 20a, 20b and 20c and other en-
ergy absorbing systems incorporating teachings of the
present invention may be used for both permanent in-
stallation and temporary work-zone applications. Energy
absorbing systems 20, 20a, 20b and 20c may sometimes
be described as nongating, redirective crash cushions.
Energy absorbing systems 20, 20a, 20b and 20c and
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other energy absorbing systems incorporating teachings
of the present invention may meet or exceed NCHRP
Report 350, Test Level 3 requirements.
[0030] Various features of the present invention will be
described with respect to energy absorbing system 20
as shown in FIGURES 4A and 4B, energy absorbing sys-
tem 20a as shown in FIGURE 4C and energy absorbing
system 20b as shown in FIGURES 5 and 6 and energy
absorbing system 20c as shown in FIGURES 10-15. Var-
ious types of shredders and energy absorbing assem-
blies incorporating teachings of the present invention
may be used with energy absorbing systems 20, 20a,
20b and 20c. The present invention is not limited to shred-
ders 116 and 216, energy absorbing assemblies 86 and
286 or associated energy absorbing elements 100, 100a,
100b, 100c and 100d.
[0031] For some applications energy absorbing sys-
tems 20, 20a, 20b and 20c may be installed as respective
modular units. Also various components and/or subsys-
tems of each energy absorbing system may be installed
and removed as separate, individual modules. For ex-
ample, energy absorbing assemblies may be formed into
rows and engaged with respective cross ties and guide
rails formed in accordance with teachings of the present
invention. The resulting base module may then be in-
stalled adjacent to a hazard. Panel support frames and
panels may also be manufactured and assembled as a
module or series of modules which are delivered to a
work site for installation on the associated base module.
Sled assemblies 40, 40a, 40b and 40c may also be as-
sembled and delivered to a work site as a single module.
Threaders formed in accordance with teachings of the
present invention may also be installed as replaceable
modules.
[0032] Energy absorbing systems 20 and 20a may in-
clude sled assembly 40. Energy absorbing system 20b
may include sled assembly 40b. Energy absorbing sys-
tem 20c may include sled assembly 40c. First end 41 of
each sled assembly 40, 40b and 40c may correspond
generally with first end 21 of associated energy absorbing
systems 20, 20a and 20b and 20c. Materials used to form
sled assemblies 40, 40b and 40c are preferably selected
to allow sled assemblies 40, 40b and 40c to remain intact
after impact by a high speed vehicle.
[0033] The dimensions and configuration of first end
41 of sled assemblies 40, 40b and 40c, defined in part
by corner posts 42 and 43, top brace 141 and bottom
brace 51, may be selected to catch or gather an impacting
vehicle. During a collision between a motor vehicle and
first end 21 of energy absorbing systems 20, 20a, 20b or
20c, kinetic energy from the colliding vehicle may be
transferred from first end 41 to other components of as-
sociated sled assembly 40, 40b or 40c. The dimensions
and configuration of end 41 may also be selected to ef-
fectively transfer kinetic energy even if a vehicle does
not impact the center of first end 41 or if a vehicle impacts
end 41 at an angle other than parallel with the longitudinal
axis of associated energy absorbing system 20, 20a, 20b

and 20c.
[0034] Respective panels 160 may be attached to the
sides of each sled assembly 40, 40b and 40c extending
from respective first end 41. For purposes of describing
various features of the present invention, panels 160 are
shown broken away from the sides of sled assembly 40b
in FIGURE 5. Panels 160 have been removed from one
side of sled assembly 40c in FIGURES 10 and 11.
[0035] Roadside hazard 310 shown in FIGURES 4A,
4C, and 5 may be a concrete barrier extending along the
edge or side of a roadway (not expressly shown). Road-
side hazard 310 may also be a concrete barrier extending
along the median between two roadways. Roadside haz-
ard 310 may be a permanent installation or a temporary
installation associated with a work area. Roadside haz-
ard 310 may sometimes be described as a "fixed" barrier
or "fixed" obstacle even though concrete barriers and
other obstacles adjacent to a roadway or disposed in a
roadway may from time to time be moved or removed.
An energy absorbing system incorporating teachings of
the present invention is not limited to use with only con-
crete barriers. Energy absorbing systems incorporating
teachings of the present invention may be installed ad-
jacent to various types of hazards facing oncoming traffic.
[0036] Examples of shredders and energy absorbing
assemblies incorporating teachings of the present inven-
tion are shown in FIGURES 1-3. Energy absorbing as-
sembly 86, as shown in FIGURES 1, 2 and 3, may some-
times be referred to as a "box beam." Energy absorbing
assembly 86 may include a pair of supporting beams 90
disposed longitudinally parallel with each other and
spaced from each other. Each supporting beam 90 may
have a generally C-shaped or U-shaped cross section.
Supporting beams 90 may sometimes be described as
channels.
[0037] The C-shaped cross section of each supporting
beam 90 may be disposed facing each other to define a
generally rectangular cross section for each energy ab-
sorbing assembly 86. The C-shaped cross section of
each supporting beam 90 may be defined in part by web
92 and flanges 94 and 96 extending therefrom. A plurality
of holes 98 may be formed in flanges 94 and 96 to attach
one or more energy absorbing elements 100 with energy
absorbing assembly 86. For one application, supporting
beams or channels 90 may have an overall length of ap-
proximately eleven feet with a web width of approximately
five inches and a flange height of approximately two inch-
es. A wide variety of fasteners may be inserted through
holes 98 in supporting beams 90 and corresponding
holes 108 formed in energy absorbing element 100 to
satisfactorily attach energy absorbing elements 100 with
supporting beams 90.
[0038] For embodiments shown in FIGURES 1, 2 and
3, fasteners 103 preferably extend through respective
holes 108 in energy absorbing element 100 and respec-
tive holes 98 in flanges 94 and 96. Fasteners 103 may
be selected to allow easy replacement of energy absorb-
ing element 100 after collision of a motor vehicle with one
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end of an associated energy absorbing system.
[0039] One requirement for attaching energy absorb-
ing elements 100 with supporting beams 90 includes pro-
viding appropriately sized shredding zone 118 as shown
in FIGURE 3 between supporting beams 90 to accom-
modate the associated shredder 116. For some applica-
tions, a combination of long bolts and short bolts may be
satisfactorily used. For other applications, the mechani-
cal fasteners may be blind threaded rivets and associated
nuts. A wide variety of blind rivets, bolts and other fas-
teners may be satisfactorily used with the present inven-
tion. Examples of such fasteners are available from Huck
International, Inc., located at 6 Thomas, Irvine, California
92718-2585. Power tools satisfactory for installing such
blind rivets are also available from Huck International and
other vendors.
[0040] For embodiments shown in FIGURES 1, 2, and
3, only one energy absorbing element 100 may be at-
tached to flanges 94 on one side of energy absorbing
assembly 86. For some applications, another energy ab-
sorbing element 100 may be attached to flanges 96 on
the opposite side of energy absorbing assembly 86. For
other applications, multiple energy absorbing elements
100 and spacers (not expressly shown) may be attached
to one or both flanges 94 and 96.
[0041] A row of holes or openings 110 may be formed
extending generally along a longitudinal center line of
energy absorbing element 100. Openings or holes 110
may also be described as perforations. For some appli-
cations, openings 110 may have a generally circular con-
figuration with a diameter of approximately one inch.
Openings 110 are preferably spaced from each other with
respective lands or segments 112 disposed there be-
tween as shown in FIGURES 1, 2 and 3. The spacing
between adjacent holes 110, the dimensions of holes
110 and corresponding lands or segments 112 may be
varied in accordance with teachings of the present inven-
tion to control the amount of force or energy required to
move respective shredder 116 therethrough.
[0042] Without the presence of openings 110, the force
required to move shredder 116 through energy absorbing
element 100 may vary depending upon the specific type
of failure mechanism. The failure mechanism associated
with moving shredder 116 longitudinally through a solid
plate may vary along the length of the solid plate. The
presence of openings 110 and segments 112 results in
improved repeatability and accuracy of energy absorp-
tion as shredder 116 moves longitudinally through energy
absorbing element 100.
[0043] The configuration and dimensions of openings
110 and segments 112 may be substantially varied in
accordance with teachings of the present invention to
provide desired energy absorbing characteristics for an
associated energy absorbing assembly. For example,
openings 110 may have a generally circular, oval, slot,
rectangular, star or any other suitable geometric config-
uration.
[0044] For some applications, openings 110 and seg-

ments 112 may have substantially uniform dimensions
along the length of each energy absorbing element 100.
For other applications, the dimensions of openings 110
and/or the dimensions of respective segments 112 may
be varied to provide for a relatively "soft" deceleration
when a vehicle initially impacts an associated energy ab-
sorbing assembly followed by increasing deceleration or
increasing energy absorption along a middle portion of
an associated energy absorbing element 100. The last
portion of the associated energy absorbing element 100
may provide reduced deceleration or reduced energy ab-
sorption as the speed of an impacting vehicle decreases.
[0045] Alternatively, openings 110 in energy absorbing
elements 100 need not be discrete, but may be intercon-
nected by slots (not expressly shown). As shredder 116
moves through openings 116 and associated slots, en-
ergy absorbing element 100, already divided by the slots
interconnecting openings 110, resists the movement of
shredder 116. Shredder 116 may bend or otherwise de-
form the slots in energy absorbing element 100, wherein
energy is absorbed and dissipated.
[0046] The number of energy absorbing elements 100
and their length and thickness may be varied depending
upon the intended application for the resulting energy
absorbing assembly. Increasing the number of energy
absorbing elements, increasing their thickness and/or in-
creasing length will allow the resulting energy absorbing
assembly to dissipate an increased amount of kinetic en-
ergy. Benefits of the present invention include the ability
to vary the geometric configuration and number of open-
ings 110 and segments 112 and select appropriate ma-
terials to form energy absorbing elements 100 depending
upon the intended application for the resulting energy
absorbing assembly. Energy absorbing elements 100
and other components of an energy absorbing system
incorporating teachings of the present invention may be
galvanized to insure that they retain their desired tensile
strength and are not affected by environmental condi-
tions which may cause rust or corrosion during the life of
the associated energy absorbing system.
[0047] For some embodiments such as shown in FIG-
URE 1-3, 5 and 6, each shredder 116 may be disposed
adjacent to one end of energy absorbing assembly 86.
As discussed later in more detail, a pair of shredders 116
may be attached to sled assembly 40b in accordance
with teachings of the present invention. For some appli-
cations shredders 116 may be disposed generally hori-
zontal relative to sled assembly 40b and an associated
roadway (not expressly shown). Each energy absorbing
element 100 and associated slot 102 may be disposed
generally vertical relative to respective shredder 116 and
the associated roadway.
[0048] The dimensions associated with each shredder
116 are preferably compatible with slot 102 formed in the
end of each energy absorbing element 100 adjacent to
respective shredder 116 and shredding zone 118 formed
between associated supporting beams 90. The dimen-
sions are selected to allow shredder 116 to slide longi-
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tudinally between flanges 94 and 96 of adjacent support-
ing beams 90. For one application, slot 102 at first end
101 may be formed along the centerline of energy ab-
sorbing element 100 with a width of approximately three
quarters of an inch and a length of approximately six inch-
es.
[0049] The diameter of shredder 116 may be smaller
than the diameter of openings 110. This need not always
be the case however. The diameter of shredder 116 may
be the same or even larger than the diameter of openings
110. For some applications shredder 116 may be a bolt
having a diameter of approximately one-half of one inch
and a length of approximately twelve inches. Specific di-
mensions of shredder 116 and associated energy ab-
sorbing elements 100 may be varied depending upon the
amount of kinetic energy which will be dissipated by en-
ergy absorbing assembly 86.
[0050] Material used to form each shredder 116 will
depend upon the material used to form associated ener-
gy absorbing elements 100. For some applications,
shredder 116 may have a minimum Rockwell hardness
of C39. Shredders having various configurations such as
cylindrical bars with generally circular cross-sections or
bars with generally square or rectangular cross-sections
(not expressly shown) may also be satisfactorily used
with an energy absorbing assembly incorporating teach-
ings of the present invention.
[0051] For some applications, energy absorbing as-
sembly 86 may remain relatively stationary or fixed while
an associated shredder 116 moves longitudinally
through openings 110 and segments 112 to absorb en-
ergy from an impacting vehicle. For other applications
(not expressly shown), shredder 116 may remain rela-
tively fixed while an associated energy absorbing assem-
bly 86 including openings 110 and segments 112 moves
longitudinally with respect to shredder 116 to absorb en-
ergy from an impacting vehicle.
[0052] Energy absorbing element 100 may provide de-
celeration characteristics tailored for specific vehicle
weights and speeds. For example, during approximately
the first few feet of travel of shredder 116 through asso-
ciated energy absorbing assembly 86, two stages of stop-
ping force or deceleration appropriate for a vehicle weigh-
ing approximately 820 kilograms may be provided. The
remaining travel of shredder 116 through associated en-
ergy absorbing assembly 86 may provide stopping force
appropriate for larger vehicles weighing approximately
2,000 kilograms. Variations in the location, size, config-
uration and number of energy absorbing elements 100
allows energy absorbing assembly 86 to provide safe
deceleration of vehicles weighing between 820 kilograms
and 2,000 kilograms.
[0053] FIGURE 4A shows energy absorbing system
20 in its first position, extending longitudinally from road-
side hazard 310. Sled assembly 40, slidably disposed at
first end 21 of energy absorbing system 20, may some-
times be referred to as an "impact sled." Slots 102 may
be used to receive respective shredders 116 during in-

