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FIG.l

(57) Abstract: An energy absorber comprises an intermediate portion interconnecting a first end and a second end. The intermedi­
ate portion and the first and second ends are on the same plane. The intermediate portion includes curved portions configured and 
arranged to deform and begin to straighten when subjected to a pre-determined load to absorb energy from the pre-determined 
load. Should a user fall, the energy absorber will deform (begin to straighten) to absorb energy from the fall. Optional pins prevent 
material from getting caught in the energy absorber, assist in stiffening the energy absorber, and assist in pre-stressing the energy 
absorber so that it will not open up when subjected to a load less than the pre-determined load. Optional tabs and slots or protru­
sions and notches prevent material from getting caught in the energy absorber.
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ENERGY ABSORBER

5 Field of the Invention

The present invention relates to an energy absorber for use with fall protection 

and fall arrest equipment.

Background

10 Various occupations place people in precarious positions at relatively dangerous

heights thereby creating a need for fall protection and fall arrest apparatus. As a result, 

many types of safety apparatus have been developed to reduce the likelihood of a fall 

and/or injuries associated with a fall. Among other things, such apparatus typically 

include an interconnection between at least one anchorage point and a safety harness

15 worn by a user performing tasks in proximity to the at least one anchorage point. One 

type of interconnection commonly used is a lifeline or a rail assembly interconnected 

between at least two anchorage points, along the length of which the user may move 

and perform tasks. The user’s safety harness is typically connected to the lifeline or the 

rail assembly via a lanyard and a connector or other suitable devices. Should a fall

20 occur, an energy absorber may also be used to absorb a significant amount of energy 

and reduce the likelihood of injury to the user due to the force of the fall.

For the reasons stated above and for other reasons stated below, which will 

become apparent to those skilled in the art upon reading and understanding the present 

specification, there is a need in the art for an energy absorber for use with fall

25 protection and fall arrest equipment.

Summary

The above-mentioned problems associated with prior devices are addressed by 

at least embodiments of the present invention and will be understood by reading and

30 understanding the present specification.

The invention provides, an energy absorber, including:

1
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an intermediate portion interconnecting a first end and a second end, the 

intermediate portion and the first and second ends being on the same plane, the 

intermediate portion including curved portions configured and arranged to deform and 

begin to straighten when subjected to a pre-determined load to absorb energy from the

5 pre-determined load;

at least one first protrusion and at least one first notch in opposing portions of 

the first end and the intermediate portion;

at least one second protrusion and at least one second notch in opposing 

portions of the second end and the intermediate portion; and

10 wherein the first and second notches are configured and arranged to receive the

respective first and second protrusions to prevent material from getting caught in the 

energy absorber, and wherein the first and second protrusions move out of the 

respective first and second notches without deforming when subjected to the 

predetermined load and the first and second ends pull apart.

15 The invention also provides, an energy absorber, including:

an intermediate portion interconnecting a first end and a second end, the

intermediate portion and the first and second ends being on the same plane, the 

intermediate portion including curved portions configured and arranged to deform and 

begin to straighten when subjected to a pre-determined load to absorb energy from the

20 pre-determined load;

at least one first protrusion and at least one first notch in opposing portions of 

the first end and the intermediate portion;

at least one second protrusion and at least one second notch in opposing 

portions of the second end and the intermediate portion; and

25 wherein the first and second notches are configured and arranged to receive the

respective first and second protrusions to prevent material from getting caught in the 

energy absorber, and wherein the energy absorber acts like a spring when subjected to a 

smaller load than the pre-determined load and returns to a substantially original shape 

when no longer subjected to the smaller load.

