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HYBRID RESISTANCE SYSTEM

INCORPORATION BY REFERENCE TO RELATED APPLICATIONS
[0001] Any and all priority claims identified in the Application Data Sheet, or
any correction thereto, are hereby incorporated by reference herein and made a part of the

present disclosure.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates generally to resistance systems well-suited
for use in connection with equipment for exercising. In particular, the present invention
relates to resistance systems having multiple types of resistance loads and/or multiple
modes of employing the resistance loads.

Description of the Related Art

[0003] Exercise equipment or machines generally incorporate a source of
resistance to the motion being performed. The source of resistance can be mechanical,
electro-mechanical, electronic, magnetic, pneumatic or hydraulic, among others. The
various types of resistance sources have various properties, which can be advantageous or
disadvantageous in a given application. A single type of resistance source can work well

in some applications, but usually does not work well in all exercise equipment applications.

SUMMARY OF THE INVENTION

[0004] Accordingly, a need exists for improved resistance systems that provide
a flexible and adjustable resistance load output, and which can be used in connection with
or incorporated into exercise equipment, or can be used for other applications. Preferably,
such systems include at least two sources of resistance. In some configurations, the
sources of resistance are different from one another. In addition, in some arrangements,
the resistance unit has multiple modes of operation for actuating the available resistance
sources. The systems, methods and devices described herein have innovative aspects, no
single one of which is indispensable or solely responsible for their desirable attributes.
Without limiting the scope of the claims, some of the advantageous features will now be

summarized.
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[0005] A preferred embodiment involves a resistance system for incorporation
in exercise equipment, including a first resistance unit comprising an inertial resistance load
and a second resistance unit comprising a non-inertial resistance load. A user interface is
movable by a user in a first direction and a second direction, wherein the user interface is
capable of utilizing one or both of the first resistance unit and the second resistance unit.
A mode selector permits selection between at least a first mode, a second mode and a third
mode. In the first mode, the user interface utilizes the inertial resistance load of the first
resistance unit in both of the first and second directions and utilizes the non-inertial
resistance load of the second resistance in at least one of the first and second directions. In
the second mode, the user interface utilizes the inertial resistance load of the first
resistance unit in only one of the first and second directions and utilizes the non-inertial
resistance load of the second resistance in at least one of the first and second directions. In
the third mode, the user interface does not utilize the inertial resistance load of the first
resistance unit in either of the first and second directions and utilizes the non-inertial
resistance load of the second resistance in at least one of the first and second directions.

[0006] In some configurations, the inertial resistance load comprises a
flywheel. The non-inertial resistance load can comprise a displacement load in which a
resistance supplied is related to a displacement of a portion of the displacement load. The
displacement load can be a spring.

[0007] In some configurations, the mode selector comprises a sliding collar. In
some configurations, the mode selector comprises a first pin and a second pin that
selectively engage a first drive plate and a second drive plate, respectively. An actuator
can drive the first and second pins between an engaged position and a disengaged position.

[0008] In some configurations, in the third mode, the inertial resistance load is
connected to an exercise device other than the user interface.

[0009] A preferred embodiment involves a resistance system for incorporation
in exercise equipment, including a first resistance unit comprising an inertial resistance load
and a second resistance unit comprising a non-inertial resistance load. At least one lever
arm is movable about a lever arm axis in at least a first direction and a second direction,
wherein the at least one lever arm is capable of connection to the first resistance unit and
the second resistance unit. A mode selector permits selection between at least a first

mode, a second mode and a third mode. In the first mode, movement of the at least one
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lever arm utilizes the inertial resistance load of the first resistance unit in both of the first
and second directions and utilizes the non-inertial resistance load of the second resistance
in at least one of the first and second directions. In the second mode, movement of the at
least one lever arm utilizes the inertial resistance load of the first resistance unit in only one
of the first and second directions and utilizes the non-inertial resistance load of the second
resistance in at least one of the first and second directions. In the third mode, movement
of the at least one lever arm does not utilize the inertial resistance load of the first
resistance unit in either of the first and second directions and utilizes the non-inertial
resistance load of the second resistance in at least one of the first and second directions.

[0010] In some configurations, the at least one lever arm comprises a first lever
arm and a second lever arm, wherein the first lever arm drives the inertial resistance load in
the first mode and the second lever arm drives the inertial resistance load in the second
mode. The at least one lever arm can comprise a first lever arm, a second lever arm and a
third lever arm, wherein the first lever arm and the second lever arm drive the inertial
resistance load in the second mode, and wherein the third lever arm drives the inertial
resistance load in the first mode. In some configurations, the third lever arm is linked to
the first and second lever arms, such that movement of either the first lever arm or the
second lever arm results in movement of the third lever arm.

[0011] In some configurations, the inertial resistance load comprises a
flywheel. The non-inertial resistance load can comprise a displacement load in which a
resistance supplied is related to a displacement of a portion of the displacement load. In
some configurations, the displacement load is a spring.

[0012] In some configurations, the mode selector comprises a sliding collar. In
some configurations, the mode selector comprises a first pin and a second pin that
selectively engage a first drive plate and a second drive plate, respectively. An actuator
can drive the first and second pins between an engaged position and a disengaged position.

[0013] A preferred embodiment involves a method of using an exercise
resistance system, including selecting one of at least a first mode, a second mode and a
third mode of resistance. The method also includes moving or controlling movement of a
user interface in a first direction in response to a force applied by the resistance system
comprising a combination of an inertial load and a non-inertial load in the first mode and

the second mode and only a non-inertial load in the third mode. The method includes



WO 2013/192048 PCT/US2013/045998

moving or controlling movement of the user interface in a second direction in response to
a force applied by the resistance system comprising a combination of an inertial load and a
non-inertial load in the first mode and only a non-inertial load in the second mode and the
third mode.

[0014] In some configurations, the method includes adjusting at least one of
the inertial load and the non-inertial load. In some configurations, the method includes
adjusting the inertial load separately from the non-inertial load. In some configurations,
the moving or controlling movement of the user interface comprises moving or controlling

movement of a lever arm about a pivot axis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Throughout the drawings, reference numbers can be reused to indicate
general correspondence between reference elements. The drawings are provided to
illustrate example embodiments described herein and are not intended to limit the scope of
the disclosure.

[0016] Figure 1 is a perspective view of a side and front of a resistance system
having certain features, aspects and advantages of one or more preferred embodiments.

[0017] Figure 2 is a side view of the resistance system of Figure 1.

[0018] Figure 3 is a side view of a portion of the resistance system of Figure 1.

[0019] Figure 4 is a front view of a portion of the resistance system of Figure

[0020] Figure 5 is a perspective view of a portion of the other side and front of
the resistance system of Figure 1.

[0021] Figure 6 is a partial cross-section of the resistance system of Figure 1.

[0022] Figure 7 is a side view of a resistance system illustrating a lever arm in
two positions and an adjustment carriage in two positions on the lever arm.

[0023] Figure 8 is a perspective view of a side and front of another resistance
system.

[0024] Figure 9 is a front view of a portion of the resistance system of Figure
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[0025] Figure 10 is a perspective view of the other side and front of the
resistance system of Figure 8 with a portion of a flywheel of the resistance system cut
away to show structure behind the flywheel.

[0026] Figure 11 is a perspective view of a back and side of the resistance
system of Figure 8.

[0027] Figure 12 is a schematic, cross-section of a modification of the
resistance system of Figure 8.

[0028] Figure 13 is a perspective view of a front and side of another resistance
system, which includes two lever arms.

[0029] Figure 14 is a perspective view of a portion of the front and side of the
resistance system of Figure 13.

[0030] Figure 15 is a schematic cross-sectional view of the resistance system of
Figure 13.

[0031] Figure 16 is a perspective view of a side and rear of another resistance
system, which includes three lever arms.

[0032] Figure 17 is a perspective view of a portion of the other side and front
of the resistance system of Figure 16.

[0033] Figure 18 is a schematic cross-section of the resistance system of Figure
16.

[0034] Figure 19 is a side view of a resistance system having a straight lever

arm assembly with a fixed lever arm and a movable lever arm.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0035] One or more embodiments of the present disclosure involve a resistance
system, which can be suitable for incorporation in exercise equipment, or exercise
equipment incorporating such a resistance system. Although the resistance system is well-
suited for use in various forms of exercise equipment, including cardiovascular training
equipment, strength training equipment, and combinations thereof, the resistance system
can find utility in other applications as well. Therefore, although described in the context
of exercise equipment herein, it is not intended to limit the resistance system to such
applications, unless specifically indicated or otherwise made clear from the context of the

disclosure.
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[0036] Preferably, the resistance system has at least a first resistance unit and a
second resistance unit. The resistance units can be of the same type; however, in at least
some configurations, the first resistance unit is of a first type and the second resistance unit
is of a second type, which is different from the first type. Such a resistance assembly can
be referred to as a “hybrid” resistance assembly herein. The resistance system is not
limited to two resistance units or even two types of resistance units, however. Additional
resistance units or additional types of resistance units can also be employed.

[0037] In some configurations, the first resistance unit is an inertial resistance
unit, which incorporates an inertial load that creates resistance proportional to the inertia
of a movable mass. The inertial resistance unit can comprise any suitable type of inertial
load, such as a rotatable flywheel, for example and without limitation. As described above,
preferably, the second resistance unit is a non-inertial resistance unit. In some
configurations, the second resistance unit is a displacement resistance unit, which
incorporates a load that creates resistance proportional to displacement (e.g., linear or
rotational displacement) of an input to the displacement resistance unit. Preferably, as
described herein in greater detail, one or more embodiments of the resistance system
incorporate an inertial resistance unit and a displacement resistance unit and can utilize
either or both of the resistance units. Thus, the terms “inertial” and “non-inertial” are used
to describe the different resistance units for convenience in describing the illustrated
embodiments; however, these terms can be replaced by “first” and “second” (and so on)
throughout the disclosure to refer to any type of resistance unit other than the specific
resistance unit shown.