stallation and alignment of sled assembly 40 with energy
absorbing elements 100. First end 21 of energy absorb-
ing system 20 including first end 41 of sled assembly 40
preferably face oncoming traffic. Second end 22 of en-
ergy absorbing system 20 may be securely attached to
the end of roadside hazard 310 facing oncoming traffic.
Energy absorbing system 20 is typically installed in its
first position with first end 21 longitudinally spaced from
second end 22 as shown in FIGURE 4A.
[0054] A plurality of panel support frames 60a-60e may
be spaced longitudinally from each other and slidably
disposed between first end 21 and second end 22. Panel
support frames 60a-60e may sometimes be referred to
as "frame assemblies." The number of panel support
frames may be varied depending upon the desired length
of an associated energy absorbing system. Multiple pan-
els 160 may be attached to sled assembly 40 and panel
support frames 60a-60e. Panels 160 may sometimes be
referred to as "fenders" or "fender panels." One example
of a panel support frame satisfactory for use with energy
absorbing systems 20 20a, 20b and 20c is shown in FIG-
URE 16.
[0055] When a vehicle impacts with first end 21 of en-
ergy absorbing system 20, sled assembly 40 will move
generally longitudinally toward roadside hazard 310. En-
ergy absorbing assemblies 86 (not expressly shown in
FIGURES 4A and 4B) will absorb energy from the im-
pacting vehicle during this movement. Movement of pan-
el support frames 60a-60e and associated panels 160
relative to each other may also absorb energy from a
vehicle impacting first end 21.
[0056] FIGURE 4B is a schematic drawing showing a
plan view of sled assembly 40 and panel support frames
60a-60e and their associated panels 160 collapsed ad-
jacent to each other. Further longitudinal movement of
sled assembly 40 toward roadside hazard 310 is prevent-
ed by panel support frames 60a-60e. The position of en-
ergy absorbing system 20 as shown in FIGURE 4B may
be referred to as the "second" position. During most ve-
hicle collisions with end 21 of energy absorbing system
20, sled assembly 40 will generally move only a portion
of the distance between the first position as shown in
FIGURE 4A and the second position as shown in FIG-
URE 4B.
[0057] Panel support frames 60a-60e, associated pan-
els 160 and other components of energy absorbing sys-
tem 20 cooperate with each other to redirect vehicles
striking either side of energy absorbing system 20 back
onto an associated roadway. Respective panels 160 may
be attached to sled assembly 40 and preferably extend
over a portion of respective panels 160 attached to panel
support frame 60a. In a corresponding manner, panels
160 attached to panel support frame 60a preferably ex-
tend over a corresponding portion of panels 160 attached
to panel support frame 60b. Various components of en-
ergy absorbing system 20 provide substantial lateral sup-
port to panel support frames 60a-60e and panels 160.
[0058] First end 161 of each panel 160 may be securely
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attached to sled assembly 40 or respective panel support
frames 60a-60d as appropriate. Each panel 160 may also
be slidably attached to one or more downstream panel
support frames 60a-60e. Up stream panels 160 overlap
down stream panels 160 to allow telescoping or nesting
of respective panels 160 as panel support frames 60a-
60e slide toward each other. Subsets of panel support
frames 60a-60e and panels 160 may be grouped togeth-
er to form a one-bay group or a two-bay group.
[0059] For purposes of illustration, second end 162 of
each upstream panel 160 is shown in FIGURES 4A and
4B projecting a substantial distance laterally at the over-
lap with the associated downstream panel 160. Panels
160 may nest closely with each other to minimize any
lateral projection at second end 162 which might snag a
vehicle during a reverse angle impact with either side of
energy absorbing system 20.
[0060] FIGURE 4C is a schematic drawing showing a
plan view of energy absorbing system 20a in its first po-
sition, extending longitudinally from roadside hazard 310.
Energy absorbing system 20a may include first end 21
facing oncoming traffic and second end 22 securely at-
tached to roadside hazard 310. Energy absorbing system
20a also includes sled assembly 40, panel support
frames 60a-60g and respective panels 160.
[0061] Panels 160 extending along both sides of en-
ergy absorbing systems 20 and 20a may have substan-
tially the same configuration. However, the length of pan-
els 160 may vary depending on whether the respective
panel is a "one-bay panel" or a "two-bay panel." For pur-
poses of explanation, a "bay" is defined as the distance
between two adjacent panels support frames 60.
[0062] The length of panels 160 designated as "two-
bay panels" is selected to span the distance between
three-panel support frames when energy absorbing sys-
tems 20 and 20a are in their first position. For example,
first end 161 of a two-bay panel 160 is preferably securely
attached to upstream panel support frame 60a. Second
end 162 of the two-bay panel 160 is preferably slidably
attached to downstream panel support frame 60c. An-
other panel support frame 60b is slidably coupled with
two-bay panels 160 intermediate first end 161 and sec-
ond end 162.
[0063] When sled assembly 40 hits panel support
frame 60a which may in turn contact panel support frame
60b and then 60c, etc., the panel support frames 60a-
60g and attached panels 160 are accelerated toward
roadside hazard 310. The inertia of panel support frames
60a-60g and attached panels 160 contributes to decel-
eration of an impacting vehicle.
[0064] If the panel support frame of a one-bay group
is hit, the one-bay group will be coupled to its own asso-
ciated panels 160 and, therefore, will have relatively high
inertia. To soften deceleration of an impacting vehicle, a
two-bay group is preferably disposed downstream from
each one-bay group. When sled assembly 40, or one or
more panel support frames being pushed by sled assem-
bly 40, contacts the first panel support frame of a two-

bay group (e.g., panel support frame 60d), the inertia
may be the same or slightly more than (because of the
longer panels 160) the inertia of a one-bay group. How-
ever, when the second panel support frame of the two-
bay group (e.g., panel support frame 60e) is contacted,
the second panel support frame 60 may have a lower
inertia because it is only slidably coupled to the associ-
ated panels 160. Therefore, deceleration is somewhat
reduced.
[0065] Energy absorbing system 20a has the following
groups of bays: 2-2-1-2-2, where "2" means two bays
and "1" means one bay. Beginning at sled assembly 40
and moving toward roadside hazard 310, energy absorb-
ing system 20a has a two-bay group (counting sled as-
sembly 40 as a bay in and of itself), another two-bay
group, a one-bay group, followed by a two-bay group and
another two-bay group.
[0066] Energy absorbing system 20b as shown in FIG-
URES 5 and 6 may include sled assembly 40b and mul-
tiple energy absorbing assemblies 86 aligned in respec-
tive rows 188 and 189 extending generally longitudinally
from hazard 310 and generally parallel with each other.
Sled assembly 40b may have a modified configuration
as compared with sled assembly 40. For some applica-
tions guide rails 208 and 209 may also be attached with
energy absorbing assemblies 86. See FIGURES 2 and 3.
[0067] Energy absorbing assemblies 86 may be se-
cured to each other by a plurality of cross braces 24.
Cooperation between cross braces 24 and energy ab-
sorbing assemblies 86 results in energy absorbing sys-
tem 20b having a relatively rigid frame structure. As a
result, energy absorbing system 20b may be better able
to safely absorb impact from a motor vehicle that strikes
sled assembly 40b either offset from the center of end
21 or that strikes end 21 at an angle other than approx-
imately parallel with energy absorbing assemblies 86.
[0068] As shown in FIGURE 5, nose cover 83 may be
attached to sled assembly 40b proximate first end 21 of
energy absorbing system 20b. Nose cover 83 may be a
generally rectangular sheet of flexible plastic type mate-
rial. Opposite edges of nose cover 83 may be attached
to corresponding opposite sides of sled assembly 40b at
end 41. Nose cover 83 may include a plurality of chevron
delineators 84 which are visible to oncoming traffic ap-
proaching roadside hazard 310. Various types of nose
covers, reflectors and/or warning signs may also be
mounted on sled assemblies 40, 40b and 40c and along
each side of energy absorbing systems 20, 20a, 20b and
20c.
[0069] For some applications, each row 188 and 189
may contain two or more energy absorbing assemblies
86. Energy absorbing assemblies 86 in row 188 may be
spaced laterally from energy absorbing assemblies 86 in
row 189. Energy absorbing assemblies 86 may be se-
curely attached to concrete foundation 308 in front of
roadside hazard 310. Each row 188 and 189 of energy
absorbing assemblies 86 may have respective first end
187 which corresponds generally with first end 21 of en-
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ergy absorbing system 20b. First end 41 of sled assembly
40b may also be disposed adjacent to first end 187 of
rows 188 and 189 prior to a vehicle impact.
[0070] A pair of ramps 32 may be provided at end 21
of energy absorbing system 20b to prevent small vehicles
or vehicles with low ground clearance from directly im-
pacting first ends 187 of rows 188 and 189. Similar ramps
32 are shown in FIGURE 10 at first end 21 of energy
absorbing system 20c. If ramps 32 are not provided, a
small vehicle or vehicle with low ground clearance may
contact either or both first ends 187 and experience se-
vere deceleration with substantial damage to the vehicle
and/or injury to occupants in the vehicle. Various types
of ramps and other structures may be provided to ensure
that a vehicle impacting end 21 of energy absorbing sys-
tem 20b will properly engage sled assembly 40b and not
directly contact first ends 187 of rows 188 and 189.
[0071] Each ramp 32 may include leg 34 with tapered
surface 36 extending therefrom. Connectors (not ex-
pressly shown) may be used to securely engage each
ramp 32 with respective energy absorbing assembly 86.
For some applications, leg 34 may have a height of ap-
proximately six and one-half inches. Other components
associated with energy absorbing system 20b such as
energy absorbing assemblies 86 and guide rails 208 and
209 may have a generally corresponding height. Limiting
the height of ramps 32 and energy absorbing assemblies
86 will allow such components to pass under a vehicle
impacting with end 41 of sled assembly 40.
[0072] Tapered surfaces 36 may have a length of ap-
proximately thirteen and one-half inches. Tapered sur-
faces 36 may be formed by cutting a structural steel angle
(not expressly shown) having nominal dimensions of
three inches by three inches by one-half inch thick into
sections with appropriate lengths and angles. The sec-
tions of structural steel angle may be attached to respec-
tive legs 34 using welding techniques and/or mechanical
fasteners. Ramps 32 may also be referred to as "end
shoes."
[0073] An energy absorbing system formed in accord-
ance with teachings of the present invention may be
mounted on or attached to either a concrete or asphalt
foundation (not expressly shown). For embodiments
such as shown in FIGURES 5 and 8, concrete foundation
308 may extend both longitudinally and laterally from
roadside hazard 310. As shown in FIGURES 5 and 6,
energy absorbing assemblies 86 are preferably disposed
on and securely attached to a plurality of crossties 24.
Each crosstie 24 may be secured to concrete foundation
308 using respective anchor bolts 26. Various types of
mechanical fasteners and anchors in addition to anchor
bolts 26 may be satisfactorily used to secure crossties
24 with concrete foundation 308. The number of crossties
and the number of anchors used with each crosstie may
be varied as desired for each energy absorbing system.
[0074] Crossties 24 may be formed from structural
steel strips having a nominal width of three inches and a
nominal thickness of one half inch. The length of each

