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FIG 1C

energy absorber configured for connecting to a terminal end of the safety line, and a harness
configured for connecting to the energy absorber such that the energy absorber is disposed
between the terminal end of the safety line and the harness. The safety line is selected to have
a predetermined mean breaking force with a first standard deviation, and the energy absorber
is selected to have a predetermined mean deployment force with a second standard deviation.
The mean breaking force of the safety line and the mean deployment force of the energy
absorber overlap over an overlapping region of the first and second standard deviation. A ratio
of an overlap mean force of the overlapping region to an overlap standard deviation of the
overlapping region is less than or equal to 6.
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CUT-RESISTANT LEADING EDGE FALL ARREST SYSTEM AND METHOD

CROSS-REFERENCE TO REFLATED APPLICATIONS
{6001} This application claims priority to United States Application Neo. 16/375,586 filed
April 4, 2019 and United States Provisional Application No. 62/653,995 filed April 6, 2018, the

disclosures of which are hereby incorporated by reference in their entireties.

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

16002} The present disclosure relates generally to {zll arrest systems and, in particular, to a
fall arrest systern and method having a line retraction device, such as a fall arrest/controlled descent
device or a self-retracting lanyard baving an energy absorber, which ruay be used in connection
with g harness to protect the wearer from a sudden, accelerated fall arrest event, as well as a cut-
resistant fall arrest system configured to prevent tearing of a safety line in fall events over a leading
edge.

Descrintion of the Related Art

18063} As is known in the art, various fall arrest systems exist to provide assistance to a
wearer or ensure the wearer’s safety in certain situations. Such fall arrest systems come in many
forms, including, but not limited to, line retraction devices used in connection with a harness and
an energy absorber. In some embodiments or aspects, one end of a line retraction device is
connected to an anchor point and an opposing end is connected to an energy absorber, which is in
torn connected to the harness. In other embodiments or aspects, the opposing end of the line
retraction device is connected directly to the harness, with the energy absorber device being
integrated with the line retraction device or the harness.

18004] In some examples, a line retraction device may be in the form of a lanyard, such as a
self-retracting lanyard {(SRL). SRLs have numerous industrial end uses, including, but not limited
to, construction, manufacturing, hazardous materials/remediation, asbestos abatement, spray
painting, sand blasting, welding, mining, numerous oil and gas industry applications, electric and
utility, nuclear energy, paper and pulp, sanding, grinding, stage rigging, roofing, scaffolding,
telecomumunications, automotive repair and assembly, warehousing, and railroading.

16005] In some applications, an SRL is attached at one end to an anchor point and at its other

end to an energy absorber that is connected or directly integrated with a harness worn by the user.
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The SRL has a housing with a rotatable drum having a safety line wound abowt the drum and a
braking mechanism for controlling the rotation of the drum and the resulting unwinding or winding
of the safety line from/into the drum. The drum can rotate in a first direction to unwind (or “pay
out™) the safety line from the housing when a certain level of tension is deliberately applied. When
tension is reduced or released, the drum can slowly rotate in a reverse direction, thereby causing
the safety line to retract or rewind onto the drum. In this manner, the user can move around the
work site without having the safety line dragging behind and impairing the user’s movement.
16006} The braking mechanismo of the SRL is configured for slowing down and stopping the
rotation of the drum when the safety line unwinds too rapidly. For example, the braking
mechanism may be activated to brake (i.e., slow down and eventually stop) the rotation of the
drum when the rotation speed exceeds a predetermined maximum speed for normal unwinding. A
sudden unwinding of the satety line at a speed that exceeds normal payout is an indication that
the user has experienced a fall that needs to be stopped or arrested. Should such an unintentional,
accidental fall coromence, the braking rmechamisro 1o the housing of the SRL is configured to
engage and stop further unwinding of the safety line, thereby stopping the user from falling any
farther.

[6067] In addition to the fall arresting action provided by the SRL, the energy absorber is
configured to activate when the force on the safety line between the SRL and the harness exceeds
a predetermined threshold to arrest the fall slowly enough to prevent injury to the user. The
stopping force provided by the SRL brake and the energy absorber is inversely proportional to the
stopping distance, i.e., the higher the force, the shorter the distance, and vice versa. As a result,
the force cannot exceed a predetermined maximum {set by an industry standard}, and yet it must
also be large enough so that the stopping distance does not exceed a predetermined maximum (also
set by an industry standard}.

[6008] Many falls occur over an edge of 8 working surface, causing the safety line of the SRL
to bend over a leading edge. In such situations, if the energy absorber is not positioned between
the user and the leading edge, there is a risk that the user will be exposed to dangerously high
forces caused by a sudden deceleration of the user’s body as the user’s weight is supported by the
harness and the safety line attaching the user to the anchor point. In extreme cases, the force on

the safety line may exceed the tensile strength of the safety line, causing the safety line to break.
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For example, this may occur because the safety line is being bent or deformed around the leading
edge.

16009] Accordingly, there is a need in the art for an improved fall arrest system that addresses
certain drawbacks and deficiencies associated with existing fall arrest systems. For example, there
is a need for an improved fall arrest system to prevent tearing of the safety line in case of a fall
gvent over a leading edge. There is also a need for an improved fall arrest system with increased
safety compliance at the worksite, and with more effective and safe support of the user in the event
of g fall.

SUMMARY OF THE DISCLOSURE

16016} Generally, provided 1s an improved fall arrest system baving a self-retracting lanyard
and an energy absorbing element for use with a hamess worn by a user. Preferably, provided is
an improved fall arrest systers having a self-retracting lanyard and an energy absorbing element
with a cut-resistant, flat webbing material for use with the SRL to prevent tearing of the safety line
in a fall event over the leading edge. Preferably, provided is an toproved fall arrest system that
leads to increased safety compliance at the worksiie, and provides jncreased safety of the user in
the event of a {fall.

