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Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application Serial Nos. 61/142,873, filed
on January 6, 2009, and 61/153,213, filed on February
17, 2009.

TECHNICAL FIELD

[0002] Embodiments of the present invention relate
generally to rescue devices, and more specifically to sys-
tems and methods for rapid descent.

BACKGROUND

[0003] A person can descend quickly from a height by
using a rope and a rapid descent device that provides a
braking force to counteract the person’s weight on the
rope. Such devices may be used, forexample, by civilians
evacuating a building via an exterior of the building, such
as when all other exits are blocked or no longer available.
Such devices may also be used, for example, by firefight-
ers and/or rescue workers descending rapidly from a
burning building, and/or by any person working at a
height.

[0004] Existing rapid descent devices often include
simple drive wheels capable of being driven at a single
speed equivalent to the rope speed. The braking force
imparted by such rapid descent devices is thus the same
for a very heavy load and a very light load, for any given
rope speed. Such devices also typically do not permit
rope slippage during shock loading or manual rope ad-
vancement.

[0005] DE 2919216 A1 describes a mechanism that
lowers persons or loads by the rope travelling through it,
the rope being reeved round a fixed part of the periphery
of a pulley so that it cannot slip.

SUMMARY

[0006] The invention is defined by the features of the
independent claim. Preferred embodiments are defined
by the features of the dependent claims.

[0007] According to some embodiments of the present
invention, a descent device has a multiplicity of braking
elements which include a rope-driven automatic energy
dissipating device (RDAEDD) such as, for example, a
centrifugal brake, several strategically-placed capstans
that dissipate energy according to the Euler friction equa-
tion, and a system to generate inlet friction on the rope.
[0008] According to some embodiments of the present
invention, a RDAEDD is used in combination with a cap-
stan on both sides of the RDAEDD such that the capstan
before the RDAEDD acts to increase the effective friction
on the rope-drive unit connected to the RDAEDD to min-
imize slip between the rope and the drive wheel, while
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the capstan after the RDAEDD acts as a multiplier to the
effect of the RDAEDD. According to some embodiments
of the present invention, the two capstans themselves
act as a brake; tension on the inlet rope is multiplied by
each capstan, giving the operator a brake force that is
dependant only on any friction present in the inlet side
of the device. The RDAEDD is of benefit to provide a
variable back tension to the final capstan, thereby limiting
the descent speed of the device to an acceptable level,
according to embodiments of the present invention.
[0009] According to some embodiments of the present
invention, a RDAEDD is used in combination with a cap-
stan before the RDAEDD to prevent slip between the
rope and drive wheel. According to some embodiments
of the present invention, a RDAEDD is used in combina-
tion with a capstan after the RDAEDD to act as a multiplier
to the effect of the RDAEDD. Some embodiments of the
present invention include a rope inlet tensioning device.
[0010] According to some embodiments of the present
invention, a rope inlet tensioning device performs such
that pulling on either end of the rope entering or exiting
the device while the inlet and exit ropes are essentially
parallel to each other and to the centerline of the device
causes the inlet rope tension to substantially lessen
and/or disappear, making it possible for a person to man-
ually pull rope through the device in either direction with
very little effort. More generally, according to some em-
bodiments of the present invention, a rope inlet tension-
ing device performs such that rope inlet tension can be
substantially lessened and/or made to disappear if the
device is rotated or the rope is pulled in a way that will
not occur when the device is loaded, making it possible
for a person to manually pull rope through the device with
little effort. According to some embodiments of the
present invention, this can be done in either direction,
and in other embodiments it can be done in one direction.
[0011] According to some embodiments of the present
invention, capstans and/or other elements in the device
that create friction against the rope are made of a material
with a heat transfer coefficient that is significantly less
thanthe heat transfer coefficient of the body of the device,
so that heat generated as a result of the rope running
over the capstans is transferred into the rope rather than
into the device, which keeps the device at a relatively
cool operating temperature. According to some embod-
iments of the present invention, the capstans in the de-
vice are made of titanium to have a consistent coefficient
of friction (COF) throughout descent and so the differ-
ence between COF-static and COF-dynamic is nearly
the same. According to some embodiments of the
present invention, the capstans in the device are made
of titanium to have a consistent coefficient of friction
(COF) throughout descent and even with fluctuations in
temperature such that the difference between COF-static
and COF-dynamic is minimized.

[0012] According to some embodiments of the present
invention, the rope surface on the capstans is substan-
tially flat or dished with a radius that is at least two times
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the radius of the rope. According to some embodiments
of the present invention, a drive wheel in the descent
device is used to drive the RDAEDD. The drive wheel
may include a V-groove with protrusions into the V-
groove that force or encourage the rope into a serpentine
path, which minimizes potential slip between the rope
and the drive wheel under heavier load conditions. The
V-groove causes the rope to push deeper into the drive
wheel with greater load, according to embodiments of
the present invention. When the rope is driven deeper
into the drive wheelwith greater load, the angular velocity
of the drive wheel increases for a given rope speed, and
faster angular velocity increases the braking force of the
RDAEDD, according to embodiments of the present in-
vention. The result is that increased load increases the
braking force ofthe RDAEDD independentof rope speed,
according to embodiments of the present invention.
[0013] While multiple embodiments are disclosed, still
other embodiments of the present invention will become
apparent to those skilled in the art from the following de-
tailed description, which shows and describes illustrative
embodiments of the invention. Accordingly, the drawings
and detailed description are to be regarded as illustrative
in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1illustrates afrontview of a conceptual diagram
of a rapid descent device 100, according to embod-
iments of the present invention.

FIG. 2 illustrates a front perspective view of a rapid
descent device, according to embodiments of the
present invention.

FIG. 3illustrates afront plan view of the rapid descent
device of FIG. 2, according to embodiments of the
present invention.

FIG. 4 illustrates a sliding cam mechanism.

FIG. 5illustrates a sliding cam mechanism according
to embodiments of the present invention.

FIG. 6 illustrates a front plan view of a drive wheel,
according to embodiments of the present invention.
FIG. 7 illustrates a front perspective view of a drive
wheel, according to embodiments of the present in-
vention.

FIG. 8 illustrates a graph showing braking force vs.
load for an RDAEDD, according to embodiments of
the present invention.

FIG. 9 illustrates an enlarged perspective view of a
sliding cam, according to embodiments of the
present invention.

