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Description

FIELD OF THE INVENTION

[0001] Theinvention generally relates to belay devices
with assisted braking, self-arresting belay devices, and
automatic locking belay devices for climbing related ac-
tivities. In particular, the present invention relates to an
assisted braking belay system with a cam-clutch mech-
anism.

RELATED APPLICATIONS

[0002] This application claims priority to United States
provisional application Serial No. 61/785,715 filed March
14, 2013, the contents of which are incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

[0003] A belay device is used by a belayer in the act
of belaying a climber. During general operation, the belay
device is coupled to the belayer, who feeds excess rope
to the climber through the belay device as the climber
ascends. In the event that the climber falls, the belayer
and belay device selectively hold or lock a region of the
rope, thereby tensioning the rope between the belayer
and climber and thus arresting the climber’s fall. Belay
devices are also used to lower the climber by controlling
the speed at which excess rope is fed through the belay
device while the rope is under tension from the climber’s
weight.

[0004] One type of belay device is generally referred
to as a belay device with assisted braking, a self-arresting
belay device, an automatic belay device, and/or an auto-
locking belay device because it contains a mechanism
to automatically increase the friction on the rope in the
event of a climber fall. A second type of belay device is
referred to as passive because it requires the belayer to
manually increase the friction on the rope in the event of
a climber fall. For safety reasons, an auto-locking belay
device is preferred because it increases the likelihood of
arresting a climber’s fall despite the actions of the belay-
er.

[0005] One of the problems or limitations with conven-
tional auto-locking belay devices is the ability for the be-
layerto defeator disengage the auto-locking mechanism,
thereby allowing the intercoupled rope to continuously
feed while a climber is falling. To enable a belayer to
efficiently feed rope to the climber during normal ascent,
the auto-locking mechanism of any belay device must
include a technique or method by which the belayer may
circumvent or minimize friction upon the rope. For exam-
ple, the belayer may place a portion of their hand on a
particular region of the belay device so as to minimize
friction and/or disengage the auto-locking mechanism
while feeding rope. Unfortunately, if the climber falls while
the belayer is circumventing or minimizing the auto-lock-
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ing mechanism, the auto-locking mechanism may fail to
engage, fail to apply sufficient friction on the rope, and
therefore fail to arrest the climber’s fall.

[0006] Therefore, there is a need in the industry for an
auto-locking or assisted braking belay device that mini-
mizes the ability of a belayer to defeat or disengage the
auto-locking mechanism while maintaining efficient rope
feeding capability.

SUMMARY OF THE INVENTION

[0007] The present invention relates to assisted brak-
ing belay systems. One embodiment of the present in-
vention relates to an assisted braking belay system with
a housing, camming mechanism, and clutch mechanism.
The housing may include a substantially enclosed rope
channel through which a rope may extend to the climber.
The camming mechanism is moveably coupled to the
housing and configured to automatically engage a cam-
ming surface upon the rope across the rope channel if
the rope translates through the channel at a particular
acceleration rate. The clutch mechanism may function
as a secondary locking mechanism to engage the cam-
ming surface of the camming mechanism upon the rope
across the rope channel. The clutch includes a pulley
partially disposed within the rope channel and rotatably
coupled to the camming mechanism. The pulley is con-
figured such that translation of the rope through the rope
channel causes the pulley to rotate with respect to the
camming mechanism. The clutch mechanism further in-
cludes a centrifugal member coupled to the pulley and
disposed within a circular region. The rotational speed
of the pulley causes the centrifugal member to corre-
spondingly rotate within the circular region. If the pulley
rotates above a particular speed, the centrifugal member
engages with the circular region and obstructs rotation
of the pulley. If the pulley is obstructed from rotation, the
pulley imposes a particular frictional force upon the rope
and encourages the camming mechanism to engage the
camming surface upon the rope across the rope channel.
[0008] Embodiments of the present invention repre-
sent a significant advance in the field of assisted braking
belay systems. As described above, conventional assist-
ed braking belay systems are limited to single camming
mechanisms which may be defeated or circumvented by
the belayer, resulting in potential injury to the climber.
Embodiments of the present invention incorporate both
a camming mechanism and a clutch mechanism config-
ured to engage a camming surface upon the rope. There-
fore, if the primary operation of the camming mechanism
is improperly defeated by the belayer while the climber
is falling or lowering, the secondary clutch mechanism
will automatically engage the camming surface upon the
rope.