{6011} In some non-limiting embodiments or aspects, provided is a fall arrest system with a
line retraction device configured for connecting to an anchoring point, the line retraction device
having a safety line. The fall arrest system may further have an energy absorber configured for
connecting to a terminal end of the safety line, and a harness configured for connecting to the
energy absorber such that the energy absorber ts disposed between the terminal end of the safety
line and the harness. The safety line may be selected to have a predetermined mean breaking force
with a first standard deviation, and the energy absorber may be selected to have a predetermined
mean deployment force with a second standard deviation. The mean breaking force of the safety
line and the mean deployment force of the energy absorber may overlap over an overlapping region
of the first and second standard deviation. A ratio of an overlap mean force of the overlapping
region to an overlap standard deviation of the overlapping region may be less than or equal to 6.
16012} In some non-limiting embodiments or aspects, the overlap mean force may be based
on a difference between the mean breaking force of the safety line and the mean deployment force

of the energy absorber. The overlap standard deviation may be based on sum of squares of the
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first and second standard deviations. A normal distribution of the overlap mean force and the
overlap standard deviation may be greater than zero.

16613} In some non-limiting embodiments or aspects, the safety line may be made from a flat
webbing material. The flat webbing material may be a woven material. The energy absorber may
be a tear tape having two load-bearing webbing components woven together by binder threads,
The energy absorber may be a tear tape having two load-bearing webbing adhesively connected
together.

16014} In some non-limiting embodiments or aspects, the e retraction device may be a self-
retracting lanyard. The safety line may be wound within a housing of the line retraction device
whereby the satety line is configured to be unwound from the housing when a tension force applied
to a first end of the safety Hine is above a predetermined threshold, and wherein the safety line 1s
configured to be rewound into the housing when the tension force applied to the first end of the
safety line 1s above the predetermuned threshold.

[6015] In some non-limiting embodiments or aspects, a method for determuining a minimum
load bandling requirement for components of a fall arrest systems may mnclude providing the fall
arrest system having a safety line and an energy absorber, determining a mean breaking force of
the safety line and a standard deviation of the mean breaking force, determining a mean
deployment force of the energy absorber and a standard deviation of the mean deployment force,
determining an overlap mean force based on the mean breaking force and the mean deployment
force, determining an overlap standard deviation based on the standard deviation of the mean
breaking force and the standard deviation of the mean deployment foree, and determining a ratio
between the overlap mean force and the overlap standard deviation.

16616} In some non-limiting embodiments or aspects, the ratio may be less than or equal o
6. The overlap mean force may be based on a difference between the mean breaking force of the
safety line and the mean deployment force of the energy absorber. The overlap standard deviation
may be based on sum of squares of the first and second standard deviations. A normal distribution
of the overlap mean force and the overlap standard deviation may be greater than zero.

16617} In some non-limiting embodiments or aspects, the safety line may be made from a flat
webbing material. The flat webbing material may be a woven material. The energy absorber may

be a tear tape having two load-bearing webbing components woven together by binder threads,
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The energy absorber may be a tear tape having two load-bearing webbing adhesively connected
together,

16018] In some non-limiting embodiments or aspects, the line retraction device may be a self-
retracting lanyard. The safety line may be wound within a housing of the line retraction device
whereby the safety line is configured to be unwound from the housing when a tension force applied
to a first end of the safety line is above a predetermined threshold, and wherein the safety line is
configured to be rewound into the housing when the tension force applied to the first end of the
safety line is above the predetermined threshold.

16019] In some non-limiting embodiments or aspects, the fall arrest system and method can
be characterized by one or more of the following clauses:

16026} Clause 1. A fall arrest systermn cormprising: a line retraction device configured for
convecting to an anchoring point, the line retraction device having a safety line; an energy
absorber configured for connecting to a terminal end of the safety line; and a harvess configured
for connecting to the energy absorber such that the energy absorber is disposed between the
terminal end of the safety live and the harness, wherein the safety line is selected to have a
predetermined mean breaking force with a first standard deviation, wherein the energy absorber
is selected to have a predetermined mean deployment force with a second standard deviation,
wherein the mean breaking force of the safety line and the mean deployment force of the energy
absorber overlap over an overlapping region of the first and second standard deviation, and
wherein a ratio of an overlap mean force of the overlapping region to an overlap standard deviation
of the overlapping region is less than or equal to 6.

18821} Clause 2. The fall arrest system according to clause 1, wherein the overlap mean force
is based on a difference between the mean breaking force of the safety line and the mean
deployment force of the energy absorber.

(66221 Clause 3. The fall arrest system according to clause 1 or 2, wherein the overlap
standard deviation is based on sum of squares of the first and second standard deviations.

[6623] Clause 4. The fall arrest system according to any of clauses 1-3, wherein a normal
distribution of the overlap mean force and the overlap standard deviation is greater than zero.
106024} Clause 5. The fall arrest system according to any of clauses 1-4, wherein the safety

line is made from a flat webbing material,

Wh
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18825] Clause 6. The fall arrest system according to any of clauses 1-5, wherein the flat
webbing material is @ woven material.

16026} Clause 7. The fall arrest system according to any of clauses 1-6, wherein the energy
absorber is a tear tape having two load-bearing webbing components woven together by binder
threads.

16027} Clause 8. The fall arrest system according to any of clauses 1-7, wherein the energy
absorber is a tear tape having two load-bearing webbing adhesively connected together.

[6628] Clause 9. The fall arrest system according to any of clauses 1-8, wherein the line
retraction device is a self-retracting lanyard.

[8029] Clause 10. The fall arrest system according to any of clauses 1-9, wherein the safety
line 18 wound within a housing of the line retraction device whereby the safety line is configured
to be unwound from the housing when a tension force applied to a first end of the safety line is
above a predetermined threshold, and wherein the safety line is configured to be rewound into the
housing when the tension force applied to the first end of the safety line is above the predetermined
threshold.

18036] Clause 11. A method for determining a minimum load handling requirement for
components of a fall arrest system, the method comprising: providing the fall arrest system having
a safety line and an energy absorber; determining a mean breaking force of the safety line and a
standard deviation of the mean breaking force; determining a mean deployment force of the energy
absorber and a standard deviation of the mean deployment force; determining an overlap mean
force based on the mean breaking force and the mean deployment force; determining an overlap
standard deviation based on the standard deviation of the mean breaking force and the standard
deviation of the mean deployment force; and determining a ratio between the overlap mean force

and the overlap standard deviation.

[6631) Clause 12. The method according to clause 11, wherein the ratio is less than or equal
1o 6.
[6632) Clause 13. The method according to clause 11 or 12, wherein the overlap mean force

is based on a difference between the mean breaking force of the safety line and the mean
deployment force of the energy absorber.
16633] Clause 14. The method according to any of clauses 11-13, wherein the overlap

standard deviation is based on sum of squares of the first and second standard deviations.



