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(7) ABSTRACT

A resistance module for an exercise machine for providing
a substantially constant force through a range of motion
includes at least one cantilever spring and at least one rigid
member movable with respect to one another along a path of
travel. The rigid member causes the cantilever spring to
deflect and produce a resistance force. The cantilever spring
has an anchored end and a deflection end. The rigid member
engages the deflection end of the cantilever spring, and
constrains the deflection end to a predetermined path of
deflection as the cantilever spring and the rigid member
move with respect to one another. The rigid member can be
a non-planer contact surface along which the deflection end
tracks, or a pivot link. The module can include means for
operatively coupling at least one of the cantilever spring and
the at least one rigid member to an exercise machine.
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SUBSTANTIALLY CONSTANT-FORCE EXERCISE
MACHINE

[0001] Priority is claimed from U.S. Provisional Patent
Application No. 60/460,471, filed Apr. 2, 2003, which is
hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates generally to exercise
machines. More particularly, the present invention relates to
substantially constant-force resistance modules for use in
exercise machines.

[0004] 2. Related Art

[0005] The value of resistance training has been recog-
nized for many years. The goal of most resistance training
exercises is to provide resistance to movement by a user
such that the user’s musculature is strained while displacing
a load. So-called “free weights” are perhaps the simplest
manner in which to provide this resistance, as a user can
simply lift a weight while gravity acts on the mass of the
weight to provide resistance to the user’s motions. Because
the force of gravity is sufficiently constant through a range
of motion a human user can replicate, free weights can
effectively apply a substantially constant resistance through
the range of motion. While free weights are effective in
providing a substantially constant force through a range of
motion, free weights are necessarily heavy and often bulky,
posing the risk of injury to a user and providing an exercise
system that can be difficult to move and compactly store.

[0006] In addition to free weights, weight systems have
been incorporated into machines which often have pulley
and handle systems intercoupled to the weight system to
allow a variety of resistance training exercises to be per-
formed. Such exercise machines often have a “stack” of
weights to which a take-off is provided to allow a user to
adjust both the level of weight desired and the type of
exercise desired, i.e., bench press, leg curls, etc. Exercise
machines utilizing weight systems suffer from many of the
problems associated with free weights in that the machines
can be very heavy and difficult to move.

[0007] For these reasons, exercise machines have been
developed that substitute springs or other resistant members
for weight systems in an effort to streamline the exercise
machine into a lighter and safer machine. Also, springs have
been incorporated into exercise machines for use in low-
gravity environments, where the gravitational force is suf-
ficiently low as to negate the effectiveness of weight train-
ing.

[0008] While springs have been used with some success to
simulate the resistance provided by free weights or weight
systems, springs have also proved problematic as resistance
members. This is because most springs generally provide a
varying resistance to motion, that is, the force produced by
a spring generally changes as the displacement of the spring
increases or decreases. Thus, a user may encounter very high
or low resistance as the range of motion is begun, and very
low or high resistance, respectively, as the range of motion
is completed. As the goal of most resistance exercises is to
provide constant resistance through a range of motion,
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conventional springs have thus proved problematic as
weight substitutes in exercise equipment.

SUMMARY OF THE INVENTION

[0009] 1t has been recognized that it would be advanta-
geous to develop a resistance module for use in exercise
machines that provides a substantially constant resistance
force through a range of motion. In addition, it has been
recognized that it would be advantageous to develop a
resistance module that provides a substantially constant
resistance force that can be oriented within an exercise
machine in a variety of configurations.

[0010] The invention provides a resistance module for an
exercise machine for providing a substantially constant force
through a range of motion, including at least one cantilever
spring and at least one rigid member movable with respect
to one another along a path of travel. The rigid member
causes the cantilever spring to deflect and produce a resis-
tance force as the cantilever spring and the rigid member
move with respect to one another along the path of travel.
The cantilever spring has an anchored end and a deflection
end. The rigid member engages the deflection end of the
cantilever spring, and constrains the deflection end to a
predetermined path of deflection as the cantilever spring and
the rigid member move with respect to one another. Means
can be included for operatively coupling at least one of the
cantilever spring and the non-planar contact surface to an
exercise machine.