crosstie 24 may be approximately twenty-two inches.
Three holes may be formed in each crosstie 24 to ac-
commodate anchor bolts 26. During a vehicle collision
with either side of energy absorbing system 20, crossties
24 are placed in tension. The materials used to form
crossties 24 and their associated configuration are se-
lected to allow crossties 24 to deform in response to ten-
sion from such side impacts and to absorb energy from
the impacting vehicle.
[0075] For some installations, anchor bolts 26 may
vary in length from approximately seven inches (7") to
approximately eighteen inches (18"). For some applica-
tions, holes (not expressly shown) may be formed in an
asphalt or concrete foundation to receive respective an-
chor bolts 26. Various types of adhesive materials may
also be placed within the holes to secure anchor bolts 26
in place. Preferably anchor bolts 26 do not extend sub-
stantially above the tops of associated nuts 27. Concrete
and asphalt anchors and other fasteners satisfactory for
use in installing an energy absorbing system incorporat-
ing teachings of the present invention are available from
Hilti, Inc., at P.O. Box 21148, Tulsa, Oklahoma 74121.
[0076] For purposes of describing embodiments
shown in FIGURES 5 and 6, supporting beams 90 im-
mediately adjacent to crossties 24 are designated 90a.
The respective supporting beams 90 disposed immedi-
ately thereabove are designated 90b. Supporting beams
90a and 90b may have substantially identical dimensions
and configurations including respective web 92 with
flanges or flanges 94 and 96 extending therefrom. Four
crossties 24 may be attached to web 92 of supporting
beams 90a opposite from respective flanges 94 and 96.
As a result, the generally C-shaped cross section of each
supporting beam 90a extends away from respective
crossties 24.
[0077] The number of crossties 24 attached to each
supporting beam 90a may be varied depending upon the
intended use of the resulting energy absorbing system.
For energy absorbing system 20b, two supporting beams
90a are spaced laterally from each other and attached
to four crossties 24. Conventional welding techniques
and/or mechanical fasteners (not expressly shown) may
be used to attach supporting beams 90a with crossties
24.
[0078] A pair of guide rails or guide beams 208 and
209 may be attached to respective supporting beams
90b. Guide rails 208 and 209 are shown in FIGURE 6
and are not shown in FIGURE 5. For some applications,
guide rails 208 and 209 may be formed from structural
steel angles having legs of equal width such as three
inches by three inches and a thickness of approximately
one-half of an inch. For other applications, a wide variety
of guide rails may be used. The present invention is not
limited to guide rails or guide beams 208 and 209. For
embodiments represented by energy absorbing system
20c, guide rails 208 and 209 may have similar configu-
rations and dimensions as associated supporting beams
290.
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[0079] Guide rails 208 and 209 may each have first leg
211 and second leg 212 which intersect each other at
approximately a ninety-degree angle. A plurality of holes
(not expressly shown) may be formed along the length
of first leg 211 to allow attaching guide rails 208 and 209
with respective supporting beams 90b. Mechanical fas-
teners 103a which may be longer than mechanical fas-
teners 103 may be used to attach guide rails 208 and
209 with supporting beams 90b.
[0080] The length of guide rails 208 and 209 may be
longer than the length of the associated rows 188 and
189 of energy absorbing assemblies 86. When energy
absorbing system 20b is in its second position panel sup-
port frames 60a-60e are disposed immediately adjacent-
ly to each other which prevents further movement of sled
assembly 40b. Therefore, it is not necessary for rows 188
and 189 of energy absorbing assemblies 86 to have the
same length as guide rails 208 and 209.
[0081] As shown in FIGURES 5 and 6, corner posts
42 and 43 may be formed from structural steel strips hav-
ing a width of approximately four inches and a thickness
of approximately three quarters of an inch. Each corner
post 42 and 43 may have a length of approximately thirty-
two inches.
[0082] Top brace 141 preferably extends laterally be-
tween corner posts 42 and 43. Bottom brace 51 prefer-
ably extends laterally between corner post 42 and corner
post 43 immediately above guide rails 208 and 209. A
pair of braces 148 and 149 may extend diagonally from
top brace 141 to a position immediately above guide rails
208 and 209. Only brace 148 is shown in FIGURE 5.
[0083] A pair of guide assemblies 54 may be respec-
tively attached with the end of each diagonal brace 148
and 149. Only one guide assembly 54 is shown in FIG-
URE 5. The dimensions of each guide assembly 54 may
be selected to allow contact associated guide beams or
guide rails 208 and 209. For some applications, each
guide assembly 54 may be formed with a relative short
angle approximately the same dimensions and configu-
rations. Guide assemblies 54 cooperate with each other
to insure that sled assembly 40b may slide longitudinally
along guide rails 208 and 209 in the direction of an as-
sociated hazard such as roadside hazard 310. Inertia of
sled assembly 40b and friction associated with sliding
over the top of guide rails 208 and 209 will contribute to
deceleration of an impacting vehicle.
[0084] Most impacts between a motor vehicle and end
41 of sled assembly 40b will generally occur at a location
substantially above energy absorbing assemblies 86. As
a result, vehicle impact with end 41 will generally result
in applying a rotational moment to sled assembly 40b
which forces guide assemblies 54 to bear down on the
top of leg 211 of respective guide rails 208 and 209.
[0085] During a collision between a motor vehicle and
end 41 of sled assembly 40b, force from the vehicle may
be transferred from corner posts 42 and 43 to top brace
141 through diagonal braces 148 and 149 to respective
guide assemblies 54. As a result, guide assemblies 54

will apply force to guide rails 208 and 209 to maintain
desired orientation of sled assembly 40b relative to en-
ergy absorbing assemblies 86.
[0086] As shown in FIGURES 1 and 6 connectors 214
may be attached to bottom brace 51. Connectors 214
may be spaced laterally from each other to receive re-
spective shredders 116. Connectors 224 and 226 are
also preferably attached to and extend from respective
corner posts 43 and 42. Respective shredders 116 may
be attached to connectors 214, 224 and 226.
[0087] Support plates 234 and 236 are preferably dis-
posed immediately adjacent to respective shredders 116
opposite from associated energy absorbing assemblies
86. For the embodiment shown in FIGURES 1 and 6 sup-
port plate 234 may be attached to respective support post
43 and respective connector 214. Support plate 236 may
be attached to respective support post 42 and respective
connector 214. Spacer 244 may be installed between
bottom brace 51 and horizontal support plate 234 prox-
imate corner post 43. A similar spacer (not expressly
shown) may be installed between bottom brace 51 and
horizontal support plate 236 proximate corner post 42.
Backup plate 238 may be secured to bottom brace 51
opposite from associated shredders 116. Backup plate
238 provides additional support for connectors 214 and
horizontal support plates 234, 236.
[0088] Sled assembly 40b may be slidably disposed
on guide rails 208 and 209 and aligned with first end 187
of energy absorbing assemblies 86 with shredders 116
disposed in respective slots 102. The dimensions of
shredder 116 and shredding zone 118 between associ-
ated supporting beams 90 are selected to allow each
shredder 116 to fit between associated flanges 94 and
96 of associated supporting beams 90.
[0089] During a collision with end 21 of energy absorb-
ing system 20b, a vehicle will often experience a decel-
eration spike as momentum is transferred from the vehi-
cle to sled assembly 40b which results in sled assembly
40b and the vehicle moving in unison with each other.
The amount of deceleration due to the momentum trans-
fer is a function of the weight of sled assembly 40b, along
with the weight and initial speed of the vehicle. As sled
assembly 40b slides longitudinally toward roadside haz-
ard 310, guide assemblies 54 will contact respective
guide rails 208 and 208 to maintain desired alignment
between sled assembly 40b, energy absorbing assem-
blies 86, shredders 116 and respective shredding zones
118.
[0090] When a vehicle impacts the first end 41 of the
sled assembly 40b, sled assembly 40b will move toward
hazard 310. Shredders 116, seated in respective slots
102 will engage adjacent energy absorbing elements
100. Shredders 116 will move through adjacent first land
or segment 112 shredding the material in land 112. Each
shredder 116 will pass through first land 112 and enters
the first opening 110. Shredder 116 will then enter the
next land 112, shredding the material. The process re-
peats as shredders 116 pass through lands 112 and
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openings 110 between respective lands 112. Openings
110 provide reliability in the failure of associated energy
absorbing element 100 by both ensuring that shredder
116 remains on a desired path through energy absorbing
element 100 and also ruptures energy absorbing element
100 with a predictable amount of force.
[0091] The center portion of each energy absorbing
element 100 will be shredded between respective sup-
porting beams 90, while the top and bottom portions of
each energy absorbing element 100 remains fixed to re-
spective supporting beams 90 by bolts 103. The center
portion of each energy absorbing element 100 continues
to be shredded as sled assembly 40b continues to push
respective shredders 116 therethrough. The shredding
of portions of energy absorbing elements 100 will stop
when kinetic energy from the impacting vehicle has been
absorbed. After the passage of shredders 116, one or
more energy absorbing elements 100 will be separated
into upper and lower parts (not expressly shown).
[0092] The length of respective rows 188 and 189 as-
sociated with energy absorbing system 20b may be se-
lected to be long enough to provide multiple stages for
satisfactory deceleration of large, high-speed vehicles
after sled assembly 40b has moved through a front por-
tion with "relatively soft" energy absorbing elements.
Generally, energy absorbing elements installed in the
middle portion of rows 188 and 189 and immediately ad-
jacent to the end of each row will be relatively "hard" as
compared to energy absorbing elements installed adja-
cent to first end 21.
[0093] Panel support frames 60a-60e may have sub-
stantially the same dimensions and configuration. There-
fore, only panel support frame 60e as shown in FIGURE
17 will be described in detail. Panel support frame 60e
has a generally rectangular configuration defined in part
by first post 68 disposed adjacent to guide rail 208 and
second post 69 disposed adjacent to guide rail 209. Top
brace 61 extends laterally between first post 68 and sec-
ond post 69. Bottom brace 62 extends laterally between
first post 68 and second post 69. The length of posts 68
and 69 and the location of bottom brace 62 are selected
such that when panel support frame 60e is disposed on
guide rails 208 and 209, bottom brace 62 will contact
guide rails 208 and 209 but posts 68 and 69 will not con-
tact concrete foundation 308.
[0094] A plurality of cross braces 63, 64, 65, 70 and
71 may be disposed between posts 68 and 69, top brace
61 and bottom brace 62 to provide a rigid structure. For
some applications cross braces 63, 64, 65, 70 and 71
and/or posts 68 and 69 may be formed from relatively
heavy structural steel components. Also, cross brace 65
may be installed at a lower position on posts 68 and 69.
The weight of support frames 60a-60e and the location
of the associated cross braces may be selected to pro-
vide desired strength during a side impact with energy
absorbing systems 20, 20a, 20b or 20c.
[0095] Tab 66 may be attached to the end of post 69
adjacent to concrete foundation 308 and extends laterally