WO 2019/195654 PCT/US2019/025947

16634] Clause 15. The method according to any of clauses 11-14, wherein a normal
distribution of the overlap mean force and the overlap standard deviation is greater than zero.
18635) Clause 16. The method according to any of clauses 11-15, wherein the safety line is
made trom a flat webbing material.

16036} Clause 17. The method according to any of clauses 11-16, wherein the energy absorber
ig a tear tape having two load-bearing webbing components woven together by binder threads.
16637} Clause 18. The method according to any of clauses 11-17, wherein the energy absorber
is a tear tape having two load-bearing webbing adhesively connected together.

16638] Clause 19. The method according to any of clauses 11-18, wherein the line retraction
device is a self-retracting lanyard.

16639} Clause 20. The method according to any of clauses 11-19, wherein the safety line i3
wound within a housing of the line retraction device whereby the safety line is configured to be
unwound from the housing when a tension force applied to a first end of the safety line is above a
predetermined threshold, and wherein the safety line is configured to be rewound into the housing
when the tension force applied to the first end of the safety line is sbove the predetermined
threshold.

[664G] These and other featires and characteristics of the present disclosure, as well as the
methods of operation and fumctions of the related elements of structures and the combination of
parts and economies of manufacture, will become more apparent upon consideration of the
following description and the appended claims with reference to the accompanying drawings, all
of which form a part of this specification, wherein like reference numerals designate corresponding
parts in the various figures. It is to be expressly understood, however, that the drawings are for
the purpose of illustration and description only and are not intended as a definition of the limits of
the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

18041} FI1G. 1A is a schematic representation of a fall arrest system in accordance with some
non-limiting embodiments or aspects of the present disclosure;
16042} FIG. 1B 1s a schematic representation of a fall arrest system in accordance with some
non-limiting embodiments or aspects of the present disclosure;
16043} FIG. 1C is a schematic representation of a fall arrest system in accordance with some

non-limiting embodiments or aspects of the present disclosure;
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18844] FIG. 2 is an exploded perspective view of a line retraction device for use with a fall
arrest system in accordance with some non-limiting embodiments or aspects of the present
disclosure;

[6045] FIG. 3 is a perspective view of a webbing material for use with the line retraction
device shown in FIG, 2;

[8046] FIG. 4 is a top view of an experimental setup of a fall arrest system configured for
measuring forces in a fall event over a leading edge in accordance with some non-limiting
embodiments or aspects of the present disclosure;

16047} FIG. 5A is a side view of the fall arrest system shown in FIG. 4 in a first configuration
prior to a fall eveot;

(6648} FIG. 5B 13 a side view of the fall arrest system shown in FIG. 4 in a second
configuration after a fall event;

10849} FIG. 6 1s a force trace graph showing a force on an energy absorber and a safety line
of g fall arrest system as a function of time;

18056] FIG. 7 is a graph of energy absorber deployment for two different test scenarios
simulating a fall event over a leading edge;

16651} FIG. 8 15 a graph showing a normal distribution of breaking strength of a safety line
and a maximum deployment force of an energy absorber; and

[6¢52] FIG. 9 18 2 normal distribution of an overlap between a breaking strength of a safety
line and a maximum deployment force of an energy absorber shown in FIG. 8.

[6653) In FIGS. 1-8, Hike reference numerals refer to like elements, unless noted otherwise.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

16454} As used herein, the singular form of “a”, “an”, and “the” include plural referents unless
the context clearly dictates otherwise,

[6655] Spatial or directional terms, such as “left”, “right”, “inner”, “outer”, “above”,
“below”, and the like, relate to the disclosure as shown in the drawing figures and are not to be
considered as limiting as the disclosure can assume various alternative orientations.

16056] All nurmbers and ranges used in the specification and claims are to be understood as
being modified in all instances by the term “about”. By “about” is meant to be plus or minus

twenty-five percent of the stated value, such as plus or minus ten percent of the stated value.
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However, this should not be considered as limiting to any analysis of the values under the docirine
of equivalents.

[6857] Unless otherwise indicated, all ranges or ratios disclosed herein are to be understood
to encompass the beginning and ending values and any and all subranges or subratios subsumed
therein. For example, a stated range or ratio of “1 to 10" should be considered to include any and
all subranges or subratios between (and inclusive of) the minimum value of | and the maximum
value of 10; that is, all subranges or subratios beginning with a minimum value of 1 or more and
ending with a maximum value of 10 or less. The ranges and/or ratios disclosed herein represent
the average values over the specified range and/or ratio,

16058] The terms “first”, “second”, and the like are vot intended to refer to any particular

order or chronology, but refer to different conditions, properties, or elements.

16059] The term “at least” is synonymous with “greater than or equal to”.
16060} The term “pot greater than” is synonymous with “less than or equal to”.
16061} As used herein, the term “at least one of” is synonyroous with “one or more of”. For

example, the phrase “at least one of A, B, and C” means any one of A, B, and C, or any combination
of any two or more of A, B, and C. For example, “at least one of A, B, and C” includes one or
more of A alone; or one or more B alone; or one or more of C alone; or one or more of A and one
or more of B; or one or more of A and one or more of C; or one or more of B and one or more of
C: orone or more of all of A, B, and C. Similarly, as used herein, the term “at least two of” is
synonymous with “two or more of”. For example, the phrase “at least two of B, E, and F” means
any combination of any two or more of D, E, and F. For example, “at least two of B, E, and F”
includes one or more of I and one or more of E; or one or more of D and one or more of F; or one
or more of H and one or more of F; oroneormore of allof D, B, and F.

18862] The term “includes” is synonymous with “comprises”.

16663} As used herein, the terms “parallel” or “substantially parallel” mean a relative angle
as between two objects (if extended to theoretical intersection), such as elongated objects and
including reference lines, that is from 0° to 5°, or from 0° to 3°, or from 0° to 2°, or from §° 0 1°,
or from 0° 1o 0.5°, or from 0° to 0.25°, or from 0° to 0.1°, inclusive of the reciied values.