[0038] In some configurations, one or both of the first resistance unit and the
second resistance unit can comprise multiple modes of operation. For example, the first
resistance unit, or inertial resistance unit, can have a first mode of operation in which the
inertial load moves in the same direction as an input to the first resistance unit. In such an
arrangement, the inertial load may undergo multidirectional (e.g., bidirectional) movement
during normal operation of the resistance system. The first resistance unit can also have a
second mode of operation in which the movement of the inertial load is unidirectional. In
such an arrangement, the inertial load may be driven in response to movement of the input
to the first resistance unit in a first direction and may not be driven in response to

movement of the input in a second direction. In an additional mode, the inertial load may
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move in multiple directions in three-dimensional space in response to single, double or
multiple directional input.

[0039] Figures 1-6 illustrate an embodiment of the present resistance system,
which is generally referred to by the reference number 30. In the illustrated arrangement,
the resistance system 30 is supported by and integrated with a frame assembly 32, which
includes a base portion 34 and an upright portion 36. However, the frame assembly 32
may be of any suitable arrangement, which may be determined by the specific application
in which the resistance system 30 is utilized or which may include components of the
exercise machine or other structure in which the resistance system 30 is incorporated.

[0040] As described above, the resistance system 30 comprises a first
resistance unit or inertial resistance unit 40 supported by the frame assembly 32. The
inertial resistance unit 40 includes an inertial load, such as a rotatable flywheel 42 in the
illustrated arrangement. The flywheel 42 can be constructed from a relatively heavy or
dense material preferably concentrated away from its rotational axis such that the flywheel
42 has a relatively high mass-to-volume and rotational inertia-to-volume ratio. For
example, flywheels 42 utilized for exercise equipment are often constructed from a cast
iron material; however other suitable materials and construction methods can also be used.
The flywheel 42 is rotatable about an axis A and creates a resistance force proportional to
its rotational inertia or moment of inertia about the axis A. In an alternate configuration,
both the first and the second (e.g., inertial 40 and non-inertial 50) resistance units can be
supported by the same frame assembly 32 and/or base portion 34.

[0041] Optionally, the inertial resistance unit 40 can include an additional or
supplemental resistance arrangement, which supplements the resistance provided by the
rotational inertia of the flywheel 42. For example, in the illustrated arrangement, the
inertial resistance unit 40 includes an electronic, magnetic or electromagnetic resistance
mechanism 44, which is configured to selectively apply a force tending to inhibit rotation
of the flywheel 42 thereby increasing the amount of resistance provided by the rotational
inertia of the flywheel 42. The electronic, magnetic or electromagnetic resistance
mechanism 44 can be manually, electronically or otherwise controlled to turn on or off
(and apply or remove the additional force) and/or to select a level of a variable added
resistance. An example of a suitable electronic, magnetic or electromagnetic resistance

mechanism 44 and basic concepts of such an arrangement are disclosed, for example, in
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U.S. Patent Nos. 4,775,145; 5,558.624; 5,236,069; 6,186,290 and U.S. Publication No.
2012/0283068, the entireties of which are hereby incorporated by reference herein. In
addition, other suitable supplemental resistance arrangements can also be used, such as any
suitable type of brake mechanism configured to apply a braking force to the flywheel 42.
An example of a suitable brake is the CQ-38 brake produced by Hua Xing Machinery
Company Ltd. of San He Kou, Dong Men, Chang Zhou City, China. In the present
disclosure, the inertial resistance unit 40 includes a ring 44 as part of, or representative of,
an electronic, magnetic or electromagnetic resistance system 44,

[0042] The resistance system 30 also includes a second resistance unit or a
non-inertial resistance, which in the illustrated arrangement is a displacement resistance
unit 50. Accordingly, the term “displacement resistance unit” is used for convenience in
this disclosure and can also include any other type of non-inertial resistance units, unless
indicated otherwise or made clear from the context of the disclosure. The displacement
resistance unit 50 provides a resistance force proportional to a distance of displacement of
an input to the displacement resistance unit 50. In the illustrated arrangement, the
displacement resistance unit 50 comprises a biasing element, such as a linear coil spring 52.
The spring 52 can be supported by the upright portion 36 of the frame assembly 32. In the
illustrated arrangement, the upright portion 36 is a hollow tube and the spring 52 is
partially or completely housed within the upright portion 36. However, in other
arrangements, the spring 52 can be positioned in any other suitable location, supported by
the frame assembly 32 or otherwise.

[0043] Although the illustrated displacement resistance unit 50 comprises a
linear coil spring 52, other suitable resistance or biasing elements may be utilized. For
example, other types of springs or spring-like elements may be used, such as torsion
springs, elastic bands, bendable rods and gas cylinders, for example and without limitation.
Moreover, other types of resistance elements or arrangements may be used, which may be
displacement or non-displacement resistance (e.g., variable or constant resistance)
arrangements, such as electronic, magnetic, electromagnetic (e.g., a motor or braking
system) or fluid resistance arrangements. Furthermore, although weight stacks are not
presently preferred due to the inconvenience caused by the often excessive weight
necessary in many applications, in some applications it may be desirable to incorporate one

or more weight stacks in the resistance unit 50.



WO 2013/192048 PCT/US2013/045998

[0044] The resistance system 30 preferably includes an input that is operably
connected to one or both of the inertial resistance unit 40 and the displacement resistance
unit 50. In the illustrated configuration, the input comprises a lever arm arrangement 60,
which includes a lever arm 62 that is rotatable about a lever arm axis A;. As described
below, the lever arm 62 is capable of being coupled to both the inertial resistance unit 40
and the displacement resistance unit 50. Accordingly, movement of the lever arm 62 about
the lever arm axis A, when coupled, results in actuation of the inertial resistance unit 40,
the displacement resistance unit 50, both or neither. In the illustrated arrangement,
movement of the lever arm 62 about the lever arm axis A;, when coupled, results in
movement of the flywheel 42 and/or the spring 52.

[0045] The illustrated lever arm 62 comprises a curved portion, which can be a
portion of the length of the lever arm 62 or the entire length, or substantially the entire
length, of the lever arm 62. Preferably, the curved portion of the lever arm 62 defines a
circumferential arc relative to the axis A of the flywheel 42 such that each point on the
curved portion is substantially the same distance from the axis A. In some configurations,
the distance of the curved portion from the axis A differs by the corresponding amount of
wrap or unwrap of the cable around the cable wrap pulley 114 to keep the effective cable
length approximately the same. In the illustrated arrangement, a radius of the curved
portion of the lever arm 62 is greater than a radius of the flywheel 42 such that the lever
arm 62 is positioned radially outward of the circumferential edge of the flywheel 42.
Although a curved lever arm 62 or a lever arm 62 having a curved portion is shown, other
shapes may also be used, such as a straight lever arm, for example and without limitation.
Such a straight lever arm could be angled downwardly from a rearward end, or pivot end,
toward the forward end, or input end, or in any other orientation.

[0046] As described above, a rearward portion or rearward end of the lever
arm 62 is supported for rotation about the lever arm axis A, by a pivot arrangement 64
supported by the upright portion 36 of the frame assembly 32. In the illustrated
arrangement, the lever arm axis A, is located rearwardly of the upright portion 36 and
approximately even with or above an uppermost point on the flywheel 42. The lever arm
62 itially extends upwardly from the lever arm axis A; and then curves downwardly
forward of the axis A of the flywheel 42. A forward end or forward portion of the lever
arm 62 is located forward of the flywheel 42 and, preferably, below the axis A of the
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flywheel 42. As described above, a straight version of the lever arm could maintain the
same or approximately the same endpoints as the illustrated curved version and extend in a
straight line between the end points, with the transmission incorporated along the cable.

[0047] The forward or free end of the lever arm 62 includes a coupler 66,
which permits the lever arm 62 to be coupled to a user interface of the resistance system
30, which can be of any suitable arrangement, such as a cable-and-pulley system in a basic
configuration or cardiovascular or strength training equipment in a more complex
configuration, for example and without limitation. In the illustrated arrangement, the
coupler is a U-bracket 66, which conveniently allows the resistance system 30 to be
utilized with a simple cable-and-pulley system to which many types of handles can be
assembled and which can be adjusted into a multitude of different vertical or horizontal
positions. Moreover, the U-bracket 66 can permit the resistance system 30 to serve as a
replacement for a weight stack, or other resistance device, commonly actuated by a cable-
and-pulley system. The U-bracket 66 can support a pulley 68.

[0048] As described above, the lever arm 62 can be operably coupled to the
inertial resistance unit 40 or the displacement resistance unit 50. The lever arm 62 can be
coupled to the resistance units 40, 50 by any suitable arrangement or mechanism capable
of transferring the movement of the lever arm 62 to the inertial resistance unit 40 and/or
the displacement resistance unit 50. In the illustrated arrangement, the lever arm 62 carries
an adjustment carriage 70, which is movable along the length of the lever arm 62 between
at least first and second adjustment positions and supports a pulley 72. Preferably, the
adjustment carriage 70 can be secured in a plurality of adjustment positions along the
length of the lever arm 62. In the illustrated arrangement, the adjustment carriage 70 is
secured to the lever arm 62 by a pop-pin arrangement in which a pin is spring-loaded or
normally biased toward an engaged position such that, when aligned with one of a plurality
of discrete recesses or holes, the pin is urged into engagement with the recess or hole.
Alternatively, the adjustment carriage 70 can be infinitely adjustable, or otherwise
adjustable, relative to the lever arm 62 with any suitable method.