FIG. 10A illustrates a top view of an open descent
device with rope fed therethrough, according to em-
bodiments of the present invention.

FIG. 10B illustrates a side perspective view of an
open descent device 100, according to embodi-
ments of the present invention.
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FIG. 11 illustrates a top view of a closed descent
device showing the outside of the lid, according to
embodiments of the present invention.

FIG. 12 illustrates a bottom view of a closed descent
device showing the outside of the RDAEDD, accord-
ing to embodiments of the present invention.

FIG. 13 illustrates a front elevation view of an alter-
native drive wheel, according to embodiments of the
present invention.

FIG. 14 illustrates a front perspective view of the al-
ternative drive wheel of FIG. 13, according to em-
bodiments of the present invention.

FIG. 15 illustrates a partial cross-sectional view of a
capstanwith adishformed onthe rope travel surface,
taken along line A-A of FIG. 3, according to embod-
iments of the present invention.

[0015] Whiletheinventionis amenable to various mod-
ifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and
are described in detail below. The intention, however, is
not to limit the invention to the particular embodiments
described. On the contrary, the invention is intended to
cover all modifications, equivalents, and alternatives fall-
ing within the scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION

[0016] FIG. 1 illustrates a front view of a conceptual
diagram of a rapid descent device 100, according to em-
bodiments of the present invention. FIG. 2 illustrates a
front perspective view of a rapid descent device 100 with
abase (e.g. casing) 202, capstans 110, 112rigidly affixed
to the base 202, a lid 204 hinged to the base 202 with
rope 102 openings 206, 208, an RDAEDD mounted to
the base 202 with a shaft 210 protruding through the base
202 and adrive wheel 114 attached to the shaft 210 (such
thatthe rotational velocity of the drive wheel 114 matches
that of the shaft 210), an anvil 116 rigidly coupled to the
base 202, and a sliding cam assembly with a left cam
106 and a right cam 108, according to embodiments of
the present invention. The drive wheel 114 rotates with
respect to the base 202 about drive wheel axis 302 (see
FIG. 3), according to embodiments of the present inven-
tion.

[0017] Opening 208 may be referred to as a rope inlet
208, and opening 206 may be referred to as arope outlet
206, according to embodiments of the present invention.
Based on the disclosure provided herein, one of ordinary
skill in the art will appreciate that the rope inlet 208 and
outlet 206 may be reversed by reversing the direction of
the braking force of the RDAEDD, and/or by using a re-
versible RDAEDD, according to embodiments of the
presentinvention. Capstan 110 may be referred to as an
inlet capstan 110, and capstan 112 may be referred to
as an outlet capstan 112, according to embodiments of
the present invention.
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[0018] Thebase 202 may also bereferred toas a hous-
ing 202; housing 202 may be formed of a rigid material.
Capstans 110, 112 may be coupled to the housing; for
example, capstans 110, 112 may be rigidly coupled to
the housing by, for example, bolts, screws, adhesive,
and/or welding, according to embodiments of the present
invention.

[0019] As used herein, the term "coupled" is used in
its broadest sense to refer to elements which are con-
nected, attached, and/or engaged, either directly or inte-
grally or indirectly via other elements, and either perma-
nently, temporarily, or removably. As used herein, the
term "rotatably coupled” is used in its broadest sense to
refer to elements which are coupled in a way that permits
one element to rotate with respect to another element.
As used herein, the term "slidably coupled" is used in its
broadest sense to refer to elements which are coupled
in a way that permits one element to slide or translate
with respect to another element.

[0020] The sliding cam assembly 104, which may be
slidably coupled with the housing 202, may include an
inlet face 218 and an outlet face 220; the inlet face 218
may form at least part of the rope inlet 208 and the outlet
face 220 may form at least part of the rope outlet 206,
according to embodiments of the present invention. The
inlet face 218 may include an inlet protrusion 212 (as
illustrated in FIG. 3) extending from the inlet face 218
into the rope inlet 208 in a direction PD substantially per-
pendicular to a rope travel direction RTD. The outlet face
220 may include an outlet protrusion 216 (as illustrated
in FIG. 3) extending from the outlet face 220 into the rope
outlet 206 in a direction PD substantially perpendicular
to a rope travel direction RTD. Each of the protrusions
212, 214 may be configured to reduce friction between
its respective face 218, 220 and rope when the rope is
manually pulled through the descent device. Each of the
protrusions 212, 214 may also include a dish 214 (as
illustrated in FIGS. 2 and 8) formed substantially along
the rope travel direction, which may assist in placement
of the rope over the protrusion 212, 214, according to
embodiments of the present invention. Although protru-
sions 212, 214 are illustrated, an indentation (not shown)
may alternatively be formed extending into the respective
inlet face 218 and outlet face 220 in a direction PD sub-
stantially perpendicular to the rope travel direction RTD,
according to embodiments of the present invention. Such
an indentation may also be configured, similarly to a pro-
trusion, to reduce friction between the respective face
218, 220 and rope when the rope is manually pulled
through the descent device.

[0021] FIG. 3 illustrates a front plan view of the rapid
descent device 100 of FIG. 2, according to embodiments
of the present invention. The inlet capstan 110 may in-
clude aninletrope travel surface 308 and an inlet capstan
axis 304, according to embodiments of the present in-
vention. The inlet rope travel surface 308 is the surface
of the capstan 110 that contacts the rope 102 as the rope
travels in the rope inlet 208, around capstan 110, and
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around drive wheel 114. According to some embodi-
ments of the presentinvention, the inlet capstan axis 304
is substantially parallel with the drive wheel axis 302, and
the inlet rope travel surface 308 includes a radius of cur-
vature about the inlet capstan axis 304. The inlet rope
travel surface 308 may span approximately two hundred
degrees, for example from point 312 to point 314, and
the inlet rope travel surface 308 may include points that
are equidistant from the inlet capstan axis 304, according
to embodiments of the present invention.