[0009] These and other features and advantages of
the presentinvention will be set forth or will become more
fully apparent in the description that follows and in the
appended claims. The features and advantages may be
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realized and obtained by means of the instruments and
combinations particularly pointed out in the appended
claims. Furthermore, the features and advantages of the
invention may be learned by the practice of the invention
or will be obvious from the description, as set forth here-
inafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The following description of the invention can
be understood in light of the Figures, which illustrate spe-
cific aspects of the invention and are a part of the spec-
ification. Together with the following description, the Fig-
ures demonstrate and explain the principles of the inven-
tion. In the Figures, the physical dimensions may be ex-
aggerated for clarity. The same reference numerals in
different drawings represent the same element, and thus
their descriptions will be omitted.

Figure 1 illustrates an automatic belay system with
a cam-clutch mechanism in accordance with embod-
iments of the present invention;

Figure 2 illustrates that automatic belay system of
Figure 1 further illustrating the housing in the closed
state and camming mechanism in the free state;
Figure 3 illustrates that automatic belay system of
Figure 1 further illustrating the housing in the open
state and camming mechanism in the free state;
Figure 4 illustrates that automatic belay system of
Figure 1 further illustrating the housing in the open
state and camming mechanism in the free state;
Figures 5illustrates a cross-sectional view of the au-
tomatic belay system illustrated in Figures 1 with the
cam-clutch mechanism in the disengaged state;
Figure 6 illustrates a cross-sectional view of the au-
tomatic belay system illustrated in Figures 1 with the
cam-clutch mechanism in the engaged state;
Figure 7 illustrates a cross-sectional view of the au-
tomatic belay systemillustrated in Figures 1 showing
a portion of the pulley of the cam-clutch mechanism;
Figure 8 illustrates a cross-sectional view of the au-
tomatic belay system illustrated in Figures 1 with the
cam-clutch mechanism in the engaged state;
Figure 9 illustrates a cross-sectional view of the au-
tomatic belay system illustrated in Figures 1 with the
cam-clutch mechanism in the disengaged state; and
Figure 10 illustrates a cross-sectional view of the au-
tomatic belay system illustrated in Figures 1 with the
cam-clutch mechanism in the engaged state.

DETAILED DESCRIPTION OF THE INVENTION

[0011] One embodiment of the present invention re-
lates to an assisted braking belay system with a housing,
camming mechanism, and clutch mechanism. The hous-
ing may include a substantially enclosed rope channel
through which a rope may extend to the climber. The
camming mechanism is moveably coupled to the housing
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and configured to automatically engage a camming sur-
face upon the rope across the rope channel if the rope
translates through the channel at a particular accelera-
tion rate. The clutch mechanism may function as a sec-
ondary locking mechanism to engage the camming sur-
face of the camming mechanism upon the rope across
the rope channel. The clutch includes a pulley partially
disposed within the rope channel and rotatably coupled
to the camming mechanism. The pulley is configured
such that translation of the rope through the rope channel
causes the pulley to rotate with respect to the camming
mechanism. The clutch mechanism further includes a
centrifugal member coupled to the pulley and disposed
within a circular region of the camming mechanism. The
rotational speed of the pulley causes the centrifugal
member to correspondingly rotate within the circular re-
gion. If the pulley rotates above a particular speed, the
centrifugal member engages with the circular region and
obstructs rotation of the pulley. If the pulley is obstructed
from rotation, the pulley imposes a particular frictional
force upon the rope and encourages the camming mech-
anism to engage the camming surface upon the rope
across the rope channel. Also, while embodiments are
described in reference to an assisted braking belay sys-
tem, it will be appreciated that the teachings of the
present invention are applicable to other areas.

[0012] Referenceisinitially made to Figures 1-4, which
illustrate one embodiments of an assisted braking belay
system with a cam-clutch mechanism in accordance with
embodiments of the present invention, designated gen-
erally at 100. The assisted braking belay system 100 is
designed to be used by a belayer in the act of belaying
a climber (not shown). The act of belaying a climber in-
cludes coupling the belay system to the belayer and feed-
ing a rope 110 through the system corresponding to the
rate of controlled ascent or descent of the climber. There-
fore, as the climber ascends a particular distance, the
belayer feeds a corresponding distance of rope. The be-
lay system 100 may be referred to as automatic or as-
sisted because it includes at least one mechanism that
automatically locks or applies a high degree of friction
upon a section of the rope 110 if the rope accelerates or
jerks above a particular rate. For example, if the climber
falls, the climber’s falling force will impart tension on the
rope, thereby causing the rope to accelerate or jerk
through the system 100 at a particular rate.