2
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Additionally, the invention provides a method of making an energy absorber 

including:

obtaining a piece of stainless steel having a thickness of 0.250 to 0.500 inch;

5 and

cutting the stainless steel to form an intermediate portion interconnecting a first 

end and a second end, a first protrusion and a first notch in opposing portions of the 

first end and the intermediate portion, and a second protrusion and a second notch in 

opposing portions of the second end and the intermediate portion on the same plane, the

10 intermediate portion including curved portions and the first and second ends including 

apertures formed therein, the curved portions deform and begin to straighten out when 

subjected to a pre-determined load to absorb energy from the pre-determined load, the 

notches configured and arranged to receive the protrusions to prevent material from 

getting caught in the energy absorber, the first and second notches being configured and

15 arranged to receive the respective first and second protrusions to prevent material from

getting caught in the energy absorber, and the first and second protrusions being 

configured and arranged to move out of the respective first and second notches without 

deforming when subjected to the predetermined load and the first and second ends pull 

apart.

20

Brief Description of the Drawings

The present invention can be more easily understood, and further advantages 

and uses thereof can be more readily apparent, when considered in view of the detailed 

description and the following Figures in which:

2a



2011/049674 PCT/US2010/047097

5

10

15

20

25

Figure 1 is a side view of an energy absorber constructed in accordance with the 
principles of the present invention;

Figure 2 is a side view of the energy absorber shown in Figure 1 with a 
measuring device illustrating scale of the energy absorber and showing the energy 
absorber under no load;

Figure 3 is a side view of the energy absorber shown in Figure 1 connected to 

anchorage structures just after elastic deformation ends and plastic deformation begins;
Figure 4 is a side view of the energy absorber shown in Figure 1 going through 

plastic deformation;
Figure 5 is a side view of the energy absorber shown in Figure 1 at maximum 

arrest force;

Figure 6 is a perspective view of the energy absorber shown in Figure 1 
connected to a shuttle and a carabiner;

Figure 7 is a side view of another embodiment energy absorber constructed in 

accordance with the principles of the present invention;
Figure 8 is a side view of another embodiment energy absorber constructed in 

accordance with the principles of the present invention;

Figure 9 is a side view of the energy absorber shown in Figure 1;

Figure 10A is a side view of another embodiment energy absorber with tabs 
constructed in accordance with the principles of the present invention;

Figure 1 OB is a side view the energy absorber shown in Figure 10A;
Figure 11 is a side view of another embodiment energy absorber constructed in 

accordance with the principles of the present invention;
Figure 12 is a side view of the energy absorber shown in Figure 11 connected to 

anchorage structures and showing the energy absorber under no load;
Figure 13 is a side view of the energy absorber shown in Figure 11 connected to 

anchorage structures and showing the energy absorber undergoing plastic deformation 

under load;

3
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Figure 14 is a side view of the energy absorber shown in Figure 11 connected to 
anchorage structures and showing the energy absorber undergoing further plastic 

deformation under load;
Figure 15 is a side view of the energy absorber shown in Figure 11 connected to 

anchorage structures and showing the energy absorber after being subjected to a load 

arrest force of approximately 6 kN;

Figure 16 is a side view of another embodiment energy absorber constructed in 

accordance with the principles of the present invention; and
Figure 17 is a side view of another embodiment energy absorber constructed in 

accordance with the principles of the present invention.
In accordance with common practice, the various described features are not 

drawn to scale but are drawn to emphasize specific features relevant to the present 
invention. Reference characters denote like elements throughout the Figures and the 

text.

Detailed Description of a Preferred Embodiment
In the following detailed description, reference is made to the accompanying 

drawings, which form a part hereof, and in which is shown by way of illustration 

embodiments in which the inventions may be practiced. These embodiments are 
described in sufficient detail to enable those skilled in the art to practice the invention, 

and it is to be understood that other embodiments may be utilized and mechanical 
changes may be made without departing from the spirit and scope of the present 
invention. The following detailed description is, therefore, not to be taken in a limiting 

sense, and the scope of the present invention is defined only by the claims and 

equivalents thereof.
An embodiment energy absorber constructed according to the principles of the 

present invention is designated by the numeral 100 in the drawings. The energy 
absorber 100 includes a first end 101 having an aperture 102, a second end 103 having 

an aperture 104, and an intermediate portion 105 interconnecting the ends 101 and 103. 
The energy absorber 100 is preferably made from a rectangular piece of material such

4



2011/049674 PCT/US2010/047097

5

10

15

20

25

30

as annealed 300 series stainless steel having a thickness 125 of approximately 0.250 to 
0.500 inch, preferably approximately 0.375 inch, and a laser cutter, a water jet, or other 
suitable device is used to cut the rectangular piece into the desired shape. Although 
annealed stainless steel is preferably used, it is recognized that other suitable materials 
could be used. For example, a laser cutter or water jet having a kerf of approximately 

0.005 to 0.030 inches could be used to cut the rectangular piece into the desired shape. 

