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1
EXERCISE MACHINE

FIELD OF THE INVENTION

This invention relates generally to exercise equipment,
and in particular to stationary elliptical motion striding
equipment.

BACKGROUND OF THE INVENTION

A variety of exercise apparatus exists which allow the
user to exercise by simulating a striding motion. Some
exercise devices allow a stepping motion. For example, U.S.
Pat. No. 5,242,343, entitled “Stationary Exercise Device,”
illustrates an exercise device that includes a pair of foot-
engaging links for a striding motion. One end of each foot
link is supported for rotational motion about a pivot access,
and a second end of each foot link is guided in a reciprocal
path of travel. The combination of these two foot link
motions permits the user’s foot to travel in an inclined,
generally oval path of travel. The resulting foot action
exercises a large number of muscles through a wide range of
motion. The exercise device includes a pair of bell cranks,
similar to the bell cranks used with bicycle pedals, traveling
in identical circular paths 180° apart. The circular paths each
have a fixed diameter, which is a function of the fixed length
of the bell crank web. The first end of each foot link is
pinned to the outer end of one of the bell cranks, and thus
also travels in a circular path of a fixed diameter. The second
ends of the foot links are either slidingly or rollingly
engaged with a linear track, or suspended by a swinging link
arm, such that the rotary motion of the first ends of the foot
links and the reciprocating motion of the second ends of the
foot links, in combination, result in a reciprocating, pseudo-
elliptical foot path for the foot pad positioned between the
first and second ends of each foot link and on which a user
stands. The fixed resulting foot path is a predetermined,
machine-defined path that is variable only by manually
changing physical parameters of the equipment. Thus, while
the exercise device may provide a foot action that exercises
a large number of muscles through a wide range of motion,
it confines the range of motion by limiting the path traveled
by the first ends of the foot links to the circular path of the
bell cranks.

SUMMARY OF THE INVENTION

One embodiment of the exercise device of the present
invention is distinguished from the known so-called “ellip-
tical” motion exercise machines by providing a fore and aft
horizontal component of striding motion that is dynamically
user-defined, while providing a vertical component of the
motion that is maintained on a predetermined vertically
reciprocating path. While the user’s foot motion is guided in
a generally elliptical path, the present invention provides a
dynamically variable stride length, which allows the user to
move with a natural stride length, within the range of the
manufactured product. Thus, a tall or short user is able to
extend or curtail the stride length to match his or her natural
stride length, and the stride length desired for the level of
exercise being performed. The length of the reciprocating
path is dynamically adjusted during the exercise operation
without equipment adjustments or stopping the exercise
being performed by changes in the length of the stride input
by the user at a pair of laterally spaced apart foot engage-
ment members. As the user’s legs move with a longer
striding motion or a shorter striding motion during exercise,
the equipment automatically compensates by similarly
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2

increasing or decreasing the relative length-wise displace-
ment of the two foot engagement members. Thus, in contrast
to prior art devices, the length and shape of the reciprocating
path followed by the user’s feet is dynamically variable as
a function of the user’s input, without changing physical
parameters or settings of the exercise machine.

The operation of the two foot engagement members is
either dependent or independent depending on the construc-
tion of the embodiment of the invention. In other words, the
two foot engagement members are either operatively inter-
connected by an interconnection member, or operatively
disconnected from one another for independent fore-aft
movement.

Furthermore, one aspect of the invention uses a cam/cam
follower arrangement to minimize or soften the jolting
accelerations and decelerations associated with known fixed
stride-length exercise machines. The cams react in response
to the extended or shortened length of a user’s stride.

In several embodiments, a transmission utilizing a speed-
up drive mode of resistance and flywheel for inertia is
coupled to the reciprocating foot engagement members to
further smooth the operation, especially the vertical com-
ponent of the motion. A resistance to the striding motion
may be input under user control to enhance the exercise
experience by resisting one or both of the vertical and
horizontal components of motion.

According to another aspect of the invention, a first foot
engagement member is supported for first and second recip-
rocating motions within a first substantially vertical plane,
and a second foot engagement member is supported for first
and second reciprocating motions within a second substan-
tially vertical plane laterally spaced away from the first
plane at a convenient distance to accommodate a human
user.

