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motor vehicle collision. The configuration and number of 
energy absorbing assemblies and the configuration and 
number of energy absorbing elements may be varied 
depending upon the intended application for the resulting 
energy absorbing System. 
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ENERGY ABSORBING SYSTEM FOR FIXED 
ROADSIDE HAZARDS 

RELATED APPLICATIONS 

0001. This application is a divisional application of U.S. 
Ser. No. 09/356,060 filed Jul.19, 1999 by James R. Albritton 
entitled Energy Absorbing System for Fixed Roadside Haz 
ards that claims the benefit of previously filed provisional 
application Ser. No. 60/096,538 filed Aug. 13, 1998 entitled 
Energy Absorbing System for Fixied Roadside Hazards and 
is a continuation-in-part application of U.S. Ser. No. 08/870, 
118 filed Jun. 5, 1997, entitled Energy Absorbing Crash 
Cushion, now U.S. Pat. No. 5,947,452. 

TECHNICAL FIELD OF THE INVENTION 

0002 This invention relates in general to the field of 
impact attenuation devices, and more particularly to an 
energy absorbing System which may be used to reduce the 
Severity of a collision between a moving motor Vehicle and 
a Stationary hazard adjacent to a roadway. 

BACKGROUND OF THE INVENTION 

0.003 Various impact attenuation devices and energy 
absorbing Systems have been used to prevent or reduce 
damage resulting from a collision between a moving motor 
vehicle and a fixed roadside hazard or obstacle. Examples of 
prior impact attenuation devices and energy absorbing SyS 
tems include crash cushions or crash barriers with various 
Structures and containers having crushable elements. Other 
crash barriers rely on inertia forces generated when material 
Such as Sand is accelerated during an impact to absorb 
energy. 

0004 Some of these devices and systems have been 
developed for use at narrow roadside hazards or obstacles 
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 absorbing Sys 
tems are installed in an effort to minimize the extent of 
personal injury as well as damage to an impacting vehicle 
and any structure or equipment associated with the roadside 
hazard. 

0005 Examples of general purpose impact attenuation 
devices are shown in U.S. Pat. No. 5,011,326 entitled 
Narrow Stationary Impact Attenuation System; U.S. Pat. No. 
4,352,484 entitled Shear Action and Compression Energy 
Absorber; U.S. Pat. No. 4,645,375 entitled Stationary 
Impact Attenuation System; and U.S. Pat. No. 3,944,187 
entitled Roadway Impact Attenuator. Examples of Special 
ized Stationary energy absorbing Systems are shown in U.S. 
Pat. No. 4,928,928 entitled Guardrail Extruder Terminal and 
U.S. Pat. No. 5,078,366 entitled Guardrail Extruder Termi 
nal. Each of the preceding patents is incorporated by refer 
ence for all purposes in the present application. 
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. Pat. No. 
5,248,129 entitled Energy Absorbing Roadside Crash Bar 
rier; U.S. Pat. No. 5,199,755 entitled Vehicle Impact Attenu 
ating Device; U.S. Pat. No. 4,711,481 entitled Vehicle 
Impact Attenuating Device; U.S. Pat. No. 4,008,915 entitled 
Impact Barrier for Vehicles. 
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0007 Recommended procedures for evaluating perfor 
mance of various types of highway Safety devices including 
crash cushions is presented in National Cooperative High 
way 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 redirective crash 
cushion is designed to contain and redirect a vehicle impact 
ing 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. Redirective crash cushions are further 
classified as either “gating” or “nongating devices. Agating 
crash cushion is one designed to allow controlled penetra 
tion of a vehicle during impact between the nose of the crash 
cushion and the beginning of length of need (LON) of the 
crash cushion. Anongating crash cushion is designed to have 
redirection capabilities along its entire length. 

SUMMARY OF THE INVENTION 

0008. In accordance with teachings of the present inven 
tion, disadvantages and problems associated with the pre 
vious impact attenuation devices and energy absorbing 
Systems have been Substantially reduced or eliminated. One 
aspect of the present invention includes providing a crash 
barrier or crash cushion which may be installed adjacent to 
a fixed roadside hazard or obstacle to protect occupants of a 
vehicle from collision with the roadside hazard. The crash 
cushion preferably includes a cutter plate and a Series of rip 
plates or energy absorbing elements which cooperate with 
each other to absorb energy from a vehicle impacting one 
end of the crash cushion opposite from the fixed roadside 
hazard. The rip plates remain relatively fixed within the 
crash cushion while the cutter blade moves through the rip 
plates to absorb energy from the vehicle impact. The crash 
cushion also includes improved panels and associated panel 
Support frames to redirect a vehicle impacting with either 
Side of the crash cushion. 

0009. Another aspect of the present invention includes 
providing an energy absorbing System having a plurality of 
panel Support frames and panels which may be installed 
between a road Side hazard and oncoming traffic. The panel 
Support frames and panels are slidably disposed relative to 
each other. As a result, when a vehicle collides with one end 
of the energy absorbing System facing oncoming traffic, the 
panel Support frames and panels will telescope or collapse 
relative to each other to cushion the impact from the vehicle. 
The panel Support frames, associated panels and other 
components of the energy absorbing System cooperate with 
each other to absorb kinetic energy from the vehicle and 
provide deceleration within acceptable limits to minimize 
injury to occupants within the vehicle. The panel Support 
frames and panels also cooperate with other components of 
the energy absorbing System to direct vehicles away from 
the road Side hazard and back onto the roadway following a 
collision with either Side of the energy absorbing System. 
0010 Technical advantages of the present invention 
include providing a crash cushion which may be fabricated 
at relatively low cost using conventional materials and 
processes that are well known to the highway Safety indus 
try. The resulting crash cushion combines innovative Struc 
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tural and energy absorbing techniques that are highly pre 
dictable and reliable. Energy from vehicle impact is 
preferably absorbed by ripping, cutting or tearing one or 
more energy absorbing elements. The crash cushion may be 
easily reused following vehicle impact by replacing one or 
more energy absorbing elements. A wide variety of metal 
Strips and metal plates may be Satisfactorily used as energy 
absorbing elements depending upon the intended operating 
environment for the crash cushion. Also, the number of 
energy absorbing elements and their geometric configura 
tion may be varied depending upon the intended application. 
0011. In accordance with another aspect of the present 
invention, a crash cushion is provided with multiple energy 
absorbing elements disposed adjacently to one end of a fixed 
roadside hazard facing oncoming traffic. The energy absorb 
ing elements cooperate with each other to allow varying the 
amount of deceleration applied to a vehicle impacting one 
end of the crash cushion opposite from the fixed roadside 
hazard. For example, the crash cushion may include a first, 
relatively Soft portion to absorb impact from Small, light 
weight vehicles, a middle portion with increased StiffneSS 
and a third or final portion with the greatest amount of 
Stiffness to absorb impact from heavy, high Speed vehicles. 
0012 Still another aspect of the present invention 
includes providing a crash cushion with multiple panels 
which are preferably nested with each other to minimize any 
problems associated with a "reverse angle' impact between 
a vehicle and either Side of the crash cushion. The panels and 
asSociated panel Support frames preferably telescope with 
respect to each other in response to a vehicle impact at one 
end of the crash cushion opposite from the fixed roadside 
hazard. The number of panel Support frames and associated 
panels may be Selected in accordance with teachings of the 
present invention to optimize deceleration of an impacting 
vehicle while protecting occupants of the vehicle from 
injury due to excessive amounts of deceleration. 
0013 Further technical advantages of the present inven 
tion include providing relatively low cost crash cushions 
which meet the criteria of NCHRP Report 350 including 
Level 3 Requirements. A crash cushion having a cutter plate 
and energy absorbing elements incorporating teachings of 
the present invention may be Satisfactorily used during harsh 
weather conditions and is not Sensitive to cold or moisture. 
A cutter plate and energy absorbing elements incorporating 
teachings of the present invention can absorb large amounts 
of energy while safely stopping an impacting vehicle during 
a relatively short length of travel of the cutter plate through 
the energy absorbing elements. 
0.014. The cutter plate and energy absorbing elements 
cooperate with each other and with panel Support frames and 
asSociated panels to eliminate many of the problems asso 
ciated with prior crash cushion designs. A crash cushion 
incorporating teachings of the present invention can Satis 
factorily dissipate kinetic energy of an impacting vehicle 
weighing 4,500 pounds at Speeds of over Sixty miles per 
hour (60 mph) with minimal damage (if any) to the roadside 
hazard and minimal debris (if any) from the crash cushion. 
A crash cushion incorporating teachings of the present 
invention provides highly predictable deceleration of an 
impacting vehicle to protect occupants of the vehicle. 
0.015. In addition to eliminating problems associated with 
prior crash cushion designs, the present invention provides 
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a crash cushion offering a higher level of protection to the 
motoring public with greater improved reliability and 
reduced costs. The resulting crash cushion provides appro 
priate deceleration or stopping force for a wide range of 
vehicle sizes and types including vehicles weighing between 
820 kilograms and 2,000 kilograms. 
0016 A further aspect of the present invention includes a 
crash cushion having a sled assembly with a cutter plate 
attached thereto and multiple energy absorbing assemblies 
connected with each other by a Series of croSS ties or anchor 
plates. As a result of connecting the energy absorbing 
assemblies with each other, the crash cushion has a rigid 
frame construction which in cooperation with multiple panel 
Supporting frames and associate panels will redirect Vehicles 
during Side impacts with the crash cushion. 
0017 For some applications each energy absorbing 
assembly includes two C-channels with the C shaped con 
figurations facing each other and the C-channels extending 
generally horizontally in the direction of oncoming vehicle 
traffic during normal operation of the crash cushion. A gap 
of approximately one inch is provided between opposing 
flanges of the two C-channels. This gap may be covered by 
one or more metal plates or energy absorbing elements to 
form a closed box type Structure. A cutter blade or ripper is 
preferably attached to the lower portion of a sled assembly 
at the end of the crash cushion facing oncoming traffic. 
During impact between a motor vehicle and the Sled assem 
bly, forces from the collision are transferred from the sled 
assembly to the energy absorbing assemblies by the cutter 
blade. As the sled assembly moves toward the fixed roadside 
hazard, the metal plates or energy absorbing elements which 
are attached on opposite Sides of the C-channels are cut or 
ripped by the cutter blade. The energy of the impacting 
vehicle is dissipated and the impacting vehicle brought 
Safely to rest by the force required to cut or rip the metal 
plates of the energy absorbing assemblies. Various combi 
nations of metal plates and Supporting beams may be used 
to form each energy absorbing assembly to provide appro 
priate Stopping or deceleration for a wide range of vehicle 
types, weights and Speeds of impact. Supporting beams 
having configurations other than C-channels may be Satis 
factorily used with the present invention. 
0018 Technical advantages of the present invention 
include providing a crash cushion which may be easily 
installed, operated and maintained. Easily replaceable parts 
allow quick, low cost repair after nuisance hits and Side 
impacts. Elimination of easily crushed or easily bent mate 
rials further minimizes the effect of any damage from 
nuisance hits and/or Side impacts with the crash cushion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