toward energy absorbing assemblies 86. Tab 67 is at-
tached to the end of post 68 adjacent to concrete assem-
bly 308 and extends laterally toward energy absorbing
assemblies 86. Tabs 66 and 67 cooperate with bottom
brace 62 to maintain panel support frame 60e engaged
with guide rails 208 and 209 during a side impact with
energy absorbing system 20b to prevent or minimize ro-
tation in a direction perpendicular to guide rails 208 and
209 while allowing panel support frame 60e to slide lon-
gitudinally toward roadside hazard 310.
[0096] Impact from a vehicle colliding with either side
of energy absorbing assembly 20, 20a, 20b, or 20c will
be transferred from panels 160 to panel support frames
60a-60g. The force of the lateral impact will then be trans-
ferred from panel support frames 60a-60g to the associ-
ated guide rails 208 and/or 209 to energy absorbing as-
semblies 86 through cross ties 24 and mechanical fas-
teners 26 to concrete foundation 308. Cross ties 24, me-
chanical fasteners 26, energy absorbing assemblies 86,
guide rails 208 and 209 along with panel support frames
60a-60g provides lateral support during a side impact
with energy absorbing system.
[0097] When a vehicle initially impacts sled assembly
40b facing oncoming traffic, any occupants who are not
wearing a seat belt or other restraining device may be
catapulted forward from their seat. Properly restrained
occupants will generally decelerate with the vehicle. Dur-
ing the short time period and distance sled assembly 40b
travels along guide rails 208 and 209, an unrestrained
occupant may be airborne inside the vehicle. Decelera-
tion forces applied to the impacting vehicle during this
same time period may be quite large. However, just prior
to an unrestrained occupant contacting interior portions
of the vehicle, such as the windshield (not expressly
shown), deceleration forces applied to the vehicle will
generally be reduced to lower levels to minimize possible
injury to the unrestrained occupant.
[0098] Portions of diagonal braces 148 and 149 and/or
top brace 141 of sled assembly 40b will contact panel
support frame 60a which will, in turn, contact panel sup-
port frame 60b and any other panel support frames dis-
posed downstream from sled assembly 40b. Movement
of sled assembly 40b toward hazard 310 results in tele-
scoping of panel support frames 60a-60e and their as-
sociated panels 160 with respect to each other. The in-
ertia of panel support frames 60 and their associated
panels 160 will further decelerate an impacting vehicle
as sled assembly 40b moves longitudinally from first end
21 toward second end 22 of energy absorbing system
20b. The telescoping or sliding of panels 160 against one
another produces additional friction forces which also
contribute to deceleration of the vehicle. Movement of
panel support frames 60a-60e along guide rails 208 and
209 also produces additional frictional forces to even fur-
ther decelerate the vehicle.
[0099] As previously discussed with respect to FIG-
URES 4A and 4B, panel support frames 60a-60e and
associated panels 160 will redirect vehicles striking either
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side of energy absorbing system 20b back onto an as-
sociated roadway. Each panel 160 may a generally elon-
gated rectangular configuration defined in part by first
end or upstream end 161 and second end or downstream
end 162. (See FIGURES 5 and 7.) Each panel 160 pref-
erably includes first edge 181 and second edge 182
which extend longitudinally between first end 161 and
second end 162. For some applications panels 160 may
be formed from standard ten (10) gauge W beam guard-
rail sections having a length of approximately thirty-four
and three-fourth inches for "one-bay panels" and five feet
two inches for "two-bay panels." Each panel 160 prefer-
ably has approximately the same width of twelve and
one-fourth inches.
[0100] As shown in FIGURES 5 and 7, respective slot
164 is preferably formed in each panel 160 intermediate
ends 161 and 162. Slot 164 is preferably aligned with
and extends along the longitudinal center line (not ex-
pressly shown) of each panel 160. The length of slot 164
is less than the length of associated panel 160. Respec-
tive slot plate 170 may be slidably disposed in each slot
164. The upstream end of each slot 164 preferably in-
cludes enlarged portion or key hole portion 164a which
will be discussed later in more detail.
[0101] Metal strap 166 may be welded to first end 161
of each panel 160 along edges 181 and 182 and the
middle. See FIGURE 8. For some applications metal
strap 166 may have a length of approximately twelve and
one-fourth inches and a width of approximately two and
one-half inches. The length of each metal strap 166 is
preferable equal to the width of the respective panel 160
between respective longitudinal edges 181 and 182. Me-
chanical fasteners 167, 168, and 169 may be used to
attach each metal strap 166 with post 68 of associated
panel support frame 69. Mechanical fasteners 167 and
169 are substantially identical. Metal straps 166 provide
more contact points for mounting end 161 of panels 160
to respective panel support frames 60a-60f.
[0102] Recesses 184 may be formed in each panel
160 at the junction between second end 162 and respec-
tive longitudinal edges 181 and 182. (See FIGURE 7.)
Recesses 184 allow panels 160 to fit with each other in
a tight overlapping arrangement when energy absorbing
system 20b is in its first position. As a result, recesses
184 minimize the possibility of a vehicle snagging the
sides of energy absorbing system 20 during a "reverse
angle" collision or impact.
[0103] For purposes of explanation, panels 160 shown
in FIGURE 7 have been designated 160a, 160b, 160c,
160d, 160e and 160f. The longitudinal edges of panels
160a-160d are identified as longitudinal edges 181a-
181d and 182a-182d, and the longitudinal edges of panel
160f are identified as longitudinal edges 181f and 182f.
Also, for panels 160a, 160b, and 160d, ends 161 and
162 are identified as ends 161a and 162a, ends 161b
and 162b, and ends 161d and 162d, respectively. Like-
wise, for panel 160c, the upstream end is identified as
end 161c; and for panel 160e, the downstream end is

identified as end 162e. Respective metal straps 166 may
be attached to first end 161a and first end 161d to post
68 of panel support frame 60c. In a similar manner, re-
spective metal straps 166 are provided to securely attach
first end 161b and 161e to corner post 68 of panel support
frame 60d. As shown in FIGURES 8 and 9, bolt 168 ex-
tends through hole 172 in respective slot plate 170 and
a corresponding hole (not expressly shown) in panel
160b.
[0104] As shown in FIGURE 9, slot plate 170 prefera-
bly includes hole 172 extending therethrough. A pair of
fingers 174 and 176 extend laterally from one side of slot
plate 170. Fingers 174 and 176 may be sized to be re-
ceived within associated slot 164 of respective panel 160.
Mechanical fastener 168 is preferably longer than me-
chanical fasteners 167 and 169 to accommodate slot
plate 170. Each slot plate 170 and bolt 168 cooperate
with each other to securely anchor end 161 of an inner
panel 160 with the associate post 68 or 69 while allowing
an outer panel 160 to slide longitudinally relative to the
associated posts 68 or 69.
[0105] During some vehicle impacts panel support
frames 60a-60e and associated panels 160 may move
to a second position such as shown in FIGURE 4B. As
a result repair and reassembly of energy absorbing sys-
tem 20b may be more difficult. However, enlarged por-
tions 164a of slots 164 cooperate with associated slot
plate 170 to allow the respective panel 160 to be more
easily released from the associated panel support frame
60.
[0106] For some applications the length of enlarged
portion 164a may be approximately equal to or greater
than the combined length of three slot plates 170. En-
larged portions 164a and associated slot plates 170 co-
operate with each other to substantially reduce or elimi-
nate many binding and/or interference problems which
may result from an impacting vehicle moving an energy
absorbing system from a first, extended position to a sec-
ond, collapsed position. See for example, FIGURES 4A
and 4B.
[0107] Energy absorbing system 20c as shown in FIG-
URES 10-16 may include sled assembly 40c and multiple
energy absorbing assemblies 286 aligned in respective
rows 288 and 289 extending generally longitudinally from
a hazard and generally parallel with each other. For some
applications each row 288 and 289 may contain two or
more energy absorbing assemblies 286. Energy absorb-
ing assemblies 286 in row 288 may be spaced laterally
from energy absorbing assemblies 286 in row 289. See
FIGURES 12, 13 and 16.
[0108] Sled assembly 40c may have a modified con-
figuration similar to sled assembly 40b. Energy absorbing
assemblies 286 may be secured with each other by a
plurality of cross braces 24. Cooperation between cross
braces 24 and energy absorbing assemblies 286 results
in energy absorbing system 20c having a relatively rigid
frame structure. As a result, energy absorbing system
20c may be better able to absorb impact from a motor

23 24 



EP 2 204 496 A2

14

5

10

15

20

25

30

35

40

45

50

55

vehicle that strikes sled assembly 40c offset from the
center of end 21 or that strikes end 21 at an angle other
than approximately parallel with energy absorbing as-
semblies 286.
[0109] Energy absorbing assemblies 286 may be se-
curely attached to concrete foundation 308 in front of a
hazard using cross ties 24 and bolts 26 as described with
respect to energy absorbing system 20b and energy ab-
sorbing assemblies 86. Cross tie attachments 300, which
will be discussed later in more detail, may be used to
securely engage energy absorbing assemblies 286 with
respective cross ties 24. Each row 288 and 289 of energy
absorbing assemblies 286 may have a respective first
end 287 which corresponds generally with first end 21 of
energy absorbing system 20c.
[0110] Sled assembly 40c may be disposed adjacent
first end 287 of rows 288 and 289 with shredders 216
aligned with respective energy absorbing assemblies
286 prior to a vehicle impact. For embodiments repre-
sented by energy absorbing system 20c shredders 216
may be disposed generally vertical relative to sled as-
sembly 40c, energy absorbing elements 100 and an as-
sociated roadway (not expressly shown). Each shredder
216 may be formed from a bolt having a diameter of ap-
proximately one half of an inch and a length of approxi-
mately eleven inches. The same materials may be used
to form shredders 216 as previously described with re-
spect to shredders 116. Each energy absorbing element
100 may be disposed generally horizontal relative to as-
sociated shredders 216 and the roadway. See FIGURE
12.
[0111] A pair of ramps 32 may be provided at end 21
of energy absorbing system 20c to prevent small vehicles
or vehicles with low ground clearance from directly im-
pacting first end 287 of rows 288 and 289. Various types
of ramps and other structures may be provided to ensure
that a vehicle impacting end 21 of energy absorbing sys-
tem 20c will properly engage sled assembly 40c and not
directly contact first ends 287 of rows 288 and 289.
[0112] Each energy absorbing assembly 286 as
shown in FIGURES 10-15 may include a pair of support-
ing beams 290 disposed longitudinally parallel with each
other and spaced laterally from each other. Shredding
zone 218 may be formed by the resulting longitudinal gap
between each pair of supporting beams 290. For some
applications supporting beams 290 may have a generally
C-shaped cross section as previously described with re-
spect to supporting beams 90 or any other satisfactory
cross section.
[0113] For applications such as shown in FIGURES
10-14, supporting beams 290 may be described as an-
gles having generally L-shaped cross sections defined
in part by first leg 291 and second leg 292. Legs 291 and
292 may intersect each other at an angle of approximate-
ly ninety degrees. For some applications supporting
beams or angles 290 may be fabricated by using metal
roll forming techniques. The use of angles 290 may re-
duce inventory requirements and cost of both manufac-