[0049] Adjustment of the position of the adjustment carriage 70 on the lever
arm 62 allows the effective lever arm length of the lever arm 62 to be adjusted. In
particular, a linear displacement of the adjustment carriage 70 relative to the axis A for a

given rotational displacement of the lever arm 62 can be adjusted by moving the

-10-
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adjustment carriage 70 along the lever arm 62. When the adjustment carriage 70 is closer
to the lever arm axis A; the linear displacement of the adjustment carriage 70 relative to
the axis A is less than when the adjustment carriage is moved further away from the lever
arm axis Ar. As described further herein, such movement of the adjustment carriage 70
can adjust a resistance provided by at least the displacement resistance unit 50. As the
adjustment carriage 70 moves further from the lever arm axis A; along the lever arm 62,
the overall resistance will increase while the resistance curve supplied to the user can
become increasingly lighter in the beginning of motion relative to the end of motion of the
lever arm 62. This can allow the user to adjust the force curve during the range of motion
of an exercise as desired

[0050] Preferably, the resistance system 30 comprises a primary shaft 80,
which is supported by the frame assembly 32, such as by a shaft housing or bracket 82.
The shaft 80 is supported relative to the bracket 82 by at least one and preferably by a pair
of suitable bearings 84 such that the shaft 80 is rotatable relative to the bracket 82. The
flywheel 42 is supported on the shaft 80 by a suitable bearing assembly (not shown) such
that the flywheel 42 is capable of rotation relative to the shaft 80.

[0051] The resistance system 30 also comprises a transmission assembly or
transmission 90 that is operable to selectively couple the flywheel 42 for rotation with the
shaft 80. The transmission 90 preferably comprises a one-way clutch arrangement 92
operably interposed between the shaft 80 and the flywheel 42 such that the shaft 80 drives
the flywheel 42 in one rotational direction and does not drive the flywheel 42 in the
opposite rotational direction. In other words, the one-way clutch arrangement 92 can
apply a driving force to the flywheel 42 in one direction, but can allow the flywheel 42 to
rotate faster than the shaft 80 in that direction or can allow the flywheel 42 to rotate in that
direction when the shaft 80 is stationary. Any suitable one-way clutch mechanism can be
used. One suitable example of a one-way clutch for use in exercise equipment is the
HF2520 One Way Bearing sold by Boca Bearing Company of Boynton Beach, Florida.

[0052] In the illustrated arrangement, the transmission 90 permits a user to
select a desired operating mode from at least two and preferably three separate operating
or resistance modes, which for convenience are referred to herein as: 1) cardiovascular
mode, 2) inertial mode, and 3) non-inertial mode. Preferably, as described further below,

m all three modes rotation of the lever arm 62 in a first direction causes rotation of the

-11-



WO 2013/192048 PCT/US2013/045998

shaft 80 in a first direction. The shaft 80 is coupled to the spring 52 and rotation of the
shaft 80 in the first direction causes extension of the spring 52 against a resistance force
exerted by the spring 52. When the lever arm 62 is rotated in a second direction, the shaft
80 rotates in a second direction, which allows the spring 52 to retract or reduce in length.
Thus, in the illustrated arrangement, the spring 52 can be utilized to provide a return force
to the lever arm 62 tending to rotate the lever arm 62 in the second direction. However, in
other configurations, the spring 52 can be replaced with a bi-directional resistance source
such that movement of the lever arm 62 in both the first and second directions is resisted.
A typical cable can only be used in tension, not in compression. Therefore, such a
configuration would preferably be designed specifically for bi-directional use (e.g., a cable
loop from the transmission 90 attached to the moving end of the spring 52 coming from
both directions of movement of the end of the spring 52, for example and without
limitation).

[0053] In the cardio mode, the transmission 90 couples the flywheel 42 to the
shaft 80 via the one-way clutch arrangement 92. Accordingly, in the cardio mode, rotation
of the lever arm 62 in a first direction causes rotation of the shaft 80 in a first direction,
which drives the flywheel 42 in a first direction via the one-way clutch arrangement 92.
When the lever arm 62 is rotated in a second direction, the shaft 80 is also rotated in a
second direction; however, the flywheel 42 is not driven by the rotation of the shaft 80 in
the second direction because of the one-way clutch arrangement 92. Thus, the flywheel 42
is able to remain rotating in the first direction (assuming enough energy was transferred to
the flywheel 42 during movement of the lever arm 62 in the first direction). As described
above, the non-inertial or displacement resistance unit 50 (e.g., the spring 52) is also
actuated in the cardio mode. In the cardio mode, a user can repeatedly cycle the lever arm
62 through a range of motion in the first direction and then the second direction, thereby
repeatedly applying energy to the flywheel 42 at a desired cadence or frequency, which
may be sufficient to obtain a cardiovascular workout. The additional resistance
arrangement represented by ring 44 can be very useful in the cardio mode. With a proper
interface, traditional cardio products can be used to cycle the lever arm allowing the
resistance system 30 to be the resistance source for traditional cardio products. While all

configurations can be suitable for this, configurations with 2 independently movable arms
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such as, but not limited to, the 3 lever arm configuration shown in Figures 16-18 can be
particularly suitable for this.

[0054] In the inertial mode, the transmission 90 couples the flywheel 42 for
rotation with the shaft 80 in both the first direction and the second direction. Accordingly,
in the mertial mode, rotation of the lever arm 62 in the first direction causes rotation of the
shaft 80 in the first direction, which drives the flywheel 42 in the first direction. When the
lever arm 62 is rotated in the second direction, the shaft 80 is also rotated in a second
direction, which drives the flywheel 42 in the second direction. Thus, the flywheel 42
rotates along with rotation of the shaft 80. As described above, the non-inertial or
displacement resistance unit 50 (e.g., the spring 52) is also actuated in the inertial mode.
This configuration provides an advantage of adding a traditional inertial (e.g., weight
stack) feel to any non-inertial resistance source. In another configuration, in the inertial
mode, a user can repeatedly cycle the lever arm 62 through a range of motion in the first
direction, which is resisted by both the inertial resistance unit 40 and the non-inertial or
displacement resistance unit 50, and then the second direction, which is resisted by the
inertial resistance unit 40, but (in at least some embodiments) is assisted by the non-inertial
or displacement resistance unit 50. In another configuration, an active, or driving,
electronic or electromagnetic resistance (e.g., a motor) can be used to provide either
additional or assistive resistance to either the inertial or non-inertial resistance units 40 or
50, respectively, in either a first or second direction or both. One result of this can be an
increased resistance in the second direction over the first direction (e.g., increased negative
resistance which can be useful for strength training). The active, or driving, electronic or
electromagnetic resistance (e.g., a motor) can also be used as either the inertial or non-
nertial resistance units 40 or 50, respectively, or both. A typical cadence or frequency of
the cycling of the lever arm 62 in the inertial mode is often lower than the cadence or
frequency utilized in the cardio mode due to the inertial resistance in both directions and
may be useful for strength training, for example.

[0055] In the non-inertial mode, the transmission 90 does not fix the flywheel
42 to the shaft 80 or does not transfer motion of the lever arm 62 to the flywheel 42.
Accordingly, rotation of the shaft 80 in either of the first direction and the second direction
does not drive or otherwise result in driving rotation of the flywheel 42. However, as

discussed above, the non-inertial or displacement resistance unit 50 (e.g., the spring 52) is
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actuated in the non-inertial mode and may provide all or substantially all of the resistance
or assistance to movement of the lever arm 62. In particular, when the lever arm 62 is
rotated in the first direction, the non-inertial or displacement resistance unit 50 (e.g., the
spring 52) resists movement of the lever arm 62 and when the lever arm 62 is rotated in
the second direction, the non-inertial or displacement resistance unit 50 (e.g., the spring
52) assists movement of the lever arm 62. However, in alternative arrangements, the non-
nertial or displacement resistance unit 50 can be bi-directional and, thus, resist movement
of the lever arm 62 in both directions.

[0056] In the modes described above, the first direction of rotation of the lever
arm 62 can be upward movement or counter-clockwise movement of the lever arm 62
about the lever arm axis A, relative to the orientation of Figure 2 (viewing the flywheel 42
side). The second direction of rotation of the lever arm 62 can be downward or clockwise
movement of the lever arm 62 about the lever arm axis A relative to the orientation of
Figure 2, or opposite the first direction. However, in other arrangements, these directions
could be reversed to better suit a particular application for the resistance system 30. The
first and second rotational directions of the shaft 80 and flywheel 42 can be any suitable
direction; however, it is preferred in at least one embodiment that the first direction of
rotation of the shaft 80 causes extension of the spring 52 or is in the resistance direction of
a unidirectional resistance element.

[0057] The transmission 90 can be of any suitable arrangement to selectively
actuate the inertial resistance unit 40 and/or the non-inertial or displacement resistance unit
50 (as well as any other resistance units). In the illustrated arrangement, the transmission
90 comprises a mode selector body or gear engagement body, which can include a mode
selector lock collar, or lock collar 94, and a mode selector gear collar, or gear collar 96.
An end cap 97 may be provided to cover an outer end portion of the gear collar 96. The
lock collar 94 and the gear collar 96 are coupled together and fixed for rotation with the
flywheel 42, but are axially movable relative to the flywheel 42 along the flywheel axis A.
Preferably, the gear collar 96 is keyed to a hub portion 98 of the flywheel 42 by any
suitable arrangement, such as a groove 100 and key 102 arrangement, for example and
without limitation. Although described with individual names, the lock collar 94 and the

gear collar 96 can be portions of a unitary component, can be separate components of an
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integrated assembly or can be individual components that are linked for movement
together in at least one direction, among other suitable arrangements.