0020 FIG. 1 is a schematic drawing showing an eleva 
tional view with portions broken away of an energy absorb 
ing System incorporating teachings of the present invention 
installed adjacent to one end of a fixed roadside hazard; 
0021 FIG. 2 is a schematic drawing showing a plan view 
with portions broken away of the fixed roadside hazard and 
energy absorbing system of FIG. 1; 
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0022 FIG. 3 is a schematic drawing showing an isomet 
ric view with portions broken away of a cutter plate and an 
energy absorbing assembly having a plurality of energy 
absorbing elements and Supporting beams incorporating 
teachings of the present invention; 
0023 FIG. 4 is a schematic drawing in section with 
portions broken away taken along lines 4-4 of FIG. 3 
showing the box beam type croSS Section of the energy 
absorbing assembly; 

0024 FIG. 5 is a schematic drawing showing an isomet 
ric view with portions broken away of the energy absorbing 
assembly of FIG. 3 after the energy absorbing elements 
have been cut or ripped while absorbing energy from a 
vehicle impact; 
0.025 FIG. 6 is a schematic drawing in section with 
portions broken away showing an energy absorbing assem 
bly incorporating another embodiment of the present inven 
tion; 
0.026 FIG. 7 is an exploded schematic drawing showing 
an isometric view with portions broken of still another 
embodiment of the present invention in which the energy 
absorbing assembly includes a plurality of progressively 
thicker energy absorbing elements or metal plates along the 
length of the associated energy absorbing assembly Selected 
to Stop an impacting automobile with a gradually increasing 
deceleration or Stopping force applied to the impacting 
automobile, 

0027 FIG. 8 is a schematic drawing showing an isomet 
ric view with portions broken away of an energy absorbing 
element having a plurality of cutouts disposed therein to 
minimize damage to a light weight motor vehicle during 
initial impact with an energy absorbing assembly having 
Such energy absorbing elements, 
0028 FIG. 9A is a schematic drawing showing a plan 
View with portions broken away of another energy absorbing 
System incorporating teachings of the present invention 
installed adjacent to one end of a fixed roadside hazard; 
0029 FIG. 9B is a schematic drawing showing a plan 
view with portions broken away after a motor vehicle has 
collided with or impacted one end of the energy absorbing 
system of FIG.9A opposite from the fixed roadside hazard; 
0030 FIG. 9C is a schematic drawing showing a plan 
View of Still another energy absorbing System incorporating 
teachings of the present invention installed adjacent to one 
end of a fixed roadside hazard; 

0.031 FIG. 10 is a more detailed schematic drawing 
showing an elevational view with portions broken away of 
the energy absorbing system shown in FIGS. 9A and 9B; 
0.032 FIG. 11 is a schematic drawing with portions 
broken away showing an isometric view of a sled assembly 
and other components at the end of the energy absorbing 
system of FIG. 10 opposite from the fixed roadside hazard; 
0.033 FIG. 12 is a schematic drawing with portions 
broken away showing an isometric view of the Sled assem 
bly associated with the energy absorbing system of FIG. 10; 
0034 FIG. 13 is a schematic drawing end section with 
portions broken away showing one end of the sled assembly 
of FIG. 12 opposite from oncoming traffic; 
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0035 FIG. 14 is a schematic drawing with portions 
broken away showing an exploded isometric view of the 
Sled assembly, cutter plate and ramp associated with the 
energy absorbing system of FIG. 10; 

0036 FIG. 15 is a schematic drawing end section with 
portions broken away taken along lines 15-15 of FIG. 10 
showing a Slidable Support frame and attached panels, 

0037 FIG. 16 is a schematic drawing with portions 
broken away showing an isometric view of the slidable 
support member and attached panels as shown in FIG. 15; 
0038 FIG. 17 is a schematic drawing showing an iso 
metric view of overlapping panels incorporating teachings 
of the present invention disposed along one side of the 
energy absorbing system of FIG. 10; 

0039 FIG. 18 is a schematic drawing end section with 
portions broken away showing a first upstream panel and a 
Second downstream panel Slidably disposed relative to each 
other in accordance with teachings of the present invention; 
0040 FIG. 19 is a schematic drawing showing an iso 
metric view of a slot plate Satisfactory for use in Slidably 
attaching a panel incorporating teaching of the present 
invention with a panel Support frame, and 
0041 FIG. 20 is a schematic drawing with portions 
broken away showing an exploded plan view of a cutter 
plate and energy absorbing elements Satisfactory for use 
with the energy absorbing system of FIG. 10. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0042. The present invention and its advantages are best 
understood by referring to FIGS. 1-20 of the drawings, like 
numerals being used for like and corresponding parts of the 
drawings. 

0043 Energy absorbing system 320 incorporating one 
embodiment of the present invention is shown in FIGS. 1 
and 2. Energy absorbing System 20 incorporating additional 
embodiments of the present invention is shown in FIGS. 
9A-20. Energy absorbing systems 20 and 320 may some 
times be referred to as crash cushions, crash barriers, or 
roadside protective Systems. Energy absorbing Systems 20 
and 320 may be used to minimize the results of a collision 
between a motor vehicle (not expressly shown) and various 
types of roadside hazards such as roadside hazard 310. 
0044) A wide variety of energy absorbing assemblies may 
be fabricated in accordance with the teachings of the present 
invention by attaching energy absorbing elements or metal 
plates with a pair of Supporting beams Spaced from each 
other. A cutter plate with one or more cutting edges may be 
disposed adjacently to the energy absorbing elements 
between the Supporting beams to dissipate kinetic energy by 
ripping or tearing the associated energy absorbing elements. 
An energy absorbing System incorporating teachings of the 
present invention may be formed from energy absorbing 
assemblies and/or panel Support frames and panels slidably 
disposed relative to each other. The energy absorbing assem 
blies, panel Support frames and panels may be Selected to 
Satisfactorily absorb energy from a wide variety of vehicles 
colliding with the energy absorbing System at various angles 
including Side impacts and “reverse' angle Side impacts. 
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0.045 Energy absorbing systems 20 and 320 are shown 
installed at the end of roadside hazard 310 facing oncoming 
traffic. Roadside hazard 310 shown in FIGS. 1, 2, 9A, 9B, 
and 10, may be a concrete barrier extending along the edge 
or Side of a roadway (not expressly shown). Roadside hazard 
310 may also be a concrete barrier extending along the 
median between two roadwayS. 
0046) The terms “longitudinal,”“longitudinally” and “lin 
ear” will generally be used to describe the orientation and/or 
movement of components associated with energy absorbing 
systems 20 and 320 in a direction which is substantially 
parallel with the direction vehicles (not expressly shown) 
will travel on an adjacent roadway. The terms “lateral” and 
“laterally' will generally be used to describe the orientation 
and/or movement of components associated with energy 
absorbing systems 20 and 320 in a direction which is 
generally normal to the direction vehicles will travel on the 
adjacent roadway. 
0047 The term “downstream” will generally be used to 
describe movement which is substantially parallel with and 
in the same direction as movement of a vehicle traveling an 
adjacent roadway. The term "upstream” will generally be 
used to describe movement which is parallel with but 
opposite to the direction a vehicle travels on an adjacent 
roadway. The terms “upstream” and “downstream” may also 
be used to describe the position of one component relative 
to another component in respective energy absorbing Sys 
tems 20 and 320. 

0048. The terms “separate” and “separating” will gener 
ally be used to describe the results of deforming an energy 
absorbing element using a cutter plate to cause failure of the 
energy absorbing element in tension in accordance with 
teachings of the present invention. The terms "Separate” and 
"Separating may also be used to describe the combined 
effects of ripping and tearing an energy absorbing element in 
accordance with teachings of the present invention. 
0049 Various components of energy absorbing systems 
20 and 320 may be formed from commercially available 
Structural Steel materials. Examples of Such materials 
include Steel Strips, Steel plates, Structural Steel tubing and 
Structural Steel shapes. 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 information concerning various types of 
commercially available Steel structural materials Satisfactory 
for use in fabricating energy absorbing systems 20 and 320. 
0050 Roadside hazard 310 may sometimes be described 
as a “fixed” barrier or “fixed” obstacle even though concrete 
barriers and other obstacles adjacent to a roadway may from 
time to time be moved or removed. Roadside hazard 310 
may also represent a portion of a large Sign post adjacent to 
a roadway, a bridge pillar, a center pier of a bridge or 
overpass, or any other Structure located adjacent to a road 
way and presenting a hazard to oncoming traffic. An energy 
absorbing System incorporating teachings of the present 
invention is not limited to use with only concrete barriers. 
0051 Principal components of energy absorbing system 
320 as shown in FIGS. 1, 2, and 3 preferably include one or 
more energy absorbing assemblies 86, cutter plate or plates 
106 and sled assembly 340. Cutter plate 106 may also be 
referred to as a “ripper” or as a “cutter blade.” 