ture and repair of an associated crash cushion. For some
applications supporting beams 290 and guide rails 208
and 209 may be formed from the same type of structural
steel angle.
[0114] The L-shaped cross section of each supporting
beam 290 may be disposed facing each other to define
a generally C-shaped or U-shaped cross section for each
energy absorbing assembly 286. For some applications
the width of leg 291 may be substantially longer than the
width of leg 292. For embodiments such as shown in
FIGURE 12, the width of each first leg 291 may be ap-
proximately equal to the combined width of associated
second legs 292 plus the width of shredding zone 218.
As a result energy absorbing assembly 286 may have a
generally square cross section. See FIGURE 12.
[0115] A plurality of holes 98 may be formed in each
second leg 292 for use in attaching one or more energy
absorbing elements 100 with associated energy absorb-
ing assembly 286. For some applications such as shown
in FIGURE 15, the diameter of holes 98 may vary along
the length of each leg 292. For example, some holes 98b
may have an inside diameter selected to accommodate
a typical 9/16" bolt such as mechanical fasteners 250.
Other holes 98a may have a smaller inside diameter se-
lected to accommodate a 3/8" bolt or threaded stud with
a 9/16" diameter shoulder and no head such as mechan-
ical fasteners 260.
[0116] For purposes of describing various features of
the present invention energy absorbing elements 100 as-
sociated with energy absorbing assemblies 286 may be
designated as energy absorbing elements 100a, 100b,
100c and 100d. For some applications energy absorbing
assemblies 286 may have approximately the same over-
all length, width and height as previously described for
energy absorbing assemblies 86. Various types of fas-
teners may be inserted through holes 98 in supporting
beams 290 and corresponding holes 108 formed in en-
ergy absorbing elements 100.
[0117] A pair of energy absorbing elements 100d may
be disposed on each energy absorbing assembly 286
proximate first end 21 of energy absorbing assembly 20c.
See FIGURES 11, 12 and 16. Energy absorbing ele-
ments 100d are shown in dotted lines in FIGURE 10. The
overall length of energy absorbing elements 100d may
be substantially reduced as compared to energy absorb-
ing elements 100a, 100b and 100c. Slot 202 may be
formed in each energy absorbing element 100d to re-
ceive respective shredder 216.
[0118] Dimensions associated with each shredder 216
are preferably selected to be compatible with associated
slot 202 and gap or shredding zone 218 formed between
associated supporting beams 290. The dimensions may
be selected to allow each shredder 216 to slide longitu-
dinally between second legs 292 of associated support-
ing beams 290. For embodiments such as shown in FIG-
URES 10-16, energy absorbing elements 100d have a
relatively short length. However, the length of energy ab-
sorbing elements 100d may be increased based on the
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amount of energy absorption desired within the first stage
of an associated energy absorbing system.
[0119] A plurality of holes (not expressly shown) may
be formed along the length of each first leg 291 to allow
attaching guide rails 208 or 209 with associated support-
ing beams 290. See for example FIGURES 10-13. Var-
ious welding techniques and/or other mechanical attach-
ment techniques may also be satisfactorily used to se-
curely engage guide rails 208 and 209 with respective
energy absorbing assemblies 286. Guide rails 208 and
209 cooperate with each other to allow sled assembly
40c to move longitudinally from first end 21 of energy
absorbing assembly 20c toward an associated hazard.
First leg 211 of guide rails 208 and 209 may be attached
to first leg 291 of associated supporting beams 270.
[0120] For some applications shredders 216 may be
installed as part of replaceable modules 220. As shown
in FIGURES 10, 11 and 12 each module 220 may include
respective support plate 222 disposed between shredder
216 and bottom brace 51. Support plates 222 are shown
in dotted lines in FIGURES 10 and 13. Respective pairs
of angles or brackets 228 and 229 may be attached with
bottom brace 51 extending in the direction of associated
rows 288 and 289. Each pair of angles 228 and 229 may
be spaced from each other to slidably receive respective
module 220 therein. For some applications the upper por-
tion of each module 220 may be enlarged with respective
shoulders (see FIGURE 10). As a result modules 220
may be inserted between respective pairs of angles 228
or 229 with the shoulders resting on the respective pair
of angles 228 or 229.
[0121] For some applications support plates 222 may
be modified to have a blunt shredding surface formed on
the respective downstream edge facing respective ener-
gy absorbing assemblies 286. For such embodiments
the blunt shredding surface may be formed as an integral
component (not expressly shown) of support plates 222.
Support plate 222 may be formed from substantially the
same materials as used to form shredders 216.
[0122] For some applications respective retainer lugs
240 may extend through openings (not expressly shown)
in each module 220 and associated brackets 228 or 229.
See FIGURE 12. Cotter pin 242 or similar devices may
be used to releasably engage retainer lug 240 with as-
sociated module 220 and brackets 228 or 229. In the
event of failure or damage to shredder 216, associated
cotter pin 242 may be removed to allow retainer lug 240
to be disengaged from associated module 220 and re-
spective brackets 228 or 229. Module 220 may then be
removed and damaged shredder 216 replaced.
[0123] For some applications each shredder 216 may
have threads formed on opposite ends thereof to receive
respective nuts 232. See FIGURE 12. Support plates 220
may have appropriately sized openings to receive re-
spective shredder 216 therethrough. Nuts 232 may be
attached with the threaded portions of each shredder 216
to securely engage shredders 216 with associated sup-
port plates 222. Various other mechanisms and tech-

niques may be satisfactorily used to releasably engage
shredders 216 with sled assembly 40c. The present in-
vention is not limited to modules 220, vertical support
plates 222, retainer lugs 240 or nuts 232.
[0124] Sled assembly 40c may be include corner posts
42 and 43 along with other features of previously de-
scribed sled assembly 40b. Top brace 141 and bottom
brace 51 preferably extend laterally between corner
posts 42 and 43. Bottom brace 51 may be disposed im-
mediately adjacent to second leg 212 of guide rails 208
and 209. See FIGURE 12. The dimensions and materials
used to form bottom brace 51 may be selected to provide
substantial strength for transferring of energy from an
impacting vehicle to shredders 216 and associated en-
ergy absorbing elements 100. The height of bottom brace
51 and the length of legs 42 and 43 may be selected to
provide substantial clearance between the bottom of cor-
ner post 42 and 43 with respect to concrete foundation
308 and cross ties 24. See FIGURE 12. The dimensions
of bottom brace 51 and the length of corner post 42 and
43 cooperate with each other to reduce the possibility
that any portion of sled assembly 40c may contact cross
ties 24 and/or portions of anchor bolts 26. As a result,
sled assembly 40c may often be reused after a vehicle
impact.
[0125] For some applications such as shown in FIG-
URES 10, 11 and 12, a pair of hook shaped plates 268
and 269 may be attached proximate the end corners 43
and 42. Respective contact plates 266 may be attached
to each pair of hook plates 268 and 269. Hook shaped
plates 268 and associated contact plates 266 may en-
gage adjacent portions of guide rail 208 to resist side
impacts with sled assembly 40b and maintain sled as-
sembly 40b slidably disposed on guide rails 208 and 209.
Hook shaped plates 269 and associated contact plate
266 may engage adjacent portions of guide rail 209 for
similar purposes and functions.
[0126] Gussets may be disposed between corner
posts 42 and 43 and bottom brace 51 to provide additional
structural support. One or more reinforcing braces or an-
gles (not expressly shown) may be disposed on bottom
brace 51 and adjacent to portions of modules 220.
[0127] A pair of braces 148 and 149 may extend diag-
onally from top brace 141 to a position immediately above
guide rails 208 and 209. Braces 48 and 49 may extend
longitudinally from bottom brace 51 and engage diagonal
braces 148 and 149 proximate respective guide rails 208
and 209. For some applications horizontal braces 48 and
49 may be formed from angles. Cross braces 143 and
144 may be securely engaged with horizontal braces 48
and 49 in a generally X-shaped pattern. Horizontal brace
145 may be disposed between diagonal braces 148 and
149.
[0128] Guide assemblies 58 and 59 may be attached
with respective ends of diagonal braces 148 and 149.
Guide assemblies 58 and 59 and guides 54 may have
similar features and characteristics. Guide assemblies
58 and 59 may be formed from an angle having dimen-
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sions compatible with associated guide rails 208 and 209.
Guide assemblies 58 and 59 cooperate with each other
to allow sled assembly 40c to slide longitudinally along
guide rails 208 and 209 in the direction of an associated
hazard.
[0129] Guide assemblies 58 and 59 may include re-
spective first legs 57 which extend downwardly relative
to associated guide rail 208 and 209. Legs 57 cooperate
with each other to maintain sled assembly 40c disposed
on guide rails 208 and 209 and shredders 216 aligned
with respective shredding zones 218 during a vehicle im-
pact while at the same time allowing sled assembly 40c
to slide longitudinally along guide rails 208 and 209 to-
wards an associated hazard. Legs 57 cooperate with
each other to limit undesired lateral movement of sled
assembly 40c in response to a side impact. The inertia
of sled assembly 40c and friction associated with guide
assemblies 58 and 59 and bottom brace 51 sliding over
legs 212 of guide rails 208 and 209 will contribute to de-
celeration of an impacting vehicle.
[0130] A plurality of mechanical fasteners may be used
to securely engage energy absorbing elements 100 with
associated supporting beams 290 to form energy absorb-
ing assemblies 286. By installing energy absorbing as-
semblies 286 with associated energy absorbing ele-
ments 100 in a generally horizontal orientation relative
to other components of energy absorbing system 20c
and an associated roadway, the mechanical fasteners
may be more readably accessible for replacing damaged
components and installing new components. See FIG-
URE 13.
[0131] For example, bolts 250 and associated nuts 252
may be used to securely engage one or more energy
absorbing elements 100 with respective supporting
beams 290. A plurality of headless bolts 260 may also
be used to releasably secure energy absorbing elements
100 with associated supporting beams 290. Dimensions
associated with headless bolts 260 and corresponding
openings 108 in associated energy absorbing elements
100 may be selected such that energy absorbing ele-
ments 100 may be installed and removed after disen-
gagement of the mechanical fasteners 250 and without
disengagement of headless bolts 260. For embodiments
such as shown in FIGURES 14 and 15, bolts 250 and
washers 254 may be removed to allow disengagement
of doublers 114 and associated energy absorbing ele-
ments 100a and 100c. Nut 252 will preferably remain
securely engaged with associated nut retainer 280.
[0132] For some embodiments of the present invention
such as represented by energy absorbing system 20c,
each energy absorbing element 100 may have a gener-
ally elongated rectangular configuration defined in part
by first longitudinal edge 121 and second longitudinal
edge 122. See FIGURES 15 and 16. A first row of open-
ings 108 may be formed in each energy absorbing ele-
ment 100 adjacent to first longitudinal edge 121. A sec-
ond row of openings 108 may be formed in each energy
absorbing element 100 adjacent to respective second

longitudinal edge 122. A third row of openings 110 with
lands 112 disposed therebetween may be formed in each
energy absorbing element 100 between the first row of
openings 108 and the second row of openings 108. See
FIGURES 15 and 16.
[0133] For some applications energy absorbing sys-
tem 20c may have a relatively soft first stage, a second
stage having increased energy absorbing capability and
a third stage designed to absorb the energy of a high
speed and/or heavy vehicle. The length of energy ab-
sorbing elements 100d in the first stage may be increased
and/or decreased to vary the amount of energy absorbed
during initial impact of a vehicle with sled assembly 40c.
[0134] The second stage of energy absorbing system
20c may include energy absorbing elements 100a with
variable spacing between associated openings 110 and
associated lands 112. For embodiments such as shown
in FIGURE 16 the first portion of each energy absorbing
element 100a may include openings 110 having a diam-
eter of approximately one inch with a spacing of approx-
imately two inches between the centers of adjacent open-
ings 110. The middle portion of each energy absorbing
element 100a may include openings 110 having a diam-
eter of approximately one inch and a spacing of approx-
imately two inches between centers of adjacent openings
110. As a result, the length of segments 112a in the first
portion of each energy absorbing element 100a may be
approximately one inch. Each segment 112b in the mid-
dle portion of energy absorbing element 100a may have
a length of approximately two inches.
[0135] When a vehicle initially impacts sled assembly
40c a portion of the vehicle’s energy will be absorbed in
the first stage. When shredders 216 engage energy ab-
sorbing elements 100a, the amount of energy absorbed
by segments 112a may increase as compared with the
first stage (energy absorbing elements 100d) but may
remain at a lower value as compared with energy ab-
sorbed by segments 112b. The increased length of seg-
ments or lands 112b results in increased deceleration as
compared with the shorter segments 112a. Therefore,
substantial amounts of energy may be absorbed as
shredders 216 move through the middle portion of re-
spective energy absorbing elements 100a.
[0136] As an impacting vehicle starts to slow down,
less energy absorption may be desired to prevent an un-
restrained occupant from impacting portions of the vehi-
cle. Therefore, the spacing between holes 110 in the third
portion or last portion of each energy absorbing element
100a may be reduced. For example, segments 112c may
have approximately the same length as segments 112a
or the length of segments 112c may be even more re-
duced as compared with the length of segments 112a.
[0137] For many vehicle impacts, most of the energy
absorption may occur in stages one and two. However,
for very high speed and/or heavy vehicles, shredders 216
may engage energy absorbing elements 100b in stage
three. For some applications the thickness of energy ab-
sorbing elements 100b in stage 3 may be substantially
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increased. Alternatively, the spacing between holes 110
in stage 3 may be substantially increased. Teachings of
the present invention allow modifying energy absorbing
elements 100 to provide desired deceleration for a wide
variety of vehicles traveling at a wide variety of speeds
without resulting in injury to an unrestrained occupant of
the vehicle.
[0138] For some applications two or more energy ab-
sorbing elements 100 may be disposed on second leg
292 of each supporting beam 290. For embodiments
such as shown in FIGURE 14, the thickness of energy
absorbing elements 100a and 100c may vary. Also, the
spacing between respective openings 110 and/or the
size of openings 110 formed in each energy absorbing
element 100a and 100c may be varied.
[0139] As previously noted the present invention al-
lows reducing the number of mechanical fasteners which
must be engaged and disengaged during replacement
of a ruptured or shredded energy absorbing element 100.
As shown in FIGURES 14 and 15 one or more headless
mechanical fastener or headless bolts 260 may be dis-
posed between respective mechanical fasteners 250.
For some applications doublers or strong backs 114 may
be disposed on energy absorbing elements 100 opposite
from second leg 292 of associated support beam 290.
Doublers or strong backs 114 improve the holding force
of associated mechanical fasteners 250 while at the
same time accommodating the use of headless bolts 260.
For some applications such as shown in FIGURE 13,
pairs of doublers, designated 114a-114h, may be used
to securely engage respective energy absorbing ele-
ments 100 with associated energy absorbing assemblies
286. Each doubler 114 preferably includes holes 124 cor-
responding in diameter with associated holes 108 formed
along the longitudinal edges 121 and 122 of each energy
absorbing element 100. Holes 124 formed in doublers
114 are preferably selected to accommodate both bolts
250 and headless bolts 260.
[0140] Various techniques and procedures may be
satisfactorily used to manufacture and assemble energy
absorbing assemblies in accordance with teachings of
the present invention. For example, energy absorbing
assemblies 286 such as shown in FIGURES 13, 14, 15
and 16 may be manufactured and assembled by forming
supporting beams 290 having a plurality of holes 98a and
98b extending through each leg second 292. For embod-
iments such as shown in FIGURES 13, 14, 15 and 16
three small holes 98a may be disposed between adjacent
larger diameter holes 98b. Energy absorbing elements
100 and doublers 114 which may be releasably attached
with each second leg 292.
[0141] Headless bolts 260 may be inserted through
respective small diameter holes 98a. Shoulder 264 on
each headless bolt 260 will preferably engage adjacent
portions of second leg 292. Respective nuts 262 may be
engaged with the threaded portion of each headless bolt
260 extending through second leg 292. One or more en-
ergy absorbing elements 100 may be placed or stacked