[0013] The system 100 generally includes a housing
120, a camming mechanism 140, and a clutch mecha-
nism 160. The housing 120 includes an open state (Fig-
ures 3-4) and a closed state (Figures 1-2). The camming
mechanism 140 includes a cammed state (not shown)
and a free state (Figures 3-4). The clutch mechanism
160 includes an engaged state (Figures 6, 8, 10) and a
disengaged state (Figures 5, 9). For simplicity, specific
figures are utilized to illustrate the components and op-
erations of the housing 120, camming mechanism 140,
and clutch mechanism 160. The components of the hous-
ing 120 are specifically illustrated and designated in detail
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in Figure 4. The components of the camming mechanism
140 are specifically illustrated and designated in detail in
Figure 3. The components of the clutch mechanism 160
are specifically illustrated and designated in the cross-
sectional Figures 5-10. The housing 120 further includes
arope channel 128, a top plate 124, a bottom plate 122,
an opening 130, and a coupler 126. The open state of
the housing 120 illustrated in Figure 4 includes the top
plate 124 rotated or pivoted about the coupler 126 from
the bottom plate 122. The top plate 124 may be rotatably
coupled to the bottom plate 122 at an off-axis angle to
enable the top plate to articulate over the camming mech-
anism 140 and clutch mechanism 160 in the closed state.
The term off-axis angle refers to an angle that is at least
five degrees off orthogonal to the lengthwise axis of the
housing 120. For example, Figure 2 illustrates the hous-
ing 120 with a substantially horizontal axis and the top
plate 124 is configured to rotate about an axis that is at
least five degrees out. The optional off-axis angle pro-
vides a greater internal region between the top and bot-
tom plates 124, 122, thereby providing more space for
the camming mechanism 140 and clutch mechanism 160
in the closed state of the housing 120.

[0014] In operation, the open state of the housing 120
is used to load a rope 110 into the rope channel 128
(Figure 3). A user specifically orients the rope in a clock-
wise manner extending to the climber. The illustrated left
end or clockwise termination of the rope channel 128
should be configured with arope 110 portion that extends
directly to the climber. Likewise, the illustrated right end
or clockwise initiation of the rope channel 128 should be
configured with a rope 110 portion that does not extend
to the climber. Initially, the user loads the rope 110 into
the rope channel 128 of the bottom portion 122 of the
housing 120 in the clockwise orientation illustrated and
described. The user then rotates or pivots the top plate
124 over the bottom plate 122 (ie. counter-clockwise ro-
tation), thereby substantially engaging the closed state
of the housing 120 by enclosing the rope 110 within the
rope channel 128 between the top plate 124 and the bot-
tom plate 122. The closed state of the housing 120 also
includes aligning the opening 130 on both the top and
bottom plates 124, 122. A user may extend a carabiner
or other releasable coupling device between the aligned
openings 130 and the user’s harness (not shown) so as
to couple the system 100 to the user or belayer. The act
of extending a coupler through the openings 130 of both
the top and bottom plates 124, 122 locks the housing 120
into the closed state by preventing the top plate 124 from
rotating and/or exposing the rope 110 and rope channel
128. This form of releasably coupling and securing an
assisted braking belay system to a user/belayer is well
known to those skilled in the art.