Aug. 16, 2001 

0052 One end of each energy absorbing assembly 86 is 
preferably attached to roadside hazard 310 by respective 
Struts 312. For Some applications energy absorbing assem 
blies 86 may also be fixed to the ground in front of roadside 
hazard 310. A plurality of spacers or cross braces 314 may 
be used to hold energy absorbing assemblies 86 aligned 
generally parallel with each other and extending longitudi 
nally from roadside hazard 310 toward oncoming traffic. 
0053 Sled assembly 340 is slidably coupled with the end 
of energy absorbing assemblies 86 opposite from roadside 
hazard 310. Impact plate 382 may be disposed on the end of 
sled assembly 340 facing oncoming traffic. One or more of 
cutter plates 106 (not shown in FIGS. 1 and 2) are prefer 
ably provided as part of sled assembly 340. Respective 
cutter plates 106 are preferably slidable mounted relative to 
one end of each energy absorbing assembly 86 opposite 
from roadside hazard 310. When a motor vehicle (not 
expressly shown) contacts or collides with impact plate 382, 
sled assembly 340 will move longitudinally relative to 
energy absorbing assemblies 86 and roadside hazard 310. As 
sled assembly 340 moves toward roadside hazard 310, 
kinetic energy of the impacting motor vehicle will be 
dissipated by cutter plates 106 tearing or ripping associated 
energy absorbing elements 100. For Some applications it 
may be desirable to install a section of guardrail 316 
between roadside hazard 310 and sled assembly 340 on the 
Side immediately adjacent to the roadway. 
0054 For the embodiment of the present invention as 
shown in FIGS. 3, 4, and 5, energy absorbing assembly 86 
may sometimes be referred to as a “box beam. Each energy 
absorbing assembly 86 preferably includes a pair of Sup 
porting beams 90 which are disposed longitudinally parallel 
with each other and are spaced from each other. Supporting 
beams 90 have a generally C-shaped or U-shaped cross 
Section. The C-shaped croSS Section of each Supporting beam 
90 is disposed facing each other to define a generally 
rectangular croSS Section for energy absorbing assembly 86. 
Supporting beams 90 may also be described as channels. 
The C-shaped cross section of each support beam 90 is 
defined in part by web 92 and grips or flanges 94 and 96 
extending therefrom. A plurality of matching holes 98 are 
preferably formed in both grips 94 and 96 for use in 
attaching energy absorbing elements 100 to opposite sides of 
energy absorbing assembly 86. 
0055 For the embodiment shown in FIGS. 3, 4, and 5, a 
pair of energy absorbing elements 100 is attached to grips 94 
on one Side of energy absorbing assembly 86. Another pair 
of energy absorbing elements 100 is attached to grips 96 on 
the opposite Side of energy absorbing assembly 86. Spacers 
104 are preferably disposed between each pair of energy 
absorbing elements 100 adjacent to the respective grips 94 
and 96. A plurality of fasteners 103 extend through holes 98 
in gripS 94 and 96 and the associated energy absorbing 
elements 100. For the embodiment of the present invention 
shown in FIGS. 3, 4 and 5, energy absorbing elements 100 
have a relatively uniform thickness. AS discussed later in 
more detail with respect to energy absorbing assembly 486 
shown in FIG. 7 and energy absorbing elements 152a, b, c 
and d shown in FIG. 20, it may be desirable to vary the 
thickness and/or number of energy absorbing elements 
extending along the length of an energy absorbing assembly. 
0056 Fasteners 103 allow easy replacement of energy 
absorbing elements 100 after collision of a motor vehicle 
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with impact plate 382. A wide variety of fasteners may be 
satisfactorily used to attach energy absorbing elements 100 
with supporting beams 90. 
0057) Energy absorbing elements 100 may be formed 
from various types of metal alloys. For Some applications, 
mild Steel is preferred. 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 
increasing the length of energy absorbing elements 100, will 
allow the resulting energy absorbing assembly to dissipate 
an increased amount of kinetic energy. Energy absorbing 
elements 100 may also be referred to as rip plates or shear 
plates. Benefits of the present invention include the ability to 
vary the geometric configuration and number of energy 
absorbing elements 100 and to select appropriate metal 
alloys depending upon the intended application for the 
resulting energy absorbing System. 

0.058 For the embodiment shown in FIG. 3, cutter plate 
106 includes a pair of beveled cutting edges or ripping edges 
107 and 109 which are disposed at first end 101 of respective 
energy absorbing assembly 86. Cutting edges 107 and 109 
may also be described as rip blades. The thickness of cutter 
plates 106 and gap 118 between supporting beams 90 are 
selected to allow cutter plate 106 to fit between grips 94 and 
96 and the adjacent supporting beams 90. 

0059 Slots 102 are preferably formed in the end of each 
energy absorbing element 100 adjacent to respective cutter 
plate 106. Cutting edges 107 and 109 are preferably dis 
posed at an acute angle relative to energy absorbing ele 
ments 100. For the embodiment shown in FIG. 3, cutting 
edges 107 and 109 are hardened and formed at an angle of 
approximately forty-five degrees relative to the associated 
energy absorbing elements 100. The configuration of cutting 
edges 107 and 109, including their orientation relative to 
energy absorbing elements 100, is Selected to cause the 
asSociated energy absorbing elements 100 to fail in tension 
as they are stretched between the respective grips 94 and 96 
of the associated support beams 90. 
0060) Energy absorbing elements 100 and other metal 
components of energy absorbing System 320 are preferably 
galvanized to insure that they retain their desired tensile 
Strength and are not affected by environmental conditions 
which could cause rust or corrosion during the life of the 
asSociated energy absorbing System 320. Specific dimen 
sions of cutting edges 107 and 109, along with their angular 
relationship relative to energy absorbing elements 100, may 
be varied depending upon the amount of kinetic energy 
which will be dissipated by energy absorbing assembly 86. 

0061. When a motor vehicle collides with or contacts 
impact fence 382, the force of the collision or impact is 
transmitted to energy absorbing assemblies 86 by cutter 
plate 106. As sled assembly 340 slides longitudinally toward 
roadside hazard 310, the kinetic energy of an impacting 
vehicle is dissipated through cutting or ripping of energy 
absorbing elements 100 by cutter plate 106 as shown, for 
example, in FIG. 5. 
0.062 For relatively low speed impacts, such as between 
approximately five miles per hour and eighteen miles per 
hour or higher, one or more relatively short lengths of energy 
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absorbing elements 100 may be installed immediately adja 
cently to cutter plate 106. Thus, following a low speed 
impact only relatively short lengths of energy absorbing 
elements 100 will require replacement which substantially 
Simplifies repair and maintenance of energy absorbing Sys 
tem 320. 

0063 As shown in FIG. 2, energy absorbing assemblies 
86 are preferably secured to each other by a plurality of cross 
braces 314. Cooperation between impact fence 382, cross 
braces 314 and energy absorbing assemblies 86 results in 
energy absorbing System 320 having a very rigid frame 
Structure. As a result, energy absorbing System 320 is better 
able to safely absorb impact from a motor vehicle that strikes 
impact fence 382 either offset from the center of impact 
fence 382 or that strikes impact fence 382 at an angle other 
than parallel with energy absorbing assemblies 86. 
0064. Energy absorbing assemblies 186 and 486 incor 
porating alternative embodiments of the present invention 
are shown respectively in FIGS. 6 and 7. Energy absorbing 
assemblies 186 and 486 may be satisfactorily used with 
energy absorbing systems 20 and 320. Energy absorbing 
assembly 186 shown in FIG. 6 includes a pair of supporting 
beams or channels 190 similar to previously described 
supporting beams 90 for energy absorbing assembly 86. 
Energy absorbing assembly 186 is shown with only two 
energy absorbing elements or rip plates 152 disposed on 
opposite sides thereof. Channels 190 are spaced from each 
other to define cutting Zone or gap 154 therebetween. 
0065 Energy absorbing elements 152 may be attached to 
Supporting beams 190 using various types of fasteners 
including bolts 103 as previously described for energy 
absorbing assemblies 86. Mechanical fasteners 198a and 
198b as shown in FIGS. 13, 15 and 16 may also be used to 
attach energy absorbing elements 152 with Supporting 
beams 190. Alternatively, energy absorbing elements 152 
may be attached to Supporting beams 190 using other types 
of fasteners such as Huck bolts, rivets, by welding or by 
various adhesives. One of the main requirements is attaching 
energy absorbing elements 152 with Supporting beams 190 
to provide an appropriately sized cutting Zone 154 between 
Supporting beams 190 to accommodate the associated cutter 
plate (not shown). Energy absorbing assemblies having 
other configurations Such as shown in corresponding U.S. 
patent application Ser. No. 08/870,118 filed Jun. 5, 1997 
(now U.S. Pat. No. 5,947,452) may be satisfactorily used 
with an energy absorbing System incorporating teachings of 
the present invention. 
0066 FIG. 7 is an exploded schematic drawing showing 
energy absorbing assembly 486. Some of the differences 
between energy absorbing assemblies 86 and energy absorb 
ing assembly 486 include variations in the length and 
thickness of the energy absorbing elements which are 
replaceably Secured to energy absorbing assembly 486. 
Energy absorbing assembly 486 may be formed using Sup 
porting beams 90 as previously described with respect to 
energy absorbing assembly 86. 

0067 For one application, Supporting beams or C-chan 
nels 90 have an overall length of approximately eleven feet 
with a web width of approximately five inches and a flange 
height of approximately two inches. Multiple energy absorb 
ing elements or rip plates 402,404, 406, 408, 410 and 412 
and multiple spacers 416 and 418 are preferably attached to 
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C-channels 90 by threaded fasteners. For the example shown 
in FIG. 7, the same number and configuration of energy 
absorbing elements 402, 404, 406 of various lengths and 
thicknesses are Secured on opposite Sides of C-channels 90. 
For one application, energy absorbing elements 402, 404, 
406, 408, 410, and 412 were formed from galvanized mild 
Steel plates. The number of energy absorbing elements, their 
thickneSS and location on the exterior of energy absorbing 
assembly 486 is selected to provide the desired deceleration 
characteristics for various sizes and types of vehicles both 
during high Speed and low speed impacts. 

0068 Spacers 416 and 418 are provided between energy 
absorbing elements 410 and 412 on both sides of energy 
absorbing assembly 486. One of the technical benefits of the 
present invention includes the ability to vary the number, 
Size and location of energy absorbing elements on each side 
of an energy absorbing assembly to provide the desired 
deceleration characteristics. 

0069 Centerline slot 102 is preferably formed in energy 
absorbing elements 402 and 404 immediately adjacent to the 
first end of energy absorbing assembly 486 to receive the 
asSociated cutter plate. For one application, Slot 102 is 
formed along the centerline of energy absorbing elements 
402 and 404 with an opening of approximately one and 
one-half inches tapering to a radius of approximately one 
half inch in width over a length of approximately six inches. 
For Some applications, energy absorbing elements 402 and 
404 may be replaceably secured with the respective Sup 
porting beams 90 by using relatively short mechanical 
fastener 422. Also, the length of energy absorbing elements 
402 and 404 is relatively short in comparison with other 
energy absorbing elements which are attached to and form 
a part of energy absorbing assembly 486. The use of 
relatively short mechanical fasteners 422 and relatively short 
energy absorbing elements 402 and 404 allow energy 
absorbing assembly 486 to be quickly repaired and returned 
to Service after a relatively minor impact. Mechanical fas 
tenerS 424, preferably extend from one side of energy 
absorbing assembly 486 to the other side of energy absorb 
ing assembly 486. Mechanical fasteners 422 and 424 may be 
bolts or Hucks as previously described. 