[6064] As used herein, the terms “perpendicular” or “substantially perpendicular” mean a

relative angle as between two objects at their real or theoretical intersection is from 85° to 90°, or
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from 87° to 90°, or from 88° to 90°, or from 89° to 90°, or from 89.5° to 9G°, or from &9.75° to
90°, or from 89.9° to 90°, inclusive of the recited values.

16065} The discussion of the disclosure may describe certain features as being “particularly”
or “preferably” within certain limitations (e.g., “preferably”, “more preferably”, or “even more
preferably”, within certain limitations). It is to be understood that the disclosure is not limited to
these particular or preferred limitations but encompasses the entire scope of the disclosure.

16066} It is also to be understood that the specific devices and processes illustrated in the
attached drawings and described in the following specification are simply exemplary aspects of
the disclosure. Hence, specific dimensions and other physical characteristics related to the
examples disclosed herein are not to be considered as limiting.

18867} With initial reference to FEG. 1A, a fall arrest system 188 15 illusirated in accordance
with one non-lirniting embodiment or aspect of the present disclosure. The fall arrest system 108
includes a line retraction device 182 connected at its first end 194 to an anchoring point 185 on a
structure 8. In some von-limiting embodiments or examples, the line retraction device 102 may
be a SRL. The first end 184 of the line retraction device 192 may be directly attached to the
anchoring point 188 without any intermediate component between the first end 184 of the line
retraction device 162 and the anchoring point 185, In some non-himiting embodiments or aspects,
the first end 184 of the line retraction device 182 may be attached to a first end of a line (not
shown) baving iis second end attached to the anchoring point 185.

18068] The line retraction device 142 has a safety line 118 that s wound within a housing of
the line retraction device 182, The safety line 118 is unwound or paid out from a second end 108
of the line retraction device §82. The safety line 118 is connected at its terminal end 106 to a
safety harness 112 worn by a user U. In some examples, an energy absorber 114 is disposed
between the user U and the line retraction device 182. For example, the energy absorber 114 may
be a tear tape element disposed between the safety harness 112 and the terminal end 186 of the
safety line 118. In some non-limiting embodiments or aspects, the tear tape element may have two
load-bearing webbing components that are woven together by binder threads or adhesively
connected together to constituite a single-piece webbing material.  In other non-limiting
embodiments or aspects, the energy absorber 114 may be directly integrated with the safety harness

112, such as disclosed in U.S. Application No. 15/376,233 titled “Harness With Integrated Energy

i0
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Absorber” or U.S. Application No. 15/376,191 titled “Harness With Structural Tear Tape”, the
disclosures of which are directly incorporated herein by reference in their entirety.

16069} FIG. 1A illustrates the user U positioned at near a leading edge E of the structure S,
In many applications, the structure S 1s often at the highest point of a construction project, so there
is typically no suitable overhead anchoring point $85. Thus, the user U is tethered to a horizontal
anchoring point 145, such as on the floor ¥, or a substantially horizontal anchoring point, such as
on a wall W of the structure S.

16076] With continued reference to FIG. 1A, the safety line 118 is configured o be unwound
{paid out) from the line retraction device 162 when a certain level of tension is applied to the safety
line 110, such as during movement of the user U on the structure 8. When such tension 1s reduced
or released, the line retraction device 182 can slowly rotate 1o a reverse direction, thereby causing
the safety line 118 to retract or rewind into the line retraction device 162.

18671} While FIG. 1A shows an embodiment or aspect of the fall arrest system 168 wherein
the line retraction device 182 is directly attached to the anchoring point 185, 1o some non-lirniting
erabodiments or aspects of the fall arrest system 108, the safety line 118 may be attached to the
anchoring point 185 at one end, while the line retraction device 182 and the energy absorber 114
are connected to the terminal end 186 of the safety line 116 (FIG. 1B). In such an arrangement,
the line retraction device $2 and the energy absorber 114 are proximate to the hamess 112 or
directly attached to the harness 112, In further non-limiting embodiments or examples of the fall
arrest system 184, the safety line 118 may be directly connected to the energy absorber 114 without
the line retraction device 162 (FIG. 1C).

18872} With reference to FIG. 2, and in some non-limiting embodiments or aspects, the line
retraction device 162 is a SRL that includes a drum 116 rotatable about a shaft 128 and having the
safety line 110 wound thereon. The line retraction device 182 further has a retraction member 118
biasing the drum 116 in a first rotational direction of the drum 116. In some non-limiting
embodiments or aspects, the retraction member 118 is a coiled spring. The drum 116 is configured
to (i} retract or rewind the safety line 118 when the drum 116 moves in the first rotational direction
{(such as a clockwise direction or a counterclockwise direction), and (i1} pay out or unwind the
safety line 11¢ when the drum 116 moves in the second rotational direction opposite the first
rotational direction. In some noun-limiting embodiments or aspects, a damper assembly may be

provided to provide rotational resistance to the drum 116 in at least one of (i) the first rotational

it



WO 2019/195654 PCT/US2019/025947

direction of the drum 116 as the safety line 118 is being retracted, and (ii) the second rotational
direction of the drum 116 as the safety line 118 is being paid out.

16873] With continued reference to FIG. 2, the line retraction device 182 further includes a
brake assembly 122 having at least one paw! 124. The brake assembly 122 is configured to prevent
rotation of the drum 116 upon activation of the brake assembly 122 when the rotational velocity
of the drum 116 exceeds a predetermined threshold. In some non-limiting embodiments or aspects,
the predetermined threshold may be set by an industry standard. The at least one pawl 124 of the
brake assembly 122 functions as a speed-sensitive mechanism operative between an activated
position and a non-activated position. The at least one paw! 124 1s configured to transition from
the non-activated position to the activated position at a predetermined rotation speed of the druro
116. The predeterroined rotation speed of the drurn 116 that transitions the pawl 124 from the non-
activated position to the activation position is a known range of rotation speed that is indicative of
a fall event. The safety line 118 is configured pay out from the druro 116 during a fall event and
causes the at least one pawl 124 to move radially outward into engagement with the corresponding
teeth on a bracket 1292 which may be attached to a housing 126 of the hive retraction device 142,
The at least one pawl 124 may be biased radially inward via springs or any other suitable biasing
arrangement {not shown). The centrifugal force on the at least one pawl 124 during rapid pay out
of the safety ine 118 overcomes the biasing force such that the at least one pawl 124 moves radially
outward and into engagement with the teeth on the housing 126, thereby stopping further pay out
of the safety line 116.