[0058] In one arrangement, the gear collar 96 is keyed to the hub portion 98 of
the flywheel 42 for axial but not rotational movement with respect to the flywheel. The
lock collar 94 goes over the gear collar 96 engaging and disengaging a ball and spring
detent (not shown) which is used to hold the axial position of the gear collar 96 with
respect to the flywheel 42. The gear collar 96 comprises an engagement or drive portion
104 that is configured to drivingly engage a first gear 106 or a second gear 108 of the
transmission 90. Preferably, the gear collar 96 engages only one of the first gear 106 or
the second gear 108 at a time. In the illustrated arrangement, the engagement portion 104
comprises an engagement surface that defines a non-circular opening circumscribing the
axis A. The engagement portion 104 can be the same shape as the gears 106 and 108 or
can be a complementary shape that is capable of drivingly engaging the gears 106 and 108.
In the illustrated arrangement, the non-circular opening of the engagement portion 104 is
in the shape of a polygon, such as a hexagon for example and without limitation.
However, other suitable number of sides or engagement surfaces can be provided (e.g., 2,
3,4,5 6,7,8,9, 10 or more). In some configurations, the engagement portion 104
and/or the gears 106 and 108 have other suitable shapes, such as a toothed gear or spline
arrangement, for example and without limitation.

[0059] Preferably, the first gear 106, which can also be referred to as a cardio
gear or one-way gear, is coupled to the shaft 80 via the one-way clutch arrangement 92.
Accordingly, in some configurations, the shaft 80 drives the first gear 106 in only one
direction. The gear collar 96 can be positioned in a first axial position to engage the first
gear 106, which can correspond to the cardio mode of the resistance unit 30, as described
above. In the first position, rotation of the shaft 80 in the first direction is transferred to
the flywheel 42 via the one-way clutch arrangement 92, the first gear 106 and the gear
collar 96, which drivingly engages the hub portion 98 of the flywheel 42.

[0060] The second gear 108, which can also be referred to as an inertial gear
or fixed gear, preferably is coupled directly to the shaft 80 or for direct rotation by the
shaft 80 in both directions. That is, no one-way clutch mechanism is interposed between
the shaft 80 and the second gear 108. The gear collar 96 can be positioned in a second

axial position to engage the second gear 108, which can correspond to the inertial mode of
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the resistance unit 30, as described above. In the second position, rotation of the shaft 80
in either of the first direction or the second direction causes a corresponding rotation of
the flywheel 42 via the second gear 108 and the gear collar 96, which drivingly engages
the hub portion 98 of the flywheel 42.

[0061] The gear collar 96 can also be positioned in a third axial position in
which it does not engage either of the first gear 106 or the second gear 108, which can
correspond to the non-inertial mode, as described above. In the illustrated configuration,
the third position of the gear collar 96 locates the engagement portion 104 between the
first gear 106 and the second gear 108. In the third position of the gear collar 96, rotation
of the shaft 80 in either direction is not transmitted to the flywheel 42.

[0062] In the illustrated arrangement, when driven, the flywheel 42 is driven at
the same rotational velocity or speed as the shaft 80. However, in other arrangements, a
gear ratio transmission can be set up such that the flywheel 42 rotates at a speed different
from the speed of the shaft 80. For example, in some applications, it may be desirable for
the flywheel 42 to rotate faster than the shaft 80 to increase the inertial resistance.
However, in other arrangements, the flywheel 42 may be configured to rotate slower than
the shaft 80. Any suitable gear ratio transmission can be used, such as any type of gears,
pulleys, sprockets, etc.

[0063] As described above, the shaft 80 preferably is operably coupled to the
lever arm 62 and the non-inertial or displacement resistance unit 50 (e.g., spring 52). In
the illustrated arrangement, the lever arm 62 acts as an input to the resistance system 30
and, thus, as an input to the shaft 80. Accordingly, motion (e.g., rotation) of the lever arm
62 is converted into motion (e.g., rotation) of the shaft 80. Any suitable motion transfer
mechanism can be used, including, but not limited to, variable belt drives and gear systems.
In the illustrated arrangement, a flexible, first elongate member 110 (e.g., a belt or cable)
extends between at least the lever arm 62 and the shaft 80. Preferably, a first end 110a of
the first elongate member 110 is secured to a fixed or fixable location, such as an anchor
or belt (or cable) attachment 112. A second end 110b of the first elongate member 110 is
wrapped around and preferably secured to a first pulley 114, which is fixed for rotation
with the shaft 80. An intermediate portion 110c¢ of the first elongate member 110 extends
around the pulley 72.
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[0064] With such an arrangement, rotation of the lever arm 62 changes the
linear distance between the pulley 72 and the axis A. The change in linear distance
changes an effective length of the first elongate member 110 and results in wrapping or
unwrapping of the elongate member 110 on the first pulley 114, thereby causing rotation
of the shaft 80 in one of the first and second directions. In the illustrated arrangement,
upward movement of the lever arm 62 causes the first elongate member 110 to unwrap on
the first pulley 114, which results in rotation of the shaft 80 in the first direction.
Downward movement or lowering of the lever arm 62 allows the first elongate member
110 to wrap onto the first pulley 114. Preferably, the non-inertial or displacement
resistance unit 50 (e.g., spring 52) tends to rotate the shaft 80 in the second direction to
assist the first elongate member 110 in re-wrapping on the first pulley 114. However, in
other arrangements a separate return member, such as a return spring, can be used.

[0065] A second pulley 116 preferably is fixed for rotation with the shaft 80.
A flexible, second elongate member 118 (e.g., a belt or cable) has a first end 118a coupled
to the non-inertial or displacement resistance unit 50 and, in particular, to the spring 52. A
second end 118b of the second elongate member 118 is wrapped around and preferably
secured to the second pulley 116. An intermediate portion 118¢ of the second elongate
member 118 extends around a pulley 120 that is supported by the frame assembly 32.
With such an arrangement, rotation of the shaft 80 causes the second elongate member
118 to wrap or unwrap on the second pulley 116. Rotation of the shaft 80 in the first
direction causes the second elongate member 118 to wrap onto the second pulley 116,
which reduces the effective length of the second elongate member 118 and causes
extension of the spring 52. The biasing force of the spring 52 tends to unwrap the second
elongate member 118 from the second pulley 116, which, in the absence of a resisting
force sufficient to overcome the force of the spring 52, causes the shaft 80 to rotate in the
second direction. Although pulleys 114, 116 and flexible elongate members 110, 118
(e.g., belts or cables) are illustrated, other suitable mechanisms for transferring motion
between the lever arm 62, shaft 80 and non-inertial or displacement resistance unit 50
(e.g., spring 52) can also be used. In addition, although separate pulleys 114, 116 are
shown, other suitable arrangements can also be used, such as one long pulley, for example.

[0066] In operation of the illustrated resistance system 30, a user can select a

desired mode of operation from the available modes of operation (e.g., cardio mode,
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inertial mode and non-inertial mode) by, for example, using a selector, such as the gear
collar 96 and/or lock collar 94 of the transmission 90. The user can further select a desired
resistance level by, for example, altering the position of the adjustment carriage 70 on the
lever arm 62. The user can then utilize the resistance system 30 by moving the lever arm
62 about the lever axis Ap utilizing any suitable input or interface, such as a cable-and-
pulley system or other piece of exercise equipment, for example. In some configurations,
the non-inertial resistance unit 50 can be disconnected from the lever arm 62 such that only
the inertial resistance unit 40 is utilized. For example, the second pulley 116 can be
disconnected from the shaft 80 by any suitable mechanism, which can be actuated by the
transmission 90.

[0067] With reference to Figure 7, an effect of the adjustment of the
adjustment carriage 70 on the lever arm 62 is illustrated. The adjustment carriage 70 is
shown in two possible adjustment positions: a first position P1 and a second position P2.
The first position P1 is closer to the lever arm axis A; than the second position P2. The
lever arm 62 is shown in two different positions within its range of motion, one in solid
line (lowered position) and one in dashed line (raised position). Preferably, the
displacement D of the spring 52 (or other non-inertial resistance load of the non-inertial
resistance unit 50) is related to the rotational distance or number of rotations of the shaft
80. In addition, the rotational distance or number of rotations of the shaft 80 is related to
a change in the linear distance between the axis A of the shaft 80 and an axis Ap of the
pulley 72 in two different positions of the lever arm 62 (e.g., the lowered position and the
raised position).

[0068] In the first position P1 of the adjustment carriage 70, a first linear
distance between the axis A and the pulley axis Ap with the lever arm 62 in the lowered
position is represented by the line P1, and a second linear distance with the lever arm 62 in
the raised position is represented by Plg. The second linear distance Plg is greater than
the first linear distance P14. A difference between the second linear distance P1g and the
first linear distance P1, is represented by the line P1.. Similarly, in the second position P2
of the adjustment carriage 70, a first linear distance between the axis A and the pulley axis
Ap with the lever arm 62 in the lowered position is represented by the line P2, and a
second linear distance with the lever arm 62 in the raised position is represented by P2s.