The energy absorber 100 is cut along cutting 106, which forms lobes 107a, 107b, 107c, 
107d, 107e, and 107f and curves 112, 113, 114, and 115 to form curved portions in the 

intermediate portion 105. It is recognized that the lobes could also be cut out as voids 
in the material. The cutting path is shown in Figure 9. Proximate the first end 101, a 
first notch 108 is formed in the first end 101 and in the intermediate portion 105, and 
proximate the second end 103, a second notch 110 is formed in the second end 103 and 
the intermediate portion 105. After the desired shape is obtained, the ends 101 and 103 
are pulled away from the intermediate portion proximate the notches 108 and 110, and 

the pins 109 and 111 are inserted into the notches 108 and 110 and are held in place by 
friction. The ends 101 and 103 and the intermediate portion 105 are on the same plane.

The curves 112, 113, 114, and 115 are sized in such a way that they have 
roughly equivalent stresses on their inside radii during the loading in the un-deformed 

shaped. The inner radii of the curves are sized so that pre-mature fracture of the energy 
absorber does not occur at loads below the maximum desired load. Embodiments are 

not limited to a select number of curves as long as the curves allow for the desired 

characteristics of the device as set out above.
It is recognized that the geometry and the materials of the energy absorber could 

be scaled and determined to meet various constraints of size, non-deforming pre-load, 
energy absorption / arrest force, maximum static / dynamic loading conditions, and 

other possible variables.
The pins 109 and 111 pre-load or pre-tension the energy absorber 100 to allow 

the energy absorber 100 to meet several loading conditions. One loading condition is a 

lower limit in which the energy absorber 100 cannot permanently deform. The energy 
absorber 100 can act like a spring but comes back to its original shape, typically at

5
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about 2 Kilonewtons (hereinafter “kN”). Another loading condition is the energy 
absorber 100 should start deforming (absorbing energy and limiting force) after 
permanent deformation to limit the load during a fall, typically at about 6 kN. Another 
loading condition is the energy absorber 100 is capable of holding a large static load 
and a large dynamic load. The static loads are typically in the 15 kN to 5000 pounds 
range and the dynamic loads involve dropping a large mass, which is typically 

approximately 500 pounds.
The pins 109 and 111 provide several advantages. One advantage is that the 

pins 109 and 111 pre-load (or pre-deflect in an elastic sense) the energy absorber 100. 
The pre-loading is set to hold the energy absorber relatively rigid under a small load (in 
this example about 385 pounds), but allow it to open during a fall (high load). Another 
advantage is that because the energy absorber is pre-loaded, very little movement of the 
energy absorber takes place during the small loading, which helps keep labels or other 
features operatively connected to the energy absorber. If the energy absorber were not 

pre-loaded, the deflection could allow labels or other features to detach (shear) at the 
areas where there is elastic movement. Another advantage is that the pins 109 and 111 
provide a barrier proximate the laser cutting so that harness or lanyard webbing or other 

materials cannot get caught within openings or slots in the energy absorber. The large 

elastic deflections that could take place without the pins could allow unwanted items 
into the openings or slots in the energy absorber. The pins 109 and 111 assist in 
preventing relatively large elastic deformation under small loadings. Another 
advantage is that the pins 109 and 111 could be used as an indicator that the energy 

absorber 100 has been subjected to a load.
The pins 109 and 111 could be made of any suitable material. Since the pins 

are used to provide a relatively rigid spacer in the entrance gaps of the energy absorber, 
any sufficient stiff material could be used. For example, the pins could be replaced by 

a piece of sheet metal, a hard plastic part, a rivet, a screw, a rod, a tube, or any other 
suitable device that could pre-load the energy absorber.