0070) Energy absorbing elements 402,404, 406, 408,410 
and 412 provide Stopping force that has been tailored for 
Specific vehicle weights. For example, during approximately 
the first few feet of travel, of an associated cutter plate 
through energy absorbing assembly 486, two stages of 
Stopping force appropriate for a vehicle weighing approxi 
mately 820 kilograms are provided. The remaining travel of 
a cutter plate through energy absorbing assembly 486 pro 
vides Stopping force that is appropriate for larger vehicles 
weighing approximately 2,000 kilograms. Variations in the 
location, size, configuration and number of energy absorbing 
elements 402, 404, 406, 408, 410 and 412 allows energy 
absorbing assembly 486 to provide safe deceleration of 
vehicles weighing between 820 kilograms and 2,000 kilo 
grams. 

0071 Energy absorbing element 200 as shown in FIG. 8 
has been modified to reduce the initial effects of an impact 
between a moving vehicle and an energy absorbing System 
incorporating teachings of the present invention, particularly 
with respect to lightweight vehicles. For Some applications, 
center line slot 202 at first end 201 of energy absorbing 
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element 200 may have a width of approximately three 
quarters of an inch and a length of approximately six inches. 
Slot 202 is used to receive cutter plate 206 during installa 
tion and to align cutter plate 206 with energy absorbing 
elements 200. A plurality of elongated, oval slots 204 are 
preferably formed along the center line of energy absorbing 
element 200 extending from slot 202. For one application, 
oval slots 204 have a length of approximately two and one 
half (2%) inches and a width of approximately three quarters 
(3/4) of an inch. The distance between the center line of 
adjacent oval slots 204 is approximately three inches. The 
number of oval slots 204 and the dimensions of oval slots 
204 may be varied depending upon the intended application 
for the associated energy absorbing assembly. For one 
application, energy absorbing element 200 has an overall 
length of forty-five (45) inches and a width of four and one 
half (4%) inches. Oval slots 204 reduce the energy required 
to initiate ripping or tearing of energy absorbing element 200 
on initial impact particularly with respect to a lightweight 
vehicle. Oval slots 204 cooperate with each other to Sub 
Stantially minimize the initial impact or jolt experienced by 
a lightweight vehicle colliding with sled assembly 340. 

0072 For some applications, energy absorbing element 
200 is preferably disposed immediately adjacently to the 
respective cutter plate 106. Limiting the overall length of 
energy absorbing element 200 to approximately forty-five 
(45) inches reduces the time and cost of returning energy 
absorbing system 20 or 320 to service following a collision 
by a lightweight vehicle or a slow speed vehicle with sled 
assembly 340, if repair is deemed appropriate. After a 
collision which did not require absorbing a Substantial 
amount of energy, it may only be necessary to replace energy 
absorbing elements 200 and not all of the energy absorbing 
elements which are attached to the associated energy absorb 
ing assembly 86. 

0073 Various types of mechanical fasteners may be 
Satisfactorily used to releasably attach energy absorbing 
elements 100, 200, and/or 402,404, 406, 408, 410 and 412 
with the associated support beams 90. For some applica 
tions, a combination of long bolts and short bolts may be 
Satisfactorily used. For other applications, the mechanical 
fastenerS may be blind threaded rivets and associated nuts. 
A wide variety of blind rivets, bolts and other fasteners may 
be Satisfactorily used with the present invention. Examples 
of Such fasteners are available from Huck International, Inc., 
located at 6 Thomas, Irvine, Calif. 92718-2585. Power tools 
Satisfactory for installing Such blind rivets are also available 
from Huck International and other vendors. 

0074 Energy absorbing system 20 incorporating teach 
ings of the present invention is shown in FIGS. 9A, 9B and 
10 installed adjacent to one end of roadside hazard 310 
facing oncoming traffic. Energy absorbing System 20a incor 
porating a further embodiment of the present invention is 
shown in FIG. 9C. Energy absorbing systems 20 and 20a 
may be formed from Substantially the Same components. 
Some of the differences between energy absorbing System 
20 and 20a will be discussed later in more detail. Energy 
absorbing systems 20 and 20a may sometimes be described 
as “nongating, redirective crash cushions.” 

0075 Portions of energy absorbing system 20 are shown 
in FIGS. 11-20. Various components and features of energy 
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absorbing System 320 Such as energy absorbing assemblies 
86, 186 and 486 and energy absorbing elements 100, 152, 
200, 402,404, 406, 408, 410 and 412 may be incorporated 
into energy absorbing Systems 20 and 20a as desired. Energy 
absorbing systems 20, 20a and 320 dissipate kinetic energy 
by moving a cutter plate or cutter blade through respective 
energy absorbing elements which remain in a generally fixed 
position relative to roadside hazard 310. 
0.076 FIG. 9A is a schematic plan view showing energy 
absorbing System 20 in its first position, extending longitu 
dinally from roadside hazard 310. Sled assembly 40 is 
Slidably disposed at first end 21 of energy absorbing System 
20. Sled assembly 40 may sometimes be referred to as an 
“impact sled.” 

0.077 First end 21 of energy absorbing system 20 includ 
ing first end 41 of sled assembly 40 faces oncoming traffic. 
Second end 22 of energy absorbing system 20 is preferably 
securely attached to the end of roadside hazard 310 facing 
oncoming traffic. Energy absorbing System 20 is installed in 
its first position with first end 21 longitudinally spaced from 
Second end 22 as shown in FIG. 9A. 

0078. A plurality of panel Support frames 60a-60e are 
Spaced longitudinally from each other and slidably disposed 
between first end 21 and second end 22. The number of 
panel Support frames may be varied depending upon the 
desired length of the associated energy absorbing System. 
Panel support frames 60a-60e may sometimes be referred to 
as “intermediate frames.” 

0079) Multiple panels 160 are respectively attached to 
sled assembly 40 and panel Support frames 60a-60e. Panels 
160 may sometimes be referred to as “fenders” or “fender 
panels.” 

0080 When a vehicle impacts with first end 21 of energy 
absorbing system 20, sled assembly 40 will move longitu 
dinally toward fixed roadside hazard 310. Energy absorbing 
assemblies 186 (not expressly shown in FIGS. 9A and 9B) 
will absorb energy from the impacting vehicle during this 
movement. Panel support frames 60a-60e and associated 
panels 160 will also absorb energy from a vehicle impacting 
first end 21. FIG.9B is a schematic plan view which shows 
sled assembly 40 and panel Support frames 60a-60e and 
their associated panels 160 collapsed adjacently to each 
other. Further longitudinal movement of sled assembly 40 
toward roadside hazard 310 is prevented by panel support 
frames 60a-60e. 

0.081 For purposes of explanation, the position of energy 
absorbing system 20 as shown in FIG. 9B may be referred 
to as the "Second position. During most vehicle 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 FIG. 9A and the 
second position as shown in FIG. 9B. 

0082 Panel Support frames 60a-60e, associated panels 
160 and other components of energy absorbing system 20 
cooperate with each other to redirect vehicles Striking either 
Side of energy absorbing System 20 back onto the associated 
roadway. Respective panels 160 are attached to Sled assem 
bly 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 
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frame 60a preferably extend over a corresponding portion of 
panels 160 attached to panel Support frame 60b. 
0083) First end 161 of each panel 160 is preferably 
Securely attached to Sled assembly 40 or panel Support frame 
60a-60d as appropriate. Each panel 160 is also preferably 
Slidably attached to one or more downstream panel Support 
frames 60a-60e. Upstream 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 together to form a one-bay group 
or a two-bay group. Various components of energy absorb 
ing System 20 provide Substantial lateral Support to panel 
support frames 60a-60e and panels 160. 

0084. For purposes of illustration, second end 162 of 
each upstream panel 160 is shown in FIGS. 9A and 9B 
projecting a Substantial distance laterally at the overlap with 
the associated downstream panel 160. AS discussed later in 
more detail, panels 160 incorporating teachings of the 
present invention will preferably 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. 

0085 FIG. 9C is a schematic plan view showing energy 
absorbing System 20a in its first position, extending longi 
tudinally from roadside hazard 310. Energy absorbing sys 
tem 20a includes first end 21 facing oncoming traffic and 
second end 22 securely attached to roadside hazard 310. 
Energy absorbing system 20a also includes sled assembly 
40, panel support frames 60a-60g and respective panels 160. 

0086 Panels 160 extending along both sides of energy 
absorbing systems 20 and 20a have substantially the same 
configuration. However, the length of panels 160 may vary 
depending on whether the respective panel 160 is used as a 
“one-bay panel” or for a “two-bay panel.” For purposes of 
explanation, a “bay' is defined as the distance between two 
adjacent panels Support frames. 

0087. The length of panels 160 designated as “two-bay 
panels' is Selected to span the distance between three-panel 
Support frames when energy absorbing Systems 20 and 20a 
are in their first position. For example, as discussed later in 
more detail, first end 161 of a two-bay panel 160 is securely 
attached to an upstream panel Support frame 60a. Second 
end 162 of two-bay panel 160 is slidably attached to a 
downstream panel Support frame 60c. Another panel Support 
frame 60b is slidably coupled with two-bay panels 160 
intermediate first end 161 and second end 162. 

0088. When sled assembly 40 hits panel support frame of 
a one-bay group (e.g., panel Support frame 60c), the panel 
Support frame and attached panels 160 are accelerated 
toward the roadside hazard 310. The inertia of the panel 
support frame and attached panels 160 contributes to the 
deceleration of the impacting vehicle. If the panel Support 
frame of the one-bay group is hit, the one-bay group will be 
coupled to its own associated 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 assembly 40, contacts the first panel Support frame of a 
two-bay group (e.g., panel Support frame 60d), the inertia is 
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the same or slightly more than (because of the longer panels 
160) the inertia of a one-bay group. However, 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 has a lower inertia because it is only slidably 
coupled to the associated panels 160. Therefore, decelera 
tion is Somewhat reduced. 

0089 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 absorbing Sys 
tem 20a has a two-bay group (counting sled assembly 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. 