[0015] The primary automatic or assisted mechanism
of the illustrated assisted braking belay system 100 is
the camming mechanism 140. The term "primary" is in
reference to the camming mechanisms’ 140 functionality
as an assisted braking mechanism. Alternatively, the
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camming mechanism 140 and clutch mechanism 160
may function "independently" rather than in a primary-
secondary relationship. The camming mechanism 140
includes a free state (lllustrated in Figure 3) and a
cammed state (not shown but described below). The
camming mechanism 140 is biased toward the free state
by some form of biasing mechanism. The camming
mechanism 140is shaped and oriented within the system
100 such that itis in translatable communication with the
rope 110 as it translates through the belay system. The
components of the camming mechanism 140 are illus-
trated and designated in detail in Figure 3. The illustrated
camming mechanism 140 includes a camming surface
142, a bearing surface 144, a camming rotation point
146, and a lever 148. The camming mechanism 140 may
be transitioned from the free state to the cammed state
by overcoming a biasing force and rotating about the
camming rotation point 146 with respect to the bottom
plate 122 of the housing. The bearing surface 144 is ori-
ented and shaped such that a clockwise manual trans-
lation of the rope 110 through the rope channel 128 forces
the rope 110 to contact and impart a force upon the bear-
ing surface 144. The bearing surface 144 may be con-
cave shaped and protrude into the rope channel 128 for
purposes of maintaining translational forces of the rope
110 upon the bearing surface 144. The maintenance of
translation forces enables the bearing surface 144 to es-
sentially detect the acceleration rate of the rope 110
through the rope channel 128. Therefore, if the transla-
tional acceleration of the rope 110 exceeds a particular
rate or if the rope 110 is jerked in a particular manner, a
rotational force is created on the camming mechanism
140 that exceeds the biasing force. Therefore, the cam-
ming mechanism 140 will rotate about the camming ro-
tation point 146 with respect to the housing 120 so as to
pivot or engage a portion of the camming surface 142
upon the rope 110 within the rope channel 128 (ie. tran-
sitioning from the free state to the cammed state). The
engagement of the camming surface 142 upon the rope
110 (cammed state) may include translating a portion of
the camming surface 142 across the rope channel 142
and restricting the rope channel 128 cross-sectional ar-
ea, thereby increasing a translational friction force upon
the rope 110 between the camming surface 142 and the
housing 120. As the rope channel 128 is cross-sectionally
restricted to a diameter smaller than the diameter of the
rope 110, the translational friction force upon the rope
110 will increase and the translational rate of the rope
110 will decrease. The engagement of the cammed state
may eventually entirely arrest the rope 110 translation
through the rope channel 128 of the system 100 once a
sufficient amount of translational friction force is applied
to the rope 110 with respect to a rope 110 translation rate
prior to engagement. The camming surface 142 and
bearing surfaces 144 are also shaped and configured
with respect to the rope channel 128 such that once the
rope is arrested, the cammed state will be maintained
while a sufficient tensile strength is maintained on the
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rope 110. The specific shape of the bearing surface 144,
camming surface 142, cam rotation point 146, biasing
mechanism, and rope channel 128 all contribute to the
detection of the minimum rope translation acceleration
rate or jerk upon the bearing surface 144. The camming
mechanism 140 further includes alever 148 intercoupled
with the camming surface 142 and bearing surface 142
to provide a mechanical rotational advantage. The lever
142 may be used by the user torotate the camming mech-
anism 140 with respect to the housing 120 to enable se-
lective clockwise rope 110 translation while a particular
tensile force is still on the rope 110. In addition, the cam-
ming mechanism 140 is configured to automatically tran-
sition from the cammed state to the free state once a
particular tensile force is removed from the rope 110. It
will be appreciated that various alternative camming
mechanism 140 designs may be implemented in accord-
ance with embodiments of the present invention, such
as alternative camming/bearing surface shapes, cou-
pling orientations, coupling frictional forces, etc. One
skilled in the art will understand the operation of the cam-
ming mechanism 140 from the description above and the
referenced figures.

[0016] In operation, the rope 110 is properly loaded
into the rope channel 128, the housing 120 is in the closed
state, the camming mechanism 140 is in the biased free
state, and the system 100 is releasably coupled to the
user/belayer. The belayer is able to sequentially feed or
translate rope in a clockwise manner to the climber to
enable ascent. If the climber falls, the rope 110 will ac-
celerate or jerk through the system 100, causing a force
upon the bearing surface 144. Once the force upon the
bearing surface 144 overcomes the biasing force, the
camming mechanism 140 will rotate, causing the cam-
ming surface to translate across the rope channel and
impart a frictional force upon the rope 110. Once the fric-
tional force upon the rope overcomes the translational
force, the rope translation will cease, thereby fixing the
rope length between the belayer and climber. The tensile
force of the rope will maintain the cammed state and pre-
vent further rope translation. This rope length fixing be-
tween the belayer and climber will have the effect of ar-
resting the climber’s fall and ceasing any further descent.
The climber may then resume climbing, thereby remov-
ing the tensile force upon the rope and causing the cam-
ming mechanism 140 to automatically rotate back to the
free state via the biasing force. Alternatively, the belayer
may activate the lever 148 to partially rotate the camming
mechanism 140 and allow the rope to translate through
the system 100 at a controlled rate. The controlled trans-
lation of the rope 110 enables the belayer to lower the
climber.