on respective second legs 292 by inserting headless
bolts 260 through associated holes 108. Doublers 114
will also be placed on respective energy absorbing ele-
ments 100 by inserting headless bolts 260 through as-
sociated holes 124. Respective mechanical fasteners
250 may then be inserted through associated openings
124 in doublers 114, openings 108 in energy absorbing
elements 100 and large diameter opening 98b in asso-
ciated second leg 292. Washer 254 may be disposed
between the head of bolt 250 and doubler 114. Nut 252
may then be securely engaged with each bolt 250 to se-
curely attach energy absorbing elements 100a and 100c
with respective supporting beams 290. Doublers 114 ef-
fectively increase the "holding power" of associated bolts
250 and nuts 252.
[0142] For some applications such as shown in FIG-
URES 14 and 15 respective nut retainers 280 may be
disposed on each second leg 292 opposite from energy
absorbing elements 100. Each nut retainer 280 prefera-
bly includes at least one opening with respective nut 252
disposed therein. Nut retainer 280 allows associated me-
chanical fastener 250 to be engaged and disengaged
without having to hold nut 252. Therefore, when energy
absorbing assembly 286 is disposed with energy absorb-
ing elements 100 in a generally horizontal position, en-
gagement with only the head of mechanical fastener 250
is required to engage and disengage mechanical fasten-
er 250 from respective nut 252.
[0143] Nut retainers 280 may be formed with various
configurations and orientations. For some applications
nut retainer 280 may include one or more welded attach-
ments (not expressly shown) to secure each nut 252
aligned with respective opening 98b. For other applica-
tions each nut retainer 280 may include a generally rec-
tangular plate 282 with a first opening 284 and second
opening 286 formed therein. First opening 284 may be
selected to receive associated nut 252. Second opening
286 is preferably smaller than first opening 284. Second
opening 286 may be sized to receive the threaded portion
of associated headless bolt 260. Keeper plate 296 may
be attached to nut retainer 280 opposite from second leg
292 of supporting beam 290. Keeper plate 296 may also
include first hole 298 sized to receive the threaded portion
of associated mechanical fastener 250 and second hole
299 sized to receive the threaded portion of headless
bolt 260. For some applications retainer plate 282 and
keeper plate 296 may be installed on associated head-
less bolt 260 prior to engaging nut 262 with the respective
threaded portion. Hole 298 of each keeper plate 296 with
nut 252 disposed therein is preferably aligned with asso-
ciated large diameter hole 98b in second leg 192 of as-
sociated supporting beam 290. Hole 299 in each keeper
plate 296 is preferably aligned with associated smaller
diameter hole 98a in second leg 192 of associated sup-
porting beam 290.
[0144] For some applications energy absorbing ele-
ments 100d may be attached to associated supporting
beams 290 by four mechanical fasteners bolts 250 and
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no doublers. Energy absorbing element 100a may be
attached to associated supporting beams 290 by eight
doublers and twenty four mechanical fasteners 250. En-
ergy absorbing elements 100b may also be attached to
associated supporting beams 290 by eight doublers and
twenty four mechanical fasteners 250. For some appli-
cations the length of energy absorbing system 20c may
be increased by adding more energy absorbing assem-
blies 286.
[0145] Various types of mechanisms may be satisfac-
torily used to engage energy absorbing assemblies 286
with cross ties 24. For embodiments such as shown in
FIGURE 14, each cross tie attachment 300 may have
the general configuration of an angle defined in part by
legs 301 and 302. A plurality of mechanical fasteners 304
may be disposed between openings formed in leg 301
and securely engaged with corresponding holes (not ex-
pressly shown) formed in first leg 291 of associated sup-
porting beam 290. Second leg 302 of each cross tie at-
tachment 300 may be welded or otherwise securely at-
tached with associated cross tie 24.
[0146] Technical benefits of the present invention may
include providing modular base units which may be pre-
assembled prior to delivery at a roadside location. For
some applications each modular base unit may include
rows 188 and 189 or rows 288 and 289, sled assembly
40b or 40c and panel support frames 60a-60g with panels
160 installed in their first position. The use of a modular
base unit may minimize repair time at a roadway location
and allow for more efficient, cost effective repair of a dam-
aged modular base unit at an off site repair facility.
[0147] Energy absorbing assemblies 86 or 286 and
shredders 116 and 216 may also be used in a wide variety
of movable applications such as truck mounted attenu-
ators. The present invention is not limited to relatively
fixed applications such as represented by energy absorb-
ing system 20, 20a, 20b and 20c. For truck mounted at-
tenuators, such as described in U.S. Patent No.
5,947,452, energy absorbing assemblies 86 or 286 may
be attached to and extend rearwardly from a truck or
other vehicle (not expressly shown). An impact head (not
expressly shown) may be provided at the end of energy
absorbing assemblies 86 or 286 opposite from the truck
or other vehicle. Respective shredders 116 or 216 may
be mounted on the truck or other vehicle opposite from
the impact head. Each shredder 116 or 216 may be
aligned with respective energy absorbing assembly 86
or 286 as previously shown. When a second vehicle con-
tacts the impact head, the shredders will remain fixed
relative to the energy absorbing assemblies as the en-
ergy absorbing assemblies move past the respective
shredders. The shredders operate as discussed above
and energy is dissipated so that the second vehicle is
slowed and then stopped.
[0148] Although the present invention has been de-
scribed in detail, it should be understood that various
changes, substitutions and alterations can be made here-
to without departing from the scope of the invention as

defined by the appended claims.
[0149] The energy absorbing system is further de-
scribed in the following numbered clauses.

1. An energy absorbing system operable to minimize
the results of a collision between a vehicle traveling
on a roadway and a hazard comprising: the energy
absorbing system having a first end and a second
end; the second end of the energy absorbing system
disposed adjacent to the hazard with the first end
extending therefrom; a sled slidably disposed prox-
imate the first end of the energy absorbing system;
at least one energy absorbing assembly disposed
between the hazard and the sled assembly; each
energy absorbing assembly having at least one en-
ergy absorbing element; each energy absorbing el-
ement having a plurality of openings formed therein
with respective segments disposed between adja-
cent openings; the sled assembly having at least one
shredder attached thereto and generally aligned with
each energy absorbing assembly and the at least
one energy absorbing element; each shredder hav-
ing a blunt surface generally aligned with the open-
ings formed in the at least one energy absorbing el-
ement; and the sled assembly having a first end fac-
ing oncoming traffic whereby a collision of a vehicle
with the first end of the sled assembly will cause the
shredder to slide longitudinally relative to each en-
ergy absorbing element and dissipate energy from
the vehicle by shredding the segments disposed be-
tween respective openings.
2. The energy absorbing system of clause 1 further
comprising: a pair of energy absorbing assemblies
extending generally parallel with each other and
spaced laterally from each other; and each shredder
including a bolt having a generally blunt, round sur-
face aligned with the openings and segments of the
at least one energy absorbing element 3. The energy
absorbing assembly of clause 1 further comprising:
a first row of energy absorbing assemblies and a
second row of energy absorbing assemblies extend-
ing longitudinally from the hazard; the first row and
the second row of energy absorbing assemblies
spaced laterally from each other; and one of the
shredders aligned with energy absorbing elements
of the first row of the energy absorbing assemblies
and another of the shredders aligned with energy
absorbing elements of the second row of the energy
absorbing assemblies.
4. The energy absorbing system of clause 1 further
comprising: a first row of energy absorbing assem-
blies having a first guide rail attached thereto; a sec-
ond row of energy absorbing assemblies having a
second guide rail attached thereto; the first guide rail
and the second guide rail spaced laterally from each
other; the sled assembly having a first guide assem-
bly slidably disposed on the first guide rail; and a
second guide assembly slidably disposed on the
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second guide rail.
5. The energy absorbing assembly of clause 1 further
comprising: a pair of energy absorbing assemblies
spaced laterally from each other; the sled assembly
slidably coupled with each energy absorbing assem-
bly; and the shredder disposed adjacent to the re-
spective energy absorbing assemblies whereby a
collision between a vehicle and the sled assembly
results in each shredder shredding portions of the
respective energy absorbing element of each energy
absorbing assembly to dissipate energy from the ve-
hicle.
6. The energy absorbing system of clause 1 wherein
energy absorbing assembly further comprises: a pair
of supporting beams disposed longitudinally parallel
with each other; at least one energy absorbing ele-
ment attached to each pair of supporting beams; and
the supporting beams spaced laterally from each
other to allow the respective shredder to engage the
at least one energy absorbing element to dissipate
energy from the vehicle.
7. The energy absorbing system of clause 6 further
comprising each supporting beam having a gener-
ally C- shaped cross section.
8. The energy absorbing system of clause 6 further
comprising each supporting beam having a gener-
ally L- shaped cross section.
9. The energy absorbing system of clause 1 further
comprising: each shredder securely attached to the
sled assembly; the sled assembly slidably coupled
proximate one end of each energy absorbing assem-
bly; and the space between the openings and dimen-
sions of the associated segments varying along the
length of each energy absorbing element whereby
varying amounts of force may be required to move
each shredder through the associated energy ab-
sorbing element.
10. An energy absorbing system operable to mini-
mize the results of an impact between a vehicle and
a hazard comprising: the energy absorbing system
having a first and a second end; the second end of
the energy absorbing system disposed adjacent to
the hazard with the first end extending longitudinally
therefrom; a sled assembly slidably disposed adja-
cent to the first end of the energy absorbing system;
a first row of energy absorbing assemblies and a
second row of energy absorbing assemblies extend-
ing from the hazard; the first row and the second row
of energy absorbing assemblies spaced laterally
from each other; each energy absorbing assembly
having at least one energy absorbing element; the
sled assembly having a first shredder and a second
shredder mounted thereon and generally aligned
normal to associated energy absorbing elements;
and the sled assembly having a first end facing on-
coming traffic whereby an impact of a vehicle with
the first end of the sled assembly results in each
shredder dissipating kinetic energy of the vehicle by