[0011] In accordance with another aspect of the invention,
a resistance module for an exercise machine for providing a
substantially constant force through a range of motion is
provided, including at least one cantilever spring and at least
one rigid member, each being operatively restrained by at
least one guide rail along a substantially linear path of travel
with respect to one another. The rigid member causes the
cantilever spring to deflect and produce a resistance force as
the cantilever spring and the rigid member move with
respect to one another along the linear path of travel. The
cantilever spring has an anchored end and a deflection end.
The rigid member engages the deflection end of the canti-
lever spring, and constrains the deflection end to a prede-
termined path of deflection as the cantilever spring and the
rigid member move with respect to one another

[0012] In accordance with another aspect of the invention,
a resistance module for an exercise machine for providing a
substantially constant force through a range of motion is
provided, including a pair of opposing crossheads moveable
with respect to each other along a path of travel, and at least
one guide rail along which at least one of the pair of
opposing crossheads moves along the path of travel. At least
one rigid member is associated with one of the pair of
opposing crossheads, and at least one cantilever spring is
associated with another of the pair of opposing crossheads.
The cantilever spring is engagable with the at least one rigid
member as the pair of opposing crossheads move with
respect to one another. The cantilever spring provides a
substantially constant compressive resistance force between
the crossheads in response to relative movement of the
crossheads along the path of travel.

[0013] A method for providing a substantially constant
force through a range of motion for exercising includes
pulling an active member of an exercise machine through
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the range of motion. At least one cantilever spring is
deflected through a range of deflection in response to pulling
of the active member to produce a resistance force. The
resistance force produced by the at least one cantilever
spring is separated into 1) a first component that is substan-
tially constant through the range of deflection, and 2) a
second component that is substantially non-constant through
the range of deflection. Only the first component of the
resistance force produced by the at least one cantilever
spring is operatively coupled to the active member of the
exercise machine. The cantilever spring and a rigid member
can be displaced relative to each other in a substantially
linear path of travel in response to pulling of the active
member. An angle of a force applied to the rigid member by
a deflection end of the cantilever spring can change from a
direction substantially parallel with the linear path of travel
to a direction at an acute angle to the linear path of travel.

[0014] In accordance with another aspect, the invention
provides a method for providing a substantially constant
force through a range of motion for exercising, including the
steps of: pulling an active member of an exercise machine
through the range of motion; displacing at least one of a
cantilever spring and a non-planar contact surface relative to
each other in a substantially linear path of travel in response
to pulling of the active member; and changing an angle of a
force applied to the non-planar contact surface by a deflect-
ing end of the cantilever spring from a direction substan-
tially collinear with the linear path of travel to a direction at
an acute angle to the linear path of travel.

[0015] Additional features and advantages of the inven-
tion will be apparent from the detailed description which
follows, taken in conjunction with the accompanying draw-
ings, which together illustrate, by way of example, features
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is front view of a substantially constant
force resistance module in accordance with an embodiment
of the present invention;

[0017] FIG. 2 is a front view of the resistance module of
FIG. 1 shown in a displaced configuration;

[0018] FIG. 3 is a front view of a cantilever spring
assembly in accordance with an aspect of the invention;

[0019] FIG. 4 is a front view of an exemplary pseudo-
rigid body model of a beam spring in accordance with an
aspect of the invention;

[0020] FIG. 5 is a front view of a substantially constant
force resistance module in accordance with another embodi-
ment of the present invention;

[0021] FIG. 6 is a front view of the resistance module of
FIG. § incorporated into an exercise machine;

[0022] FIG. 7 is a front view of another resistance module
in accordance with an embodiment of the invention; and

[0023] FIG. 8 is a front view of the resistance module of
FIG. 7 in a displaced configuration.

DETAILED DESCRIPTION

[0024] Reference will now be made to the exemplary
embodiments illustrated in the drawings, and specific lan-
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guage will be used herein to describe the same. It will
nevertheless be understood that no limitation of the scope of
the invention is thereby intended. Alterations and further
modifications of the inventive features illustrated herein, and
additional applications of the principles of the inventions as
illustrated herein, which would occur to one skilled in the
relevant art and having possession of this disclosure, are to
be considered within the scope of the invention.

[0025] The present invention provides one or more resis-
tance modules for providing a substantially constant force
through a range of motion for an exercise machine. Exercise
machines, physical fitness, weight training, and health main-
tenance are examples of fields that can benefit from use of
the present invention. For example, the module can be
incorporated into an exercise machine 11, shown by way of
example in FIG. 6. The exercise machine can have various
different configurations, operations, etc. The exercise mod-
ule can include a cantilever spring and a rigid member
movable with respect to one another along a path of travel.
The rigid member can include a non-planar contact surface
or a pivot link, as described in greater detail below. The rigid
member causes the at least one cantilever spring to deflect
and produce a resistance force as the at least one cantilever
spring and the at least one rigid member move with respect
to one another along the path of travel. The rigid member
engages a deflection end of the cantilever spring, and
constrains the deflection end to a predetermined path of
deflection as the at least one cantilever spring and the at least
one rigid member move with respect to one another. In
addition, the rigid member separates the resistance force
produced by the at least one cantilever spring into 1) a first
component that is substantially constant through the path of
deflection, and 2) a second component that is substantially
non-constant through the path of deflection. Means can be
included for operatively coupling only the first component
of the resistance force produced by the at least one cantilever
spring to the exercise machine.