0090. As best shown in FIG. 10, nose cover 83 may be 
attached to sled assembly 40 at first end 21 of energy 
absorbing system 20. Nose cover 83 may be a generally 
rectangular sheet of flexible plastic type material. Opposite 
edges of nose cover 83 are attached to corresponding 
opposite sides of end 41 of sled assembly 40. End 41 of sled 
assembly 40 is normally located at first end 21 of energy 
absorbing system 20. Nose cover 83 preferably includes a 
plurality of chevron delineators 84 which are visible to 
oncoming traffic approaching roadside hazard 310. Various 
types of reflectors and/or warning Signs may also be 
mounted on Sled assembly 40 and along each Side of energy 
absorbing system 20. 
0.091 Energy absorbing system 20 preferably includes 
multiple energy absorbing assemblies 186 aligned in respec 
tive rows 188 and 189 (See FIG. 20) extending generally 
longitudinally from fixed roadside hazard 310 and parallel 
with each other. For some applications, each row 188 and 
189 may contain two or more energy absorbing assemblies 
186. 

0092 For the embodiment of the present invention as 
shown in FIG. 20, energy absorbing assembly 186 in row 
188 is spaced laterally from energy absorbing assembly 186 
in row 189. Rows 188 and 189 and/or energy absorbing 
assemblies 186 may Sometimes be referred to as a "guidance 
track' for sled assembly 40 and panel support frames 
60a-60e. 

0093. An energy absorbing system incorporating teach 
ings of the present invention may have energy absorbing 
assemblies arranged in various configurations. For Some 
applications, only a single row of energy absorbing assem 
blies may be installed adjacent to roadside hazard 310. 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 multiple energy absorb 
ing assemblies. 
0094. As discussed later in more detail, energy absorbing 
assemblies 186 are preferably securely attached to concrete 
foundation 308 in front of roadside hazard 310. Each row 
188 and 189 of energy absorbing assemblies 186 has a 
respective first end 187 which corresponds generally with 
first end 21 of energy absorbing system 20. First end 41 of 
sled assembly 40 is preferably disposed adjacent to first end 
187 of rows 188 and 189 prior to a vehicle impact. 
0.095 Rampassembly 30 is preferably provided at end 21 
of energy absorbing System 20 to prevent Small vehicles or 

Aug. 16, 2001 

vehicles with low ground clearance from directly impacting 
first end 187 of rows 188 and 189. If ramp assembly 30 is 
not provided, a Small vehicle or Vehicle with low ground 
clearance may contact either or both first ends 187 and 
experience Severe deceleration with Substantial damage to 
the vehicle and/or injury to occupants in the vehicle. 
0096 Various types of ramps and other structures may be 
provided to ensure that a vehicle impacting end 21 of energy 
absorbing 20 will properly engage sled assembly 40 and not 
directly contact first ends 187 of rows 188 and 189. For the 
embodiment of the present invention as shown in FIGS. 10, 
11, and 14, ramp assembly 30 includes a pair of ramps 32. 
Each ramp 32 preferably includes leg 34 with tapered 
surface 36 extending therefrom. Connectors 38 extend from 
leg 34 opposite from tapered surface 36. As best shown in 
FIG. 14, connectors 38 allow each ramp 32 to be securely 
engaged with respective energy absorbing assembly 186. 

0097. For some applications, leg 34 may have a height of 
approximately six and one-half inches. Other components 
asSociated with energy absorbing System 20 Such as energy 
absorbing assemblies 186 and guide rails 208 and 209 will 
preferably have a generally corresponding height. Limiting 
the height of ramps 32 and energy absorbing assemblies 186 
will allow Such components to pass under a vehicle impact 
ing with end 41 of sled assembly 40. 
0098 Tapered surfaces 36 may have a length of approxi 
mately thirteen and one-half inches. Tapered surfaces 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 Sections of Struc 
tural Steel angle may be attached to respective legs 34 using 
welding techniques and/or mechanical fastenerS. Ramps 32 
may also be referred to as “end shoes.” 
0099 For some applications, roadside hazard 310 and/or 
energy absorbing System 20 may be disposed on and 
attached to a Suitable concrete foundation. For the embodi 
ment shown in FIGS. 10, 13 and 15, concrete foundation 
308 preferably extends both longitudinally and laterally 
from roadside hazard 310. As best shown in FIGS. 13, 15, 
16 and 20 energy absorbing assemblies 186 are preferably 
disposed on and Secured to a plurality of croSS ties 24. Each 
cross tie 24 is preferably secured to concrete foundation 308 
using respective bolts 26. Various types of mechanical 
fasteners in addition to bolts 26 may be satisfactorily used to 
Secure cross ties 24 with concrete foundation 308. 

0100 For the embodiment of the present invention as 
shown in FIGS. 10-20, cross ties 24 may be formed from 
Structural Steel Strips having a nominal width of three inches 
and a nominal thickness of one halfinch. The length of each 
croSS tie 24 may be approximately twenty-two inches. Three 
holes are preferably formed in each croSS tie 24 to accom 
modate bolts 26. During a vehicle collision with either side 
of energy absorbing System 20, croSS ties 24 are placed in 
tension. The materials used to form croSS ties 24 and their 
asSociated configuration are Selected to allow croSS ties 24 to 
deform in response to tension from Such side impacts and to 
absorb energy from the impacting vehicle. 
0101 Energy absorbing assemblies 186 are similar to 
previously described energy absorbing assemblies 86. For 
example, see FIGS. 6, 13 and 15. For purposes of describing 
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embodiments of the present invention as shown in FIGS. 
9A-20, supporting beams 190 immediately adjacent to cross 
ties 24 are designated 190a. The respective supporting 
beams 190 disposed immediately there above are designated 
190b. Supporting beams 190a and 190b have substantially 
identical dimensions and configurations (See FIG. 13) 
including respective web 192 with grips or flanges 194 and 
196 extending therefrom. For the embodiment as shown in 
FIGS. 9A-20, four cross ties 24 are preferably attached to 
web 192 of Supporting beams 190a opposite from respective 
flanges 194 and 196. As a result, the generally C-shaped 
croSS Section of each Supporting beam 190a extends away 
from respective croSS ties 24. 
0102) The number of cross ties 24 attached to each 
Supporting beam 190a may be varied depending upon the 
intended use of the resulting energy absorbing System. For 
energy absorbing System 20, two Supporting beams 190a are 
Spaced laterally from each other and attached to four croSS 
ties 24. Conventional welding techniques and/or mechanical 
fasteners (not expressly shown) may be used to attach 
supporting beams 190a with cross ties 24. 
0103) A plurality of energy absorbing elements 152 is 
preferably attached to respective supporting beams 190a and 
190b using mechanical fasteners 198a and 198b. For some 
applications each energy absorbing element 152 may have 
Substantially the same configuration and dimensions. For 
other applications such as shown in FIG. 20 energy absorb 
ing elements 152a, 152b, 152c, 152d, 152e and 152f with 
varying lengths, widths, and thicknesses may be used to 
form energy absorbing assemblies 186. 
0104. A pair of guide rails or guide beams 208 and 209 
are preferably attached to and extend laterally from respec 
tive supporting beams 190b. Guide rails 208 and 209 are 
preferably 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. Guide rails 
208 and 209 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) is prefer 
ably formed along the length of Second leg 212 to allow 
attaching guide rails 208 and 209 with mechanical fasteners 
198b to respective supporting beams 190b. Mechanical 
fasteners 198b are preferably longer than mechanical fas 
teners 198a to accommodate guide rails 208 and 209 and 
longitudinal force causing Sled assembly 40 to move toward 
roadside hazard 310. 

0105. As shown in FIGS. 10, 11, 13 and 14, sled assem 
bly 40 is slidably disposed on guide rails 208 and 209. As 
best shown in FIGS. 15 and 16, panel Support frames 
60a-60e are also slidably disposed on guide rails 208 and 
209. For the embodiment of the present invention as shown 
in FIG. 10, the length of guide rails 208 and 209 is longer 
than the length of the associated rows 188 and 189 of energy 
absorbing assemblies 186. When energy absorbing system 
20 is in its second position as shown in FIG. 9B, panel 
support frames 60a-60e are disposed immediately adja 
cently to each other which prevents further movement of 
sled assembly 40. Therefore, it is not necessary for rows 188 
and 189 of energy absorbing assemblies 186 to have the 
same length as guide rails 208 and 209. 
0106 For the embodiment of the present invention as 
represented by energy absorbing System 20, Sled assembly 

Aug. 16, 2001 

40 has the general configuration of an open sided box. See 
FIG. 12. The materials used to form sled assembly 40 and 
their configuration are preferably Selected to allow sled 
assembly 40 to remain intact after impact by a high Speed 
vehicle. First end 41 of sled assembly 40 corresponds 
generally with first end 21 of energy absorbing system 20. 
End 41 may also be referred to as the “upstream” end of sled 
assembly 40. End 47 of sled assembly 40 is disposed 
opposite from end 41. End 47 may also be referred to as the 
“downstream” end of sled assembly 40. Sled assembly 40 
also includes sides 48 and 49 which extend between ends 41 
and 47. As shown in FIGS. 11 and 13, Sides 48 and 49 of 
sled assembly 40 are preferably covered by panels 160. For 
purposes of illustration, panels 160 have been removed from 
side 48 in FIG. 12. 

0107 Sled assembly 40 is further defined by corner posts 
42, 43, 44 and 45 which extend generally vertically from 
guide rails 208 and 209. For the embodiment of the present 
invention as shown in FIGS. 10-14, corner posts 42 and 43 
may be formed from Structural Steel Strips having a width of 
approximately four inches, a thickness of approximately 
three quarters of an inch. Each corner post 42 and 43 has a 
length of approximately thirty-two inches. Tapered Surface 
46 is preferably formed on the end of each corner post 42 
and 43 immediately adjacent to the ground or concrete 
foundation 308. The dimensions and configuration of 
tapered Surfaces 46 is preferably Selected to minimize or 
eliminate contact between concrete foundation 308 and 
respective ends of corner posts 42 and 43 that might prevent 
Smooth linear movement of sled assembly 40 along guide 
rails 208 and 209 toward roadside hazard 310. 

0.108 Corner posts 44 and 45 may be formed from 
Structural Steel angles having legs of equal width Such as two 
and one half inches by two and one half inches and a 
thickness of approximately three-eighths of an inch. Corner 
posts 44 and 45 preferably have a length of approximately 
twenty-nine inches. Various configurations of braces and 
Supports may be used to rigidly attach corner post 42,43, 44 
and 45 with each other to provide the desired structural 
strength for sled assembly 40. 
0109 For the embodiment of the present invention as 
shown in FIGS. 10-14, top brace 141 preferably extends 
laterally between corner posts 42 and 43. Top brace 142 
preferably extends laterally between corner posts 44 and 45. 
A pair of top braces 148 and 149 extend longitudinally 
between top braces 141 and 142 along respective sides 48 
and 49 of sled assembly 40. Bottom brace 51 preferably 
extends laterally between corner post 42 and corner post 43 
immediately above guide rails 208 and 209. Another bottom 
brace 52 preferably extends laterally between corner post 44 
and corner post 45 immediately above guide rails 208 and 
209. 