The second linear distance P25 is greater than the first linear distance P2,. A difference
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between the second linear distance P2z and the first linear distance P2, is represented by
the line P2.. Because the adjustment carriage 70 is further from the lever arm pivot axis
A; in the second position P2 than the first position P1, the distance P25 is greater than the
distance Plz. As aresult, the rotational distance or number of rotations of the shaft 80 is
greater between the lowered position and the raised position of the lever arm 62 with the
adjustment carriage 70 in the second position P2 than in the first position PI.
Accordingly, the displacement D of the spring 52 is greater between the lowered position
and the raised position of the lever arm 62 with the adjustment carriage 70 in the second
position P2 than in the first position P1, which results in a greater total resistance force
from the spring 52 in the second position P2 than in the first position P1 for a given
movement of the lever arm 62. This greater total resistance force is also applied at a point
of greater leverage (further from the lever arm axis A;) along the lever arm 62, resulting in
further increased resistance to the upward movement of lever arm 62. These differences in
resistance force and in the distance between P2b and P1b for a single portion of first
elongate member 110 going between pulley 114 and adjustable carriage 70 can be
multiplied by having more portions of first elongate member 110 going between pulley 114
and its support structure and adjustable carriage 70.

[0069] Figures 8-11 illustrate another version of the resistance system 30,
which in many respects is similar to the system 30 of Figures 1-6. Accordingly, reference
numbers are reused to indicate general correspondence between reference elements or
features. In addition, the disclosure herein is primarily directed toward the differences
between the two systems 30. Therefore, any elements or features of the system 30 of
Figures 8-11 not described in detail can be assumed to be the same as or similar to the
corresponding elements or features of the system 30 of Figures 1-6, other systems 30
described herein, or can be of any other suitable arrangement.

[0070] The frame assembly 32 preferably includes a second upright portion 130
in addition to the first upright portion 36. In addition, the frame assembly 32 can include a
pair of lateral supports 132 attached at opposite ends (e.g., fore and aft) of the base
portion 34. Furthermore, preferably, the frame assembly 32 comprises an overhead or
upper support arm 134, which can extend from one or both of the first upright portion 36
and the second upright portion 130 in the same direction as the lever arm 62 or in a

forward direction. The upper support arm 134 can support a plurality of pulleys 136
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through which a cable 138 can be routed to act as an input to the resistance system 30. An
end 138a of the cable 138 can include a clip, carabiner or other connector 140, which
permits the cable 138 to be coupled to a user interface, such as a handle, bar, grip,
additional cable-and-pulley arrangement, or any other exercise device.

[0071] The system 30 of Figures 8-11 includes a modified transmission 90
relative to the system 30 of Figures 1-6. In particular, at least a portion of the
transmission 90 is located on an inboard side of the flywheel 42 (or on the slide of the
flywheel 42 nearest the frame assembly 32 and/or lever arm 62. Preferably, the connection
between the flywheel 42 and the shaft 80 is located on the inboard side of the flywheel 42.
Such an arrangement can result in a more compact layout by better utilizing available
space on the inboard side of the flywheel 42 or between the flywheel 42 and the frame
assembly 32, for example.

[0072] The illustrated transmission 90 includes a first plate 150 and a second
plate 152, each of which can be respectively coupled to the flywheel 42 by an engagement
element, such as a first pin 154 and a second pin 156. Preferably, the pins 154 and 156 are
carried by, or are rotatable with, the flywheel 42. The pins 154 and 156 are each axially
movable with respect to the flywheel 42 between an engaged position in which the pin 154
or 156 engages the plate 150 or 152, respectively, and a disengaged position in which the
pin 154 or 156 does not engage the plate 150 or 152, respectively. The pins 154 and 156
can be manually movable (directly or indirectly) or automatically movable (e.g., via a
motor and electronic control). Moreover, the transmission 90 can be arranged such that
only one pin 154 or 156 can be engaged with its respective plate 150 or 152 at a time.

[0073] The plates 150 and 152 preferably are of different diameters and the
pins 154 and 156 are positioned at different radial distances from the axis A. Accordingly,
the respective pin 154 can engage the plate furthest from the flywheel 42 (the first plate
150 in the illustrated arrangement) without interfering with the plate closest to the flywheel
42 (the second plate 152 in the illustrated arrangement). That is, preferably, the first pin
154 is positioned radially outward of the second plate 152. Each plate 150, 152 preferably
includes a plurality of openings or engagement holes 158 for engagement with the
respective pin 152, 154. Therefore, the holes 158 of the first plate 150 are positioned
radially outward of a peripheral edge of the second plate 152 and, thus, radially outward of
the holes 158 of the second plate 152. The provision of a plurality of holes 158 allows
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easy access to the nearest hole 158 regardless of the position of the flywheel 42. That is,
the flywheel 42 will only need to be rotated a relatively small angular displacement to align
the desired pin 154 or 156 with a hole 158 of the respective plate 150 or 152. Suitable
methods other than pins engaging holes can also be used.

[0074] The resistance system 30 of Figures 8-11 utilizes cables (or cable
portions) 110 and 118 instead of the belts of the system 30 of Figures 1-6. The cable 110
can wrap around the pulley 114 such that individual loops of the cable 110 can be
positioned side-by-side along an axial length of the pulley 114 in contrast to the belt, in
which the individual loops can lie on top of one another in an axial direction of the pulley
114 and building up outwardly in a radial direction from an axis of the pulley 114. In the
illustrated arrangement, the lever arm 62 is linked to the non-inertial or displacement
resistance unit 50 through a single cable (or other motion transfer element), which also
engages the pulley 114, Thus, the single cable can have a portion 110 that extends from
the pulley 114 to the lever arm 62 and another portion 118 that extends from the pulley
114 to the non-inertial or displacement resistance unit 50. The pulley 116 of the system 30
of Figures 1-6 can be omitted. In addition, the pulley 120 is replaced with a pair of pulleys
120a and 120b and the cable 118 accesses the end of the spring 52 (or other non-inertial or
displacement load of the non-inertial or displacement resistance unit 50) via an opening
160 in a side of the first upright portion 36 (however, the spring 52 or other load could
also be housed within the second upright portion 130 or any other suitable locations, such
as a dedicated housing). In the illustrated arrangement, one pulley 120a is angled or tilted
such that a plane in which the pulley 120a lies intersects or passes near the axis A of the
shaft 80 or the perimeter of the pulley 114. The other pulley 120b can lie in a substantially
vertical plane or a plane in which an axis of the spring 52 lies.

[0075] Figure 12 illustrates another version of the resistance system 30, which
in many respects is similar to the systems 30 of Figures 1-6 and Figures 8-11.
Accordingly, reference numbers are reused to indicate general correspondence between
reference elements or features. In addition, the disclosure herein is primarily directed
toward the differences in the system 30 of Figure 12 relative to the other systems 30
described herein. Therefore, any elements or features of the system 30 of Figure 12 not

described in detail can be assumed to be the same as or similar to the corresponding
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elements or features of the other systems 30 described herein, or can be of any other
suitable arrangement.

[0076] In the system 30 of Figure 12, the pins 154 and 156 are driven through
a selection arrangement or selector 170 instead of being directly manipulated by a user of
the resistance system 30. The selector 170 includes a pin driver, which is also referred to
as an actuator 172. The actuator 172 includes a user interface, such as a handle or lever
174, which permits a user to adjust the actuator 172 to a desired one of an available
number of positions. The selector 170 can include a housing, such as a cover or end cap
176, that encloses a portion of the actuator 172, but permits access to the lever 174. The
actuator 172 is supported by a support, such as a bracket 178, for rotation about an
adjustment axis, which can be defined by a shaft, axle or pin 180. A detent arrangement
182 can be provided to provide tactile feedback to a user with respect to the position of
the actuator 172. Preferably, the bracket 178 carries a biased engagement member (e.g., a
ball and spring) that is capable of engaging one of a plurality of recesses or openings 184
on the actuator 172 that correspond to one of the available positions of the actuator 172
and one of the available modes of the resistance system 30.

[0077] The pins 154 and 156 can be driven by the actuator 172 by any suitable
arrangement. Preferably, the actuator 172 includes a slot 186 for each of the pins 154 and
156. Each slot 186 defines a cam surface that engages a portion of its respective pin (or a
related component, such as a cam follower) such that rotational motion of the actuator is
converted into linear motion of the pins 154 and 156, preferably in a direction along or
parallel to the axis A. The pins 154 and 156 can be supported or constrained for linear
motion by a pin support body, which is in the form of a hub 188 in the illustrated
arrangement. The hub 188 is fixed for rotation with the flywheel 42 about the axis A and
relative to the shaft 80. The hub 188 can be a separate component from or can be integral
or unitary with the flywheel 42.

[0078] The pins 154 and 156 are arranged in a similar manner to those shown
and described in connection with Figures 8-11, with one pin (e.g., pin 154) positioned at a
radial distance from the axis A that is different from that of the other pin (e.g., pin 156).
In the illustrated arrangement, the pin 154 is positioned at a radial distance from the axis A
that is greater than that of pin 156. Preferably, the pins 154 and 156 are located on
opposite sides of the pivot axis of the actuator 172, as defined by the pin 180, such that the

20-



WO 2013/192048 PCT/US2013/045998

pins 154 and 156 are moved in opposite axial directions relative to one another upon
rotational movement of the actuator 172. With such an arrangement, one pin 154 or 156
is moved in an engaging direction while the other pin 154 or 156 is moved in a disengaging
direction when the actuator 172 is rotated. Preferably, the actuator 172 has at least three
positions, which places the pins 154 and 156 in three different positions corresponding to
the modes (cardio, inertial and non-inertial) as described above.