[0026] As illustrated in FIGS. 1 and 2, one or more
resistance modules, indicated generally at 10, in accordance
with the present invention can be provided. The module 10
can include at least one cantilever spring 124 and at least one
non-planar contact surface 14b. The non-planar contact
surface 14b can form the rigid member described above. The
non-planar contact surface 14b can be curved or arcuate,
with a rounded or semi-circular shape. The cantilever spring
and non-planar contact surface can be movable with respect
to one another along a path of travel, shown generally at P.
The path of travel P can be substantially linear, as discussed
below. The cantilever spring 12a can be displaced towards
the non-planar contact surface 14b, as shown in FIG. 2,
along the path of travel P. Alternatively, the non-planar
contact surface can be displaced towards the cantilever
spring, or both can be displaced towards one another.

[0027] The cantilever spring can have an anchored end
164 and a sliding or deflection end 18a. The deflection end
18a can be engagable with, and can track along, the non-
planar contact surface 14b as the cantilever spring 12a and
the non-planar contact surface move with respect to one
other along the path of travel P. The cantilever spring 12a
can have an initial, substantially unstressed or non-flexed
configuration in which the cantilever spring is oriented
substantially parallel with the path of travel P. In addition,
the cantilever spring 12a can be initially oriented substan-
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tially orthogonal to the non-planar contact surface 14b
(although the deflection end 184 can engage the non-planar
contact surface at a slight angle to facilitate movement of the
deflection end along the contact surface in the proper
direction).

[0028] As shown in FIG. 2, the cantilever spring 12a can
be bendable as the deflection end 18a tracks along the
non-planar contact surface 14b to produce a substantially
constant resistance force in a direction of the path of travel
P as the cantilever spring and the non-planar contact surface
move with respect to one other along the path of travel. As
the cantilever spring 12a bends, the deflection end 18a
deflects. The curvature of the non-planar contact surface
14b, the cantilever spring 124, and the path of travel P can
define, and can be contained in, a plane or planar layer. As
the cantilever spring 12a bends, it remains within the plane
or planar layer. As described above, one or both of the
cantilever spring and the non-planer support surface can be
displaced towards one another. The term “cantilever spring”
is used to describe a beam or leaf spring with one end (the
anchored end 16a) constrained more than the opposite end
(the deflection end 184). For example, the anchored end 16a
can move as the cantilever spring 12a¢ moves or displaces
along the path of travel P, but is limited to movement along
the path of travel while the deflection end 18a deflects or
bends.

[0029] The module 10 can include a connection 20 to
operatively couple the cantilever spring and non-planar
contact surface to the exercise machine. The connection 20
can include a yoke 22 and a pin 24 which can engage a cable
26 coupled to or associated with the exercise machine. The
yoke 22 can be coupled to either the cantilever spring or the
non-planar contact surface, or associated components as
described below. The connection 20 is one example of
means for operatively coupling at least one of the cantilever
spring and the non-planar contact surface to an exercise
machine. The means for coupling the spring and/or contact
surface to an exercise machine can include a variety of
configurations.

[0030] The non-planar contact surface 14b and cantilever
spring 12a can each be operatively restrained by at least one
guide rail 28, which can define the path of travel P. One or
both of the cantilever spring 124 and non-planar contact
surface 14H can move along the guide rail 28. While not so
limited, in one aspect of the invention, the path of travel P
can include a substantially linear path, as the case would be
when the guide rails limit movement of the contact surface
and the spring to linear, movement along the guide rails.

[0031] In the embodiment shown in FIGS. 1 and 2, a pair
of opposing crossheads 30z and 305 can be moveable with
respect to each other along the path of travel P. One or both
of the pair of opposing crossheads can move along the guide
rail 28. The non-planar contact surface 14b can be associated
with or carried by one of the crossheads 30b. The cantilever
springs 12a can be associated with or carried by another of
the pair of opposing crossheads 30a. In addition, the con-
nection 20 can be coupled to one of the crossheads 30a.