[0022] FIG. 15 illustrates a partial cross-sectional view
of capstan 110 taken along line A-A of FIG. 3, according
to embodiments of the present invention. According to
embodiments ofthe presentinvention, the inletrope trav-
el surface 308 may include a dish, as illustrated in FIG.
15. Rope 102 is shown in FIG. 15 as having a radius R;
a dish 1502 formed in the inlet rope travel surface 308
includes a radius of curvature 2R, or twice the rope ra-
dius, according to embodiments of the present invention.
According to other embodiments of the presentinvention,
the inlet rope travel surface 308 includes a dish 1504
having a radius of curvature of 3R, or three times the
rope radius. According to yet other embodiments of the
present invention, the inlet rope travel surface 308 in-
cludes a dish 1506 having a radius of curvature 4R, or
four times the rope radius. According to some embodi-
ments of the present invention, the inlet rope travel sur-
face 308 does notinclude any dish, and is thus substan-
tially flat along its length (about the radius of curvature
about the capstan axis 304).

[0023] Based on the disclosure provided herein, one
of ordinary skill in the art will recognize the various radii
of curvature that may be imparted to a dish formed in the
inletrope travel surface 308. The outlet capstan 112 may
include an outlet rope travel surface 310 and an outlet
capstan axis 306, according to embodiments of the
present invention. The outlet rope travel surface 310 is
the surface of the capstan 112 that contacts the rope 102
as the rope travels from the drive wheel 114, around the
outlet capstan 112, and through the rope outlet 206. Ac-
cording to some embodiments of the present invention,
the outlet capstan axis 306 is substantially parallel with
the drive wheel axis 302, and the outlet rope travel sur-
face 310 includes a radius of curvature about the outlet
capstan axis 306. The outlet rope travel surface 310 may
span approximately two hundred degrees, for example
from point 316 to point 318, and the outlet rope travel
surface 310 may include points that are equidistant from
the outlet capstan axis 306, according to embodiments
of the present invention. According to embodiments of
the present invention, the outlet rope travel surface 310
may be substantially flat and/or include a dish as de-
scribed above with respect to FIG. 15.

[0024] Accordingtoembodiments of the presentinven-
tion, an imaginary line segment 320 (see FIG. 3) drawn
from the drive wheel axis 302 to a midpoint 324 of another
imaginary line segment 322 between the inlet capstan
axis 304 and the outlet capstan axis 306 intersects the
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imaginary line segment 322 at a right angle. As such, the
inlet capstan 110 and the outlet capstan 112 may be sub-
stantially equidistant from the drive wheel axis 302, ac-
cording to embodiments of the present invention. The
inlet capstan 110 may also be identical to the outlet cap-
stan 112, according to embodiments of the present in-
vention. According to embodiments of the present inven-
tion, having the inlet capstan 110 and outlet capstan 112
being identical and/or placed in symmetrical locations
with respect to the drive wheel axis 302 and rope inlets
and outlets 206, 208 permits the descent device 100 to
bereversible (e.g. to operate the same for both directions
of rope 102 travel).

[0025] Asillustratedin FIG. 10A, therope 102 extends
through the rope inlet 208, partially around the inlet cap-
stan 110, partially around the groove 612 of the drive
wheel 114, partially around the outlet capstan 112, and
through the rope outlet 206, according to embodiments
of the present invention.

RDAEDD and Strategically placed Capstans

[0026] Capstans 110, 112 in the device may be stra-
tegically placed to a) minimize slip of the rope against
the drive wheel 114 attached to the RDAEDD, and b) act
as a multiplier to the braking force of the RDAEDD, ac-
cording to embodiments of the present invention.
[0027] The sliding cam 104 generates a small amount
of tension on the inlet of the rope 102. According to some
embodiments of the present invention, depending on the
load placed on the device, the amount of inlet tension on
the rope 102 generated by the sliding cam 104 can be
as low as zero or substantially zero and as high as 445
N (100 Ibs); according to embodiments of the present
invention, the inlet tension on the rope 102 is typically in
the range between 22 N (5 Ibs) and 222 N (50 Ibs). The
inlet capstan 110, with about 200 degrees of wrap, acts
as an approximate 2:1 multiplier to the 44.5 N (10 Ibs) of
inlet tension so that the tension on the inlet side of the
drive wheel 114 is about 222 N (50 Ibs). which is enough
to prevent slip between the rope 102 and the drive wheel
114, according to embodiments of the present invention.
The braking force of the RDAEDD is additive to the brak-
ing force of the inlet tensioning device 104 and the inlet
capstan 110, according to embodiments of the present
invention. Descent speed is dependent on load and the
braking force of the RDAEDD is dependent on descent
speed. The braking force of the RDAEDD can be as little
as zero at low speed, according to embodiments of the
present invention. In a single-person descent device the
braking force of the RDAEDD can add as much as 578
N (130 Ibs) of tension to the rope 102 using an FO1 cen-
trifugal brake manufactured by SUCO Robert Scheuffele
GmbH of Keplerstrasse 12-14, 74321 Bietigheim-Biss-
ingen Germany, as the RDAEDD.

[0028] Othercentrifugal braking devices may be paired
with a drive wheel 114 and configured to provide braking
force according to rotational and/or translational velocity
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of the drive wheel 114, according to embodiments of the
present invention. For example, a generator, wind vane,
and/or water impeller may be used as an RDAEDD.
When this RDAEDD braking force is added to the 50 Ibs
of tension on the inlet side of the centrifugal brake, the
rope 102 force on the outlet side of the centrifugal brake
can be as high as 800 N (180 Ibs). This tension is then
multiplied approximately 2:1 by the outlet capstan 112
so that the rope 102 tension at anchor is approximately
1600 N (360 Ibs) at a descent speed of about 3 me-
ters/sec, according to embodiments of the presentinven-
tion. The device 100 operates at higher or lower descent
speeds, according to other embodiments of the present
invention. Based on the disclosure provided herein, one
of ordinary skill in the art will appreciate that adjusting
thefriction characteristics of capstans 110, 112 by chang-
ing the material of construction, the shape or the number
of degrees of wrap by the rope 102 can dramatically
change the effective load range serve to illustrate rather
than define or limit the operation of embodiments of the
device 100.

[0029] According to some embodiments of the present
invention, capstan 112 may be eliminated to create a
modified rapid descent system in which the primary brak-
ingforce is supplied by the RADAEDD. According to such
embodiments, the rope inlet tensioning system (parts
106, 108, 116) may or may not be included.