[0079] The system 30 of Figure 12 includes a first plate 150 coupled to the
shaft 80 through a one-way clutch arrangement 92 (not shown in Figure 12) and a second
plate 152 coupled for rotation with the shaft 80. The pins 154 and 156 engage openings
158 in a respective one of the first plate 150 and the second plate 152. In some
configurations, the second plate 152 can be received partially or completely within a recess
190 of the hub 188. The first plate 150 can be located axially outside of the hub 188.

[0080] Figure 12 also illustrates a gear ratio transmission 200 that transfers
motion from the pulley 114 to the first plate 150, which can create a difference in a speed
or rotational velocity between the pulley 114 and the first plate 150. In this configuration,
the one-way clutch can be incorporated in the gear ratio transmission 200 rather than the
first plate 150 which would just have a regular bearing for rotation about shaft 80.
Accordingly, in such an arrangement, the pulley 114 is fixed for rotation directly with the
shaft 80, but through the transmission 200, the first plate 150 rotates at a higher or lower
rate than shaft 80 based on the design of gear ratio transmission 200. This higher or lower
rate of rotation is transferred to the flywheel 42 when first plate 150 is engaged by pin 154
when the cardio mode is selected. The illustrated transmission 200 uses gears to transfer
motion; however, any other suitable mechanism for transferring motion from the pulley
114 to the first plate 150 (or shaft 80) can be utilized.

[0081] Similar to the other systems 30 described herein, the lever arm 62 is
linked for movement with the non-inertial or displacement load of the non-inertial or
displacement resistance unit 50 (in at least some modes). In the illustrated arrangement,
the lever arm 62 is linked to the non-inertial or displacement resistance unit 50 through a
single cable (or other motion transfer element), which also engages the pulley 114. Thus,
the single cable can have a portion 110 that extends from the pulley 114 to the lever arm
62 and another portion 118 that extends from the pulley 114 to the non-inertial or

displacement resistance unit 50. As a result, displacement of the non-inertial or

-23-



WO 2013/192048 PCT/US2013/045998

displacement resistance unit 50 is related to the motion of the pulley 114 and shaft 80, and
is not influenced by any speed difference resulting from the transmission 200.

[0082] Figures 13-15 illustrate another version of the resistance system 30,
which in many respects is similar to the systems 30 of Figures 1-6 and Figures 8-11 and
Figure 12. Accordingly, reference numbers are reused to indicate general correspondence
between reference elements or features. In addition, the disclosure herein is primarily
directed toward the differences in the system 30 of Figures 13-15 relative to the other
systems 30 described herein. Therefore, any elements or features of the system 30 of
Figures 13-15 not described in detail can be assumed to be the same as or similar to the
corresponding elements or features of the other systems 30 described herein, or can be of
any other suitable arrangement.

[0083] The system 30 of Figures 13-15 includes two lever arms in place of the
single lever arm 62 of the prior systems 30. In particular, the system 30 of Figures 13-15
comprises a first lever arm 220 and a second lever arm 222. In the illustrated arrangement,
the lever arms 220 and 222 are movable together, such as via the cable 138. However, in
other arrangements, the lever arms 220 and 222 could be capable of actuation separately
from one another. Each of the first lever arm 220 and the second lever arm 222 include an
adjustment carriage 70, such that a position of the adjustment carriage 70 can be adjusted
separately for each lever arm 220 and 222. Advantageously, with such an arrangement, in
at least the cardio mode, the resistance offered by the inertial resistance unit 40 and the
non-inertial or displacement resistance unit 50 can be set to different levels independently
and can be combined into a concurrent hybrid resistance with more versatility. In some
configurations, in at least the inertial mode and/or the non-inertial mode, the resistance is
completely or primarily determined by the adjustment carriage 70 of the second lever arm
222.

[0084] The resistance system 30 of Figures 13-15 includes the first pulley 114
and the second pulley 116. The first pulley 114 is fixed for rotation with the shaft 80,
which rotates inside and independently of an outer shaft 80b, via a one-way clutch
arrangement 92. The second pulley 116 preferably is fixed for rotation with the outer shaft
80b. The first pulley 114 is coupled to the first lever arm 220 by a suitable motion transfer
arrangement, such as a belt or the cable 110, for example, such that movement of the first

lever arm 220 in at least one direction (e.g., in an upward direction in the illustrated
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arrangement) causes rotation of the first pulley 114. A biasing mechanism, such as a
return spring (e.g., a torsion spring 224) can be provided to cause rotation of the pulley
114 and shaft 80 upon movement of the first lever arm 220 in a second direction (e.g., a
downward direction in the illustrated arrangement) to rewrap the cable 110 onto the pulley
114. Unlike the prior systems 30, because the second pulley 116 is not fixed for rotation
with the shaft 80, the non-inertial or displacement resistance unit 50 (e.g., the spring 52)
does not provide a return force to the shaft 80. In an alternate configuration, where the
lever arms 220 and 222 move independently of each other, the motion of lever arm 222
can be coupled to the motion of lever arm 220 allowing the non-inertial or displacement
resistance unit 50 (e.g., the spring 52) to also provide a return force to the shaft 80.

[0085] The second pulley 116 is coupled to the second lever arm 222 by a
suitable motion transfer arrangement, such as a belt or the cable 118. The second pulley
116 is also coupled to the non-inertial or displacement resistance unit 50 (e.g., spring 52)
by a suitable motion transfer arrangement, which can be the cable 118 or a separate
component. Accordingly, non-inertial or displacement resistance unit 50 is actuated by
movement of the second lever arm 222 in at least one direction. In the illustrated
arrangement, upward movement of the second lever arm 222 causes the spring 52 to
extend, and the spring 52 produces a resistance force tending to move the second lever
arm 222 in a downward direction.

[0086] The resistance system 30 can be adjusted to a desirable mode of
operation by any suitable arrangement, such as any of the transmission arrangements 90
disclosed herein. For example, the available modes can include, but are not limited to, one
or more of a cardio mode, an inertial mode and a non-inertial mode, as described herein.
In an alternative arrangement, only the first pulley 114 is coupled to the shaft 80 and the
second pulley 116 can be rotatable about the shaft 80. Accordingly, the first pulley 114
and lever arm 220 controls movement of the flywheel 42 or inertial resistance unit 40 and
the second pulley 116 and lever arm 222 controls movement of the spring 52 or non-
inertial resistance unit 50.

[0087] Figures 16-18 illustrate another version of the resistance system 30,
which in many respects is similar to the systems 30 of Figures 1-6 and Figures 8-11, Figure
12 and Figures 13-15. Accordingly, reference numbers are reused to indicate general

correspondence between reference elements or features. In addition, the disclosure herein
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is primarily directed toward the differences in the system 30 of Figures 16-18 relative to
the other systems 30 described herein. Therefore, any elements or features of the system
30 of Figures 16-18 not described in detail can be assumed to be the same as or similar to
the corresponding elements or features of the other systems 30 described herein, or can be
of any other suitable arrangement.

[0088] The system 30 of Figures 16-18 includes three lever arms: a first lever
arm 250, a second lever arm 252 and a third lever arm 254. The first lever arm 250 is
coupled to a first motion transfer arrangement, such as a first cable or first input cable 256.
The second lever arm 252 is coupled to a second motion transfer arrangement, such as a
second cable or second input cable 258. The cables 256 and 258 can be utilized by a user
of the system to actuate the lever arms 250 and 252 independently of one another, such as
when used in an iso-lateral exercise, for example. The cables 256 and 258 can be coupled
to a user interface, such as a handle, bar, grip, additional cable-and-pulley arrangement, or
any other exercise device (e.g, an iso-lateral exercise device).

[0089] The system 30 of Figures 16-18 includes a first pulley 260 and a second
pulley 262 in place of the first pulley 114 of the other systems 30 disclosed herein. The
first lever arm 250 is coupled to the first pulley 260 and the second lever arm 252 is
coupled to the second pulley 262. Preferably, a single cable 264 extends from the
adjustment carriage 70 of the first lever arm 250, wraps around the first pulley 260 and
loops around a transfer pulley 266, which is connected to a rearward extension 268
(illustrated schematically in Figure 18) of the third lever arm 254. From the transfer pulley
266, the cable extends back to the second pulley 262, wraps around the second pulley 262
and extends to the adjustment carriage 70 of the second lever arm 252. With such an
arrangement, pulling of either input cable 256 or 258 raises the corresponding lever arm
250 or 252 thereby rotating the corresponding pulley 260 or 262 and, in at least one
direction, the shaft 80. In addition, raising of the lever arm 250 or 252 and rotation of the
pulley 260 or 262 reduces the effective length of the portion of the cable 264 extending
between the pulleys 260 and 262 and extending around the transfer pulley 266. As a
result, the transfer pulley 266 is pulled toward the pulleys 260 and 262, thereby rotating
and raising the forward portion of the third lever arm 254,

[0090] The third lever arm 254 also includes an adjustment carriage 70. A

motion transfer arrangement, such as a cable 118, extends from the adjustment carriage 70
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of the third lever arm 254, wraps around the pulley 116 and is then connected to the non-
inertial or displacement resistance unit 50 (e.g., spring 52). Raising of the third lever arm
254 rotates the pulley 116 and, in the illustrated arrangement, extends the spring 52, which
provides a source of resistance. The spring 52 also acts as a return spring for the third
lever arm 254 and, because of the interconnection between the third lever arm 254 and the
first and second lever arms 250, 252, the spring 52 also acts as a return force for the first
and second lever arms 250, 252.