In some embodiments of the invention, one of the first and
second reciprocating motions of the first foot engagement
member is interdependent with respective first and second
reciprocating motions of the second foot engagement mem-
ber with both of its vertical and horizontal components. In
other embodiments, interdependency is only with respect to
the vertical component. In other words, the length compo-
nent of the striding motion practiced by one of the user’s
legs is independent of the corresponding length component
practiced by the user’s other leg during exercise. In other
embodiments of the invention, the striding motion practiced
is the same with respect to the length component as a result
of the two foot engagement members being tied together
through an interconnection between the foot engagement
members, such that a cooperation or “dependency” is main-
tained between the reciprocating motions of the user’s two
feet during exercise in the horizontal component.

According to one aspect of the invention, the first hori-
zontal component of the reciprocal foot motion is dynami-
cally user-defined by varying the length of the stride input by
the user at the respective foot engagement member, without
accompanying changes to the physical parameters of the
exercise machine. According to the invention, the variation
in the length of the stride is infinite, within the physical
bounds of the exercise machine as manufactured.

In one embodiment of the invention, the height of the
vertical component of the reciprocal foot motion is also
dynamically user-defined by varying the height of the stride
input by the user at the respective foot engagement
members, also without accompanying changes to the physi-
cal parameters of the exercise machine. Accordingly, the
variation in the height of the stride is also infinite, within the
physical bounds of the specific embodiment of exercise
machine.
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3
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates one embodiment of the exercise device
of the present invention, which includes two foot links
pivotally suspended at a forward end from an upright
pedestal by respective swing arms and rollably supported at
a rearward end by rollers on crank arms, with a resistance
device resisting the vertical component of the foot link
motion via the rotating crank arms;

FIG. 2 illustrates a first alternative embodiment of the
exercise device of the present invention, wherein the two
foot links are slidingly supported at the rearward end by
linear bearings attached to the crank arms and handles are
fixed to the swing arms for upper body exercise;

FIG. 3 illustrates a second alternative embodiment of the
exercise device of the present invention similar to the
embodiment of FIG. 2, wherein the linear bearings have
springs that tend to limit the fore-aft displacement of foot
link while easing the jolts that may otherwise accompany
reversal of directions;

FIG. 4, illustrates a third alternative embodiment of the
exercise device of the present invention, wherein forward
and rearward cams at the rearward end of each foot link
provide increasing resistance to the horizontal component of
foot link motion when the foot links are moved horizontally
relative to a central location between the cams;

FIG. 4Ais an enlarged side view of cams used for the foot
links for the embodiment of FIG. 4;

FIG. 5 illustrates a fourth alternative embodiment of the
exercise device of the present invention similar to the
embodiment of FIG. 4 having a resistance device resisting
the horizontal component of the foot link motion but no
resistance device for the vertical component;

FIG. 6 illustrates a fifth alternative embodiment of the
exercise device of the present invention similar to the
embodiments of FIG. 4, wherein separate resistance devices
resist the vertical and horizontal components of the foot link
motion;

FIG. 7 illustrates a sixth alternative embodiment of the
exercise device of the present invention similar to the
embodiment of FIG. 4, wherein a single resistance device
resists both the vertical and horizontal components of foot
link motion;

FIG. 8 is an enlarged perspective view of only the foot
links, cams and crank arms used in the embodiments of
FIGS. 4-7,

FIG. 9 illustrates a path followed by a user using a stride
length corresponding to the combined lengths of the crank
arms for the embodiments of FIGS. 4-7;

FIG. 10 illustrates a path followed by a user inputting a
shorter stride length into the foot engagement pads on the
two foot links of the embodiments of FIGS. 4-7;

FIG. 11 illustrates a path followed by a user inputting a
longer stride length into the foot engagement pads on the
two foot links of the embodiments of FIGS. 4-7;

FIG. 12 illustrates a seventh alternative embodiment of
the exercise device of the present invention using an alter-
native arrangement which provides the vertical component
of the foot link motion at the aft ends of the two foot links;

FIG. 13 illustrates an eighth alternative embodiment of
the exercise device of the present invention similar to the
embodiment of FIG. 4 having interdependent swing arms;