0.110) End 41 of sled assembly 40 also includes braces 
146 and 147 extending diagonally between respective corner 
posts 42 and 43 and bottom brace 51. Corner posts 42 and 
43, top brace 141, bottom brace 51 and braces 146 and 147 
cooperate with each other to provide a very rigid, Strong 
structure at first end 41 of sled assembly 40. End 47 of sled 
assembly 40 includes diagonal braces 143, 144 and 145 
along with diagonal braces 146 and 147 to provide addi 
tional structural support for sled assembly 40. 
0111. The dimensions of end 41 of sled assembly 40 
which are defined in part by corner posts 42 and 43, top 
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brace 141 and bottom brace 51 are selected to catch or gather 
an impacting vehicle. During a collision between a motor 
vehicle and first end 21 of energy absorbing assembly 20, 
kinetic energy from the colliding vehicle is transferred from 
first end 41 to other components of sled assembly 40. The 
dimensions and configuration of end 41 may also be Selected 
to effectively 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 energy absorbing System 20. 
0112 A pair of C-shaped channels 50 and 53 preferably 
extend diagonally from top brace 141 to bottom brace 52. 
Channels 50 and 53 are preferably spaced laterally from 
each other and laterally from corner posts 42 and 43 and 
corner posts 44 and 45. Guide assembly 54 is preferably 
attached to the ends of channels 50 and 53 extending from 
bottom brace 52. The length of channels 50 and 53 is 
selected to ensure that guide assembly 54 will contact web 
192 of respective supporting beams 190b. 
0113 Guide assembly 54 preferably includes plate 55. 
The end of channels 50 and 53 extending from bottom brace 
52 are attached to one side of plate 55. A pair of guides 58 
and 59 are preferably attached to and extend generally 
vertically from the opposite side of plate 55. Guides 58 and 
59 are disposed at an angle relative to each other and the 
center of guide assembly 54 to assist in maintaining Sled 
assembly 40 properly positioned between rows 188 and 189 
of energy absorbing assemblies 186. Plate 55 may sometime 
be referred to as a guide shoe or skid. Guides 58 and 59 may 
Sometimes be referred to as “diverters.” 

0114) Respective tabs 56 and 57 are attached to the 
bottom end of corner posts 44 and 45 adjacent to energy 
absorbing assemblies 186. Tabs 56 and 57 project laterally 
inward from respective corner posts 44 and 45 toward and 
under guide rails 208 and 209. Bottom brace 52 is preferably 
spaced from tabs 56 and 57 such that legs 211 of guide rails 
208 and 209 may be respectively disposed between tabs 56 
and 57 and bottom brace 52. As best shown in FIG. 13, tabs 
56 and 57 cooperate with bottom brace 52 to securely 
maintain sled assembly 40 on guide rails 208 and 209 while 
at the same time allowing Sled assembly 40 to Slide along 
guide rails 208 and 209 toward roadside hazard 310. Tabs 56 
and 57 are particularly helpful in preventing undesired 
lateral rotation of sled assembly 40 in response to a side 
impact. 
0115 Most impacts between a motor vehicle and end 41 
of sled assembly 40 will generally occur at a location 
substantially above energy absorbing assemblies 186. As a 
result, vehicle impact with end 41 will generally result in 
applying a rotational moment to Sled assembly 40 which 
forces bottom brace 52 to bear down on the top of guide rails 
208 and 209. 

0116. The dimensions of plate 55 and guides 58 and 59 
are selected to be compatible with web 192 of channels 190. 
During a collision between a motor vehicle and end 41 of 
sled assembly 40, force from the vehicle is transferred from 
top brace 141 through channels 50 and 53 to bottom brace 
52 and guide assembly 54. As a result, plate 55 will apply 
force to supporting beams 190b to maintain the desired 
orientation of sled assembly 40 relative to energy absorbing 
assemblies 186. 

0117 The inertia of sled assembly 40 and the friction 
associated with bottom brace 52 sliding over the top of guide 
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rails 208 and 209 and the friction caused by contact between 
plate 55 and the top of supporting beams 190b will contrib 
ute to deceleration of the impacting vehicle. 

0118 For the embodiment of the present invention as best 
shown in FIGS. 11, 12 and 14 connectors 214 and 216 are 
attached to bottom brace 51 opposite from cross braces 145 
and 146. Connectors 214 and 216 are spaced laterally from 
each other to receive connector 220 which is attached to and 
extends from cutter plate 206. Connectors 222 and 224 are 
also preferably attached to corner post 42 and extend later 
ally therefrom. Corresponding connectorS 222 and 224 are 
also attached to corner post 43 and extend laterally there 
from. ConnectorS 222 are Spaced from respective connectors 
224 a distance corresponding generally with the thickness of 
cutter plate 206. As best shown in FIG. 14, a plurality of 
holes is provided in connectors 214, 216, 220, 222, 224 and 
cutter plate 206 to allow mechanical fasteners to securely 
attach cutter plate 206 with sled assembly 40 adjacent to 
energy absorbing assemblies 186. 

0119) As best shown in FIGS. 12, 14 and 20 cutter plate 
206 preferably includes two sets of beveled cutting edges or 
ripping edges 107 and 109. Sled assembly 40 is slidably 
disposed on guide rails 208 and 209 with cutting edges 107 
and 109 aligned with first end 187 of energy absorbing 
assemblies 186. The thickness of cutter plate 206 and the gap 
or cutting Zone 154 between supporting beams 190a and 
190b are selected to allow cutter plate 206 to fit between 
flanges 194 and 196 of supporting beams 190a and 190b. 
Cutter plate 206 is located within slots 102 of energy 
absorbing assemblies 186. 

0120) As best shown in FIG. 14, cutter plate 206 pref 
erably includes respective guide plates 268. A respective 
guide plate 268 is provided on each side of cutter plate 206 
for each supporting beam 190. The width of each guide plate 
268 is selected to be compatible with the width of the 
respective Supporting beam 190. The combined thickness of 
each cutter plate 206 along with respective guide plates 268 
is Selected to be compatible with gap or cutting Zone 154 
formed between respective support beams 190. The thick 
neSS of cutting plate 206 is Selected to correspond generally 
with the dimensions of gap 154. Each guide plate 268 is 
preferably disposed within the generally C-shaped croSS 
section defined by web 192 and flanges 194 and 196 of the 
asSociated Support beams 190. For Some applications, gap or 
cutting Zone 154 between supporting beams 190a and 190b 
may be approximately one inch (or twenty-five millimeters) 
and the thickness of cutter plates 206 may be approximately 
one half inch. 

0121. During a collision with end 21 of energy absorbing 
System 20, a vehicle will experience a deceleration Spike as 
momentum is transferred from the vehicle to sled assembly 
40 which results in sled assembly 40 and the vehicle moving 
in unison with each other. The amount of deceleration due to 
the momentum transfer is a function of the weight of sled 
assembly 40, along with the weight and initial speed of the 
vehicle. As sled assembly 40 slides longitudinally toward 
roadside hazard 310, guide assembly 54 will contact respec 
tive Supporting beams 190b to maintain the desired align 
ment between sled assembly 40 and energy absorbing 
assemblies 186 and cutter plates 206. Sled assembly 40 
maintains cutter blade 206 in alignment with cutting Zone 
154. 
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0122). As sled assembly 40 continues sliding toward 
roadside hazard 310, cutter plate 206 will engage and 
Separate energy absorbing elements 152 of the respective 
energy absorbing assemblies 186. When sled assembly 40 is 
impacted by a vehicle, cutter plate 206 is pushed into the 
edge of each energy absorbing element 152. Beveled edges 
107 and 109 of cutter plate 206 engage the respective energy 
absorbing elements 152. Cutter plate 206 may be formed 
from various steel alloys. Beveled edges 107 and 109 are 
preferably hardened to provide desired cutting and/or rip 
ping of energy absorbing elements 152. 
0123 The center portion of each energy absorbing ele 
ment 152 is forced inwardly between respective Supporting 
beams 190, while the top and bottom portions of each energy 
absorbing element 152 are fixed to respective Supporting 
beams 190 by bolts 198a and 198b. The center portion of 
each energy absorbing element 152 continues to be Stretched 
or deformed by cutter plate 206 until the respective energy 
absorbing element 152 typically fails in tension. This creates 
a separation in each energy absorbing element 152 which 
propagates along the length of respective energy absorbing 
elements 152 as sled assembly 40 continues to be push cutter 
plate 206 therethrough. 
0.124. The separation of energy absorbing elements 152 
will Stop when kinetic energy from the impacting vehicle has 
been absorbed. After the passage of cutter plate 206, one or 
more energy absorbing elements 152 will be separated into 
upper and lower parts (See FIG. 5), which upper and lower 
parts are separated by a gap. 
0.125 Cutter plate 206, when viewed from associated 
energy absorbing elements 152, has the configuration of a 
deep, Strong beam. Cutter plate 206 is Secured to sled 
assembly 40 at both ends and in the center and is therefore 
rigid. Thus, when cutter plate 206 engages energy absorbing 
elements 152, the energy absorbing elements 152 fails while 
cutter plate 206 does not. 
0.126 AS previously noted, the thickness and number of 
energy absorbing elements 152 may be varied to safely 
absorb the kinetic energy from a wide range of vehicle types, 
sizes and/or speeds of impact. The rotational moment which 
is generally applied to end 41 of sled assembly 40 will also 
increase frictional forces between cutter plate 206 and 
portions of energy absorbing element 152 which have been 
Sheared or ripped. 
0127. For the embodiment as shown in FIG. 9A, end 47 
of sled assembly 40 will contact panel support frame 60a 
which will, in turn, contact panel Support frame 60b and any 
other panel Support frames disposed downstream from Sled 
assembly 40. Movement of sled assembly 40 toward road 
Side hazard 310 results in telescoping of panel Support 
frames and their associated panels 160 with respect to each 
other. The inertia of panel Support frames and their associ 
ated panels 160 will further decelerate an impacting vehicle 
as sled assembly 40 moves longitudinally from first end 21 
toward second end 22 of energy absorbing system 20. 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 along guide rails 208 and 209 also produces addi 
tional frictional forces to even further decelerate the vehicle. 