[0032] The module 10 can include a plurality of cantile-
vered springs and a plurality of non-planar contact surfaces
operatively paired together. Pairing the springs and contact
surfaces can balance forces. For example, the springs and
contact surfaces can be paired to oppose one another, such
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as with opposite cantilever springs 12a and 12b and oppos-
ing non-planar contact surfaces 14a and 14b. A first canti-
lever spring 12a can be coupled to a first non-planar contact
surface 14a with the first cantilever spring 12a engaging a
second non-planar contact surface 14b opposite the first
contact surface 14a. A second cantilever spring 125 can be
coupled to the second non-planar contact surface 14b and
can engage the first contact surface 14a. Thus, the springs
and contact surfaces are paired to engage one another. As
another example, another pair can be provided similar to the
first pair, and can include third and fourth cantilevered
springs 12¢ and 12d, and third and fourth non-planar contact
surfaces 14¢ and 14d with similar configurations. Thus, the
first and third springs 12a and 12c¢ can be paired together
along with the first and third contact surfaces 14a and 14c.
The first and third springs 12a and 12¢ can bend in opposite
directions to balance the forces. The cantilever springs can
thus provide a substantially constant compressive resistance
force between the crossheads in response to relative move-
ment of the crossheads along the path of travel.

[0033] The crossheads 30a and 30b can be associated with
a pair of parallel guide rails 28 in a variety of manners
known to those skilled in the art. In the embodiments shown,
the crossheads can include linear bearings (not shown)
through which the guide rails are disposed. The linear
bearings can allow the crossheads to move relative to the
guide rails with very little resistance. Similarly, the non-
planar contact surfaces and the cantilever springs can be
formed from a variety of materials known to those skilled in
the art. In one aspect of the invention, the cantilever beams
are formed of a blue tempered and polished 1095 spring steel
with Rockwell C Hardness of about 48 to 50. The system has
been successfully incorporated into a PowerFlex Model
GGSY29210, manufactured by Icon Corporation of Utah. In
this application, the system was measured to have an output,
or resistance, force of about 418 N through a displacement
of about 13.3 cm.

[0034] The cantilever spring 12a and non-planar contact
surface 14b can be disposed within the system in a variety
of manners. As best shown in FIG. 3, in one aspect of the
invention, the cantilever springs can be held between two
shoulder plates 34 which can secure the spring in connection
with bolts 36 inserted through the shoulder plates, through
the spring, and into supporting structure of the resistance
module. As shown in FIGS. 1 and 2, the non-planar contact
surfaces can be secured to faces of the crossheads 30 via
bolts 38, or via a variety of connection means known to
those in the art. In one aspect of the invention, a first
cantilever spring 124 is coupled to a first non-planar contact
surface 14a and opposes a second cantilever spring 12b
coupled to a second non-planar contact surface 14b. In this
aspect, a deflection end 18« of the first cantilever spring can
be engagable with the second non-planar contact surface 145
and a deflection end 18b of the second cantilever spring can
be engagable with the first non-planar contact surface 14a.

[0035] The deflection end 18 of the cantilever springs 12
can engage and track along the non-planar contact surfaces
14 in a variety of manners. In the embodiment illustrated in
FIGS. 1 and 2, a slidable bearing 40 can be coupled to or
disposed on the end of the cantilever spring. In the aspect
shown in FIG. 3, a roller bearing 42 can be disposed on or
coupled to the end of the spring. In each case, the bearing
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aids in reducing drag between the spring and the contact
surface to improve efficiency of the resistance module.

[0036] As illustrated in FIG. 1, the system can include a
pair of opposing resistance modules disposed in an opposite
orientation with respect to each other. For example, a pair of
opposite cantilever springs 124, 12b can be disposed in
opposite orientation to a pair of opposing non-planar contact
surfaces 14a, 14b. In this manner, the system can be opti-
mized to cooperatively utilize the resistance force of a first
resistance module in connection with a second, substantially
equal resistance module opposing the first module.

[0037] As shown in FIG. 5, in one aspect of the invention
the system can include a total of eight resistance modules. In
this embodiment, a first two pairs of resistance modules can
be disposed in opposing orientation with respect to each
other. Set 124, 14a and set 12b, 14b can constitute a first pair
of the first two pairs of resistance modules, while set 12c,
14c¢ and 12d, 144 can constitute a second pair of the first two
pairs of resistance modules. Thus, each of the two pairs of
modules includes four non-planar contact surfaces and four
cantilever springs, as shown by example with the first two
pairs including non-planar contact surfaces 14a, 14b, 14c
and 144, and cantilever springs 12a, 12b, 12¢ and 12d. Each
of these components of the first two pairs of modules can be
disclosed in a first layer. In the example shown, the first layer
of modules is disposed in front of crossheads 30a and 30b.