Alternatively, in lieu of utilizing the pins 109 and 111, one or more tab 150 
could be created proximate each end of the part itself, and each tab 150 could be bent

6
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into a slot in an opposing portion or otherwise bent toward an opposing portion to 
provide a barrier proximate the laser cutting so that harness or lanyard webbing or other 
materials cannot get caught within openings or slots in the energy absorber. This is 
illustrated in Figures 10A and 10B. As shown in Figure 10A, the part would need to be 
elastically stretched while the tabs 150 are bent. After the part is released from being 

stretched, as shown in Figure 10B, the tabs 150 would pre-load the absorber.

The energy absorber 100 is preferably manufactured using a single pass or cut 
of a laser cutter, a water jet, or other suitable device. This reduces processing time to 

manufacture the part. In order to do this, each cutting path ends in a low stress area.
The highest stressed areas occur where the part bends back on itself, proximate the 

curves 112, 113, 114, and 115. A radius of approximately 0.060 to 0.125 inch, 
preferably approximately 0.080 inch, in the curved back sections ensures the part will 
not fail, but in the straighter sections where the stresses are lower, the cutting path may 
be terminated. This part has the cuts ending in low stress areas. In addition, using a 

single pass of the cutter also reduces the chances of harness material or other objects 
being caught in the energy absorber.

There are many possible uses for the energy absorber 100. An example is 
connecting the energy absorber 100 to a shuttle 130, which moves along a rail 132, and 
to a carabiner 131, which is used to connect the energy absorber 100 to the user. This 
is shown in Figure 6. Other possible uses include, but are not limited to, limiting the 

impact force on a self-retracting lifeline (“SRL”) or a rescue device.
Figures 7 and 8 show other embodiment energy absorbers constructed in 

accordance with the principles of the present invention. The energy absorber 100’ 
shown in Figure 7 is similar to that shown in Figure 1 but does not include the pins.

The energy absorber 100” shown in Figure 8 includes overlapping portions 108” and 
110” in lieu of the pins. Thus, the pins are optional and the energy absorber could 

include alternative features in lieu of the pins.
In use, the energy absorber deforms when subjected to a pre-determined load. 

Should the user fall, the energy absorber will deform (begin to straighten out) to absorb 
some of the energy from the fall. The curved portions and the lobes or optional voids

7
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facilitate deformation of the intermediate portion. The lobes 107a -107f simply hang 
from the energy absorber as it deforms. The optional pins are held in place by friction. 

The pins prevent material from getting caught in the energy absorber, assist in 
stiffening the energy absorber, and assist in pre-stressing the energy absorber so that it 
will not open up when subjected to a load less than the pre-determined load. The 
drawings show the energy absorber as it deforms and the curved portions begin to 

straighten. The pins simply fall out of the notches when the energy absorber deforms.
Another embodiment energy absorber constructed according to the principles of 

the present invention is designated by the numeral 200 in the drawings. The energy 
absorber 200 includes a first end 201 having an aperture 202, a second end 203 having 
an aperture 204, and an intermediate portion 205 interconnecting the ends 201 and 203. 
The energy absorber 200 is preferably made from a rectangular piece of material such 

as annealed 300 series stainless steel having a thickness of approximately 0.250 to 
0.500 inch, preferably approximately 0.375 inch, and a laser cutter, a water jet, or other 

suitable device is used to cut the rectangular piece into the desired shape. Although 
annealed stainless steel is preferably used, it is recognized that other suitable materials 

could be used. For example, a laser cutter or water jet having a kerf of approximately 
0.005 to 0.030 inches could be used to cut the rectangular piece into the desired shape. 