FIG. 14 illustrates a ninth alternative embodiment of the
exercise device of the present invention having the forward
ends of the two foot links configured to each slidingly or
rollingly engage a variably inclinable ramp;
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FIG. 15 illustrates a tenth alternative embodiment of the
exercise device of the present invention having the forward
ends of the two foot links configured to each slidingly or
rollingly engage a variably inclinable curved ramp; and

FIG. 16 illustrates an eleventh alternative embodiment of
the exercise device of the present invention having the
forward ends of the two foot links configured to each
slidingly or rollingly engage a horizontal surface.

FIG. 17 illustrates a series of positions for one foot link
by showing the various positions of a cam as the user moves
the foot link through a stride.

FIG. 18 illustrates a twelfth alternative embodiment of the
exercise device of the present invention similar to the
embodiment of FIG. 13 with the foot links rollably sup-
ported at a forward end by the rollers of the crank arms, and
supported at a rearward end by the swing arms.

DETAILED DESCRIPTION OF THE
INVENTION

As shown in the drawings for purposes of illustration, the
present invention is embodied in an exercise apparatus,
indicated generally by reference numeral 2. The apparatus 2
primarily provides a lower body exercise while the user
stands on the exercise apparatus and moves the user’s legs
and feet in a variety of pseudo-elliptical striding paths
simulating the motion of running, jogging and walking, and
the motion of stepping in place, all referred to herein as
“striding” with varying amounts of stride horizontal length.
The pseudo-elliptical striding paths have both height
(vertical) and length (horizontal) components of movement.
The exercise machine 2 accommodates a variety of stride
lengths of the user and allows the user to change the length
of stride while an exercise is in progress, without requiring
any adjustment by the user of equipment settings. The
exercise machine 2 allows an infinite variety of stride length
throughout the exercise and, by virtue of the freedom of the
mechanism, immediately adjusts in response to the changing
stride length of the user. As used herein, stride length refers
to the distance between rearward and forward end extents of
travel of the user’s foot during an exercise repetition.

In one embodiment shown in FIG. 12, the exercise
machine 2 automatically and immediately moves in
response to the stride height used by the user during the
exercise and allows infinite user variability of the stride
height throughout a large stride height range at any time
during the exercise. As used herein, stride height refers to the
distance between downward and upward end extents of
travel of the user’s foot during an exercise repetition.

The exercise machine 2 allows the user to vary the stride
length independent of the stride height, thereby allowing the
user to engage in a natural stride length which can be varied
during the exercise without being constrained to a particular
stride length and height selected by the manufacturer to be
used by all users without variation. The exercise machine 2
in some embodiments has right and left foot dependency in
the rearward and forward directions.

The result is an exercise apparatus with improved con-
struction and user feel, and greater flexibility and ease of
operation that can simulate all striding-type motions and be
comfortably used by users with different natural stride
lengths. The exercise machine 2 can simulate striding-type
motions from running with large stride lengths to stepping in
place with little or no stride length, with stride length
movements that match the natural movements for a user of
any size. The exercise machine 2 automatically follows the
stride length input by the user while the exercise is in
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progress and automatically responds to any changes in stride
length input by the user.

FIG. 1 illustrates one embodiment of the exercise
machine 2 of the present invention. The exercise machine
includes a right foot beam or link 4 and a left foot beam or
link 6, laterally spaced-apart to comfortably receive a user’s
right and left feet, respectively, thereon for performing a
striding movement. Right and left foot engagement pads 44
and 46 are provided on the right and left foot links 4 and 6,
respectively, between the forward and rearward end portions
of the foot links, to receive the right and left feet of the user
with the user facing in the forward direction (FWD) indi-
cated on FIG. 1. The right and left foot links 4 and 6 each
have their forward end portion pivotally suspended from an
upright forward support structure or pedestal 8 by respective
laterally spaced-apart right and left swing arms 10 and 12.
The pedestal 8 extends upward from a fixed position on a
stationary base 14, which is configured to rest on a floor
surface. Each of the swing arms 10 and 12 is pivotally
suspended about a fixed pivot point on the upright pedestal
8, the right swing arm 10 being on the right side of the
pedestal and the left swing arm 12 being on the left side of
the pedestal, by a pivot pin or axle 16 projecting from the
right and left sides of the pedestal 8. A bearing journal 18
formed at one end of each swing arm 10 and 12 is pivotally
mounted on the corresponding free end of the axle 16, with
a rotary bearing or bushing therebetween.