[0038] In addition, the system can include a second two
pairs of resistance modules disposed in opposing orientation
with respect to each other. Set 12¢, 14e and set 12f, 14f can
constitute a first pair of the second two pairs of resistance
modules while set 12g, 14g and 12/, 14/ can constitute a
second pair of the second two pairs of resistance modules.
It will be appreciated that each two pairs includes four
non-planar contact surfaces and four cantilever springs, as
shown by example with the second two pairs including
non-planar contact surfaces 14¢, 14f, 14g and 14/, and
cantilever springs 12e¢, 12f, 12g and 124. Each of these
components of the second two pairs can be disclosed in a
second layer. In the example shown, the second layer of
modules is disposed in back of crossheads 30 and 305. The
second layer of modules can thus be oriented parallel and
adjacent to the first layer of modules.

[0039] Although the modules are shown having a vertical
path of travel P, it is understood that the modules could be
oriented to have a horizontal or even angled path of travel.
In addition, while some of the non-planar contact surfaces
are shown as separate (14b and 144), it is understood that the
contact surfaces could be a single, continuous surface.

[0040] In one aspect of the invention, the cantilever spring
12 can apply a force to the non-planar contact surface 14 that
varies in angle with respect to the path of travel P as the
deflection end 18 of the spring tracks along the non-planar
contact surface. For example, as the cantilever spring and
non-planar contact surface initially begin travel, a force F,
(FIG. 1) is initially applied to the non-planar contact surface
14b by end 18a of spring 122 in a direction substantially
parallel to the path of travel P. After the spring and non-
planar contact surface have traveled some distance toward
each other, as shown in FIG. 2, the force F, applied to the
contact surface by the spring is formed at an angle with
respect to the path of travel P. The angle can range in
magnitude and in one embodiment is an acute angle. Thus,
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the force has a component parallel with the path of travel,
and a component orthogonal to the path of travel. As the
spring bends, the resistance force provided by the spring
itself varies or increases, while the component of the force
parallel with the path of travel remains substantially con-
stant.

[0041] As shown in FIGS. 1 and 2, the non-planar contact
surface 12d can include an arcuate surface. In one aspect of
the invention, the non-planar contact surface can include a
circular surface having a substantially constant radius R of
curvature through at least 45 degrees. In the embodiment
shown, the magnitude of the substantially constant resis-
tance force provided by the module can be represented by
the equation F=0.105Eth?/L, which has been found to vary
less than about three percent (3%) over a deflection (d, FIG.
2) ranging more than about sixty percent (60%) of the
cantilever spring length. In the force equation given,
E=Young’s modulus of the spring, t=thickness of the can-
tilever spring (FIG. 1), h=width of the cantilever spring
(into the plane of FIG. 1), and L=length of the cantilever
spring (FIG. 1). In one aspect of the invention the values of
the variables were as follows: R=21.6 c¢m, L=28.8 cm,
h=5.08 cm, t=0.1575 cm, and E=207 GPa.

[0042] Turning now to FIG. 4, a pseudo-rigid body that
has been found to accurately predict the relatively large
deflection motion of the cantilever spring is shown. The
model includes a first rigid link 50 and second rigid link 52.
The first rigid link can be pivotally coupled to crosshead 54
at pinned connection 56. The second rigid link can be
pivotally coupled to the first link at pinned connection 58.
The second rigid link can be pivotally coupled to crosshead
60 via torsional spring 62. Assuming the torsional spring has
a spring constant K=0.188Eth®*/L, the model is optimized
with the non-dimensional length ratio of R/L.=0.753.

[0043] Referring to FIG. 6, the modules 10 are shown
incorporated with an exercise machine 11. The exercise
machine can have various different connections and opera-
tive components. As shown, the exercise machine can utilize
a pulley system 70 to operatively couple an active element,
such as hand grip 74, to the modules 10. Thus, a user can pull
on the hand grip 70, which pulls the cable 26 through the
pulley system 70 and displaces the cantilever springs and
non-planar contact surfaces of the modules towards one
another. It is understood that various different active ele-
ments can be used, such as foot grips, bars, leg or arm curls,
etc.

[0044] Turning now to FIGS. 7 and 8, another embodi-
ment of the present invention is shown for a resistance
module 105 configured for use in an exercise machine. The
module 10b can be similar in many respects to those
described above. The module 105 can include one or more
cantilever springs 12j and 12k, and one or more pivot links
80j and 80k The pivot links can form the rigid member
described above. The cantilever springs 12j and 12k can
each have an anchored end 16j and 16%, respectively, and a
deflecting end 18j and 18k, respectively. The pivot links 80f
and 80k can have a pivot end 82 pivotally coupled to
crosshead 30b, and an opposite moving end 84 pivotally
coupled to the deflecting end 18j and 18k of the cantilever
spring. The pivot link is configured to pivot about end 82 to
define an arcuate path of deflection of the other end 84
having a radius R. As shown in displaced configuration in
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FIG. 8, as the crosshead 30a moves relative to crosshead
305, the pivot links 805 and 80k cause the cantilever springs
12j and 12k to deflect and produce a resistance force as the
cantilever springs and the pivot links move with respect to
one another along the path of travel. The pivot links 80j and
80k engage the deflection ends 18; and 18k of the cantilever
springs, and constrain the deflection ends to a predetermined
path of deflection.