shredding portions of the associated energy absorb-
ing elements.
11. The energy absorbing system of clause 10 fur-
ther comprising : a first guide rail attached to the first
row of energy absorbing assemblies and a second
guide rail attached to the second row of energy ab-
sorbing assemblies; a plurality of panel support
frames slidably disposed on the first guide rail and
the second guide rail between the sled assembly and
the hazard; the panel support frames having a first
position spaced longitudinally from each other; and
a plurality of panels attached to the panel support
frames and extending longitudinally along opposite
sides of the energy absorbing system.
12. The energy absorbing system of clause 11 fur-
ther comprising a respective longitudinal slot formed
in each of the panels ; an associated slot plate slid-
ably engaged within each slot; each slot plate se-
curely attached with one of the panel support frames
to allow longitudinal movement of the panel support
frame and associated panel relative to each other;
and each longitudinal slot having an enlarged portion
with dimensions larger than the associated slot plate
whereby the associated panel may be disengaged
from the associated slot plat and attached support
frame when the slot plate is disposed within the re-
spective enlarged portion.
13. An energy absorbing system operable to mini-
mize the effects of an impact between a vehicle
traveling on a roadway and a hazard comprising: the
energy absorbing system having a first end and a
second end; the second end of the energy absorbing
system disposed adjacent to the hazard with the first
end spaced therefrom; a sled slidably disposed on
the first end of the energy absorbing system; at least
one energy absorbing assembly disposed between
the hazard and the sled assembly; each energy ab-
sorbing assembly having at least one energy absorb-
ing element; each energy absorbing element have
a generally elongated, rectangular configuration with
a plurality of openings formed therein and respective
lands disposed between adjacent openings; each
energy absorbing element disposed generally hori-
zontal relative to the sled; the sled having at least
one shredder attached thereto and generally aligned
with the openings in each energy absorbing element;
and the sled having a first end facing oncoming traffic
whereby an impact by a vehicle with the first end of
the sled will cause the shredder to slide longitudinally
relative to each energy absorbing element and dis-
sipate kinetic energy of the vehicle by shredding the
lands disposed between the associated openings.
14. The energy absorbing system of clause 13 fur-
ther comprising: a pair of energy absorbing assem-
blies extending generally longitudinally from the
roadside hazard and spaced laterally from each oth-
er; the shredder including a pair of bolts; and each
bolt having a generally blunt, round surface aligned
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with the lands and associated openings.
15. The energy absorbing assembly of clause 13 fur-
ther comprising: a first row and a second row of en-
ergy absorbing assemblies extending longitudinally
from the hazard; the first row and the second row of
energy absorbing assemblies spaced laterally from
each other; and the sled having a first shredder
aligned with energy absorbing elements of the first
row of energy absorbing assemblies and a second
shredder aligned with energy absorbing elements of
the second row of energy absorbing assemblies.
16. The energy absorbing system of clause 15 fur-
ther comprising the sled assembly having a first
guide assembly and a second guide assembly op-
erable for respective engagement with the first row
and the second row of energy absorbing assemblies.
17. The energy absorbing assembly of clause 13 fur-
ther comprising: a pair of energy absorbing assem-
blies spaced laterally from each other; the sled as-
sembly slidably coupled with each energy absorbing
assembly; and each energy absorbing assembly
having at least one energy absorbing element dis-
posed generally horizontal relative to the sled as-
sembly and the roadway.
18. The energy absorbing system of clause 13
wherein energy absorbing assembly further com-
prises: a pair of supporting beams disposed parallel
with each other; at least one energy absorbing ele-
ment attached to each pair of supporting beams; the
supporting beams spaced from each other to allow
each shredder to engage the associated energy ab-
sorbing elements to dissipate energy from the impact
of the vehicle; and the energy absorbing elements
disposed generally horizontal relative to the associ-
ated pair of supporting beams.
19. The energy absorbing system of clause 13
wherein each energy absorbing assembly further
comprises: a pair of supporting beams disposed par-
allel with each other; at least one energy absorbing
element attached to each pair of supporting beams;
the supporting beams spaced from each other to al-
low each shredder to engage the associated energy
absorbing elements to dissipate energy from the im-
pact of the vehicle; and the energy absorbing ele-
ments disposed generally vertical relative to the as-
sociated pair of supporting beams.
20. The energy absorbing system of clause 13 fur-
ther comprising: a first shredder and a second shred-
der assembly; each energy absorbing assembly
having at least one energy absorbing element at-
tached thereto; and the sled assembly slidably cou-
pled to each energy absorbing assembly.
21. A method for absorbing energy to minimize the
results of a collision between a vehicle traveling on
a roadway and a hazard comprising: installing at
least one energy absorbing assembly, having at
least one energy absorbing element adjacent to the
hazard with the at least one energy absorbing as-

sembly and at least one associated energy absorb-
ing element disposed between a vehicle traveling on
the associated roadway and the hazard; installing a
sled assembly, having at least one shredder, proxi-
mate one end of the at least one energy absorbing
assembly opposite from the hazard ; and aligning
each shredder of the sled assembly oriented gener-
ally normal to at least one energy absorbing element.
22. The method of clause 21 further comprising in-
stalling each energy absorbing assembly with the at
least one energy absorbing element disposed gen-
erally horizontal relative to the associated roadway.
23. The method of clause 21 further comprising in-
stalling each energy absorbing assembly with the at
least one energy absorbing element disposed gen-
erally vertical relative to the associated roadway.
24. An energy absorbing system operable to mini-
mize an impact between a vehicle and a hazard com-
prising: the energy absorbing system having a first
end and a second end; the second end of the energy
absorbing system disposed adjacent to the hazard
with the first end extending longitudinally therefrom;
a sled assembly slidably disposed proximate the first
end of the energy absorbing system; a plurality of
panel support frames slidably disposed on a first
guide rail and a second guide rail between the sled
assembly and the hazard; the panel support frames
spaced longitudinally from each other; and a plurality
of panels attached to the panel support frames and
extending longitudinally along opposite sides of the
energy absorbing system.
25. The energy absorbing systems of clause 24 fur-
ther comprising: a first row of energy absorbing as-
semblies and a second row of energy absorbing as-
semblies extending from the hazard; the first row and
the second row of energy absorbing assemblies
spaced laterally from each other; each energy ab-
sorbing assembly having at least one energy absorb-
ing element; the sled assembly having a first shred-
der and a second shredder mounted thereon and
generally aligned normal to associated energy ab-
sorbing elements; and the sled assembly having a
first end facing oncoming traffic whereby an impact
of a vehicle with the first end of the sled assembly
results in each shredder dissipating kinetic energy
of the vehicle by shredding portions of the associated
energy absorbing elements.
26. The energy absorbing system of clause 24 fur-
ther comprising: a respective longitudinal slot formed
in each panel; a respective slot plate slidably dis-
posed within each slot; each slot plate securely at-
tached with one of the panel support frames to allow
sliding, longitudinal movement of the panel support
frame and the associated panel relative to each oth-
er; and each longitudinal slot having an enlarged por-
tion with dimensions larger than the associated slot
plate.
27. A method for absorbing energy to minimize the
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results of a collision between a vehicle traveling on
a roadway and a hazard comprising; installing a pair
of energy absorbing assemblies adjacent to the haz-
ard with each energy absorbing assembly having as-
sociated energy absorbing elements; installing a
sled assembly having a pair of shredders adjacent
to one end of the energy absorbing assemblies dis-
posed between oncoming traffic and the energy ab-
sorbing assemblies; and aligning the sled assembly
and the pair of shredders relative to the energy ab-
sorbing assemblies with each shredder oriented
generally normal to the energy absorbing elements
of the associated energy absorbing assembly.
28. The method of clause 27 further comprising in-
stalling each energy absorbing assembly with the
respective energy absorbing elements disposed
generally horizontal relative to the roadway.
29. The method of clause 27 further comprising in-
stalling each energy absorbing assembly with the
respective energy absorbing elements disposed
generally vertical relative to the roadway.
30. An energy absorbing system operable to mini-
mize the results of a collision between a vehicle
traveling on a roadway and a hazard comprising: the
energy absorbing system having a first end and a
second end; the second end of the energy absorbing
system disposed adjacent to the hazard with the first
end extending therefrom; a pair of guide rails extend-
ing between the first end of the energy absorbing
system and the second end of the energy absorbing
system ; a sled assembly slidably disposed on the
guide rails proximate the first end of the energy ab-
sorbing system ; a plurality of panel support frames
slidably disposed on the guide rails between the sled
assembly and the second end of the energy absorb-
ing system; the panel support frames having a first
position spaced longitudinally from each other; a plu-
rality of panels attached to the sled assembly and
the panel support frames; a longitudinal slot formed
in each of the panels; a respective slot plate slidably
disposed in each slot; each slot plate respectively
engaged with one of the panel support frames to
allow longitudinal movement of the panel support
frame and panel relative to each other; and an en-
larged portion formed proximate an upstream end of
each longitudinal slot to allow removal of the asso-
ciated panel from the respective panel support frame
following a vehicle collision with the sled assembly.
31. An energy absorbing system operable to mini-
mize the results of a collision between a vehicle
traveling on a roadway and a hazard comprising: at
least one energy absorbing assembly having a pair
of supporting beams with at least one energy ab-
sorbing element attached to the supporting beams;
the energy absorbing system having a first end and
a second end; and the energy absorbing system dis-
posed with the energy absorbing element extending
generally horizontally relative to the roadway.

32. The energy absorbing system of clause 31 fur-
ther comprising : a plurality of openings formed in
each supporting beam and corresponding openings
formed in each energy absorbing element; a plurality
of mechanical fasteners respectively extending
through the holes in energy absorbing element and
the corresponding holes in the supporting beams; a
doubler disposed on each energy absorbing element
opposite from the respective support beam; and a
plurality of openings formed in each doubler with
each mechanical fastener extending through a re-
spective hole in the doubler.
33. The energy absorbing system of clause 31 fur-
ther comprising; each energy absorbing element
having a generally elongated rectangular configura-
tion defined in part by a first longitudinal edge and a
second longitudinal edge; a first row and a second
row of openings formed along each respective first
longitudinal edge and second longitudinal edge of
each energy absorbing element; and a third row of
openings with lands disposed therebetween extend-
ing along the length of each energy absorbing ele-
ment between the first row and the second row of
openings.
34. The energy absorbing system of clause 33
wherein the mechanical fasteners further comprise:
a plurality of headless bolts securely engaged with
respective holes in the supporting beams; and di-
mensions of the headless bolts and respective open-
ings formed in the first row and the second row of
each energy absorbing element selected to allow in-
stalling and removing each energy absorbing ele-
ment without disengagement of the headless bolts
from the associated supporting beams.
35. The energy absorbing system of clause 34 fur-
ther comprising: a plurality of bolts with heads en-
gaged with respective holes in the first row and the
second row of each energy absorbing element and
respective holes in the supporting beams; and at
least one of the headless bolts disposed between
the bolts with heads.
36. The energy absorbing system of clause 31 fur-
ther comprising: at least one nut retainer securely
engaged with each supporting beam opposite from
the associated energy absorbing element; a nut dis-
posed within each nut retainer; and the nut operable
to receive a bolt extending through one of the open-
ings in the associated energy absorbing element to
the securely engaged the energy absorbing element
with the supporting beam.
37. The energy absorbing system of clause 36
wherein the nut retainer further comprises: a plate
having a generally rectangular configuration with di-
mensions compatible with attachment to the associ-
ated supporting beam; a first hole disposed in the
retainer plate and a second hole disposed in the re-
tainer plate; the first hole sized to receive a first me-
chanical fastener extending through the associated
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energy absorbing element and the supporting
beams; and the second hole sized to receive a sec-
ond mechanical fastener extending through the as-
sociated energy absorbing element and the support-
ing beam.
38. The energy absorbing system of clause 37 fur-
ther comprising: a keeper plate attached with the nut
retainer plate opposite from the supporting beams;
a first end of the keeper plate securely engaged with
the first mechanical fastener; and a second end of
the keeper plate disposed proximate the nut to re-
leasably hold the nut in the retainer plate.