The swing arms 10 and 12 are elongated structures, each
having the bearing journal 18 at an upper end, and a
respective one of right and left pivotal foot link connections
20 and 22 at a lower end. The right and left pivotal foot link
connections 20 and 22 each provide a pivot connected to the
forward end portion of a respective one of the foot links 4
and 6. Pivotal connections 20 and 22 are devises attached to
the foot link, with a pivot pin extending through the bearing
journal, but can have any other suitable hinge or pivot
configuration. The swing arms 10 and 12 are rigid links,
such as metal tubes, rods, or plates. Optionally, the swing
arms 10 and 12 can be formed from flexible links, for
example, made of cables, chains, straps or another suitable
flexible material.

The swing arms 10 and 12 guide the front end portions of
foot links 4 and 6, at respective pivotal connections 20 and
22, in a pendulous swinging motion through an arcuate path
“A” indicated on FIG. 1 about the axle 16, having a
predetermined radius “Ag.” Travel along arcuate path “A”
provides a substantially horizontal forward-rearward com-
ponent of motion simulating that motion of the user’s stride.
While a small vertical component of motion results as the
swing arms swing rearwardly and forwardly, the movement
is primarily in the horizontal direction.

A pair of laterally spaced-apart upright stanchions 24
extend upward from the base 14 in a fixed, longitudinally
spaced-apart relationship with the pedestal 8. The stanchions
24 rotatably support a bell crank assembly 26, which
includes right and left crank arms 28 and 30 rigidly attached
to opposite ends of a transverse axle 32. The crank arms 28
and 30 travel along identical repeating unidirectional circu-
lar paths, but 180 degrees out of phase with one another. The
crank arms 28 and 30 are in fixed relationship to one another,
spaced-apart on the opposite, laterally outward sides of the
stanchions 24. The axle 32 is rotatably supported in a fixed
location on the stanchions 24 for rotation about a transverse
pivot axis by two rotary bearings or bushings 34, one
secured to each of the stanchions 24.

The rearward end portion of each of the foot links 4 and
6 is supported by a distal end 33 of a corresponding one of
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the crank arms 28 and 30, at a free end of the crank arm
spaced apart from the axle 32 to move down and up with the
crank arm. In the embodiment of the exercise machine 2
illustrated in FIG. 1, the rearward end portions of foot links
4 and 6 each rollingly rest atop a roller 36 rotatably mounted
on a pin 38 attached to the distal end 33 of a corresponding
one of the crank arms 28 and 30. The pins 38 extend laterally
outward to the right and left sides of the crank arms 28 and
30, respectively, parallel with the axle 32. The rollers 36 of
the crank arms 28 and 30 are shaped to laterally retain the
foot links 4 and 6 thereon as the foot links reciprocally move
freely rearward and forward relative to the rollers during use
of the exercise machine 2. This arrangement allows the user
to use a stride length during the exercise and change stride
length without any machine adjustments while the exercise
is in progress. As best seen in FIG. 8, the rollers 36 are spool
shaped with inward and outward end walls 40 to retain the
foot links therebetween. The rollers 36 are mounted on the
pins 38 with rotary bearings or bushings (not shown) ther-
ebetween. The rollers 36 thereby combine with rotating
crank arms 28 and 30 to allow rearward-forward movement
of the foot links 4 and 6 as the crank arms rotate and move
the foot links up and down. In alternative embodiments, the
rollers 36 can be replaced with members that slidably
support the foot links 4 and 6 thereon.

A pulley 42 is rotatably mounted to and between the
stanchions 24 for rotation about the axle 32 and rotationally
fixed relative to crank arms 28 and 30 to rotate therewith.
The pulley 42 is rotatably attached to a transmission 58
containing a flywheel that has a sufficiently heavy perimeter
weight and is indirectly coupled to crank arms 28 and 30 so
as to help turn the crank arms smoothly even when the user
momentarily is not supplying a turning force and promote a
smooth reversal of foot link directions during the exercise.