[0045] The present invention also includes a method for
utilizing the structure detailed above for providing a sub-
stantially constant force through a range of motion for
exercising. The method can include the steps of: pulling an
active member of an exercise machine through the range of
motion; deflecting a deflection end of at least one cantilever
spring through a path of deflection in response to pulling of
the active member to produce a resistance force; separating
the resistance force produced by the at least one cantilever
spring into 1) a first component that is substantially constant
through the path of deflection, and ii) a second component
that is substantially non-constant through the path of deflec-
tion; and operatively coupling only the first component of
the resistance force produced by the at least one cantilever
spring to the active member of the exercise machine.

[0046] The method can also include the steps of: displac-
ing at least one of a cantilever spring and a non-planar
contact surface relative to each other in a substantially linear
path of travel in response to pulling of the active member;
and changing an angle of a force applied to the non-planar
contact surface by a deflection end of the cantilever spring
from a direction substantially collinear with the linear path
of travel to a direction at an acute angle to the linear path of
travel.

[0047] The method can include the further step of displac-
ing at least one of a second cantilever spring and a second
non-planar contact surface relative to each other in the line
of travel. The at least one cantilever spring and non-planar
contact surface can comprise a resistance module, and the
method can comprise the further steps of: disposing two
pairs of resistance modules in opposing orientation with
respect to each other, and orienting the two pairs in a first
plane; and disposing a second two pairs of resistance mod-
ules in opposing orientation with respect to each other, and
orienting the second two pairs in a second plane parallel and
adjacent to the first plane. The method can include the
further step of disposing the second two pairs of resistance
modules behind the two pairs of resistance modules.

[0048] 1t is to be understood that the above-referenced
arrangements are illustrative of the application for the prin-
ciples of the present invention. It will be apparent to those
of ordinary skill in the art that numerous modifications can
be made without departing from the principles and concepts
of the invention as set forth in the claims.

What is claimed is:

1. Aresistance module configured for an exercise machine
for providing a substantially constant force through a range
of motion, comprising:

at least one cantilever spring and at least one rigid
member movable with respect to one another along a
path of travel with the at least one rigid member
causing the at least one cantilever spring to deflect and
produce a resistance force as the at least one cantilever
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spring and the at least one rigid member move with
respect to one another along the path of travel;

the cantilever spring having an anchored end and a
deflection end;

the at least one rigid member engaging the deflection end
of the cantilever spring, and constraining the deflection
end to a predetermined path of deflection as the at least
one cantilever spring and the at least one rigid member
move with respect to one another; and

means for operatively coupling at least one of the canti-
lever spring and the at least one rigid member to an
exercise machine.

2. A module in accordance with claim 1, wherein the at
least one rigid member separates the resistance force pro-
duced by the at least one cantilever spring into i) a first
component that is substantially constant through the path of
deflection, and ii) a second component that is substantially
non-constant through the path of deflection; and wherein the
means for operatively coupling operatively couples only the
first component of the resistance force produced by the at
least one cantilever spring to the exercise machine.

3. Amodule in accordance with claim 1, wherein the path
of travel is substantially linear.

4. A module in accordance with claim 1, wherein:

the rigid member includes at least one non-planar contact
surface;

the deflection end of the cantilever spring is engagable
with, and tracks along, the non-planar contact surface
as the cantilever spring and the non-planar contact
surface move with respect to one other along the path
of travel; and

the cantilever spring is bendable as the deflection end
tracks along the non-planar contact surface to produce
the substantially constant resistance force in a direction
of the path of travel as the cantilever spring and the
non-planar contact surface move with respect to one
other along the path of travel.

5. Amodule in accordance with claim 4, further compris-
ing a pair of opposing resistance modules disposed in an
opposite orientation with respect to each other, including a
pair of opposite cantilever springs and a pair of opposing
non-planar contact surfaces.

6. A module in accordance with claim 5, wherein a first
cantilever spring is coupled to a first non-planar contact
surface and opposes a second cantilever spring coupled to a
second non-planar contact surface, with a deflection end of
the first cantilever spring engagable with the second non-
planar contact surface and a deflection end of the second
cantilever spring engagable with the first non-planar contact
surface.