Claims

1. An energy absorbing system (20) operable to mini-
mize the results of an impact between a vehicle and
a hazard comprising:

the energy absorbing system (20) having a first
and a second end;
the second end of the energy absorbing system
(20) disposed adjacent to the hazard with the
first end extending longitudinally therefrom;
a sled assembly (40) slidably disposed adjacent
to the first end of the energy absorbing system
(20);
a first row of energy absorbing assemblies (86,
286) and a second row of energy absorbing as-
semblies (86, 286) extending from the hazard;
the first row and the second row of energy ab-
sorbing assemblies (86, 286) spaced laterally
from each other;
each energy absorbing assembly (86, 286) hav-
ing at least one energy absorbing element (100);
the sled assembly (40) having a first shredder
and a second shredder mounted thereon and
generally aligned vertical relative to associated
energy absorbing elements (100); and
the sled assembly (40) having a first end facing
oncoming traffic whereby an impact of a vehicle
with the first end of the sled assembly (40) re-
sults in each shredder dissipating kinetic energy
of the vehicle by shredding portions of the as-
sociated energy absorbing elements (100).

2. The energy absorbing system (20) of Claim 1 further
comprising:

a first guide rail attached to the first row of energy
absorbing assemblies (86, 286) and a second
guide rail attached to the second row of energy
absorbing assemblies (86, 286);
a plurality of panel support frames (60a-60e) sl-
idably disposed on the first guide rail and the
second guide rail between the sled assembly
(40) and the hazard;

the panel support frames (60a-60e) having a first
position spaced longitudinally from each other;
and
a plurality of panels (160) attached to the panel
support frames (60a-60e) and extending longi-
tudinally along opposite sides of the energy ab-
sorbing system (20).

3. The energy absorbing system (20) of Claim 1 further
comprising

a respective longitudinal slot (164a) formed in
each of the panels (160);
an associated slot plate (170) slidably engaged
within each slot;
each slot plate (170) securely attached with one
of the panel support frames (60a-60e) to allow
longitudinal movement of the panel support
frame and associated panel relative to each oth-
er; and
each longitudinal slot (164a) having an enlarged
portion with dimensions larger than the associ-
ated slot plate (170) whereby the associated
panel may be disengaged from the associated
slot plate and attached support frame when the
slot plate (170) is disposed within the respective
enlarged portion.

4. The energy absorbing system (20) of Claim 1 where-
in each shredder further comprising a respective bolt
having a generally blunt, round surface aligned with
the associated energy absorbing elements (100).

5. An energy absorbing system (20) operable to mini-
mize the results of an impact between a vehicle and
a hazard comprising:

the energy absorbing system (20) having a first
and a second end;
the second end of the energy absorbing system
(20) disposed adjacent to the hazard with the
first end of the energy absorbing system (20)
extending longitudinally therefrom;
a sled assembly (40) slidably disposed adjacent
to the first end of the energy absorbing system
(20);
a first row of energy absorbing assemblies (86,
286) and a second row of energy absorbing as-
semblies (86, 286) extending from the hazard;
the first row and the second row of energy ab-
sorbing assemblies (86, 286) spaced laterally
from each other;
the first row of energy absorbing assemblies (86,
286) having a first guide rail attached thereto;
the second row of energy absorbing assemblies
(86, 286) having a second guide rail attached
thereto;
the first guide rail and the second guide rail
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spaced laterally from each other; and
the sled assembly (40) having a first guide as-
sembly slidably disposed on the first guide rail
and a second guide assembly slidably disposed
on the second guide rail.

6. The energy absorbing assembly of Claim 5 further
comprising a respective shredder disposed adjacent
to each row of energy absorbing assemblies (86,
286) whereby a collision between a vehicle and the
sled assembly (40) results in each shredder shred-
ding portions of the respective energy absorbing as-
semblies (86, 286) to dissipate energy from the ve-
hicle.

7. The energy absorbing system (20) of Claim 5 where-
in each energy absorbing assembly further compris-
es:

a pair of supporting beams (290) disposed lon-
gitudinally parallel with each other;
at least one energy absorbing element attached
to each pair of supporting beams (290); and
the supporting beams (290) spaced laterally
from each other to allow the respective shredder
to engage the at least one energy absorbing el-
ement to dissipate energy from the vehicle.

8. The energy absorbing system (20) of Claim 7 further
comprising each supporting beam having a gener-
ally C-shaped cross section.

9. The energy absorbing system (20) of Claim 7 further
comprising each supporting beam having a gener-
ally L-shaped cross section.

10. An energy absorbing system (20) operable to mini-
mize an impact between a vehicle and a hazard com-
prising:

the energy absorbing system (20) having a first
end and a second end;
the second end of the energy absorbing system
(20) disposed adjacent to the hazard with the
first end extending longitudinally therefrom;
a sled assembly (40) slidably disposed proxi-
mate the first end of the energy absorbing sys-
tem (20);
a plurality of panel support frames (60a-60e) sl-
idably disposed on a first guide rail and a second
guide rail between the sled assembly (40) and
the hazard;
the panel support frames (60a-60e) spaced lon-
gitudinally from each other; and
a plurality of panels (160) attached to the panel
support frames (60a-60e) and extending longi-
tudinally along opposite sides of the energy ab-
sorbing system (20).

11. The energy absorbing system (20)s of Claim 10 fur-
ther comprising:

a first row of energy absorbing assemblies (86,
286) and a second row of energy absorbing as-
semblies (86, 286) extending from the hazard;
the first row and the second row of energy ab-
sorbing assemblies (86, 286) spaced laterally
from each other;
each energy absorbing assembly having at least
one energy absorbing element;
the sled assembly (40) having a first shredder
and a second shredder mounted thereon and
generally aligned normal to associated energy
absorbing elements (100); and
the sled assembly (40) having a first end facing
oncoming traffic whereby an impact of a vehicle
with the first end of the sled assembly (40) re-
sults in each shredder dissipating kinetic energy
of the vehicle by shredding portions of the as-
sociated energy absorbing elements (100).

12. The energy absorbing system (20) of claim 10 further
comprising:

a respective longitudinal slot (164a) formed in
each panel;
a respective slot plate (170) slidably disposed
within each slot;
each slot plate (170) securely attached with one
of the panel support frames (60a-60e) to allow
sliding, longitudinal movement of the panel sup-
port frame and the associated panel relative to
each other; and
each longitudinal slot (164a) having an enlarged
portion with dimensions larger than the associ-
ated slot plate (170).

13. A method for absorbing energy to minimize the re-
sults of a collision between an oncoming vehicle
traveling on a roadway and a hazard comprising;

installing a pair of energy absorbing assemblies
(86, 286) with each energy absorbing assembly
having associated energy absorbing elements
(100) with a first end of each energy absorbing
assembly facing the oncoming vehicle and a
second end of each energy absorbing assembly
disposed adjacent to the hazard;
installing a sled assembly (40) having a pair of
shredders (116, 216) disposed adjacent to the
first end of the energy absorbing assemblies (86,
286) and the sled assembly (40) disposed be-
tween the oncoming vehicle and the first end of
the energy absorbing assemblies (86, 286); and
aligning the sled assembly (40) and the pair of
shredders (116, 216) relative to the energy ab-
sorbing assemblies (86, 286) with each shred-
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der oriented generally normal to respective en-
ergy absorbing elements (100) of the energy ab-
sorbing assemblies (86, 286).

14. The method of claim 13 further comprising installing
each energy absorbing assembly with the respective
energy absorbing elements (100) disposed general-
ly horizontal relative to the roadway.

15. The method of claim 13 further comprising installing
each energy absorbing assembly with the respective
energy absorbing elements (100) disposed general-
ly vertical relative to the roadway.

16. An energy absorbing system (20) operable to mini-
mize the results of a collision between a vehicle
traveling on a roadway and a hazard comprising:

the energy absorbing system (20) having a first
end and a second end;
the second end of the energy absorbing system
(20) disposed adjacent to the hazard with the
first end of the energy absorbing system (20)
extending therefrom;
a pair of guide rails extending between the first
end of the energy absorbing system (20) and
the second end of the energy absorbing system
(20);
a sled assembly (40) slidably disposed on the
guide rails proximate the first end of the energy
absorbing system (20) ;
a plurality of panel support frames (60a-60e) sl-
idably disposed on the guide rails between the
sled assembly (40) and the second end of the
energy absorbing system (20);
the panel support frames (60a-60e) having a first
position spaced longitudinally from each other;
a plurality of panels (160) attached to the sled
assembly (40) and the panel support frames
(60a-60e);
a longitudinal slot (164a) formed in each of the
panels (160);
a respective slot plate (170) slidably disposed
in each slot;
each slot plate (170) respectively engaged with
one of the panel support frames (60a-60e) to
allow longitudinal movement of the panel sup-
port frame and panel relative to each other; and
an enlarged portion formed proximate an up-
stream end of each longitudinal slot (164a) to
allow removal of the associated panel from the
respective panel support frame following a ve-
hicle collision with the sled assembly (40).

17. An energy absorbing system (20) operable to mini-
mize the results of a collision between a vehicle
traveling on a roadway and a hazard comprising:

at least one energy absorbing assembly having
a pair of supporting beams (290) with at least
one energy absorbing element attached to the
supporting beams (290);
the energy absorbing system (20) having a first
end and a second end;
the energy absorbing system (20) disposed with
the energy absorbing element extending gener-
ally horizontally relative to the roadway;
a plurality of openings formed in each supporting
beam and corresponding openings formed in
each energy absorbing element;
a plurality of mechanical fasteners (250) respec-
tively extending through the openings in energy
absorbing element and the corresponding open-
ings in the supporting beams (290);
a doubler (114) disposed on each energy ab-
sorbing element opposite from the respective
support beam; and
a plurality of openings formed in each doubler
(114) with one of the mechanical fasteners (250)
extending through one of the openings in each
doubler (114).

18. The energy absorbing system (20) of Claim 17 fur-
ther comprising;

each energy absorbing element having a gen-
erally elongated rectangular configuration de-
fined in part by a first longitudinal edge and a
second longitudinal edge;
a first row of openings and a second row of open-
ings formed along each respective first longitu-
dinal edge and second longitudinal edge of each
energy absorbing element; and
a third row of openings with lands disposed ther-
ebetween extending along the length of each
energy absorbing element between the first row
of openings and the second row of openings.

19. The energy absorbing system (20) of Claim 18
wherein the mechanical fasteners (250) further com-
prise:

a plurality of headless bolts (260) securely en-
gaged with respective openings in the support-
ing beams (290); and
dimensions of the headless bolts (260) and re-
spective openings formed in the first row of
openings and the second row of openings in
each energy absorbing element selected to al-
low installing and removing each energy absorb-
ing element without disengagement of the head-
less bolts (260) from the associated supporting
beams (290).

20. The energy absorbing system (20) of Claim 19 fur-
ther comprising:
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a plurality of bolts with heads engaged with re-
spective openings in the first row and the second
row of each energy absorbing element and re-
spective openings in the supporting beams
(290); and
at least one of the headless bolts (260) disposed
between the bolts with heads.

21. The energy absorbing system (20) of Claim 17 fur-
ther comprising:

at least one nut retainer (280) securely engaged
with each supporting beam opposite from the
associated energy absorbing element;
a nut disposed within each nut retainer (280);
and
the nut operable to receive a bolt extending
through one of the openings in the associated
energy absorbing element to the securely en-
gaged the energy absorbing element with the
supporting beam.

22. The energy absorbing system (20) of Claim 21
wherein the nut retainer (280) further comprises:

a plate having a generally rectangular configu-
ration with dimensions compatible with attach-
ment to the associated supporting beam;
a first opening disposed in the retainer plate and
a second opening disposed in the retainer plate;
the first opening sized to receive a first mechan-
ical fastener extending through the associated
energy absorbing element and the supporting
beams (290); and
the second opening sized to receive a second
mechanical fastener extending through the as-
sociated energy absorbing element and the sup-
porting beam.

23. The energy absorbing system (20) of Claim 22 fur-
ther comprising:

a keeper plate attached with the nut retainer
(280) plate opposite from the supporting beams
(290);
a first end of the keeper plate securely engaged
with the first mechanical fastener; and
a second end of the keeper plate disposed prox-
imate the nut to releasably hold the nut in the
retainer plate.
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