(6674} With continued reference to FEG. 2, the housing 126 has the bracket 129 connected
thereto with an attachment point 131 for the energy absorber 114 (shown in FEG. 1) or the safety
harness 112 (shown in FIG. 1),

18875] With reference to FI1G. 3, and in some non-limiting embodiments or aspects, the safety
line 118 of the line retraction device 192 is configured as flat webbing. Such flat webbing may be
configured to have sufficient strength to effectively catch and hold the weight of the user U during
a fall event. Such flat webbing may be further configured to resist breakage or severing (i.e., be
cut-resistant) when engaged with the leading edge E of the structure 8. In some non-limiting
embodiments or aspects, the webbing of the safety line 11¢ may be formed from a flat, woven
material. In other non-limiting embodiments or aspects, the webbing of the safety line 1164 may

be formed from a flat, woven, non-metallic material to reduce the weight of the safety line 119.
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10076] With continued reference to FIG. 3, the webbing of the safety line 118 may have first
and second major lateral surfaces 128 separated by first and second minor lateral surfaces 138 such
that the safety line 118 is substantially belt-shaped. The safety line 110 may have a rectangular
cross-section. In some non-limiting embodiments or aspects, the first and second major lateral
surfaces 128 may be substantially flat or curved. In some non-limiting embodiments or aspects,
the first and second minor lateral surfaces 136 may be substantially flat or curved. The belt-shaped
safety line 110 allows for auto-stacking of the safety line 118 on the drum 116. In some non-
limiting embodiments or aspects, at least a portion of the webbing of the safety line 130 may be
encased within a sleeve (not shown).

18677] When designing a fall arrest systern 188 comprising a line retraction device 162 and
an energy absorber 114, the overall load bandling requirement can be determined as a function of
a breaking strength of the safety line 130 of the line retraction device 182 and the maximum force
that can be absorbed by the energy absorber 114 during its deployment. For example, it the safety
line 110 has a higher breaking strength than the energy absorber 114, the fall arrest systern 108
must be designed such that the energy absorber 114 is capable of withstanding the load imposed
thereon during the fall event. In other words, if the maximum deployment force of the energy
absorber 114 1s the “weakest link” in the chain of the fall arrest system 188 between the anchoring
point 185 and the user, then the energy absorber 114 must be specified to have sufficient strength
to handle the load during a {all event without breaking. Similarly, if' the strength of the safety line
119 is the “weakest link”, the safety line 118 must be specified to have sufficient strength to handle
the load during a fall event without breaking. In leading edge applications, where the safety line
118 folds over a leading edge K after a fall event, the safety line 118 may be exposed to additional
forces due to sliding of the safety line 116 along the leading edge K, as described herein,

10078] While the possibility of breaking of the safety line 118 and/or the energy absorber 114
as a result of a fall event can be addressed by over-specifying the components of the fall arrest
system 180, such as by using a thick safety line 118 with a load rating that substantially exceeds
any force that the safety line 116 may be subjected to during a fall event, such practice results in a
fall arrest system 108 with bulky and heavy components that may impair the user’s ability to freely
move about the structure 8 during normal work activities. In addition, the cost of such a fall arrest
188 increases substantially, The following discussion provides a practical application for

determining a minimum load handling requirement for components of a load handling system
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based on a desired specification limit. In particular, such a load handling requirement can be
expressed as a non-dimensional ratio based on a ratio between a mean force value for a region
where the sirength of the safety line 116 and the deployment force of the energy absorber 114
overlap and a standard deviation of the mean force. It is desirable to design a fall arrest system
168 with components that have a low probability of failing as a result of stresses imposed thereon
during a fall event. Such probability can be expressed in terms of a non-dimensional factor, as
discussed herein. FIGS. 4-9 show an experimental setup and test results for optimizing the
strength of the fall arrest system 189 handle fall events over the leading edge E without failure of
the safety line 118 or the energy absorber 114.

16079] With reference to FIG. 4, to determine the forces that the safety hioe 116 and energy
absorber 114 must withstand when used 1o a fall safety system 180 in a leading edge application,
experiroental data was collected for two different fall event scenarios. FIG. 4 shows a top view
of an experimental setup where the safety hine 118 breaks over the leading edge E at different
angles. In a first fall event scenario (“perpendicular test”), the line retraction device 182 was
secured to the anchoring point $85 and a test load 134 corresponding to a weight of a user (310 Ibs
(141 kg)) was dropped over the leading edge E with the safety line 118 oriented substantially
perpendicular to the leading edge E. In a second fall event scenario (Moffset test”™), the line
retraction device 182 was secured 1o the anchoring point 185 and a test load 134 corresponding to
a weight of a user was dropped over the leading edge E with the safety line 110 offset at angle ¢
relative to the leading edge E, wherein angle @ is an acute angle. A distance X1, as measured ina
direction along the leading edge E between the breakover of the safety line 118 over the leading
edge E in the perpendicular test and the offset test was set to approximately 60 in (1.52 m). In
both cases, the safety line 118 was connected to the test load 134 by way of the energy absorber
114,

[668G] With reference to FIGS. 5A-8B, a side view of the experimental setup of FIG. 4 is
shown with the test load ¥34 in a raised position {(FI(. SA) above the leading edge E prior to the
drop test and a lowered position (F1G. 5B) below the leading edge E after the drop test. As shown
in FEG. 5B, the safety line 118 is folded over the leading edge E in the lowered position of the test
load 134 after the drop test. This position simulates a user that has fallen over the leading edge E

and 1s suspended by the safety line 138 and the energy absorber 114,
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18081} With reference to FIG. 5A, the anchoring point 185 was positioned at a distance X
from the leading edge E. Distance Xz was set at approximately 74 in (2.5 m). The test load 134
was suspended at a distance X3 above the leading edge E at an attachment point 136. Distance X
was set at approximately 60 in (1.52 m). The test load 134 was also positioned at a distance X4
away from the leading edge E. Distance X4 was set at approximately 20 in (0.51 m). Forthe offset
test, the test load 134 was positioned such that the intersection point between the safety line 118
and the leading edge E was offset approximately 60 in (1,52 m) relative to the perpendicular test
where the safety line 118 was substantially perpendicular to the leading edge E.