7. Amodule in accordance with claim 4, further compris-
ing:

two pairs of resistance modules disposed in opposing
orientation with respect to each other and being ori-
ented in a first layer; and

a second two pairs of resistance modules disposed in
opposing orientation with respect to each other and
being oriented in a second layer parallel and adjacent to
the first layer.
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8. A module in accordance with claim 7, wherein the
second two pairs of resistance modules are disposed behind
the two pairs of resistance modules.

9. A module in accordance with claim 4, wherein the
cantilever spring applies a force to the non-planar contact
surface that varies in angle with respect to the linear path of
travel as the deflection end of the spring tracks along the
non-planar contact surface.

10. A module in accordance with claim 4, further com-
prising a slidable bearing disposed on the deflection end of
the cantilever spring.

11. A module in accordance with claim 4, further com-
prising a rolling bearing coupled to the deflection end of the
cantilever spring.

12. A module in accordance with claim 4, wherein the
non-planar contact surface includes an arcuate surface.

13. A module in accordance with claim 4, wherein the
non-planar contact surface includes a circular surface having
a substantially constant radius of curvature through at least
45 degrees.

14. A module in accordance with claim 1, wherein:

the rigid member includes at least one pivot link having
a moving end and a pivot end;

the deflection end of the cantilever spring is pivotally
coupled to the moving end of the pivot link; and

the cantilever spring being bendable and the pivot link

being pivotal as the cantilever spring and the pivot link

move with respect to one other along the path of travel.

15. A resistance module configured for an exercise

machine for providing a substantially constant force through
a range of motion, comprising:

at least one cantilever spring and at least one rigid
member, each being operatively restrained by at least
one guide rail along a substantially linear path of travel
with respect to one another;

the at least one rigid member causing the at least one
cantilever spring to deflect and produce a resistance
force as the at least one cantilever spring and the at least
one rigid member move with respect to one another
along the linear path of travel;

the cantilever spring having an anchored end and a
deflection end; and

the at least one rigid member engaging the deflection end
of the cantilever spring, and constraining the deflection
end to a predetermined path of deflection as the at least
one cantilever spring and the at least one rigid member
move with respect to one another.
16. A module in accordance with claim 15, further com-
prising:

means for operatively coupling at least one of the canti-
lever spring and the at least one rigid member to an
exercise machine.

17. A module in accordance with claim 16, wherein the at
least one rigid member separates the resistance force pro-
duced by the at least one cantilever spring into i) a first
component that is substantially constant through the path of
deflection, and ii) a second component that is substantially
non-constant through the path of deflection; and wherein the
means for operatively coupling operatively couples only the
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first component of the resistance force produced by the at
least one cantilever spring to the exercise machine
18. A module in accordance with claim 15, wherein:

the rigid member includes at least one non-planar contact
surface;

the deflection end of the cantilever spring is engagable
with, and tracks along, the non-planar contact surface
as the cantilever spring and the non-planar contact
surface move with respect to one other along the path
of travel; and

the cantilever spring is bendable as the deflection end
tracks along the non-planar contact surface to produce
the substantially constant resistance force in a direction
of the path of travel as the cantilever spring and the
non-planar contact surface move with respect to one
other along the path of travel.

19. A module in accordance with claim 18, further com-
prising a pair of opposing resistance modules disposed in an
opposite orientation with respect to each other, including a
pair of opposite cantilever springs and a pair of opposing
non-planar contact surfaces.

20. A module in accordance with claim 19, wherein a first
cantilever spring is coupled to a first non-planar contact
surface and opposes a second cantilever spring coupled to a
second non-planar contact surface, with a deflection end of
the first cantilever spring engagable with the second non-
planar contact surface and a deflection end of the second
cantilever spring engagable with the first non-planar contact
surface.

21. A module in accordance with claim 18, further com-
prising:

two pairs of resistance modules disposed in opposing
orientation with respect to each other and being ori-
ented in a first layer; and

a second two pairs of resistance modules disposed in
opposing orientation with respect to each other and
being oriented in a second layer parallel and adjacent to
the first layer.

22. A module in accordance with claim 21, wherein the
second two pairs of resistance modules are disposed behind
the two pairs of resistance modules.

23. A module in accordance with claim 18, wherein the
cantilever spring applies a force to the non-planar contact
surface that varies in angle with respect to the linear path of
travel as the deflection end of the spring tracks along the
non-planar contact surface.

24. A module in accordance with claim 18, further com-
prising a slidable bearing disposed on the deflection end of
the cantilever spring.

25. A module in accordance with claim 18, further com-
prising a rolling bearing coupled to the deflection end of the
cantilever spring.

26. A module in accordance with claim 18, wherein the
non-planar contact surface includes an arcuate surface.

27. A module in accordance with claim 18, wherein the
non-planar contact surface includes a circular surface having
a substantially constant radius of curvature through at least
45 degrees.