0128. As previously discussed with respect to FIGS. 9A 
and 9B, panel support frames 60a-60e and associated panels 
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160 will redirect vehicles striking either side of energy 
absorbing System 20 back onto the associated roadway. Each 
panel 160 preferably has a generally elongated rectangular 
configuration defined in part by first end or upstream end 
161 and second end or downstream end 162. (See FIGS. 9A, 
10 and 17.) Each panel 160 preferably includes first edge 
181 and second edge 182 which extend longitudinally 
between first end 161 and second end 162. (See FIGS. 10, 
17 and 18.) For some applications panels 160 may be formed 
from Standard ten (10) gauge W beam guardrail 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 preferably has 
approximately the same width of twelve and one-fourth 
inches. 

0129. As shown in FIGS. 16 and 17, slot 164 is prefer 
ably formed in each panel 160 intermediate ends 161 and 
162. Slot 164 is preferably aligned with and extends along 
the longitudinal center line (not expressly shown) of each 
panel 160. The length of slot 164 is less than the length of 
the associated panel 160. A respective slot plate 170 is 
slidably disposed in each slot 164. 
0130 Metal strap 166 is preferably welded to first end 
161 of each panel 160 along edges 181 and 182 and the 
middle. 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 extends between respective longitudi 
nal edges 181 and 182. 

0131 Mechanical fasteners 167, 168, and 169 may be 
used to attach each metal Strap 166 with its associated corner 
post 68 or 69. Mechanical fasteners 167 and 169 are 
substantially identical. Metal straps 166 provide more con 
tact points for mounting end 161 of panels 160 to respective 
panel support frames 60a-60f 
0132 Recesses 184 are preferably formed in each panel 
160 at the junction between second end 162 and respective 
longitudinal edges 181 and 182. (See FIG. 17) Recesses 184 
allow panels 160 to fit with each other in a tight overlapping 
arrangement when energy absorbing System 20 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. 
0.133 Panel Support frames 60a-60e have substantially 
the same dimensions and configuration. Therefore, only 
panel Support frame 60e as shown in FIG. 16 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 second 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 contact concrete foundation 308. 

0134) 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 
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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 to provide desired Strength during a side impact with 
energy absorbing System 20. 

0135) Tab 66 (See FIG. 15) is attached to the end of post 
69 adjacent to concrete foundation 308 and extends laterally 
toward energy absorbing assemblies 186. Tab 67 is attached 
to the end of post 68 adjacent to concrete assembly 308 and 
extends laterally toward energy absorbing assemblies 186. 
Tabs 66 and 67 cooperate with bottom brace 62 to maintain 
panel Supporting frame 60e engaged with guide rails 208 
and 209 during a Side impact with energy absorbing System 
20 to prevent or minimize rotation in a direction perpen 
dicular to guide rails 208 and 209 while allowing panel 
Supporting frame 60e to slide longitudinally toward roadside 
hazard 310. 

0.136 Impact from a vehicle colliding with either side of 
energy absorbing assembly 20 will be transferred from 
panels 160 to panel support frames 60a-60g. The force of the 
lateral impact will then be transferred from panel Support 
frames 60a-60g to the associated guide rails 208 and/or 209 
to energy absorbing assemblies 186 through croSS ties 24 
and mechanical fasteners 26 to concrete foundation 308. 
CrOSS ties 24, mechanical fastenerS 26, energy absorbing 
assemblies 186, guide rails 208 and 209 along with panel 
Support frames 60a-60g provides lateral Support during a 
Side impact with energy absorbing System 20. 

0.137 For purposes of explanation, panels 160 shown in 
FIGS. 17 and 18 have been designated 160a, 160b, 160c, 
160d, 160e and 160f Further, the longitudinal edges of 
panels 160a-160d are identified as longitudinal edges 181a 
181d and 182a-182d, and the longitudinal edges of panel 
160fare 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. Likewise, for panel 160c, 
the upstream end is identified as end 161c, and for panel 
160e, the downstream end is identified as end 162e. For the 
embodiment of the present invention, as shown in FIG. 17, 
respective metal Straps 166 are provided to attach first end 
161a and first end 161d to post 68 of panel Support frame 
60c. In a similar manner, respective metal straps 166 are 
provided to securely attach first end 161b and 161e to corner 
post 68 of panel support frame 60d. As best shown in FIG. 
18, bolt 168 extends through hole 172 in respective slot plate 
170 and a corresponding hole (not expressly shown) in panel 
160b. 

0138. As best shown in FIG. 19, slot plate 170 preferably 
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 are sized to be received within slot 164 
of the associated panel 160. Mechanical fastener 168 is 
preferably longer than mechanical 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 post 68 or 69. See inner panel 160b and 
outer panel 160a in FIG. 18. 
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0.139 For the embodiment of the present invention as 
shown in FIGS. 17 and 18, a portion of bolt 168 along with 
associated fingers 174 and 176 of slot plate 170 are slidably 
disposed in longitudinal slot 164 of panel 160b. During a 
vehicle impact with end 21 of energy absorbing assembly 
20, panel support frame 60c with first end 161a of panel 
160a will move longitudinally toward roadside hazard 310. 
The engagement of the associated slot plate 170 within 
longitudinal slot 164 will allow panel 160a to slide longi 
tudinally relative to panel 160b until panel Support frame 
60c contacts panel support frame 60d. When this contact 
occurs, panel Support frame 60d and associated panels 160 
will move with panel Support frame 60c and its associated 
panels 160 toward roadside hazard 160. 
0140. Upon a vehicle impact with the sled assembly 40, 
sled assembly 40 is pushed into the frames which are 
maintained in vertical alignment by guide rails 208 and 209, 
bottom brace 62 and tabs 66 and 67 as the frames slide 
toward roadside hazard 310. 

0141 AS previously discussed each panel Support frame 
60a-60e is slidably disposed on guide rails 208 and 209. As 
best shown in FIG. 17, upstream panel 160b overlaps 
downstream panel 161c. End 161c of downstream panel 
160c is preferably welded to strap 166. Slot plate 170 is 
slidably disposed in slot 164 of upstream panel of 160b. 
Therefore, as panel Support frame 60d moves longitudinally 
toward panel Support frame 60e, panel 160b may slide 
longitudinally and telescope over downstream panel 160c. 
0.142 For many applications, energy absorbing elements 
disposed immediately adjacently to sled assembly 40 will 
typically be relatively thin or “soft” to decelerate relatively 
Small, Slow-moving vehicles. The length of energy absorb 
ing System 20 is preferably Selected to be long enough to 
provide for multiple stages for Satisfactory deceleration of 
large, high-Speed vehicles after Sled assembly 40 has moved 
through the front portion with “relatively soft' energy 
absorbing elements. Generally, energy absorbing elements 
installed in the middle portion of energy absorbing System 
20 and immediately adjacent to roadside hazard 310 will be 
relatively "hard' as compared to energy absorbing elements 
installed adjacent to first end 21. 
0143. When a vehicle initially impacts end 21 of energy 
absorbing System 20, any occupants who are not wearing a 
Seat belt or other restraining device will be catapulted 
forward from their seat. Properly restrained occupants will 
generally decelerate with the vehicle. During the short time 
period and distance Sled assembly 40 travels along guide 
rails 208 and 209, an unrestrained occupant may be airborne 
inside the vehicle. Deceleration forces applied to the impact 
ing 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 preferably be reduced to lower levels to minimize 
possible injury to the unrestrained occupant. 
0144. The relative “softness” or “hardness” of energy 
absorbing system 20 is determined by the number and 
characteristics of energy absorbing elements 152, the loca 
tion of energy absorbing elements 152, and the location and 
inertia associated with panel Support frames 60a-60g and 
their associated panels 160. For example, energy absorbing 
element 200 shown in FIG. 8 may be modified to be 
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relatively hard by reducing the number and/or size of oval 
slot 204. In the same manner, energy absorbing element 200 
may be made relatively Soft by increasing the number and/or 
Size of oval Slot 204. Increasing the thickness of energy 
absorbing elements 152 will increase the amount of force 
required to push cutter plate 206 therethrough and thus, 
produces a harder portion in the associated energy absorbing 
system 20. Energy absorbing assembly 486 as previously 
described in FIG. 7 shows various techniques for increasing 
the hardness of an energy absorbing System. Thus, the 
present invention allows modifying energy absorbing SyS 
tem 20 to minimize possible injury to both restrained and 
unrestrained occupants in a wide variety of vehicles travel 
ing at various Speeds. 
0145 Energy absorbing system 20 as shown in FIG. 20 
preferably includes energy absorbing elements 152a, 152b, 
152c, 152d, 152e and 152f Energy absorbing elements 152a 
and 152b are preferably formed from relatively thin sixteen 
gauge construction Steel Strips having a nominal width of 
four and one half inches. Energy absorbing element 152a 
preferably has a nominal length of approximately fifty-four 
inches. Energy absorbing element 152b preferably has a 
nominal length of approximately sixty inches. Energy 
absorbing elements 152c and 152d are preferably formed 
from Structural Steel Strips having a nominal width of four 
and one half inches and thickness of three-sixteenths of an 
inch. Energy absorbing element 152c preferably has a nomi 
nal length of approximately Seventy-six inches. Energy 
absorbing element 152d preferably has a nominal length of 
approximately seventy inches. Energy absorbing elements 
152e are preferably formed from the same type of material. 
Energy absorbing elements 152fare preferably formed from 
Structural Steel Strips having a width of approximately four 
and one-half inches and a length of approximately ninety 
two inches. Each energy absorbing element 152f preferably 
has a thickness corresponding with ten gauge construction 
Steel Strips. 
0146 By combining energy absorbing elements 152a, 
152b, 152c, 152d, 152e and 152?, as shown in FIG. 20, 
energy absorbing assemblies 186 will have a relatively 
“soft’ first portion, a “hard” middle portion and a “harder” 
final portion adjacent to roadside hazard 310. Energy 
absorbing elements 152a, 152b, 152c, 152d, 152e and 152f 
are Staggered to decrease the change in deceleration forces 
applied to an impacting vehicle as cutter blade 206 passes 
from the first portion of energy absorbing assembly 220 to 
the middle portion of energy absorbing System 20. 
0147 When sled assembly 40 hits thicker energy absorb 
ing media, Such as the previously described energy absorb 
ing elements, sled assembly 40 slows down while the panel 
support frames continue to slide toward fixed hazard 310, 
telescoping panels 160 along the way. Thus, the panel 
Support frames will typically move out of the way So that 
they no longer contribute to deceleration of the vehicle. 
0148 If the sled assembly 40 is hit at an angle, energy 
absorbing System 20 will generally function as previously 
described to decelerate the impacting vehicle. Depending 
upon the angle of impact with sled assembly 40, additional 
deceleration may occur due to increased friction forces 
being applied to Sled assembly 40 as it slides along guide 
rails 208 and 209. 