The energy absorber 200 is cut along cutting 206, which forms lobes 207a, 207b, 207c, 
207d, 207e, and 207f and curves 212, 213, 214, and 215 to form curved portions in the 
intermediate portion 205. It is recognized that the lobes could also be cut out as voids 
in the material. Leaving these lobes in place provides more surface area to which labels 
could be connected, lessens the processing time on the laser cutter or the water jet, and 

reduces the amount of scrap material during manufacturing. The cutting path is shown 
in Figure 11. Extending outward from the first end 201 proximate the intermediate 

portion 205 is a protrusion 208 which is received in a notch 209 formed in the 
intermediate portion 205. Extending outward from the second end 203 proximate the 
intermediate portion 205 are protrusions 210a and 210b which are received in notches 
21 la and 211b, respectively, formed in the intermediate portion 205. The ends 201 and 
203 and the intermediate portion 205 are on the same plane.

8
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The curves 212 and 215 are preferably sized and configured in such a way that 
they have roughly equivalent stresses on their inside radii during the loading in the un­
deformed shaped. This means they are not stronger than necessary and begin to 
plastically deform at approximately the same loading. The inner radii of the curves are 

sized and configured so that pre-mature fracture of the energy absorber does not occur 
at loads below the maximum desired load. Curve 213 is preferably larger than 

necessary to prevent plastic deformation at small loadings as it should be large enough 
to not prematurely fracture during large deformations. Curve 214 is forced closed 

during small loading. During small loading, the cut from proximate lobe 207d toward 
aperture 202 closes proximate aperture 202 before permanent deformation occurs. This 
is shown in Figure 11. Embodiments are not limited to a select number of curves as 
long as the curves allow for the desired characteristics of the device as set out above.

It is recognized that the geometry and the materials of the energy absorber could 
be scaled and determined to meet various constraints of size, sealing or barrier gap 

width, spring pre-load, energy absorption / arrest force, maximum static / dynamic 
loading conditions, and other possible variables.

The energy absorber 200 meets several loading conditions. One loading 

condition is a lower limit that in which the energy absorber 200 does not permanently 
deform. The energy absorber 200 can act like a spring but comes back to its original 
shape, typically at about 2 Kilonewtons (hereinafter “kN”). Another loading condition 

is the energy absorber 200 should start deforming (absorbing energy and limiting force) 
after permanent deformation to limit the load during a fall, typically at about 6 kN. 
Another loading condition is the energy absorber 200 is capable of holding a large 
static load and a large dynamic load. The static loads are typically in the 15 kN to 5000 

pounds range and the dynamic loads involve dropping a large mass, which is typically 

approximately 500 pounds.
The energy absorber 200 acts like a spring during small loads. Consequently, 

the laser cutter or water jet gaps that form the absorbing elements will open up during a 

small load and close very close to their original width after unloading. Since a 
significant gap can form during the small load, a sealing or barrier mechanism is

9
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preferably used to prevent harness or lanyard webbing or other materials from getting 
caught within the openings or slots in the energy absorber. One possible design is to 
use a labyrinth type of seal or barrier, although other types of sealing or barriers could 

be envisioned.
The energy absorber 200 is preferably manufactured using a single pass or cut 

of a laser cutter, a water jet, or other suitable device. This reduces processing time to 

manufacture the part. In order to do this, each cutting path ends in a low stress area. 
The highest stressed areas occur where the part bends back on itself, proximate the 

curves 212, 213, 214, and 215. A radius of approximately 0.060 to 0.125 inch, 
preferably approximately 0.080 inch, in the curved back sections ensures the part will 
not fail, but in the straighter sections where the stresses are lower, the cutting path may 

be terminated. This part has the cuts ending in low stress areas. In addition, using a 
single pass of the cutter also reduces the chances of harness material or other objects 
being caught in the energy absorber.

In use, the protrusions 208, 210a, and 210b prevent material from getting caught 
in the energy absorber. The energy absorber deforms when subjected to a pre­
determined load. Should the user fall, the energy absorber will deform (begin to 

straighten out) to absorb some of the energy from the fall. The drawings show the 

energy absorber as it deforms and the curved portions begin to straighten. The 
protrusions 208, 210a, and 210b do not deform or deflect during deformation of the 
energy absorber. The protrusions 208, 210a, and 210b simply move out of the notches 
209, 211a, and 21 lb as the ends 201 and 203 are pulled apart. The curved portions and 

the lobes or optional voids facilitate deformation of the intermediate portion. The lobes 
207a -207f simply hang from the energy absorber as it deforms.

