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RECIPROCATING BELT DRIVE
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Patent
Application No. 60/932,444, filed on May 31, 2007, the entirety of which is

incorporated herein by reference for all purposes.

BACKGROUND
[0002] Chain driven drive systems and other single speed torque
transmission systems are well known and often u_tilized in many human
powered applications. Known chain drive systems often include derailleur
systems to provide for muitiple chain and drive speeds. These known drive
systems typically include multiple sprockets, one-way coaster axles and other
hardware to couple with and control the torque transmitted via the drive chain.
It would be desirable to provide a light and quiet drive system that may be

utilized to transmit torque in, for example, a human powered application.

SUMMARY

[0003] In one embodiment, a belt drive configured to cooperate with a
drive mechanism is disclosed. The belt drive includes a drive belt pulley
reciprocally coupled to the drive mechanism wherein the drive mechanism
reciprocally translates between a power stroke and a return stroke, a driven
pulley reciprocally coupled to the drive belt pulley via a drive belt wherein the
drive belt includes a plurality of asymmetrical drive teeth configured to
cooperate with a plurality of asymmetrical driven teeth disposed on the driven
pulley, and an engagement mechanism disposed substantially adjacent to the

drive belt and the driven pulley wherein the engagement mechanism is

SUBSTITUTE SHEET (RULE 26)
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configured to cooperate with the drive belt during the power stroke, and
wherein the drive belt substantially disengages the driven pulley during the
return stroke.

[0004] In another embodiment, a belt drive system is disclosed. The belt
drive system includes a reciprocating drive mechanism having a drive belt
pulley configured to provide a power stroke and a return stroke wherein the
drive belt pulley includes a plurality asymmetric spoke teeth disposed about a
circumference of the drive belt pulley, a driven pulley disposed away from the
drive belt pulley wherein the driven pulley includes a plurality of asymmetrical
driven teeth disposed thereon, and wherein each of the plurality of
asymmetrical driven teeth includes a driven surface, a drive belt configured to
releasably couple the drive belt pulley to the driven pulley as the drive
mechanism reciprocates between the power stroke and the return stroke
wherein the drive belt includes a plurality of asymmetrical drive teeth disposed
thereon, and wherein each of the plurality of asymmetrical drive teeth includes
a drive surface. The belt drive system further includes an engagement
mechanism disposed substantially adjacent to the drive belt and the driven
pulley wherein the engagement mechanism is configured to cooperate with
the drive belt during the power stroke, and wherein the drive belt substantially
disengages the driven pulley during the return stroke.

[0005] In another embodiment, a belt drive system is disclosed. The belt
drive system includes a drive belt pulley reciprocally coupled to a drive
mechanism configured to translate between a power stroke and a return
stroke, a drive belt fixedly coupled to the drive belt pulley, the drive belt

including a plurality of asymmetrical drive teeth and wherein each of the
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plurality of asymmetrical drive teeth includes a drive surface arranged
substantially perpendicular to a belt surface, and a driven pulley releasably
coupled to the drive belt pulley via the drive belt, wherein the driven pulley
includes a plurality of asymmetrical driven teeth and wherein each of the
plurality of asymmetrical driven teeth includes a driven surface arranged to
cooperate with the drive surface such that the drive belt cooperatively
engages the driven pulley throughout the power stroke, and wherein the drive
belt disengages from the driven pulley throughout the return stroke.

[0006] Other embodiments are disclosed, and each of the embodiments
can be used alone or together in combination. Additional features and
advantages of the disclosed embodiments are described in, and will be

apparent from, the following Detailed Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES
[0007] FIG. 1 illustrates a perspective view of a first embodiment of a
human powered scooter;
[0008] FIG. 2a illustrates a rear view of the embodiment of FIG. 1;
[0009] FIG. 2b illustrates a top view of the embodiment of FIG. 1;
[0010] FIG. 3a illustrates a mirrored isometric view of the embodiment of
FIG. 1 with the outer frame removed for clarity;
[0011] FIG. 3billustrates a rear view of the embodiment of FIG. 1 with the
outer frame removed for clarity;
[0012] FIG. 3cillustrates an exploded rear portion of the embodiment of
FIG. 1 with the outer frame removed for clarity;
[0013] FIG. 4 illustrates a perspective view of the outer frame of the

embodiment of FIG. 1;
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[0014] FIG. & illustrates a second embodiment of a human powered
scooter utilizing a belt drive disclosed herein;

[0015] FIG. 6 illustrates a perspective view of an embodiment of a belt
drive coupled to a driven wheel;

[0016] FIG. 7 illustrates a plan view of an embodiment of the belt drive
shown in FIG. 6;

[0017] FIG. 8 iliustrates an enlarged plan view of an embodiment of the
belt drive shown in FIG. 7;

[0018] FIG. 9illustrates an embodiment of the belt drive shown throughout
a power stroke; and

[0019] FIG. 10 illustrates an embodiment of the belt drive shown

throughout a return stroke and when coasting.