[0017] The novel secondary automatic mechanism of
the illustrated assisted braking belay system is the clutch
mechanism 160. The illustrated clutch mechanism 160
embodiment operates in conjunction with portions of the
camming mechanism 140 to provide a combined "cam-
clutch" mechanism by which to cease translation of the
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rope 110 through the system 100. As described above,
alternative embodiments may utilize a clutch mechanism
160 that operates independently of the cam mechanism
140 to automatically arrest translation of the rope. The
clutch mechanism 160 includes a default or biased dis-
engaged state (Figures 5 and 9) and an engaged state
(Figures 6, 8, and 10) that causes the camming mecha-
nism to transition to the cammed state, thereby arresting
translation of the rope 110 as described above. In con-
trast to the camming mechanism 140, the clutch mech-
anism 160 automatically transitions to the engaged state
if a particular translational speed/rate of the rope is de-
tected through the rope channel 128. Therefore, even if
the rope translational acceleration is not sufficient to en-
gage the camming mechanism 140, the clutch mecha-
nism 160 may detect a sufficient rope translational speed
to transition the clutch mechanism 140 to the engaged
state, which then causes the camming mechanism 140
to transition to the cammed state. In the illustrated em-
bodiments, the clutch mechanism 160 is disposed within
the three dimensional region of the camming mechanism
140 and the housing 120 of the system; however, it will
be appreciated that all or part of the clutch mechanism
160 may also be external to the camming mechanism
140 and/or the housing 120. The clutch mechanism 160
may be referred to as secondary to the camming mech-
anism or as a combined cam-clutch mechanism because
it is configured to independently detect the rope transla-
tional speed through the system and then engage the
camming surface 144 of the camming mechanism 140
against the rope 110. The clutch mechanism 160 pro-
vides an important backup or auxiliary detection system
for situations of unwanted rope translation. For example,
if the belayer restricts/defeats the operation of the cam-
ming mechanism 140 so as to quickly feed/translate rope
to the climber, the camming mechanism 140 may not
properly engage the cammed state in the eventof a climb-
er fall. Specifically, the camming mechanism 140 will fail
to translate the camming surface 142 upon the rope 110,
which may then result in a total system 100 belay failure
(i.e. the climber would fall at a rate that is likely to result
in injury). The clutch mechanism 160 includes an inde-
pendent system to detect the translational rope speed
apart from the camming mechanism 140. The clutch
mechanism 160 may also be configured to impart agreat-
er rotational force upon the camming mechanism 140
than the bearing surface 144 so as to engage the cam-
ming surface 142 upon the rope 110. The increased ro-
tational force created by the clutch mechanism 160 on
the camming mechanism 140 is designed to overcome
whatever restriction may be impeding the camming
mechanism 140 from arresting further translation of the
rope 110. One embodiment of the operation and compo-
sition of the clutch mechanism 160 in conjunction with
the camming mechanism 140 will be described below in
reference to the cross-sectional Figures 5-10.

[0018] The purpose of a secondary automatic mecha-
nism in the assisted braking system 100 is to lock or
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increase the friction upon the rope 110 in the event that
the primary automatic mechanism is disengaged, mini-
mized, or otherwise defeated by the belayer. The acts of
feeding rope 110 and/or lowering a climber may require
the belayer to in part restrict the operation of the primary
automatic mechanism. For example, the act of efficiently
feeding a larger section of rope (i.e. so that the climber
may couple the rope to safety equipment) may require
that the belayer restrict the camming mechanism 140
operation. Likewise, the act of lowering a climber requires
selectively reducing the friction exerted upon the loaded
rope 110 by the camming surface 142 to permit the rope
to translate through the system. Both of these actions
may be described as minimizing or circumventing the
ability of the camming mechanism to automatically lock
or increase friction on the rope. Therefore, the inclusion
of a secondary automatic mechanism increases the re-
liability of the overall system to automatically lock or apply
friction to the rope in the event that the rope translates
through the system faster a particular speed.

[0019] Reference is next made to Figure 5-10, which
illustrate specific cross-sectional views of the clutch
mechanism 160 portions of the belay system illustrated
in Figures 1-4. The cross-sectional views are specifically
sliced, shaded, and oriented to illustrate components of
the system and are not necessarily to scale, nor do they
necessarily represent actual operational scenarios. The
clutch mechanism 160 includes a cover that prevents
visual inspection without cross-sectional views. For ex-
ample, Figures 3 and 4 illustrate the covered clutch mech-
anism 160 as a circular area within the region of the cam-
ming mechanism 140. It will be appreciated that Figures
5-10 are non-operational views for the purposes of illus-
trating the components of the clutch mechanism 160. The
clutch mechanism 160 further includes a pulley 162, a
set of centrifugal members 164, a set of biasing springs
166, a circular region 168, a stopping surface 170, a
clutch rotation point 172, and a pulley rotation 174. The
pulley 162 is a substantially cylindrical hourglass shaped
member that is disposed within the circular region 168
and adjacent to the rope channel 128. The pulley 162 is
oriented and shaped to correspond with the circular re-
gion 168 to rotate. A concave hourglass portion of the
pulley 162 includes a plurality of pulley friction members
176 exposed within the rope channel 128 and configured
to be in translational communication with the rope 110
as it translates through the rope channel 128 (Figure 7).
The pulley friction member 176 are specifically shaped
and oriented to impart a frictional force upon the rope
110 so as to detect the translational rate of the rope 110
through the rope channel 128. The frictional force be-
tween the rope 110 and the pulley 162 thereby urges the
pulley 162 to rotate at a rate that corresponds to the rate
at which the rope 110 translates through the system 100.
The centrifugal members 164 are elongated members
including a flat pawl surface 182 and a rotatable or piv-
otable coupling to the pulley 162 (Figure 5 and 6). The
rotatable coupling of the centrifugal members 164 is con-
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figured to enable the centrifugal members 164 to pivot
between a contracted position (Figure 5) and an extend-
ed position (Figure 6). The illustrated biasing springs 166
are V-springs coupled to both the pulley 162 and centrif-
ugal members 164 to impart a biasing force 178 (Figure
9) upon the centrifugal members 164 with respect to the
pulley 164. The biasing force 178 is directed internally to
bias the centrifugal members 164 toward the contracted
position.