[0030] According to yet other embodiments of the
present invention, capstan 110 may be eliminated to cre-
ate a modified rapid descent system which uses other
means to prevent the rope 102 from slipping against the
drive wheel 114 that connects to the RDAEDD. Other
means of preventing slip between the rope and the drive
wheel include a compression roller or cam that actively
presses the rope against the drive wheel, according to
embodiments ofthe presentinvention. According to such
embodiments, the drive wheel 114 (connected with the
RDAEDD) is used to establish an initial braking force that
is then multiplied by the rope exit capstan 112. According
to such embodiments, the rope inlet tensioning system
(parts 106, 108, 116) may or may not be included.

Rope Inlet Tensioning Device

[0031] The sliding cam 104 element of embodiments
of the present invention is different from existing sliding
cam devices in several ways, as described below.

[0032] According to some embodiments of the present
invention, the inner faces of the sliding cam 104 that con-
tact rope 102 are not flat. The two faces that come in
contact with the rope 102 contain one or more convex
dimples or protrusions 212, 216. Alternatively, the two
faces may include concave dimples, concave protrusions
and/or scallops (not shown), according to embodiments
of the present invention. The protrusions 212, 216 in ad-
dition to protruding from the inner faces 218, 220 of the
sliding cam 104, may alsoinclude slight valleys 214 along
the protrusions 212, 216 to further guide and/or place the
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rope over the protrusions 212, 216 according to embod-
iments of the present invention. These protrusions 212,
216 dramatically reduce the friction of the rope 102
against the face of the sliding cam 104 while the tension
in the rope 102 is low enough not to meaningfully distort
the shape of the rope 102, according to embodiments of
the present invention. This characteristic of the sliding
cam 104 assembly makes it easy to manually pull rope
102 through the device 100 during whatis called the "win-
dow-crawl test." When the tension in the rope 102 is
enough to distort the rope 102 so that the fibers of the
rope conform to, rather than ride over, the protrusions
212, 216 of the sliding cam 104, the friction between the
rope 102 and the faces 218, 220 of the sliding cam in-
creases dramatically and helps to generate the neces-
sary inlet braking force that is then multiplied by capstans
110 and 112 to control descent speed, according to em-
bodiments of the present invention. FIG. 9 illustrates a
perspective view of the sliding cam 104 with an alterna-
tive angle view of the dimple 212, according to embodi-
ments of the presentinvention. Conversely, scallops (not
shown) formed in the face of the sliding cam 104 can
dramatically increase the inlettension ofthe rope. Wheth-
er to increase or decrease inlet tension on the rope 102
with the sliding cam 104 is determined by the objective
of the end use of the device 100, according to embodi-
ments of the present invention.

[0033] What is the "window-crawl test"? It is not un-
common for a firefighter or other rescue personnel to set
up an anchor that is somewhat distant from the point of
actual escape. In such cases, the firefighter sets up his
anchor and then must crawl from the anchor to the win-
dow to escape. To make this crawl, it is often necessary
to manually pull rope through the descent device 100.
The amount of tension necessary to manually pull rope
102 through the descent device 100 while crawling to a
window is ideally less than about 178 N (40 Ibs), accord-
ing to embodiments of the present invention. According
to another embodiment of the present invention, the
amount of tension to manually pull rope 102 through the
device 100 while crawling to a window is less than twenty
pounds. According to yet other embodiments of the
present invention, the amount of tension to manually pull
rope 102 through the device 100 while crawling to a win-
dow is less than ten pounds. Minimizing excessive back
tension while passing rope through the device in this
manner permits the user to more easily and conveniently
move to a place of readiness for descent, according to
embodiments of the present invention. According to em-
bodiments of the present invention, during the window
crawl test and/or during manual pulling of the rope 102
through the device 100, the sliding cam 104 is centered
by, for example, rotating the device 100 such that the
effect of the sliding cam 104 is neutralized, and/or by
manually centering the sliding cam 104 by pressing on
the end of the sliding cam 104.

[0034] According to some embodiments of the present
invention, the sliding cam 104 is constructed of anodized
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aluminum. According to other embodiments of the
present invention, the sliding cam 104 is constructed of
steel or titanium. According to some embodiments of the
present invention, titanium and steel are stronger, less
prone to wear, have lower COF and provide better heat
management properties as described herein. According
to some embodiments of the present invention, the cap-
stans 110, 112 are constructed of anodized aluminum.
According to other embodiments of the presentinvention,
the capstans are constructed of steel, titanium or copper.
Each material has a different COF againstrope. Titanium
has the lowest COF followed by steel, then aluminum,
and then copper. Selection of the material for the cap-
stans affects the load range and descent speed of the
device 100, according to embodiments of the present
invention.

[0035] AsseeninFIG.4,some existingdevicesinclude
a circuitous rope inlet path; for example, the device of
FIG. 4 includes arope path guide 402 in front of the sliding
cam 104 and anvil 116. The result is that any tension
from the anchor on the exit side of the rope 102 forces
the sliding cam 104 to slide, which puts inlet tension on
the rope. This inlet tension acts as a force multiplier to
all of the other braking elements in the device (the other
braking elements are omitted from FIGS. 4 and 5 for clar-
ity). One way to relieve this inlet tension to pass the win-
dow-crawl test with such a device is to manually center
the sliding cam. The presence of the rope path guide 402
in front of the sliding cam 104 and anvil 116 permits such
designs to develop a relatively large rope inlet tension
when the load on the rope is very large.

[0036] Accordingtoembodiments of the presentinven-
tion, FIG. 5illustrates a device without a rope path guide
402 in front of the sliding cam. The inlet and exit ropes
are parallel or nearly parallel, according to embodiments
of the present invention. This design minimizes the
amount of rope inlet tension that can be developed when
the rope is under load, according to embodiments of the
present invention. According to embodiments of the
present invention, when the device as shown in FIG. 5
is manually tilted so that the tension in the exitrope cross-
es the centerline of the device, all or nearly all of the inlet
tension is relieved without manually centering the sliding
cam. When the inlet tension is relieved in such a manner,
the window-crawl test is passed with as little as 8.9 N (2
Ibs) of tension in the rope, according to embodiments of
the present invention. According to embodiments of the
present invention, the window-crawl test is passed with
as little as five to ten pounds force of tension in the rope
102, depending on the type of rope used.