Another embodiment energy absorber constructed according to the principles of 
the present invention is designated by the numeral 300 and is shown in Figure 16. The 

energy absorber 300 includes a first end 301 having an aperture 302, a second end 303 
having an aperture 304, and an intermediate portion 305 interconnecting the ends 301 

and 303. The energy absorber 300 is preferably made from a rectangular piece of 
material such as annealed 300 series stainless steel having a thickness of approximately

10
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or other suitable device is used to cut the rectangular piece into the desired shape. 
Although annealed stainless steel is preferably used, it is recognized that other suitable 
materials could be used. For example, a laser cutter or water jet having a kerf of 
approximately 0.005 to 0.030 inches could be used to cut the rectangular piece into the 
desired shape. The energy absorber 300 is cut along cutting 306, which forms lobes 

307a, 307b, 307c, 307d, 307e, and 307f and curves 312, 313, 314, and 315 to form 
curved portions in the intermediate portion 305. It is recognized that the lobes could 
also be cut out as voids in the material. Leaving these lobes in place provides more 

surface area to which labels could be connected, lessens the processing time on the 
laser cutter or the water jet, and reduces the amount of scrap material during 
manufacturing. The ends 301 and 303 and the intermediate portion 305 are on the same 
plane.

Extending outward from the first end 301 proximate the intermediate portion 

305 are protrusions 308a and 308b and a notch 308c is positioned between the 
protrusions 308a and 308b. Extending outward from the intermediate portion 305 

proximate the first end 301 is a protrusion 309c and notches 309a and 309b are 
positioned on opposing sides of the protrusion 309c. The protrusion 308a extends into 

the notch 309a, the protrusion 309c extends into the notch 308c, and the protrusion 
308b extends into the notch 309b. Extending outward from the second end 303 
proximate the intermediate portion 305 are protrusions 310a and 310c. A notch 310b is 
positioned between the protrusions 310a and 310c and a notch 31 Od is positioned on the 

other side of the protrusion 310c. Extending outward from the intermediate portion 305 
proximate the second end 303 are protrusions 311a and 311c and a notch 31 lb is 
positioned between the protrusions 311a and 311c. Protrusion 310a is positioned on 
one side of the protrusion 311a, which extends into the notch 310b. Protrusion 310c 
extends into notch 311b, and protrusion 311c extends into notch 31 Od. The protrusions 

and notches assist in preventing harness or lanyard webbing or other materials from 

getting caught within the openings or slots in the energy absorber.

11
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The curves 312 and 315 are preferably sized and configured in such a way that 
they have roughly equivalent stresses on their inside radii during the loading in the un­
deformed shaped. This means they are not stronger than necessary and begin to 
plastically deform at approximately the same loading. The inner radii of the curves are

5 sized and configured so that pre-mature fracture of the energy absorber does not occur 
at loads below the maximum desired load. Curve 313 is preferably larger than 

necessary to prevent plastic deformation at small loadings as it should be large enough 
to not prematurely fracture during large deformations. Curve 314 is forced closed 

during small loading. During small loading, the cut from proximate lobe 307d toward
10 aperture 302 closes proximate aperture 302 before permanent deformation occurs. 

Embodiments are not limited to a select number of curves as long as the curves allow 

for the desired characteristics of the device as set out above.
It is recognized that the geometry and the materials of the energy absorber could 

be scaled and determined to meet various constraints of size, sealing or barrier gap

15 width, spring pre-load, energy absorption / arrest force, maximum static / dynamic 
loading conditions, and other possible variables.