As noted above, the foot engagement pads 44 and 46 are
provided on the foot link members 4 and 6, respectively.
Each of the foot engagement pads 44 and 46 is sized to
receive the user’s corresponding foot thereon during exer-
cise. It is noted that alternatively the foot links 4 and 6 can
be constructed without the foot engagement pads 44 and 46,
with the user standing directly on the upper surface of the
foot links.

The exercise machine 2 is operated when the user’s right
and left feet are placed in operative contact with the foot
engagement pads 44 and 46, respectively. The user exercises
by striding forwardly toward the pedestal 8. Each striding
motion of the user’s foot, while engaging one of the right
and left foot engagement pads 44 and 46, pushes a corre-
sponding one of the right or left foot link 4,6 rearward away
from the pedestal 8. As the one foot link is pushed rearward
by the user exercising, the other foot link 4,6 tends to be
carried forward toward the pedestal by the combined force
resulting from the crank arm supporting the other foot link
rotating applying a forward force on the foot link, from the
swing arms 10,12 supporting the foot link tending to pull the
foot link forward as it seeks a position hanging straight
downward, and from the user’s other foot applying a for-
ward force on the foot link as it is moved forward in
preparation for the next stride. However, the user naturally
keeps enough weight on the forward moving foot link that
the forward moving foot link will be moved no farther or
less forward than the user moves the foot on that foot link
forward. Thus, the forward moving foot link moves forward
with the foot thereon.

The operation of the exercise machine 2 can be started
with the foot links 4 and 6 in any position. For example, with
the exercise machine in the position illustrated in FIG. 1, the
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user’s gravitational mass, i.e., weight, placed predominantly
on the left foot engagement pad 46 of the left foot link 6
causes the left foot link 6 to sink downwardly toward base
14. The gravitational force resulting from the user’s weight
being predominantly on the left foot link 6 is transmitted to
the left crank arm 30, thus causing the left crank arm 30 to
rotate in the clockwise direction (as view from the right side
of the exercise machine in FIG. 1) about the axle 32 as the
left foot link 6 moves downwardly toward the base 14. A
natural striding motion causes the user to initially primarily
ride the left foot link 6 downward but to push rearwardly
more with the left foot against the left foot engagement pad
46 as the user’s left foot moves farther downward, much as
the user would initially bring the foot into contact with the
ground and then push backward against the ground while
striding to propel the user forward. This movement on the
exercise machine 2 moves the left foot link 6 rearward. The
exercise machine 2 allows the user to determine the stride
length that best suits him, and does not require the same foot
path be followed by all users. As in a natural striding motion,
as the left foot is moved rearward to propel the user forward,
the user simultaneously moves the right foot forward which
helps carry the right foot engagement pad 44 and the
corresponding right foot link 4 therewith by an amount
determined in the striding motion of the user, not the
machine parameters. This simulates normal striding on the
ground, where when one foot is put down and pushes
rearward to move the striders body forward, the other foot
is lifted and moved forward to get ready for the other foot’s
turn to be put down and push rearward.

Through the rotation of the crank arms 28 and 30 about
the axle 32, the downward movement of the left foot link 6
and the resulting clockwise rotation of the left crank arm 30,
causes the right crank arm 28 to rotate clockwise and move
upward. The supporting engagement of the right crank arm
28 with the right foot link 4, through the roller 36 thereof,
lifts the right foot link 4 upward away from base 14 as the
left foot link 6 moves downward toward the base. The inertia
of the transmission 58 as well as the continued downward
and rearward pushing by the user’s left foot on the left foot
engagement pad 46, rotates the left crank arm 30 clockwise
past its bottom dead center position pointing directly down-
ward (i.e., the 6 o’clock position), where the left foot link 4
is at its lowest position, and rotates the right crank arm 28
clockwise past its top dead center position pointing directly
upward (i.e., the 12 o’clock position), where the right foot
link 6 is at its highest position.