[0091] The position of any of the adjustment carriages 70 can be varied to
adjust a resistance offered by the inertial resistance unit 40 and/or the non-inertial or
displacement resistance unit 50. Similar to the system 30 of Figures 13-15, preferably, the
pulleys 260 and 262 are coupled to the shaft 80 by a one-way clutch arrangement 92, such
that the pulleys 260 and 262 rotate the shaft 80 in only one direction. In addition, the
pulley 116 is coupled to an outer shaft 80a that surrounds and is rotatable relative to the
shaft 80.

[0092] The resistance system 30 of Figures 16-18 can be adjusted to a
desirable mode of operation by any suitable arrangement, such as any of the transmission
arrangements 90 disclosed herein and, in particular, with the arrangement disclosed in
connection with the system 30 of Figures 13-15. For example, the available modes can
include, but are not limited to, one or more of a cardio mode, an inertial mode and a non-
mertial mode, as described herein.

[0093] In one configuration of the resistance system 30, as illustrated in Figure
19, a straight lever arm 300 could incorporate dual adjustable carriages 302 where the dual
adjustable carriages 302 preferably move together when adjusted along the straight lever
arm 300 and parallel support structure (e.g., support or secondary arm) 304. In this case,
the upper adjustable carriage 302a is held in place along the length of the straight lever arm
300 and moves with the straight lever arm 300, while the lower adjustable carriage 302b is
held in place by the parallel support structure 304. The dual adjustable carriages 302 may
be held in place along the straight lever arm 300 and the parallel support structure 304
with pop pins or any other suitable securement method. One end of a flexible, first
elongate member 110 (e.g., a belt or cable) is secured to displacement resistance unit 50.
The cable 110 is then wrapped around pulley 114 in the transmission 90. The axis A of the
pulley 114 is coincident to or near the axis Ar of the straight lever arm 300. The cable 110
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then runs parallel to the straight lever arm 300, under a first pulley 306 on the lower
adjustable carriage 302b, over pulley 308 on the upper adjustable carriage 302a, under a
second pulley 310 on lower adjustable carriage 302b. The cable 110 then runs parallel to
the straight lever arm 300 and is secured near the end of the parallel support structure 304
opposite the pivoting end of the straight lever arm 300. When the straight lever arm 300 is
rotated in a first direction (e.g., upwardly), the dual adjustable carriages 302a, 302b
separate from each other. This causes cable 110 to be drawn into the growing gap between
the dual adjustable carriages 302a, 302b, which drives pulley 114 in a first direction. As
the straight lever arm 300 moves in a second direction (e.g., downwardly), the dual
adjustable carriages 302a, 302b move closer to each other. This causes cable 110 to be
drawn out of the decreasing gap between the dual adjustable carriages 302a, 302b, which
drives pulley 114 in the second direction. In alternate configurations, the transmission
system 90 axis A does not have to be coincident or near the straight lever arm 300 axis A,
and different pulley configurations can be used on the dual adjustable carriages 302a,
302b. In all embodiments, the components do not need to be on a single shaft, as
illustrated, but can be provided on separate shafts that can be spaced from one another.

[0094] In one or more embodiments, the cable wrap pulleys (e.g., 114, 116,
260, 262) can be conical in nature to increase or decrease, during the rotation of the
pulley, the effective radius of the cable from the transmission axis A, resulting in increasing
or decreasing, during the rotation of the pulley, the effective leverage distance for the force
the cable is carrying. The result is to increase or decrease the force needed at the end of
the lever arm 42 to move lever arm 42. This can be used, along with other parameters
within the design, to create the desired force curve felt by the user.

[0095] In one or more embodiments, the flexible, elongate member (e.g., 118),
such as a belt or cable, that engages the spring 52 can be utilized to also engage another
resistance source. In other words, instead of securing an end of the flexible, elongate
member that is opposite the spring 52 to the associated pulley (e.g., 116) or a fixed
structure, the end can be secured to another type of resistance source or to another
exercise apparatus or device.

[0096] As discussed above, any of the resistance systems 30 can be used with a
wide variety of user interfaces to facilitate a wide variety of exercises. For example, the

systems 30 are well-suited for use in connection with traditional cardiovascular machines,
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such as: treadmills, elliptical machines, bicycles, steppers, stair climbers and rowers, for
example and without limitation. In addition, the systems 30 are well-suited for use with
traditional strength training machines, such as: multi gyms, cable crossovers, radial arm
pull machines and other core exercise cable machines, abdominal and back machines,
upper body press machines, row machines, lat pull machines, squat machines, leg press,
extension, and curl machines, arm bicep and tricep machines, inner-outer thigh machines,
glute machines, and calf machines, for example and without limitation. Among other uses,
the systems 30 can also be useful in medical rehabilitation machines, including those that
offload a patient’s body weight. Furthermore, in the non-inertial mode, the first or inertial
resistance unit (e.g..flywheel 42 and any associated friction, electromagnetic, etc.
resistances) can be accessed by other apparatuses, cardio machines, etc. allowing dual
concurrent, though not hybrid, uses of the resistance system 30.

[0097] The flywheels 42 disclosed herein can include a disc (e.g., a translucent
disc) covering a portion of the flywheel 42, such as the openings between the spokes of the
flywheel 42 as an added safety element to inhibit or prevent body parts or items from
getting caught in the flywheel 42 while it is rotating. This will inhibit or prevent the need
for a shroud covering the flywheel 42 and will result in the ability to add aesthetics to the
flywheel 42 through both the aesthetics of the translucent disc and by having an LED light
or other light source, which can optionally be powered by power obtained from the
electronic, magnetic or electromagnetic resistance element (e.g., ring 44) of the flywheel
42,  Such an arrangement can permit the light source to be viewable through the
translucent disc. Having an electronic, magnetic, or electromagnetic resistance element
(e.g., 1ing 44) as part of the resistance system 30 can provide power to the resistance
system 30 for an optional computer to track workout data such as elapsed time or
duration, calories burned, maximum and minimum efforts or forces, heart rate thru the use
of a heart rate monitor, etc. for a complete workout which can now include
cardiovascular, strength, and hybrid exercises combining the two all on one computer
integrated into one hybrid resistance system 30.

[0098] Although this invention has been disclosed in the context of certain
preferred embodiments and examples, it will be understood by those skilled in the art that the
present invention extends beyond the specifically disclosed embodiments to other alternative

embodiments and/or uses of the invention and obvious modifications and equivalents thereof.
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In particular, while the present resistance system has been described in the context of
particularly preferred embodiments, the skilled artisan will appreciate, in view of the
present disclosure, that certain advantages, features and aspects of the system may be
realized in a variety of other applications, many of which have been noted above.
Additionally, it is contemplated that various aspects and features of the invention described
can be practiced separately, combined together, or substituted for one another, and that a
variety of combination and subcombinations of the features and aspects can be made and
still fall within the scope of the invention. Moreover, not all of the features, aspects and
advantages are necessarily required to practice the present invention. Thus, it is intended
that the scope of the present invention herein disclosed should not be limited by the
particular disclosed embodiments described above, but should be determined only by a fair

reading of the claims.
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WHAT IS CLAIMED IS:

1. A resistance system for incorporation in exercise equipment, comprising:

a first resistance unit;

a second resistance unit;

a user interface that is movable by a user in a first direction and a second
direction, wherein the user interface is capable of utilizing the first resistance unit
and the second resistance unit individually or together.

2. The resistance system of Claim 1, wherein the first resistance unit has a first
resistance property and the second resistance unit has a second resistance property that is
different from the first resistance property.

3. The resistance system of Claim 1, wherein the first resistance unit
comprises an inertial resistance load and the second resistance unit comprises a non-inertial
resistance load.

4, The resistance system of Claim 3, further comprising a mode selector that
permits selection between at least a first mode and a second mode, wherein, in the first
mode, the user interface utilizes the inertial resistance load of the first resistance unit in
both of the first and second directions and utilizes the non-inertial resistance load of the
second resistance in at least one of the first and second directions, and wherein, in the
second mode, the user interface utilizes the inertial resistance load of the first resistance
unit in only one of the first and second directions and utilizes the non-inertial resistance
load of the second resistance in at least one of the first and second directions.

5. The resistance system of Claim 4, wherein the mode selector permits
selection of a third mode, and, in the third mode, the user interface does not utilize the
inertial resistance load of the first resistance unit in either of the first and second directions
and utilizes the non-inertial resistance load of the second resistance in at least one of the
first and second directions.

6. The resistance system of Claim 5, wherein, in the third mode, the inertial
resistance load is connected to an exercise device other than the user interface.

7. The resistance system of Claim 3, wherein the inertial resistance load

comprises a flywheel.
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8. The resistance system of Claim 7, wherein the non-inertial resistance load
comprises a displacement load in which a resistance supplied is related to a displacement
of a portion of the displacement load.

9. The resistance system of Claim 8, wherein the displacement load is a spring.

10.  The resistance system of Claim 4, wherein the mode selector comprises a
sliding collar.

11.  The resistance system of Claim 4, wherein the mode selector comprises a
first pin and a second pin that selectively engage a first drive plate and a second drive
plate, respectively.

12. The resistance system of Claim 11, further comprising an actuator that
drives the first and second pins between an engaged position and a disengaged position.