28. A module in accordance with claim 15, wherein:

the rigid member includes at least one pivot link having
a moving end and a pivot end;
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the deflection end of the cantilever spring is pivotally
coupled to the moving end of the pivot link; and

the cantilever spring is bendable and the pivot link is
pivotal as the cantilever spring and the pivot link move
with respect to one other along the path of travel.
29. A resistance module configured for an exercise
machine for providing a substantially constant force through
a range of motion, comprising:

a pair of opposing crossheads moveable with respect to
each other along a path of travel;

at least one guide rail along which at least one of the pair
of opposing crossheads moves along the path of travel;

at least one rigid member, associated with one of the pair
of opposing crossheads;

at least one cantilever spring, associated with another of
the pair of opposing crossheads and engagable with the
at least one rigid member as the pair of opposing
crossheads move with respect to one another, the
cantilever spring providing a substantially constant
compressive resistance force between the crossheads in
response to relative movement of the crossheads along
the path of travel.

30. A module in accordance with claim 29, further com-

prising:

means for operatively coupling at least one of the cross-

heads to an exercise machine.

31. A module in accordance with claim 30, wherein the at
least one rigid member separates the resistance force pro-
duced by the at least one cantilever spring into i) a first
component that is substantially constant through the path of
deflection, and ii) a second component that is substantially
non-constant through the path of deflection; and wherein the
means for operatively coupling operatively couples only the
first component of the resistance force produced by the at
least one cantilever spring to the exercise machine

32. A module in accordance with claim 29, wherein:

the rigid member includes at least one non-planar contact
surface;

the deflection end of the cantilever spring is engagable
with, and tracks along, the non-planar contact surface
as the pair of opposing crossheads moves along the
path of travel; and

the cantilever spring is bendable as the deflection end
tracks along the non-planar contact surface to produce
the substantially constant resistance force in a direction
of the path of travel as the pair of opposing crossheads
moves along the path of travel.

33. A module in accordance with claim 32, wherein the
cantilever spring applies a force to the non-planar contact
surface that varies in angle with respect to the path of travel
as the deflection end of the spring tracks along the non-
planar contact surface.

34. A method for providing a substantially constant force
through a range of motion for exercising, comprising the
steps of:

pulling an active member of an exercise machine through
the range of motion;
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deflecting a deflection end of at least one cantilever spring
through a path of deflection in response to pulling of the
active member to produce a resistance force;

separating the resistance force produced by the at least
one cantilever spring into i) a first component that is
substantially constant through the path of deflection,
and ii) a second component that is substantially non-
constant through the path of deflection; and

operatively coupling only the first component of the

resistance force produced by the at least one cantilever

spring to the active member of the exercise machine.

35. A method in accordance with claim 34, further com-
prising the steps of:

displacing at least one of the cantilever spring and a rigid
member relative to each other in a substantially linear
path of travel in response to pulling of the active
member; and

changing an angle of a force applied to the rigid member
by a deflection end of the cantilever spring from a
direction substantially parallel with the linear path of
travel to a direction at an acute angle to the linear path
of travel.

36. A method in accordance with claim 34, wherein the
step of displacing at least one of the cantilever spring and the
rigid member relative to each other further includes displac-
ing at least one of the cantilever spring and a pivoting link
relative to each other in a substantially linear path of travel
in response to pulling of the active member.

37. A method in accordance with claim 34, wherein the
step of displacing at least one of the cantilever spring and the
rigid member relative to each other further includes displac-
ing at least one of the cantilever spring and a non-planar
contact surface relative to each other in a substantially linear
path of travel in response to pulling of the active member.

38. Amethod in accordance with claim 37, comprising the
further step of displacing at least one of a second cantilever
spring and a second non-planar contact surface relative to
each other in the substantially linear path of travel.

39. A method in accordance with claim 37, wherein the at
least one cantilever spring and non-planar contact surface
comprise a resistance module, and comprising the further
step of:

disposing two pairs of resistance modules in opposing
orientation with respect to each other, and orienting the
two pairs in a first plane; and

disposing a second two pairs of resistance modules in
opposing orientation with respect to each other, and
orienting the second two pairs in a second plane
parallel and adjacent to the first plane.

40. A method in accordance with claim 37, comprising the
further step of disposing the second two pairs of resistance
modules behind the two pairs of resistance modules.

41. A method in accordance with claim 37, wherein the
non-planar contact surface includes an arcuate surface.

42. A method in accordance with claim 37, wherein the
non-planar contact surface includes a circular surface have
a substantially constant radius of curvature through at least
45 degrees.