[6682] With reference to FIG. SA, the test load 134 was then dropped from the attachment
point 136, allowing the energy absorber 114 to be deployed and the safety line 118 to be folded
over the leading edge E. The total freefall for the perpendicular test was found to be approximately
94.5 in (2.4 m), while the total freefall of the test weight 134 for the offset test was found to be
approximately 96 in (2.44 m). After both fest scenarios, a residual static strength test was
conducted where the safety line 118 and the energy absorber 114 were loaded with at least 1,000
ibf (4,448 N). In order to obtain xy and o1, which will be described below, the energy absorber
114 was removed {rom the test.

[60¢83] A total energy absorption requirement for the fall arrest system 188 can be determined
based on the total freefall distance, the known weight of the user, and the average deployment
force for the energy absorber 114, In particular, the total energy absorption requirements can be
calculated by the following formula, where “ext” represents the vertical distance over which the

load is to be absorbed:

. W=xh
" Favg - W

ext
where W is the weight of the user (mass multiplied by gravity), h is the total freefall distance (94.5
in (2.4 m) for the perpendicular test and 96 in (2.44 m) for the offset test), and Fave is a known
energy absorber 114 deployment force.
16084] While the above formula represents theoretical energy absorption requirement of the
fall arrest systern 168, actual energy absorption requirement is also a function of the angle of the

safety line 116 relative to the leading edge E. In offset fall scenarios, where the safety line 118 is
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positioned at a non-perpendicular angle relative to the leading edge E, the safety line 116 may
slide along the leading edge E after the user falls. For example, the safety line 118 may have a
tendency to slide along the leading edge E towards the perpendicular orientation where the safety
line 119 makes a perpendicular angle with the leading edge E. In such fall scenarios, the sliding
of the safety line 118 along the leading edge E from an offset to a perpendicular orientation may
subject the user to additional forces beyond those of the energy absorber 114 as it absorbs the
initial fall. For example, and with reference to FIG. 6, a force trace graph shows a force on the
safety line 118 as a function of time for the offset drop test.

[6685] FIG. 6 shows that the force trace during an offset test can be broken into two distinct
events — a first phase event A comprising a dynamic tmpact where the energy absorber 114 is
activated, and a second phase event B comprising sliding of the safety line 118 aloog the leading
edge E in a direction toward a perpendicular orientation. In the first phase event A, the energy
absorber 114 is deployed with a uniform force trace having an initial spike that is gradually reduced
in a uniform manuoer (i.e., a slope of the force curve is linear). During this first phase event A, the
force on the satety line 118 is the sarve regardless of angular orientation of the safety line 110
relative o the leading edge E. However, in the second phase event B, the safety line 110 is
subjected to a sertes of loads as the line slides along the leading edge E toward the perpendicular
orientation. Due to this movement of the safety line 118, there is a risk that that safety line 118
may be cut or abraded via frictional contact with the leading edge E. Thus, the overall force
requirement must be configured to resist cutting/abrasion during shiding toward the perpendicular
orientation.

18086] F1G. 7 s a graph of energy absorber 114 deployment for the perpendicular and offset
tests simulating a fall event over the leading edge K. The offset test requires less tear tape
deployment from the energy absorber 114 than the perpendicular test. Because the safety line 118
is sliding along the leading edge E and the test load 134 is swinging radially around the contact
point on the leading edge E, the system absorbs energy and the energy absorber 114 is not required
to exclusively absorb all of the energy of a fall.

16087} In most fall arrest systems, the breaking strength of the safety line 118 typically
exceeds the maximum force (Fua) that is experienced by the energy absorber 114 during its
deployment. If the strength of the safety line 118 substantially exceeds the Fuax of the energy

absorber 114, the fall arrest system 106 is not optimized because the safety line 116 has excess
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capacity that is not utilized. For example, by having a safety line 116 that substantially exceeds
the Frax of the energy absorber 114, the safety line 116 adds unnecessary weight and cost to the
fall arrest system 166, Knowing the forces on the safety line 118 and energy absorber 114 from
the testing described above with reference to FIGS. 4-7 allows for specifying the minimum
breaking strength of the safety line 118 and the maximum deployment force of the energy absorber
114. Using this information, a fall arrest system 188 can be specified where the strength of the
safety line 110 is properly matched to the Fuax of the energy absorber 114, In other words, the
breaking strength of the safety line 118 and the maximum deployment force of the energy absorber
114 can be balanced against the actual load handling requirements known from test data. In order
to optimize the size and strength of the safety line 118 and the energy absorber 114, a process
performance index can be determined to assure that the fall arrest systern 188 will produce an
output within the designed performance timits (i.e., be able to safely withstand a load during a fall
event that does not exceed the breaking strength of the safety line 118 or the maximum force of
the energy absorber 114) within a predetermined design envelope.

[8088] With reference to FEG. 8, a normal distribution curve Al is fitted to a set of data points
from testing the Fuax of the energy absorber 114, Curve Al represents the normal distribution and
standard deviation (xx , o) of the data for Fuax of the energy absorber 114, In other words, curve
Al represents a likelihood that the energy absorber 114 will produce a load that it 18 designed to
produce. The peak of curve Al represents an average Fmax of the energy absorber 114, indicating
the force that the energy absorber 114 13 most likely to produce. Fuax may represent the force that
the energy absorber 114 is designed to produce. The slope of the curve Al to the left side of the
peak indicates that some percentage of energy absorbers 114 may have a lower Fuax, while the
stope of the curve Al to the right side of the peak indicates that some percentage of energy
absorbers 114 may have a higher Frax Moving further away from the peak of curve Al indicates
a decreasing likelihood that the energy absorber 114 will not meet a predetermined Fuex
specification.

16089} FIG. 8 also includes a normal distribution curve A2 for test data points from testing
the breaking strength of the safety line 118, showing the normal distribution and standard deviation
{(xv , o) of the data for the breaking strength of the safety line 118. In other words, curve A2
represents a likelthood that the breaking strength of the safety line 116 will fall within a

predetermined breaking strength specified by the manufacturer of the safety line 118. The peak of
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curve A2 represents an average breaking strength of the safety line 116, indicating the force at
which the safety line 116 is most likely to break. The slope of the curve AZ to the left side of the
peak indicates that some percentage of safety lines 118 may have a lower breaking strength (ie.,
may fail at a lower load than the minimum specification), while the slope of the curve AZ to the
right side of the peak indicates that some percentage of safety lines 118 have a higher breaking
strength (i.¢., may fail at a higher load than the minimum specification). Moving further away from
the peak of curve A2 indicates a decreasing likelihood that the safety line 116 will not meet a
predetermined design specification.