[0020] The illustrated clutch mechanism 160 is posi-
tioned substantially within a portion of the camming
mechanism 140 to permit conjunctive operation. In par-
ticular, the clutch mechanism 160 is oriented substan-
tially between the entry and exit portions of the rope chan-
nel 128 and within the substantially three dimensional
region of the camming mechanism 140. The pulley 162
portion of the clutch mechanism 160 is independently
rotatable with respect to the camming mechanism 140
and the housing 120. The clutch rotation point 172 is
independent (i.e. positioned separately) from the cam
rotation point 146. One purpose of the separated rotation
points is to enable the clutch mechanism to induce a
greater rotational force 150 (via leverage) upon the cam-
ming mechanism 140 than that which is created by the
independent functionality of the camming mechanism
140. The greater rotational force 150 creates the sec-
ondary/backup functionality of the clutch mechanism 160
with respect to the camming mechanism 140 in operation
of the system 100.

[0021] In operation, the rope 110 is properly loaded
into the rope channel 128, the housing 120 isin the closed
state, the camming mechanism 140 is in the free state,
the clutch mechanism 160 is in the disengaged state,
and the system 100 is releasably coupled to the user/be-
layer. As rope 110 is translated to the climber through
the rope channel 128, a frictional force is generated be-
tween the pulley friction members 174 and the rope 110,
causing the pulley 162 to rotate within the circular region
168. The rotation of the hourglass portion of the pulley
162 is in communication with the rope 110 (See Figure
7) to cause the portion of the pulley 162 disposed within
the circular region 168 (See Figures 5 and 6) to corre-
spondingly rotate. The free rotation of the pulley 162 with
respect to the circular region 168 is the default/biased
disengaged state of the clutch mechanism 160 (Figure
5). If the climber falls or is lowered at a very high speed,
the rope will translate through the system at a corre-
spondingly very high speed/rate, which will cause the
pulley 162 to rotate at a correspondingly high speed. The
rate of rotation of the pulley 162 within the circular region
168 and the pivotable coupling scheme of the centrifugal
members 164 will simultaneously generate a particular
centrifugal force 180 upon the centrifugal members 164
with respect to the rotation rate of the pulley 162 (See
Figure 9). The biasing springs 166 induce a particular
biasing force 178 upon the centrifugal members 164 with
respect to the pulley 162. Once the centrifugal force 180
exceeds the biasing force 178, the centrifugal members



11 EP 2777 773 A2 12

164 radially rotate or pivot from the pulley 162 and en-
gage the flat pawl surfaces 182 with the stopping surfaces
170 of the circular region 168 thereby stopping the pulley
162 from rotating within the circular region 168. It will be
appreciated that the illustrated centrifugal members 164
may be referred to as pawls in the particular field of clutch
mechanisms because of their shape and functionality.
The engagement between the centrifugal members’ 164
flat pawl surface 182 and the circular region’s 168 stop-
ping surfaces 170 is referred to as the engaged state of
the clutch mechanism 160 (Figure 6). In the disengaged
state, the pulley 162 is free to rotate within the circular
region 168, within the rope channel 128, and with respect
to both the camming mechanism 140 and housing 120.
In the engaged state, the pulley 162 is restricted from
rotating, thereby translating the frictional force between
the rope 110 and the friction members 176 of the pulley
162 into a rotational force 150 upon the camming mech-
anism 140 (See Figure 6). The hourglass region of the
pulley 162 with the friction members 176 (Figure 7) there-
by functions analogous to the bearing surface 144 of the
camming mechanism 140 to cause the camming mech-
anism 140 to rotate into the cammed state. However, the
friction between the friction members 176 and the rope
110 will impart a greater rotational force upon the cam-
ming mechanism 140 than that which is created inde-
pendently by the bearing surface 144 of the camming
mechanism 140. As described above with reference to
the operation of the camming mechanism 140, the trans-
lation of the camming surface 142 across the rope chan-
nel 128 upon the rope 110 increases the friction on the
rope 110 thereby slowing and/or ceasing the rope 110
from further translation through the system 100. This
process thereby automatically locks or arrests the rope
110 in scenarios in which the camming mechanism 140
fails to independently detect and arrest the rope transla-
tion. Once the rope 110 translation is suspended, the
centrifugal force 180 will be eliminated and the centrifugal
members 164 will automatically retract to the contracted
position via the biasing force 178 of the biasing springs
166. An optional non-illustrated clutch mechanism 160
disengagement mechanism may be incorporated to se-
lectively disengage the flat pawl surfaces 182 from the
stopping surfaces 170. Likewise, it will be appreciated
that embodiments of the present invention may function
with a single centrifugal member 164, biasing spring 166,
and stopping surface 170. The camming mechanism 140
will maintain the cammed state while a sufficient tensile
force remains on the rope 110.