Heat Management

[0037] One common challenge for descent device de-
sign involves heat. Standard operating procedure during
mountaineering descents is to never stop once started
because the descent device can get so hot that it will melt
through the rope. There are various ways to deal with
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heat during descent: 1) do not stop once started so no
one part of the rope is in prolonged contact with the hot
descent device, 2) build a descent device with enough
mass to absorb the heat and keep the temperature of the
device low enough to avoid damaging the rope, 3) build
an energy dissipating device into the descent device that
does not directly contact the rope, 4) insulate the parts
of the descent device that would come in contact with
the user, and/or 5) design a descent device that pushes
a high proportion of the heat generated during descent
directly into the rope as it is generated so that only a
minimum of heat builds up in the descent device.
[0038] According to some embodiments of the present
invention, the body 202 of the device 100 is constructed
of aluminum and the capstans 110, 112 are constructed
of titanium to produce heat management advantages.
Aluminum conducts heat about fifteen times faster than
titanium. During descent with device 100, the rope rubs
directly against the titanium capstans 110, 112 and gen-
erates heat. The heat in the titanium capstans 110, 112
does several things: a) it heats the capstan 110, 112, b)
itis conducted back into the moving rope 102 which cools
the capstan 110, 112, and ¢) it is conducted into the alu-
minum body 202 of the device 100 and rapidly dispersed
throughout the entire aluminum body 202 which cools
the capstan 110, 112.

[0039] When descent is halted, several other things
may happen: 1) heat from the titanium capstan 110, 112
is conducted back into the rope 102, raising the temper-
ature of the rope 102 and lowering the temperature of
the capstan 110, 112, and 2) heat from the aluminum
body 202 is not conducted back into the titanium capstans
110, 112 because the rate of heat conduction back into
the titanium is very slow. The titanium capstans 110, 112
are small having a mass of only about 30 grams, so they
cannot store enough heat to damage rope 102 as long
as their temperature is kept below about 121 °C (250 °F),
according to embodiments of the present invention. In
effect, constructing the capstans 110, 112 out of titanium
causes them to act as one-way heat valves. The alumi-
num body 202 of the device 100 rapidly removes heat
from the titanium capstans 110, 112, but because the
conductivity of titanium is very low, heat from the alumi-
num body 202 is not conducted back into the titanium
capstans 110, 112. Hence, embodiments of the present
invention provide significant heat management. When
both the capstans 110, 112 and the body 202 are made
of aluminum, stopping descent can sometimes lead to
thermal rope damage because the aluminum body of the
device 100 is able to conduct a large amount of heat into
the aluminum capstans relatively quickly.

[0040] Another way to manage heat generated during
descent is to use copper capstans that are either ther-
mally insulated from the body 202 of the descent device
100, or not thermally insulated from the body 202 of the
descentdevice, according to embodiments of the present
invention. If thermally insulated, the heat generated dur-
ing descent is pushed back into the rope 102 rather than
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into the body 202 of the descent device. Thus, when de-
scent is stopped, there is no meaningful amount of heat
in the device to melt the rope 102, according to embod-
iments of the present invention. Conversely, if the mass
of the descent device 100 is so large that it will not be
heated to the point of being able to damage the rope 102
if descent is stopped, then promoting high conductivity
between the capstans 110, 112 and the body 202 of the
descent device 100 keeps heat from damaging the rope
102, according to embodiments of the present invention.

Coefficient of Friction

[0041] Anodized aluminum provides arelatively stable
coefficient of friction ("COF"). However, when the ano-
dizing wears away and presents bare aluminum to the
rope 102, it no longer presents a stable COF to the rope
102. Aluminum oxidizes very rapidly - in seconds - and
has a high COF. Unoxidized aluminum has a lower COF.
When rope 102 is pulled over an unanodized aluminum
capstan, the rope first experiences the high COF of alu-
minum oxide and it may be difficult to begin descent.
Then, as the rope 102 rubs the surface of the capstan,
it wears away the aluminum oxide and the rope 102 sees
the lower COF of unoxidized aluminum which causes a
fast descent. As soon as the descent pauses, aluminum
oxide reforms and it may be difficult to reinitiate descent.
This change in COF is difficult for automatic descent de-
vices to handle. According to embodiments of the present
invention, the capstans 110, 112 and other surfaces that
rope rubs against (e.g. drive wheel 114) are replaced
with titanium. The COF of titanium does not change be-
cause it does not undergo a dynamic oxidation process
that changes during descent, according to embodiments
of the present invention.

Flat Capstans

[0042] An advantage of dished capstans is that they
help guide the rope 102 and keep it at the center of the
capstan so that it does not rub against other parts of the
device. So, some dish in capstans is often desirable. It
would seem to some that capstans dished to the approx-
imate same radius as the rope would create the least
amount of friction. However, flat capstans have consid-
erably lower friction than dished capstans. Embodiments
of the present invention may employ capstans 110, 112
that are flat or only slightly dished to minimize low-load
friction in order to increase performance during the win-
dow-crawl test. To minimize friction in order to increase
performance in the window-crawl test, any dish in the
surface of capstans 110, 112 in the descent device is at
least twice the radius of the rope, according to embodi-
ments of the present invention. According to other em-
bodiments of the present invention, any dish in the sur-
face of the capstans 110, 112 is three times the radius
of the rope. According to yet other embodiments of the
present invention, any dish in the surface of the capstans
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110, 112 is four times or more the radius of the rope.
Drive Wheel

[0043] In adescentdevice that uses an RDAEDD, itis
desirable to prevent slip between the rope 102 and the
drive wheel 114 attached to the RDAEDD during steady-
state operation. It is also desirable that the rope 102 be
allowed to slip when impact loaded to relieve strain on
both the rope 102 and the descending person/object.
And, it is desirable that the rope 102 not be damaged
when slip between the rope 102 and the drive wheel 114
occurs. A drive wheel 114 according to embodiments of
the present invention may accomplish one or more of
these three goals.