13. A resistance system for incorporation in exercise equipment, comprising:

a first resistance unit comprising an inertial resistance load;

a second resistance unit comprising a non-inertial resistance load;

at least one lever arm that is movable about a lever arm axis in at least a
first direction and a second direction, wherein the at least one lever arm is capable
of connection to the first resistance unit and the second resistance unit;

a mode selector that permits selection between at least a first mode, a
second mode and a third mode;

wherein, in the first mode, movement of the at least one lever arm utilizes
the inertial resistance load of the first resistance unit in both of the first and second
directions and utilizes the non-inertial resistance load of the second resistance in at
least one of the first and second directions;

wherein, in the second mode, movement of the at least one lever arm
utilizes the inertial resistance load of the first resistance unit in only one of the first
and second directions and utilizes the non-inertial resistance load of the second
resistance in at least one of the first and second directions;

wherein, in the third mode, movement of the at least one lever arm does not
utilize the inertial resistance load of the first resistance unit in either of the first and
second directions and utilizes the non-inertial resistance load of the second

resistance in at least one of the first and second directions.
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14.  The resistance system of Claim 13, wherein the at least one lever arm
comprises a first lever arm and a second lever arm, wherein the first lever arm drives the
inertial resistance load in the first mode and the second lever arm drives the inertial
resistance load in the second mode.

15.  The resistance system of Claim 13, wherein the at least one lever arm
comprises a first lever arm, a second lever arm and a third lever arm, wherein the first lever
arm and the second lever arm drive the inertial resistance load in the second mode, and
wherein the third lever arm drives the inertial resistance load in the first mode.

16.  The resistance system of Claim 15, wherein the third lever arm is linked to
the first and second lever arms, such that movement of either the first lever arm or the
second lever arm results in movement of the third lever arm.

17.  The resistance system of Claim 13, wherein the inertial resistance load
comprises a flywheel.

18.  The resistance system of Claim 17, wherein the non-inertial resistance load
comprises a displacement load in which a resistance supplied is related to a displacement
of a portion of the displacement load.

19.  The resistance system of Claim 18, wherein the displacement load is a
spring.

20.  The resistance system of Claim 13, wherein the mode selector comprises a
sliding collar.

21.  The resistance system of Claim 13, wherein the mode selector comprises a
first pin and a second pin that selectively engage a first drive plate and a second drive
plate, respectively.

22. The resistance system of Claim 21, further comprising an actuator that
drives the first and second pins between an engaged position and a disengaged position.

23. A method of using an exercise resistance system, comprising:

selecting one of at least a first mode, a second mode and a third mode of
resistance;

moving or controlling movement of a user interface in a first direction in
response to a force applied by the resistance system comprising a combination of
an inertial load and a non-inertial load in the first mode and the second mode and

only a non-inertial load in the third mode;
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moving or controlling movement of the user interface in a second direction
in response to a force applied by the resistance system comprising a combination of
an inertial load and a non-inertial load in the first mode and only a non-inertial load
in the second mode and the third mode.

24, The method of Claim 23, further comprising adjusting at least one of the
inertial load and the non-inertial load.

25. The method of Claim 23, further comprising adjusting the inertial load
separately from the non-inertial load.

26. The method of Claim 23, wherein the moving or controlling movement of
the user interface comprises moving or controlling movement of a lever arm about a pivot
axis.

27. A resistance system for exercise equipment, comprising:

a first resistance unit comprising a first resistance load, wherein the first
resistance load comprises an inertial resistance load;

a second resistance unit comprising a second resistance load that is separate
from the first resistance load;

a user interface that is movable by a user in a first direction and a second
direction, wherein the user interface is capable of utilizing one or both of the first
resistance unit and the second resistance unit;

wherein the first resistance unit can be utilized in a mode in which the
inertial resistance load is driven in one of the first and second direction and is not

driven in the other of the first and second direction.

-34-



PCT/US2013/045998

WO 2013/192048

1/19

36

50

30

32

AVRVATAN

(((((((

(((((((

((((((((((

70

68

44

F16. 7



WO 2013/192048 PCT/US2013/045998

2/19

36




WO 2013/192048 PCT/US2013/045998

3/19




WO 2013/192048 PCT/US2013/045998

4/19

30

82

B
—~

118

- _-32

\
~__T
AN
)

R 120

/L/‘M

F16. 4



WO 2013/192048

72
110
90
62
2
o
)
0
o
o
3
o
(]
° 42
) 110b
68 3 44
66 40

PCT/US2013/045998

5/19

110a
112

114

50

118b
84

_/—-11&1

30

116
80

118c

118

120

F6.5



WO 2013/192048 PCT/US2013/045998

6/19
//’_\///
42\/‘\
90 94

\ L J\T_/az "

1

\I \ |
(\ 106
108 92




PCT/US2013/045998

WO 2013/192048

719

@

AVAVAYAYAVAVAVAVAVAVAVAVAY:




WO 2013/192048

138a

140
136

138

/-/6: 5 110

68

66

132

136

8/19

134

40

114

PCT/US2013/045998

34

130 30
/’\/ /1/
/50
o
» 52
o
118
] 132



WO 2013/192048 PCT/US2013/045998

9/19
30
\[\ TN
42 /’//U\\\
152 o
62|
56| 15 o
- )][ Al o ||
i _q__
I |
TA | i
@ |
| | - 80
1D H
| / /
154 68 o
66 / Q
40 A T |




WO 2013/192048

PCT/US2013/045998

10/19
D S0
o o
So
~
A=
o
-4
o -4
o °
S
~
/ > +
f ~ R
™~ H ™~
> -
N RN -
> = - R \\\\\\\\\\\
) //// // ~ e
/
7/ /e/e N\ -
S <o D |
© w i
~
oo
\ h
~ /
\ ~ e
\
\\ \\\\ g : ////// /
S ™ _
e —
~— - o

/’ﬁ_,r

£16.70



WO 2013/192048 PCT/US2013/045998

11/19

;4/30
£16.77




WO 2013/192048 PCT/US2013/045998

12/19
/1/62
NG
70
L— }i\\/u
30
L~ 110 /\/
200
150
188 \ = )
172 154 N [ = 82
186 Wl \!; — ( g
182 180 ' g IN= I
AL PRI
- U s s - _f I | N | A
=1 s LI
A= b il (A
~. |
5 152 d : o
17 134 700 114 -
; 156
170 118
/( 120
40 '
| ol
42 =

£16.72



WO 2013/192048

138a ¥,
136
140
138
222
70 I o
40 ,
: °°
68 ° 116
114
220
66 4

13/19

134

VY1 224

gy
41

52

-
N

-
N

Z

~—’,/
# 0

\ o\

[—~120

F1G. 715

RECTIFIED SHEET (RULE 91) ISA/EP

~1
32
50
70
50

2

PCT/US2013/045998

30



PCT/US2013/045998

WO 2013/192048

14/19




WO 2013/192048 PCT/US2013/045998
15/19
TF
30 22« _< FA~_-220 50
\’\ Og =6 \,\
70
: " /{} {}/\/
118 —] 52
2™
116
b__—-110
178 152 82
80b ( 224 92
184 - o 7 - =
182 180 g | 1
g | mildl | b
174 o {7 NN f 4
— A WA E— - - 1 _(
176 Q/ 3_@) | i ) A

150

F16.75



PCT/US2013/045998

WO 2013/192048

16/19

F16.76



WO 2013/192048 PCT/US2013/045998

17/19

266

£6. 77

30
264

v
268
0
i 32

AT s

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2013/192048

44

PCT/US2013/045998

18/19

268 30

266 50
258\,.1 o T—\/256 \'\

250

118 —
2™
116
152 82
80b ( 92
¢ / 1 92
’ ] 1l
o g (D elp \\
| T4 [p d| ”
EZ D 1
V 80
T 262 260
170 ; 150
90 o o
TN
O ° ©

F6. 78



WO 2013/192048 PCT/US2013/045998

19/19

110

(3)
RLSAS
2] O




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/045998

A. CLASSIFICATION OF SUBJECT MATTER

INV. A63B21/06 A63B21/00
ADD.

A63B21/22

A63B22/00 A63B22/20

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A63B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7 462 141 B1 (RABOIN JASEN L [US] ET 1-3,
AL) 9 December 2008 (2008-12-09) 5-12,
23-27
column 3 - column 7; figures
X US 2004/224827 Al (ASHLEY PETER [US]) 1
11 November 2004 (2004-11-11)
abstract; figures
X WO 99/04864 Al (CHARNITSKI RICHARD D [US]) 1
4 February 1999 (1999-02-04)
abstract; figures
X US 4 470 597 A (MCFEE RICHARD [US]) 1
11 September 1984 (1984-09-11)
abstract; figures
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

17 September 2013

Date of mailing of the international search report

01/10/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Borras Gonzalez, E

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/045998

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

1 July 1997 (1997-07-01)
abstract; figures

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6 302 829 Bl (SCHMIDT DAVID H [US]) 1

16 October 2001 (2001-10-16)

abstract; figures
X US 5 643 153 A (NYLEN JAMES E [US] ET AL) 1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/045998
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 7462141 Bl 09-12-2008  NONE
US 2004224827 Al 11-11-2004  NONE
WO 9904864 Al 04-02-1999 US 6283899 Bl 04-09-2001
US 2002086777 Al 04-07-2002
US 2005037902 Al 17-02-2005
WO 0904864 Al 04-02-1999
US 4470597 A 11-09-1984  NONE
US 6302829 Bl 16-10-2001 US 6302829 Bl 16-10-2001
US 2002016237 Al 07-02-2002
US 5643153 A 01-07-1997 AU 6233294 A 15-08-1994
us 5643153 A 01-07-1997
WO 9416775 A2 04-08-1994

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - wo-search-report
	Page 56 - wo-search-report
	Page 57 - wo-search-report