0149 If panels 160 are hit, the vehicle is redirected back 
to the roadway and away from the fixed hazard. The impact 
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is transmitted from the panels 160 to respective panel 
Support frames. The panel Support frames attempt to rotate, 
as panels 160 are usually hit high. However, the panel 
Support frames are prevented from rotating on guide rails 
208 and 209 by inwardly extending projections 56 and 57 
underneath beam guides on the rails. Thus, the System 
“gives” when hit on its side by allowing the cross-ties to 
deform. Much like the System's collapse during a head on 
collision, this "give” on a lateral impact reduces deceleration 
forces applied to a side impacting vehicle. The System 
remains in place after a lateral redirecting impact. 
0150 End weldment 242 is preferably provided at end 22 
of energy absorbing System 20 for use in attaching energy 
absorbing system 20 with the end of roadside hazard 310 
facing oncoming traffic. For Some applications end Weld 
ment 242 has Substantially the same configuration as panel 
supporting frames 60a-60g. 
0151. Although the present invention has been described 
in detail, it should be understood that various changes, 
Substitutions and alterations can be made hereto without 
departing from the Spirit and Scope of the invention as 
defined by the appended claims. 

What is claimed is: 
20. An energy absorbing System to minimize the results of 

a collision between a moving vehicle and a roadside hazard 
comprising: 

a pair of guide rails having a first end and a Second end 
with the Second end of each guide rail disposed adja 
cent to the roadside hazard; 

the guide rails extending longitudinally from the roadside 
hazard with the first end of each guide rail facing 
oncoming traffic, 

the guide rails Spaced laterally from each other; 
a plurality of panel Support frames slidably Secured to the 

guide rails, 
a plurality of panels having a first end and a Second end; 
the first end of each panel Securely attached to one of the 

panel Support frames, and 
each panel Slidably Secured with at least one other panel 

Support frame located downstream from the one panel 
Support frame. 

21. The energy absorbing system of claim 20 further 
comprising two panels attached to each panel Support frame. 

22. The energy absorbing system of claim 20 further 
comprising: 

the energy absorbing System having a first end and a 
Second end corresponding generally with the first end 
and the Second end of the pair of guide rails, 

the energy absorbing System having a first Side and a 
Second Side extending longitudinally between the first 
end and the Second end; and 

a plurality of panels attached to each Side of the energy 
absorbing System. 

23. The energy absorbing system of claim 20 further 
comprising: 

each panel Support frame having a generally rectangular 
configuration; and 
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a plurality of panels attached to each side of the panel 
Support frames and extending longitudinally from the 
first end to the Second end of the guide rails. 

24. The energy absorbing system of claim 20 further 
comprising: 

the energy absorbing System having a first position with 
each panel Support frame Spaced longitudinally from 
adjacent panel Support frames, 

the panel Support frames and the respective panels form 
ing a Series of bays extending longitudinally from the 
first end to the Second end of the guide rails, 

a plurality of two-bay panels defined in part by Selected 
panels having their respective first end Securely 
attached to a first panel Support frame and each panel 
of the two-bay panels slidably attached with two panel 
Support frames disposed downstream from the first 
panel Support frame; and 

at least one one-bay panel defined by a Second panel 
Support frame with the first end of Selected panels 
Securely attached thereto and each panel of the one-bay 
panel slidably attached to only one panel Support frame 
disposed downstream from the Second panel Support 
frame. 

25. The energy absorbing system of claim 24 further 
comprising the plurality of bays extending between the first 
end and the Second end of the guide rails arranged in the 
order of a two-bay panel, a two-bay panel, a one-bay panel, 
a two-bay panel, and a two-bay panel. 

26. A panel for attachment to one Side of a highway crash 
cushion, the panel comprising: 

a generally rectangular configuration having a length and 
a width; 

a first end and a Second end with a longitudinal axis 
extending from the first end to the Second end; 

the panel having a first edge and a Second edge extending 
longitudinally between the first end and the Second end; 

the panel having a generally W-shaped croSS Section 
extending laterally with respect to the longitudinal axis, 

a strap welded to the first end; 
recesses formed in the first edge and the Second edge 

adjacent to the Second end; and 
the recesses having a configuration Selected to be com 

patible with the first end of another panel. 
27. The panel of claim 26 further comprising a slot formed 

in the longitudinal axis extending from near the first end to 
near the Second end. 

28. A cutter plate for Separating energy absorbing ele 
ments in an energy absorbing System comprising: 

the cutter plate having a generally rectangular configura 
tion defined in part by a pair of lateral edges and a pair 
of longitudinal edges, 

a first Set of cutting edges formed in a first lateral edge of 
the cutter plate and a Second Set of cutting edges formed 
in the first lateral edge of the cutter plate; and 

the first Set of cutting edges and the Second Set of cutting 
edges being Spaced apart from each other. 

Aug. 16, 2001 

29. The cutter plate of claim 28 further comprising the 
cutting edges disposed at an angle of approximately forty 
five degrees relative to the first lateral edge. 

44. A crash cushion to minimize the results of a collision 
between a vehicle and a fixed obstacle, comprising: 

a failure medium extending in a first direction and having 
first and Second ends, 

a nose located at the first end and being movable in the 
first direction when impacted, the nose comprising a 
cutter that moves through the failure medium when the 
nose is moved in the first direction; 

a group of panels extending from the first end to the 
Second end, the panels being Structured and arranged to 
be located above ground So as to make contact with an 
impacting vehicle after the crash cushion is installed; 
and 

a framework located between the nose and the Second 
end, the framework Supporting the panels, the frame 
work being collapsible toward the Second end when the 
nose is impacted, the framework resisting collapse in 
the first direction when the panels are impacted in a 
Second direction that is perpendicular to the first direc 
tion. 

45. The crash cushion of claim 44 further comprising: 
two parallel, Spaced apart tracks extending between the 

first and Second ends, and 

the framework comprising plural frames mounted on the 
trackS. 

46. The crash cushion of claim 44 wherein: 

each panel has an upstream end and a downstream end, 
with the upstream end being nearest to the first end and 
the downstream end being nearest to the Second end; 
and 

the upstream end of each panel being fixedly coupled to 
the framework, the downstream end of each panel 
being Slidably coupled to the framework. 

47. The crash cushion of claim 46 wherein: 

each panel comprises a slot that extends from a location 
near the upstream end to a location that is near the 
downstream end; 

the panels are arranged So as to be coupled to the 
framework in an overlapping manner, the overlapping 
panels comprising the upstream end of one panel and 
the downstream end of another panel, with the 
upstream end of the one panel being fixedly coupled to 
the framework by a fastener; and 

the fastener comprising a Standoff that is received by the 
slot near the downstream end of the other panel. 

55. The energy absorbing system of claim 1 further 
comprising: 

at least one of the panel Support frames having a first Side 
and a Second Side; and 

two panels attached to the first Side and two other panels 
attached to the Second Side. 

56. An energy absorbing System to minimize the results of 
a collision between a moving vehicle and a roadside hazard 
comprising: 
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a pair of guide rails having a first end and a Second end, 
the guide rails spaced laterally from each other and 
extending longitudinally from the roadside hazard in a 
first direction with the first end of each guide rail facing 
oncoming traffic and the Second end of each guide rail 
disposed adjacent to the roadside hazard; 

a failure medium having first and Second ends, the failure 
medium extending in the first direction; 

a nose located near the first ends of the guide rails and 
being movable in the first direction when impacted; 

the nose including a cutter that moves through the failure 
medium when the nose is moved in the first direction, 
the cutter having a generally rectangular configuration 
defined in part by a pair of lateral edges and a pair of 
longitudinal edges, 

a first Set of cutting edges formed in a first lateral edge of 
the cutter; 

a Second Set of cutting edges formed in the first lateral 
edge of the cutter and Spaced apart from the first Set of 
cutting edges; 

a framework located between the nose and the Second 
ends of the guide rails, the framework including a 
plurality of panel Support frames Slidably Secured to the 
guide rails, the framework being collapsible toward the 
Second end when the nose is impacted and resisting 
collapse when the panels are impacted in a Second 
direction that is perpendicular to the first direction; 

a plurality of panels each having a first end and a Second 
end, the first end of each panel Securely attached to one 
of the panel Support frames, and each panel slidably 
Secured with at least one other panel Support frame 
located downstream from the one panel Support frame; 

the plurality of panels extending Substantially from the 
nose to the Second end of the guide rails, the panels 
being located above ground So as to make contact with 
an impacting vehicle; 
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at least first and Second panels among the plurality of 
panels having a generally rectangular configuration 
with a first end, a Second end, and a longitudinal axis 
extending from the first end to the Second end, the first 
and Second panels each having a first edge and a Second 
edge extending longitudinally between the first end and 
the Second end and a generally W-shaped croSS Section 
extending laterally with respect to the longitudinal axis, 

a first strap welded to the first end of the first panel and 
a Second Strap welded to the first end of the Second 
panel; and 

recesses formed in the first and Second edges of the first 
panel adjacent to the Second end of the first panel, the 
recesses being configured to accommodate the first end 
of the Second panel. 

57. An energy absorbing system to minimize the results of 
a collision between a moving vehicle and a roadside hazard, 
the energy absorbing System comprising: 

a first end and a Second end, with the Second end disposed 
adjacent to a roadside hazard and the first end extend 
ing longitudinally from the roadside hazard in a first 
direction toward oncoming traffic; 

an impact head slidably disposed at the first end of the 
energy absorbing System; 

at least one guardrail disposed Substantially between the 
first end and the Second end; 

at least one energy absorbing element disposed longitu 
dinally in the first direction between the roadside 
hazard and the impact head; 

the impact head having a splitter mounted adjacent to and 
aligned with each energy absorbing element, Such that 
a collision of a vehicle with the impact head will cause 
the Splitter to Slide longitudinally through the energy 
absorbing element and dissipate kinetic energy of the 
Vehicle by Separating the energy absorbing element. 
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