[0044] FIGS.6and7 illustrate enlargedviews ofadrive
wheel 114, according to embodiments of the present in-
vention. The drive wheel 114 incorporates a V-groove
(see FIG. 6, the lower end 602 of the groove sidewall 601
is closer to the centerline 603 between the sidewalls 601
than the top end 604 of the sidewall 601, imparting a
general V-groove shape) according to embodiments of
the presentinvention. Astensionontherope 102 increas-
es, therope 102 isforced deeper into the V-groove, which
increases side pressure on the rope and increases fric-
tion between the rope 102 and the drive wheel 114, ac-
cording to embodiments of the present invention.
[0045] In other words, the drive wheel 114 includes an
outer perimeter 610, and a groove 612 formed along the
outer perimeter 610, according to embodiments of the
present invention. The groove 612 includes a first inner
side wall 606 and a second inner side wall 608, and a
bottom 614, wherein a distance D between the first inner
side wall 606 and the second inner side wall 608 decreas-
es from the outer perimeter 610 to the bottom 614 in a
radial direction RD toward the drive wheel axis 302, ac-
cording to embodiments of the presentinvention. At least
a portion of the radial extent (e.g. the extent of the groove
612 as measured between the drive wheel axis 302 and
the outer perimeter 610) of the first inner side wall 606
and second inner side wall 608 includes a pattern of pro-
trusions 605 positioned alternately between the firstinner
side wall 606 and second inner side wall 608 to form a
serpentine rope path along the groove 612, according to
embodiments of the present invention.

[0046] The drive wheel incorporates a series of alter-
nating and opposing bars 605 that force the rope into a
serpentine path as it wraps around the drive wheel 114,
according to embodiments of the present invention. The
serpentine path grips the rope 102 tightly and prevents
and/or minimizes slip, according to embodiments of the
presentinvention. Texture in the drive wheel 114 increas-
es grip on the rope 102 without causing damage to the
rope 102, according to embodiments of the present in-
vention. Various combinations of these three features
can be carefully controlled so that slip between the drive
wheel 114 and the rope 102 is prevented and/or mini-
mized at steady-state operating loads. However, device
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100 may be configured to permit slip at operating loads
that exceed safe design parameters, according to em-
bodiments of the present invention. According to embod-
iments of the present invention, the serpentine path
formed by the bars 605 may be referred to as an irregular
path, which is a path for the rope that causes the rope to
conform to one or more protrusions and/or indentations
on the side walls 606, 608, as opposed to a regular rope
path which would more closely resemble the path of a
rope as it moves along a turning pulley or smooth wheel.
[0047] For adescent device that operates on an auto-
matic basis (e.g. hands-free) for a wide range of loads
and still maintains descent speed within a narrow oper-
ating range (0-4 meters/sec), itis desirable to provide an
automatically-variable means of engaging the RDAEDD,
according to embodiments of the present invention. The
RDAEDD itself provides variable braking energy that is
dependent on the speed that it rotates, according to em-
bodiments of the present invention. A rope 102 driven
drive wheel 114 that incorporates a carefully designed
V-groove provides an additional mechanism for automat-
ic variable speed control over the RDAEDD, according
to embodiments of the present invention. Under light
loads, the rope 102 rides at the outside diameter of the
V-groove in the drive wheel 114, and under heavy loads,
the rope 102 rides at the inside diameter of the V-groove
in the drive wheel 114, according to embodiments of the
present invention. The effect is that light loads cause the
RDAEDD to spin slowly which causes the RDAEDD to
develop minimal braking force, while under heavy loads
the rope 102 is forced more deeply into the V-groove of
the drive wheel 114, which causes the drive wheel 114
to rotate more quickly even at the same rope speed as
with a light load. This causes the RDAEDD to spin faster
and develop a larger braking force, according to embod-
iments of the present invention. The graph shown in FIG.
8 illustrates the concept. According to some embodi-
ments of the present invention, the difference in RDAE-
DD rotational speed between low load and high load on
the drive wheel is between 25% and 400%; according to
other embodiments, the difference is between 50% and
200%; and according to yet other embodiments, the dif-
ference is between 75% and 150%.

[0048] Accordingtoembodiments of the presentinven-
tion, the drive wheel 114 comprises a first half 1 including
the first inner side wall 606 and a second half 2 including
the second inner side wall 608, wherein the first half 1 is
identical to the second half 2, and wherein the first half
1is joined to the second half 2 at an angular offset, such
that the pattern of protrusions 605 on the first half 1 do
not directly align with the pattern of protrusions on the
second half 2. According to embodiments of the present
invention, the protrusions 605 are roughly trapezoidal in
shape, with a longer top part near the outer perimeter
610 and a shorter bottom part near the bottom 614 with
the longer top part and shorter bottom part connected by
sides of substantially equal length. Accordingly, the voids
in the side walls between the protrusions 605 are also
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roughly trapezoidal, in a similar fashion, according to em-
bodiments of the present invention.

[0049] Although the pattern of protrusions 605 is de-
scribed as being positioned alternately between the first
and second inner side walls 6086, 608, the pattern of pro-
trusions 605 may alternatively be positioned synchro-
nously (not shown) between the first and second inner
side walls 606, 608. In such cases, the irregular rope
path is a rope path in which a diameter of the rope 102
is compressed between two protrusions 605 of the pat-
tern of protrusions at lengthwise intervals of the rope 102
along the groove 612.

Alternative Drive Wheel

[0050] FIGS. 13 and 14 illustrate an alternative drive
wheel 1314, according to embodiments of the present
invention. Similar to drive wheel 114, drive wheel 1314
also incorporates a general V-groove configuration. As
tension on the rope 102 increases, the rope 102 is forced
deeper into the V-groove, which increases side pressure
on the rope and increases friction between the rope 102
and the drive wheel 1314, according to embodiments of
the present invention.

[0051] The drive wheel 1314 incorporates a series of
alternating and opposing bars 1305 that force the rope
into a serpentine path as it wraps around the drive wheel
1314, according to embodiments of the present inven-
tion. These alternating and opposing bars 1305 may be
similar to the alternating and opposing bars 605 of drive
wheel 114, according to embodiments of the present in-
vention. The serpentine path grips the rope 102 tightly
and prevents and/or minimizes slip, according to embod-
iments of the presentinvention. Texture in the drive wheel
1314 increases grip on the rope 102 without causing
damage to the rope 102, according to embodiments of
the present invention. Various combinations of these
three features can be carefully controlled so that slip be-
tween the drive wheel 114 and the rope 102 is controlled
at various operating loads.

[0052] The brake drive wheel 1314 may be used for a
rope- or cable-driven descent device, and may incorpo-
rate automatic "grip" and "slip" characteristics. The brake
drive wheel has a general V-groove configuration so that
greater load forces the rope deeper into the drive wheel
1314, which exerts greater pressure on the rope 102 and
a higher level of friction to prevent slip. The interior rope-
touching surfaces of the brake drive wheel 1314 also
incorporate either a gradual or step transition from a
smooth (low friction) surface at the outer diameter 1380
of the drive wheel 1314 to a variegated (high friction)
surface at the inner diameter 1382 of the drive wheel
1314, according to embodiments of the present inven-
tion.