While this describes the motion of the left foot link 6
downward and rearward, starting from the position shown in
FIG. 1, exactly when the user actually stops pushing rear-
ward on the left foot engagement pad 46 with the left foot
and transfers his weight predominantly to the right foot and
the now raised right foot link 4 in order to repeat the forward
striding motion with the right foot link, depends on how long
of a stride the user has decided to use for that moment of the
exercise. The longer the stride, the later the weight shift will
occur after the left crank arm 30 passes the bottom dead
center position and begins to rise. It is noted that unlike prior
art elliptical exercise machines, which have the forward-
rearward movement of the right and left foot links precisely
controlled by being fixedly attached to the crank arms, the
right and left foot links 4 and 6 of the present invention move
with the user’s feet substantially forward and rearward
relative to the rollers 36 of the right and left crank arms 28
and 30, generally independent of the rotational position of
the crank arms. Thus, the rearward pushing movement of the
user’s left foot on the left foot engagement pad 46, and hence
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on the left foot link 6, for example, might be stopped even
before the left crank arm 30 reaches the bottom dead center
position for a short stride (for almost a stepping or jogging
in place movement with very little forward-rearward travel
of the foot links), or might be stopped after the left crank arm
30 is in a horizontal position pointing rearward but before
reaching the top dead center position (for a long striding
movement, especially for a user with long legs and a natural
long stride).

When the user does stop pushing rearward with the left
foot, the user’s weight will be predominantly transferred to
the right foot and thrust the right foot engagement pad 44
and the right foot link 4. When this occurs, the right crank
arm 28 will have been rotated clockwise from the position
shown in FIG. 1 to a position 180 degrees from the position
of the left crank arm 30 when the user elects to transfer his
weight. This might be at or about the top dead center
position of the right crank arm 28 for a stepping or jogging
in place movement with a very short forward-rearward
travel of the foot links 4 and 6, or near or after a horizontal
position where the right crank arm 28 is pointing forward for
a long striding movement, or anywhere the right crank arm
28 is located when the weight transfer occurs. The weight
transfer to the right foot engagement pad 44 and hence the
right foot link 4 will normally occur for smooth operation
when the right crank arm 28 is in a position where down-
ward movement of the right foot link is still possible under
the user’s weight after the weight transfer occurs. Once the
weight transfer occurs to the right foot link 4, the user
continues the exercise movement, this time with the right
foot moving downward and pushing rearward against the
right foot engagement pad 44, while he simultaneous moves
his left foot forward while the left foot engagement pad 46
and the left foot link 6 move forward with it. As with the left
foot, the natural striding movement of the right foot is to
initially primarily ride the right foot link 4 downward but to
push rearwardly as the user’s right foot moves farther
downward. By the time the crank arm supporting the foot
link to which the user’s weight is transferred nears the
bottom dead center (6 0’clock) position, the foot is applying
an increasingly horizontal rearward pushing force to the foot
link. As described for the left foot, the user at the time he
selects will shift his weight back to the left foot engagement
pad 46 and a full cycle with both left and right foot forward
strides will be completed. By continuing to cyclically move
the left and right feet as described, a natural striding move-
ment is achieved which can have a very different stride
length and path for each user and can be changed in response
to the user changing his stride length during the exercise.

As noted, the actions of the two interconnected crank
arms 28 and 30 are exchanged, usually some time after the
opposite crank arm moves clockwise past the 12 o’clock
position and starts rotating downwardly toward base 14. The
user’s weight is then transferred to the now sinking foot link
supported by this crank arm. The crank arm rotation causes
the foot link supported by the other crank arm to rise
upwardly away from base 14. When the foot link supported
by this other crank arm reaches the position where the user
decides to transfer his weight thereto, the process starts over
with respect to the now newly weighted foot link. The now
substantially unweighted foot link is moved forward, as
described above in part by the movement of the crank arm
supporting it and by the forward moving foot of the user in
a natural striding motion. It is noted that the forces are
transferred to the foot links 4 and 6 via the foot engagement
pads 44 and 46, in the illustrated embodiment of FIG. 1, but
may be through any other suitable force transference mecha-
nism affixed to the respective foot links, or directly to the
foot links.