[0022] Itwillbe appreciated that various non-illustrated
alternative embodiments of belay systems with clutch
mechanisms may be practiced in accordance with the
presentinvention. One alternative assisted braking belay
system may include a clutch-cam mechanism that in-
cludes roller type centrifugal members rather than the
pawl type described above. In addition, an alternative
assisted braking belay system with a clutch-cam mech-
anism may include clutch and cam mechanisms that
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have the same rotation point with respect to the housing.
Further, an alternative non-illustrated embodiment of an
assisted braking belay system in accordance with the
presentinvention may include configuration for operation
with two ropes rather than one including but not limited
to specific rope channel geometries. The two ropes may
be disposed within a similar single rope channel and the
system may be configured to respond to either rope in-
dependently.

[0023] Itshould be noted that various other alternative
system designs may be practiced in accordance with the
present invention, including one or more portions or con-
cepts of the embodiment illustrated in Figure 1 or de-
scribed above. Various other embodiments have been
contemplated, including combinations in whole or in part
of the embodiments described above.

Claims
1. An assisted braking belay system comprising:

a housing including a rope channel, top plate,
and bottom plate, wherein the top plate is rotat-
able between an open state and closed state
with respect to the bottom plate, and wherein
the rope channel is substantially enclosed be-
tween the top plate and bottom plate in the
closed state;

acamming mechanism moveably coupled to the
housing adjacent to the rope channel, wherein
the camming mechanism includes a camming
surface, and wherein the camming mechanism
is configured to rotate between a biased free
state and a cammed state with respect to the
housing, and wherein the cammed state in-
cludes translating the camming surface across
the rope channel and constricting a portion of
the rope channel; and

a clutch mechanism coupled to the camming
mechanism including a pulley, a circular region,
and a centrifugal member, wherein the centrif-
ugal member is coupled to the pulley and dis-
posed within the circular region, and wherein the
clutch mechanism includes an engaged state
and a disengaged state, and wherein the en-
gaged state includes obstructing the pulley from
rotating within the circular region and the rope
channel.

2. The system of claim 1, wherein the centrifugal mem-
ber is configured to automatically engage with the
circular region to cause the clutch mechanism to
transition to the engaged state if the pulley rotates
above a particular speed.

3. The system of claim 1, wherein rotation of the pulley
causes a corresponding centrifugal force upon the
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centrifugal member, and wherein if the centrifugal
force exceeds a particular amount, the centrifugal
member automatically engages with the circular re-
gion and obstructs the pulley from rotating within the
circular region thereby engaging the engaged state.

The system of claim 1, wherein the pulley is config-
ured such that translation of an object at a particular
rate through the rope channel causes the pulley to
rotate at a corresponding speed within the circular
region, and wherein if the pulley rotates above a par-
ticular speed the clutch mechanism is automatically
transitioned to the engaged state.

The system of claim 1, wherein the clutch mecha-
nism is coupled to the camming mechanism such
that if the clutch mechanism is transitioned to the
engaged state, the camming mechanism is transi-
tioned to the cammed state.

The system of claim 1, the camming mechanism is
configured to automatically engage the cammed
state if the centrifugal member engages with the cir-
cular region of the clutch mechanism.

The system of claim 1, wherein the pulley rotates
about a rotational point and wherein the camming
mechanism pivots with respect to the housing about
a pivot point, and wherein the rotational point of the
pulley is independent of the pivot point of the cam-
ming mechanism.

The system of claim 1, wherein the rotatable coupling
between the top plate and bottom plate is radially
angled at least five degrees away from orthogonal
to a lengthwise axis of the housing.

The system of claim 1, wherein the pulley includes
a concave region disposed adjacent to the rope
channel, and wherein the concave region includes
a plurality of pulley friction members, wherein the
pulley friction members are configured to translate
a translational force and rate of an object through
the rope channel to a rotational force and rate of the
pulley within the circular region.