[0053] The brake drive wheel 1314 transmits force
from the rope 102 to the brake in order to control descent.
According to embodiments of the present invention, the
brake drive wheel 1314 minimizes slip between the brake
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drive wheel 1314 and the rope 102 under circumstances
of normal descent. However, some circumstances exist
according to which some degree of slip between the
brake drive wheel 1314 and the rope 102 are advanta-
geous. For example, some degree of slip between the
brake drive wheel 1314 and the rope 102 may be advan-
tageous when the system is shock loaded. Shock loads
can damage equipment and increase risk of injury.
[0054] According to some embodiments of the present
invention, if the descent device 100 is shock loaded, the
rope 102 slips over the brake drive wheel 1314 until the
force is reduced to a level that will neither damage the
device 100 norinjure the user. As another example, some
degree of slip between the brake drive wheel 1314 and
the rope 102 may be advantageous when the system
has a very light load. Under very light loads, such as, for
example, children, pets, or small objects, there may be
enough friction in the descent system to prevent the load
from descending. Allowing the rope 102 to slip against
the brake drive wheel 1314 under very light loads can
thus facilitate descent. Also, rope 102 is pulled manually
through the system 100 under a variety of circumstances
such as, forexample, when rope 102 is being pulled man-
ually through the system 100 when it is not under load.
Most usually when an anchor is established some dis-
tance from the point of descent, the rope 102 is pulled
through the device 100 to permit the user to move from
the point of anchor to the point of descent. Under such
conditions, it is advantageous to minimize friction in the
system 100, and slip of the rope 102 over the brake drive
wheel 1314 is one way to minimize friction.

[0055] Light loads or no load cause the rope 102 to
stay at the outer perimeter 1380 of the brake drive wheel
1314 because considerable force is required to pull the
rope 102 deep into the V-groove of the drive wheel 1314.
Because the outerdiameter 1380 ofthe brake drive wheel
1314 is deliberately a low-friction surface, the rope is de-
liberately allowed to slip against the drive wheel 1314 in
these light or no load circumstances, according to em-
bodiments of the present invention.

[0056] Under high loads, the force of the load pulls the
rope 102 deep into the V-groove of the brake drive wheel
1314 where it encounters increased friction due to the
increased surface friction of the drive wheel 1314, and/or
due to the serpentine path imposed by alternating bars
105, according to embodiments of the present invention.
The rope also encounters increased pressure, and
hence, friction, because of the action of the V-groove.
However, embodiments of the present invention control
the degree of increased surface friction of the drive wheel
1314 so that it grips the rope 102 during normal descent,
but slips against the rope 102 under shock load.

[0057] Accordingtoembodiments of the presentinven-
tion, the combination of V-groove and surface friction of
the brake drive wheel 1314 at its smallest diameter 1382
(where the rope rides under high load) is designed to grip
the rope 102 at loads up to about 4448 N (1000 Ibf), and
to slip at loads greater than about 4448 N (1000 Ibf).
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According to other embodiments of the presentinvention,
grip is maintained at loads up to about 3114 N (700 Ibf)
and the rope 102 is permitted to slip at loads greater than
about 3114 N (700 Ibf). According to yet other embodi-
ments of the presentinvention, grip is maintained atloads
up to about 2669 N (600 Ibf) and the rope 102 is permitted
to slip at loads greater than about 2669 N (600 Ibf). FIGS.
13 and 14 illustrate drive wheel 1314 which includes a
step transition from a low-friction to a high-friction sur-
face. However, many other sorts of step transitions are
possible, and other variable transitions are also possible,
according to other embodiments of the presentinvention.
[0058] Drive wheel 1314 includes an outer perimeter
1310, and a groove 1312 formed along the outer perim-
eter 1310, according to embodiments of the present in-
vention. The groove 1312 includes a first inner side wall
1306 and a second inner side wall 1308, and a bottom
1314, wherein a distance between the first inner side wall
1306 and the second inner side wall 1308 decreases
from the outer perimeter 1310 to the bottom 1314 in a
radial direction toward the drive wheel axis 302, accord-
ing to embodiments of the present invention. At least a
portion of the radial extent (e.g. the extent of the groove
1312 as measured between the drive wheel axis 302 and
the outer perimeter 1310) of the first inner side wall 1306
and second inner side wall 1308 includes a pattern of
protrusions 1305 positioned alternately between the first
inner side wall 1306 and second inner side wall 1308 to
form a serpentine rope path along the groove 1312, ac-
cording to embodiments of the presentinvention. Accord-
ing to embodiments of the present invention, the pattern
of protrusions extends along the partial radial extent of
the groove 1312 from the bottom 1314 to a predetermined
radial distance M between the bottom 1314 and the outer
perimeter 1310, wherein the first and second inner side
walls are substantially smooth in the area A between the
predetermined radial distance M and the outer perimeter
1310. According to embodiments of the present inven-
tion, the predetermined radial distance M is half of the
radial distance between the bottom 1314 and the outer
perimeter 1310.

[0059] Similarly to the drive wheel 114 described
above, drive wheel 1314 may include a pattern of protru-
sions positioned synchronously between the first and
second inner side walls 1306, 1308, and wherein the ir-
regular rope path is a rope path in which a diameter of
therope 102 is compressed between two protrusions 605
of the pattern of protrusions at lengthwise intervals of the
rope along the groove 1312, according to embodiments
of the present invention.