The energy absorber 300 meets several loading conditions. One loading 

condition is a lower limit that in which the energy absorber 300 does not permanently 

deform. The energy absorber 300 can act like a spring but comes back to its original
20 shape, typically at about 2 Kilonewtons (hereinafter “kN”). Another loading condition 

is the energy absorber 300 should start deforming (absorbing energy and limiting force) 
after permanent deformation to limit the load during a fall, typically at about 6 kN. 
Another loading condition is the energy absorber 300 is capable of holding a large 
static load and a large dynamic load. The static loads are typically in the 15 kN to 5000

25 pounds range and the dynamic loads involve dropping a large mass, which is typically 

approximately 500 pounds.
The energy absorber 300 acts like a spring during small loads. Consequently, 

the laser cutter or water jet gaps that form the absorbing elements will open up during a 

small load and close very close to their original width after unloading. Since a
30 significant gap can form during the small load, a sealing or barrier mechanism is

12



2011/049674 PCT/US2010/047097

5

10

15

20

25

30

preferably used to prevent harness or lanyard webbing or other materials from getting 
caught within the openings or slots in the energy absorber. One possible design is to 

use a labyrinth type of seal or barrier, although other types of sealing or barriers could 
be envisioned.

The energy absorber 300 is preferably manufactured using a single pass or cut 
of a laser cutter, a water jet, or other suitable device. This reduces processing time to 

manufacture the part. In order to do this, each cutting path ends in a low stress area. 

The highest stressed areas occur where the part bends back on itself, proximate the 
curves 312, 313, 314, and 315. A radius of approximately 0.060 to 0.125 inch, 
preferably approximately 0.080 inch, in the curved back sections ensures the part will 
not fail, but in the straighter sections where the stresses are lower, the cutting path may 
be terminated. This part has the cuts ending in low stress areas. In addition, using a 
single pass of the cutter also reduces the chances of harness material or other objects 
being caught in the energy absorber.

In use, the protrusions and notches prevent material from getting caught in the 
energy absorber. The energy absorber deforms when subjected to a pre-determined 

load. Should the user fall, the energy absorber will deform (begin to straighten out) to 

absorb some of the energy from the fall. The energy absorber 300 deforms similar to 
the energy absorber 200. The protrusions do not deform or deflect during deformation 

of the energy absorber 300 but rather simply move out of the notches as the ends 301 
and 303 are pulled apart. The curved portions and the lobes or optional voids facilitate 

deformation of the intermediate portion. The lobes 307a -307f simply hang from the 
energy absorber as it deforms.

Alternatively, the labyrinth seals or barriers could be replaced with any suitable 

highly elastic material. For example, a rubber strip or a relatively thin metal strip bent 
into a spring-like shape could be used to plug any gaps where webbing or other 

materials could get caught.
Another embodiment energy absorber constructed according to the principles of 

the present invention is designated by the numeral 300’ and is shown in Figure 17. The 
energy absorber 300’ is similar to the energy absorber 300 and, therefore, only the

13



WO 2011/049674 PCT/US2010/047097

significant differences will be described. The energy absorber 300’ includes voids 
307a’, 307b’, 307c’, 307d’, 307e’, and 307f in lieu of lobes to facilitate deformation of 
the intermediate portion.

It is recognized for any of the embodiments that the material, thickness, radii,
5 dimensions, and other features could vary depending upon the application, desired 

arresting force, and other variables. For example, the thickness could change to reduce 

or increase the arresting force, and for example, a larger or smaller radii could be used 
but radii that are too small could cause larger stress concentrations and the part could 

fail.
10 The above specification, examples, and data provide a complete description of

the manufacture and use of the composition of embodiments of the invention. Since 
many embodiments of the invention can be made without departing from the spirit and 
scope of the invention, the invention resides in the claims hereinafter appended.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An energy absorber, including:

an intermediate portion interconnecting a first end and a second end, the 

intermediate portion and the first and second ends being on the same plane, the 

intermediate portion including curved portions configured and arranged to deform and 

begin to straighten when subjected to a pre-determined load to absorb energy from the 

pre-determined load;

at least one first protrusion and at least one first notch in opposing portions of 

the first end and the intermediate portion;

at least one second protrusion and at least one second notch in opposing 

portions of the second end and the intermediate portion; and

wherein the first and second notches are configured and arranged to receive the 

respective first and second protrusions to prevent material from getting caught in the 

energy absorber, and wherein the first and second protrusions move out of the 

respective first and second notches without deforming when subjected to the 

predetermined load and the first and second ends pull apart.