The system of claim 1, wherein centrifugal member
is pivotably coupled to the pulley between a contract-
ed position corresponding to the disengaged state
of the clutch mechanism and an extended position
corresponding to the engaged state of the clutch
mechanism, and wherein the centrifugal member is
biased to the contracted position by a biasing spring
intercoupled with the pulley and centrifugal member,
and wherein the extended position includes pivoting
the centrifugal member to extend radially beyond the
pulley within the circular region.
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1.

12.

13.

14.

15.

16.

17.

18.

19.

The system of claim 10, wherein the circular region
includes a stopping surface, and wherein the extend-
ed position includes an engagement of the centrifu-
gal member with the stopping surface.

The system of claim 10, wherein the biasing spring
is configured to exert a biasing force toward the con-
tracted position of the centrifugal member, and
wherein if the pulley rotates above a particular speed
a centrifugal force is exerted on the centrifugal mem-
ber toward the extended position, and wherein if the
centrifugal force substantially exceeds the biasing
force, the centrifugal member pivots to the extended
state.

The system of claim 1, wherein clutch mechanism
is configured to operate in conjunction with the cam-
ming mechanism as a secondary assisted braking
mechanism.

The system of claim 1, wherein the camming mech-
anism is configured to engage the cammed state if
a rope accelerates through the rope channel above
a particular value, and wherein the clutch mecha-
nism is configured to engage theengaged state if a
rope translates through the rope channel above a
particular speed.

The system of claim 1, wherein the rope channel
includes an inlet region and an outlet region, and
wherein the inlet region and outlet region together
form a substantially U shape within the housing, and
wherein the camming mechanism and clutch mech-
anism are disposed substantially between the inlet
region and outlet region of the rope channel.

The system of claim 1, wherein the camming mech-
anism includes a bearing surface disposed adjacent
to the rope channel and configured to detect the ac-
celeration of a rope through the rope channel.

The system of claim 1, wherein the clutch mecha-
nism includes two centrifugal members.

The system of claim 1, wherein the centrifugal mem-
ber is an elongated pawl with a flat pawl stopping
surface configured to engage with a stopping surface
on the circular region in the engaged state.

An assisted braking belay system comprising:

a housing including a rope channel, top plate,
and bottom plate, wherein the top plate is rotat-
able between an open state and closed state
with respect to the bottom plate, and wherein
the rope channel is substantially enclosed be-
tween the top plate and bottom plate in the
closed state;
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acamming mechanism moveably coupledtothe
housing adjacent to the rope channel, wherein
the camming mechanism includes a camming
surface, and wherein the camming mechanism
is configured to rotate between a biased free
state and a cammed state with respect to the
housing, and wherein the cammed state in-
cludes translating the camming surface across
the rope channel and constricting a portion of
the rope channel;

a clutch mechanism coupled to the camming
mechanism including a pulley, a circular region,
and a centrifugal member, wherein the centrif-
ugal member is coupled to the pulley and dis-
posed within the circular region, and wherein the
clutch mechanism includes an engaged state
and a disengaged state, and wherein the en-
gaged state includes obstructing the pulley from
rotating within the circular region and the rope
channel; and

wherein the centrifugal member is configured to
automatically engage with the circular region to
cause the clutch mechanism to transition to the
engaged state if the pulley rotates above a par-
ticular speed.

20. An assisted braking belay system comprising:

a housing including a rope channel, top plate,
and bottom plate, wherein the top plate is rotat-
able between an open state and closed state
with respect to the bottom plate, and wherein
the rope channel is substantially enclosed be-
tween the top plate and bottom plate in the
closed state;

acamming mechanism moveably coupledtothe
housing adjacent to the rope channel, wherein
the camming mechanism includes a camming
surface, and wherein the camming mechanism
is configured to rotate between a biased free
state and a cammed state with respect to the
housing, and wherein the cammed state in-
cludes translating the camming surface across
the rope channel and constricting a portion of
the rope channel;

a clutch mechanism coupled to the camming
mechanism including a pulley, a circular region,
and a centrifugal member, wherein the centrif-
ugal member is coupled to the pulley and dis-
posed within the circular region, and wherein the
clutch mechanism includes an engaged state
and a disengaged state, and wherein the en-
gaged state includes obstructing the pulley from
rotating within the circular region and the rope
channel; and

wherein the camming mechanism is configured
to engage the cammed state if a rope acceler-
ates through the rope channel above a particular
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16

value, and wherein the clutch mechanismis con-
figured to engage the engaged state if a rope
translates through the rope channel above a par-
ticular speed.
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FIG. 1
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