[0060] Accordingto embodiments ofthe presentinven-
tion, a drive wheel stabilizer (not shown) may be included
in the device 100. A drive wheel stabilizer is a metal el-
ement that attaches to the housing 202 above the drive
wheel 114 and out of the path of the rope 102, according
to embodiments of the present invention. If, under a
shock load, the drive wheel 114 and/or the drive wheel
shaft 210 experiences deflection, the drive wheel 114
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impacts and is prevented from further deflecting by the
drive wheel stabilizer, according to embodiments of the
present invention. According to embodiments of the
present invention, the drive wheel stabilizer prevents the
drive wheel 114 from deflecting too far and breaking,
and/or it serves as an indicator that a shock load has
been experienced by the drive wheel 114, by leaving a
mark on the drive wheel 114 that can be detected after
use, according to embodiments of the present invention.
[0061] Various modifications and additions can be
made to the exemplary embodiments discussed without
departing from the scope of the present invention. For
example, while the embodiments described above refer
to particular features, the scope of this invention also
includes embodiments having different combinations of
features and embodiments that do not include all of the
described features. Accordingly, the scope of the present
invention is intended to embrace all such alternatives,
modifications, and variations as fall within the scope of
the claims, together with all equivalents thereof.
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NEDFIRINGSANORDNING MED AUTOMATISK OG MANUEL STYREENHED

Patentkrav

1. Nedfiringsanordning (100), der omfatter:

et fast hus (202), der er forsynet med et rebindleb (208) og et rebudleb (206);

et drivhjul (114), der er forbundet med en centrifugalbremse, hvilket drivhjul
(114) kan roteres i forhold til det faste hus (202) omkring en drivhjulsakse (203),
hvor drivhjulet (114) indbefatter en rille (612), der er udformet langs dets
udvendige omkreds, hvilken rille (612) har en forste indvendig vag (606), en
yderligere indvendig vaeg (608), og en bund (614), hvor

en afstand (D) mellem den ferste og den yderligere indvendige sideveg (606,
608) aftager fra den udvendige omkreds af bunden (614) 1 en radial retning hen
mod drivhjulsaksen (203), hvor

i det mindste en del af en radial udstrekning af den ferste og den yderligere
indvendige sidevag (606, 608) indecholder et monster af fremspring (605) pa den
forste og den yderligere indvendige sideveg (606, 608) til udformning af en
uregelmaessig rebbane langs rillen (612);

en rebbane straekker sig gennem rebindlebet (208), delvist rundt om rillen (612)
pé drivhjulet (114), og gennem rebudlebet (206); kendetegnet ved et anker (116),
der er forbundet ubevaegeligt med huset (202), hvilket anker (116) udformer 1 det
mindste en del af rebindlebet (208) og i det mindste en del af rebudlebet (206);
08

en forskydelig knast (104), hvilken forskydelige knast (104) er forbundet
forskydeligt med det faste hus (202), idet den forskydelige knast (104) omfatter
en indlebsflade (218), der udformer 1 det mindste en del af rebindlebet (208), og
en udlebsflade (220), der udformer i det mindste en del af rebudlebet (206), hvor
indlgbsfladen (218) er udformet til at sammenpresse et reb (102) mellem
indlgbsfladen (218) og ambolten (116), ndr indlebsfladen (218) forskydes hen
mod ambolten (116).

2. Nedfiringsanordning (100) ifelge krav 1, der omfatter

et indlebsspil (110), der er forbundet ubevageligt med det faste hus (202), hvor
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rebbanen straekker sig gennem rebindlebet (208), delvist rundt om indlebsspillet
(110), delvist rundt om rillen (612) pa drivhjulet (114), og gennem rebudlebet
(206).

3. Nedfiringsanordning (100) ifelge krav 1, der omfatter

et udlebsspil (112), der er forbundet ubevegeligt med det faste hus (202), hvor
rebbanen straekker sig gennem rebindlebet (208), delvist rundt om rillen (612) pa
drivhjulet (114), delvist rundt om udlebsspillet (112), og gennem rebudlebet
(206).

4. Nedfiringsanordning (100) ifelge krav 2, ved hvilken

indlegbsspillet (110) omfatter en koreflade (308) for indlebsrebet og en akse for
indlebsspillet (304), hvor

aksen for indlebsspillet (304) er i det vaesentlige parallel med drivhjulets akse
(203),

hvor kerefladen (308) for indlebsrebet har en krumningsradius omkring aksen for
indlebsspillet (304).

5. Nedfiringsanordning (100) ifelge krav 3, ved hvilken

udlebsspillet (112) omfatter en kereflade (310) for udlebsrebet og en akse for
udlebsspillet (306), hvor

aksen for udlebsspillet (306) er i det vasentlige parallel med drivhjulets akse
(203),

hvor kerefladen (310) for udlebsrebet har en krumningsradius omkring aksen for
udlebsspillet (306).

6. Nedfiringsanordning (100) ifelge krav 1, ved hvilken

indlgbsfladen (218) omfatter et indlebsfremspring (212), der streekker sig fra
indlebsfladen (218) og ind i rebindlebet (208) i en retning i det vasentlige
vinkelret pa en kereretning for rebet, og

hvor indlebsfremspringet (212) er udformet til at reducere friktion mellem
indlgbsfladen (218) og rebet (102), ndr rebet (102) trekkes manuelt gennen
nedfiringsanordningen (100).

7. Nedfiringsanordning (100) ifelge krav 1, ved hvilken
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udlebsfladen (220) omfatter et udlebsfremspring (216), der strazkker sig fra
udlebsfladen (220) og ind i rebudlebet (206) i en retning i det vesentlige
vinkelret pa en kereretning for rebet (102), og hvor

udlebsfremspringet (216) er udformet til at reducere friktion mellem
udlebsfladen (220) og rebet (102) nar rebet (102) trekkes manuelt gennen
nedfiringsanordningen (100).

8. Nedfiringsanordning (100) ifelge krav 2, ved hvilken

indlebsspillet (110) er udformet af et forste materiale, idet

det faste hus (202) er udformet af et yderligere materiale, og idet

det forste materiale har en lavere varmeledningsevne end det yderligere
materiale.

9. Nedfiringsanordning (100) ifelge krav 3, ved hvilken

udlebsspillet (112) er udformet af et forste materiale, idet

det faste hus (202) er udformet af et yderligere materiale, og idet

det forste materiale har en lavere varmeledningsevne end det yderligere
materiale.

10. Nedfiringsanordning (100) ifelge krav 1, ved hvilken

mensteret af fremspring (605) er placeret skiftevist mellem den forste og den
yderligere indvendige sidevag (606, 608), og ved hvilken

den uregelmessige rebbane er en rebbane med serpentiner.
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Braking Force of RDAEDD {increases

from bottom to top)

Braking Force of RDAEDD as a Function of Load at
Constant Rope Speed

Increasert braking foroe as load increases is the resudt of the rope
freing pulled deeper into the V-groove of the drive wheasel which
increases the rotational speed of the RDAEDD which inore

Load {increases from left to right}

FIG. 8
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