2. The energy absorber of claim 1, further including lobes in the intermediate 

portion to facilitate deformation of the intermediate portion.

3. The energy absorber of claim 1 or claim 2, further including voids in the 

intermediate portion to facilitate deformation of the intermediate portion.

4. The energy absorber of any one of claims 1 to 3, wherein the intermediate 

portion and the first and second ends are made from a piece of stainless steel having a 

thickness of approximately 0.250 to 0.500 inch.

5. The energy absorber of any one of claims 1 to 4, wherein the intermediate 

portion begins to deform when subjected to a load of at least 6 kN.

6. The energy absorber of any one of claims 1 to 5, wherein back sections of the 

curved portions have a radius of approximately 0.060 to 0.125 inch.

7. An energy absorber, including:
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an intermediate portion interconnecting a first end and a second end, the 

intermediate portion and the first and second ends being on the same plane, the 

intermediate portion including curved portions configured and arranged to deform and 

begin to straighten when subjected to a pre-determined load to absorb energy from the 

pre-determined load;

at least one first protrusion and at least one first notch in opposing portions of 

the first end and the intermediate portion;

at least one second protrusion and at least one second notch in opposing 

portions of the second end and the intermediate portion; and

wherein the first and second notches are configured and arranged to receive the 

respective first and second protrusions to prevent material from getting caught in the 

energy absorber, and wherein the energy absorber acts like a spring when subjected to a 

smaller load than the pre-determined load and returns to a substantially original shape 

when no longer subjected to the smaller load.

8. The energy absorber of claim 7, wherein the first end and the intermediate 

portion proximate the first end each includes a first protrusion and a first notch, the first 

protrusion of the first end corresponding with the first notch of the intermediate portion 

and the first protrusion of the intermediate portion corresponding with the first notch of 

the first end.

9. The energy absorber of claim 7 or claim 8, wherein the second end and the 

intermediate portion proximate the second end each includes a second protrusion and a 

second notch, the second protrusion of the second end corresponding with the second 

notch of the intermediate portion and the second protrusion of the intermediate portion 

corresponding with the second notch of the second end.

10. The energy absorber of any one of claims 7 to 9, wherein the intermediate 

portion begins to deform when subjected to a load of at least 6 kN.

11. The energy absorber of any one of claims 7 to 10, wherein back sections of the 

curved portions have a radius of approximately 0.060 to 0.125 inch.

12. A method of making an energy absorber, including:
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obtaining a piece of stainless steel having a thickness of 0.250 to 0.500 inch; 
and

cutting the stainless steel to form an intermediate portion interconnecting a first 

end and a second end, a first protrusion and a first notch in opposing portions of the 

first end and the intermediate portion, and a second protrusion and a second notch in 

opposing portions of the second end and the intermediate portion on the same plane, the 

intermediate portion including curved portions and the first and second ends including 

apertures formed therein, the curved portions deform and begin to straighten out when 

subjected to a pre-determined load to absorb energy from the pre-determined load, the 

notches configured and arranged to receive the protrusions to prevent material from 

getting caught in the energy absorber, the first and second notches being configured and 

arranged to receive the respective first and second protrusions to prevent material from 

getting caught in the energy absorber, and the first and second protrusions being 

configured and arranged to move out of the respective first and second notches without 

deforming when subjected to the predetermined load and the first and second ends pull 

apart.

13. The method of claim 12, wherein the stainless steel has a thickness of 

approximately 0.375 inch.

14. The method of claim 12 or claim 13, wherein the stainless steel is cut using a 

laser cutter or a water jet.

15. The method of any one of claims 12 to 14, further including forming lobes in 

the intermediate portion when cutting the stainless steel.
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