16690] As can be seen in FIG. 8, there is an overlap B between curves A1, A2. This overlap
represents scenarios where the breaking strength of the safety line 118 is closely matched with
Fuax of the energy absorber 114 such that the two may overlap. Tt is desirable to design a {fall arrest
systern 108 where the breaking strength of the safety line 118 exceeds Fuax of the energy absorber
114 such that the breaking strength of the safety line 118 is outside of the overlap region B. In
other words, the strength of the safety line 116 is selected to be higher than Fuex of the energy
absorber 114 such that standard deviations in the respective values do not overlap.

18091} With reference to FIG. 9, the area of the overlap B in FIG. 8 is represented as a
singular overlap distribution A3. FIG. 9 is obtained by subtracting the mean values of the breaking
strength of the safety line 118 and Fuax of the energy absorber 114 (%, = X1 - Xu) and the sum of
squares for the standard deviations (oo = (017 + 6¢2)? ). The vertical line at zero indicates a point
where the safety line 118 would break before the energy absorber 114 absorbed all of the energy
of the fall.

18892} The overlap distribution (X, 6o ) can be compared against the likelithood of being less

than zero by means of a process performance index (Ppk calculation) using the following formula:

where C is a desired performance threshold. In the case of designing a fall arrest system 166
having the overlap between the breaking strength of the safety line 118 and Frex of the energy
absorber 114 as the target design criteria, the C value is desirably 0, which means that the safety

line 116 1s designed to prevent breakage as the energy absorber 114 absorbs fall energy.
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18893} Larger values of Ppk are interpreted to indicate that the fall arrest system 168 is more
capable of producing results within the specification limits (i.e., the safety line 189 not exceeding
its breaking strength and the energy absorber 114 not exceeding its Fua). For example, a Ppk
value of 2.00 would result in ~3 non-conformances per million attempts, and a Ppk of 0.50 would
result in ~500,000 non-conformances per million attempts. Various values of Ppk and associated

non-conformance occurrences are noted in Table I below.

Ppk # of non-conformances per million attempis
0.50 500,000
0.75 226,627
1.00 66,807
1.25 12,22
1.50 1,350
1.75 88
2.60 3
[6494] By using a target Ppk value for the fall arrest system 188 (i.e., designing the fall arrest

system to have a desired reliability), the relationship between the mean of the normal distribution
of the overlap region (X,} and the standard deviation {c.) thereof can be expressed in terms of a

non-dimensional factor, referred herein as a “Harding factor”, by the following equation:

where | (Greek symbol “heta”) represents the Harding factor, x, represents the mean of the overlap
region B and o, represents standard deviation thereof. For a fall arrest system 166 designed to
have 99.999% performance within the specification limits, the Harding factor is greater thao or
equal to 6 (I = %, / 6, > 6). Similarly, for a fall arrest system 180 designed to have 50.00%
performance within the specification limuts, the Harding factor 15 greater than or equal to 1.5 (b=
Xo / Go > 1.5). The Harding factor provides a practical application of a ratio of mean force values

and standard deviation in the overlap region for designing a fall arrest system 188 where the
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strength of the safety line 118 is properly matched to the Fuax of the energy absorber 114, In other
words, the breaking strength of the safety line 116 and the maximum deployment force of the
energy absorber 114 can be balanced to assure that the fall arrest system 168 will produce an output
within the designed performance limits (i.e., be able to safely withstand a load during a fall event
that does not exceed the breaking strength of the safety line 118 or the maximum force of the
energy absorber 114) within a predetermined design envelope.

16095]) Although the disclosure has been described in detail for the purpose of illustration
based on what is currently considered to be the most practical and preferred embodiments, it is to
be understood that such detail is solely for that purpose and that the disclosure is not limited to the
disclosed embodiments, but, on the contrary, is intended to cover modifications and equivalent
arrangements that are within the spirit and scope of the appended claims. For example, it is to be
understood that the present disclosure contemplates that, to the extent possible, one or more

features of any embodiment can be corobined with one or more features of any other embodiment.
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What is claimed is:

1. A fall arrest system comprising:

a line retraction device configured for connecting to an anchoring point, the line
retraction device having a safety line;

an energy absorber configured for connecting to a terminal end of the safety line;
and

a harness configured for connecting to the energy absorber such that the energy
absorber is disposed between the terminal end of the safety line and the harness,

wherein the safety line is selected to have a predetermined mean breaking force
with a first standard deviation,

wherein the energy absorber is selected 1o bave a predetermined mean deployment
force with a second standard deviation,

wherein the mean breaking force of the satety line and the mean deployment force
of the energy absorber overlap over an overlapping region of the first and second standard
devigtion, and

wherein a ratio of an overlap mean force of the overlapping region to an overlap

standard deviation of the overlapping region is less than or equal to 6.
2. The fall arrest system according to claim 1, wherein the overlap mean force

is based on a difference between the mean breaking force of the safety line and the mean

deployment force of the energy absorber.

3. The fall arrest system according to claim 1, wherein the overlap standard

deviation is based on sum of squares of the first and second standard deviations.

4. The fall arrest system according to claim 1, wherein a normal distribution of

the overlap mean force and the overlap standard deviation is greater than zero.

5. The fall arrest system according to claim 1, wherein the safety line is made

from a flat webbing material.
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6. The fall arrest system according to claim 5, wherein the flat webbing

material 18 3 woven material.

7. The fall arrest system according to claim 1, wherein the energy absorber is

a tear tape having two load-bearing webbing components woven together by binder threads.

g. The fall arrest system according to claim 1, wherein the energy absorber is

a tear tape having two load-bearing webbing adhesively connected together.

9. The fall arrest system according to claim 1, wherein the line retraction

device is a self-retracting lanyard.

10.  The fall arrest system according to claim 1, wherein the safety line is wound
within a housing of the line retraction device whereby the safety line is configured to be unwound
from the housing when a tension force applied to a first end of the safety line is above a
predetermined threshold, and wherein the safety line is configured to be rewound into the housing
when the tension force applied to the first end of the safety line is above the predetermined

threshold.

it A method for determining a minimum load handling requirement for
components of a fall arrest system, the method comprising:

providing the fall arrest system having a safety line and an energy absorber;

determining a mean breaking force of the safety line and a standard deviation of the
mean breaking force;

determining a mean deployment force of the energy absorber and a standard
deviation of the mean deployment force;

determining an overlap mean force based on the mean breaking force and the mean
deployment force;

determining an overlap standard deviation based on the standard deviation of the

mean breaking force and the standard deviation of the mean deployment force; and
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determining a ratio between the overlap mean force and the overlap standard

deviation,

12.  The method according to claim 11, wherein the ratio is less than or equal to

13.  The method according to claim 11, wherein the overlap mean force is based
on a difference between the mean breaking force of the safety line and the mean deployment force

of the energy absorber,

4.  The method according to claim 11, wherein the overlap standard deviation

is based on sum of squares of the first and second standard deviations.

15, The method according to claim 11, wherein a normal distribution of the

overlap mean force and the overlap standard deviation is greater than zero.

16.  The method according to claim 11, wherein the safety line is made from a

flat webbing material.

17.  The method according to claim 11, wherein the energy absorber is a tear

tape having two load-bearing webbing components woven together by binder threads.

i8. The method according to claim 11, wherein the energy absorber is a tear

tape having two load-bearing webbing adhesively connected together.

19.  The method according to claim 11, wherein the line retraction device is a

self-retracting lanyard,

20.  The method according to claim 11, wherein the safety line is wound within
a housing of the line retraction device whereby the safety line is configured to be unwound from

the housing when a tension force applied to a first end of the safety line is above a predetermined
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threshold, and wherein the safety line is configured to be rewound into the housing when the

tension force applied to the first end of the safety line is above the predetermined threshold.
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Group |: Claims 1-10 directed to a fall arrest system comprising a line retraction device coupled to an anchoring point and a harness
coupled to a terminal end of the safety line.

Group II: Claims 11-20 directed to a method for determining a minimum load handling requirement for components of a fall arrest
system, comprising determining the mean breaking force, mean deployment force, first standard deviation, second standard deviation,
overlap mean force, overlap standard deviation, and the ratio between the overlap mean force and overlap standard deviation.

-*- continued on extra sheet -*-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
0

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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-*- continuation of Box No. Ill - Observations where unity of invention is lacking *-

The inventions listed as Groups I-1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special technical feature of a fall arrest system comprising a line retraction device configured for
connecting to an anchoring point; a harness configured for connecting to the energy absorber such that the energy absorber is disposed
betwsen the terminal end of the safety line and the harness, not required by the claims of Group II.

The invention of Group Il includes the special technical feature of a method for determining a minimum load handling requirement for
components of a fall arrest system, the method comprising: determining a mean breaking force of the safety line and a standard
deviation of the mean breaking force; determining a mean deployment force of the energy absorber and a standard deviation of the
mean deployment force; and determining a ratio between the overlap mean force and the overlap standard deviation, not required by the
claims of Group I.

COMMON TECHNICAL FEATURES

Groups |-l share the technical features of a safety line with a mean breaking force and a first standard deviation; an energy absorber
with a mean deployment force and a second standard deviation; wherein the mean breaking force and mean deployment force define a
overlap mean force; wherein the first standard deviation and second standard deviation define an overlap standard deviation; wherein
the overlap mean force and overlap standard deviation define a ratio. The apparatus is known in prior art as shown in WO 2017/078669
A1 to Honeywell International Inc. (hereinafter 'HONEYWELL").

However, this shared technical feature does not represent a contribution over prior art as being obvious over HONEYWELL, which
discloses a fall restraint system comprising:

a safety line (lifeline 18, Fig. 1; para [0031]);

an energy absorber (shock absorber assembly 10, Figs. 1-4; para [0031]-[0032));

wherein the safety line possesses a mean breaking force (Fig. 1 - see lifeline 18 showing an inherent strength applied to arrest
momentum of an individual during a fall which one of ordinary skill can appreciate as possessing a mean breaking force) with a standard
deviation (Fig. 1 - see lifeline 18 showing an inherent strength applied to arrest momentum of an individual during a fall which one of
ordinary skill can appreciate as possessing a standard deviation);

wherein the energy absorber possesses a mean deployment force (Figs. 1-4 - see shock absorber assembly 10 showing an inherent
ability to accommodate a predetermined load; para [0036] "predetermined shock load") with a standard deviation (Figs. 1-4 - see shock
absorber assembly 10 showing an inherent ability to accommodate a predetermined load which one of ordinary skill can appreciate as
possessing a standard deviation);

wherein the overlap mean force (Figs. 1-4 - see lifeline 18 with mean breaking force and shock absorber assembly 10 with mean
deployment force showing an inherent overlap mean force as claimed) and overlap standard deviation (Figs. 1-4 - see lifeline 18 and
shock absorber assembly 10 showing standard deviations which would inherently possess an overlap standard deviation as claimed)
possess a ratio (Figs. 1-4 - see lifeline 18 and shock absorber assembly 10 showing an inherent ratio as claimed).

As the common technical features were known in the art at the time of the invention, these cannot be considered special technical
feature that would otherwise unify the groups.

Therefore, Groups |-l lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Note:

Regarding claim 11, the term "overlap mean force" is confusing and lacks clarity. Specifically, the claim fails to explicitly describe what
constitutes the "overlap mean force". Yet, the specification describes the value of "overlap mean force" to concern the difference
between the mean breaking force and the mean deployment force (para (0012}, {0021]). For the purposes of this opinion, the term
"overlap mean force" has been interpreted as an averaged result of the difference between the mean breaking force and mean
deployment force.

Regarding claim 11, the term "overlap standard deviation" is confusing and lacks clarity. Specifically, the claim fails to explicitly disclose
what constitutes the "overlap standard deviation". Yet, the specification describes the value of "overlap standard deviation" to concern
the sum of squares of the first and second standard deviations (para (0012), [0022]). For the purposes of this opinion, the term “overlap
standard deviation" has been interpreted as the resultant of the sum of squares between the first and second standard deviations.

Form PCT/ISA/210 (extra sheet) (January 2015)
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