DETAILED DESCRIPTION

[0020] The belt drive and belt drive system disclosed and discussed herein
provides a light and robust reciprocating drive mechanism configured to
propel a human powered device such as a scooter or a bicycle. In the
drawings, various embodiments of the invention are depicted, and reference
is made herein to scooters and bicycles with the majority of the description
being given in relation to scooters. The many aspects described in the in the
various embodiments may equally apply to stepping machines and other
machines or vehicles and although those described are usually provided as
two wheeled vehicles, other wheel or non-wheel arrangements may apply.
[0021] It should be noted that the term “scooter” is generally used in the

specification to describe a usually two-wheeled vehicle having a body portion
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on which a user may stand and an upstanding steering column with no seat or
seat post. Again, alternative vehicles and applications are possible.

[0022] Referring first to FIG.1, an embodiment of a human powered device
in the form of a scooter 1 is shown. The scooter 1 includes a front wheel
assembly 2, a rear wheel assembly 3, an inner frame 4 and an outer frame 5.
Unlike conventional scoters that rely solely on pushing of the vehicle by the
user, this scooter also incorporates an embodiment of a drive mechanism 6
which is constructed to drive the rear wheel 7 and the use the front wheel 8
for steering.

[0023] Referring to FIGS. 2a and 2b, the rear view and the top view of the
above mentioned embodiment are shown respectively. The front wheel
assembly 2 includes a standard bicycle front wheel 7 mounted onto a front
fork 9 in combination with a front braking attachment. The wheel 7 is
connected to a steering column 10 having a handle bar 11 mounting right and
left braking handles 12a and 12b. The invention also utilizes a pivoting head
tube 16 and a steering column 10 along with a modified mounting plate 17,
which is connected to the inner frame 4, for the optional pivoting and locking
of one leg of the front fork 9 so that the front wheel 7 clears the ground
sufficiently when moving the vehicle in a backward dolly mode. The outer
frame 5 is also fitted with a seat post 13 and a seat 14 for optional seating
arrangement at a specified position.

[0024] Referring to FIGS. 3a and 3b, the mirrored isometric view and the
rear views of the above mentioned embodiment of the invention, without the
outer frame 4, are shown respectively. The inner frame assembly 4 includes a

series of strategically positioned standard mounting plates 19a and 19b, 20a
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and 20b, 21a and 21b, 22a and 22b, and 24a and 24b. These plates are
mounted together to provide a sturdy structural link between the front wheel
assembly 2 through the modified mounting plate 17, and the rear wheel
assembly 3 through the wheel mounting plate 26a & 26b. The treadle pivoting
shaft 25 is positioned in between the joints of the mounting plates of 22a/22b
and 24a/24h. The standard pedals 23a and 23b are pivotally mounted on
each side of treadle pivoting shaft 25. The treadles 18a and 18b are mounted
on these pedals 23a and 23b to generate the pivoting motion at the toe end.
[0025] A central board 27 is placed over the top of the mounting plates 21a
& 21b. The central board incorporates a urethane bar 28 mounted across it
using a mounting plate 29. This urethane bar acts as a stopper/cushioning
pad for the treadles in the downward direction.

[0026] A pair of small wheels 30a and 30b are positioned on each end at
the joint of the mounting plates 19a/19b and 21a/21b. The plates 20a and
20b are mounted in between them. These are used for the protection of the
inner frame assembly 4 over uneven ground or stairs.

[0027] A tube guiding assembly 31 is attached in between the mounting
plates 21a and 21b using standard “L" standoffs. This assembly guides the
central tube attached to the outer frame 5 on which the seat post 13 is
mounted.

[0028] A triangular shaped trimmed bicycle frame 32 is attached in
between the mounting plates 19a & 19b, which supports and carries the front
crankshaft 33.

[0029] Referring now to FIG 3¢, the front view of the driving mechanism 6

of the above mentioned embodiment of the invention is shown. The pair of
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right and left treadles 18a and 18b are pivotally attached to the inner frame
assembly 4 in the toe end on the treadle pivoting shaft 25, through standard
right and left pedals 23a and 23b. On the heel end, the treadles 18a and 18b
are connected to a pair of left and right common sprag-type one-way clutch
devices known as Power Cranks. These are shown at 37a and 37b. The
Power Cranks are attached via a pair of double swivel linkages 35a and 35b,
and 36a and 35b, through hubs 34a and 34b mounted on the respective
treadles. These power cranks 37a and 37b effectively de-link the treadles 18a
and 18b from each other, which makes them work independently. The front
sprocket 39 is attached to one of the Power Cranks, for example the right
Power Crank 37a. The pair of Power Cranks 37a and 37b assemblies are in
turn mounted on a front crankshaft 33 which is held in position by a triangular
shaped trimmed bicycle frame 32 attached to the inner frame assembly 4.
[0030] The independent reciprocating motion of the treadles 18a and 18b
is transmitted to the front crankshaft 33 as rotary motion through the Power
Cranks 37a and 37b. This rotary motion in turn is transmitted to the front
sprocket 39, which in turn transmits this rotary driving motion to the rear wheel
8 through a continuous chain 41 and a rear sprocket 40 mounted on the rear
wheel 8.

[0031] Referring again to FIGS. 2a and 2b, it can be seen that in addition
to the above-mentioned linkage system a second connection point may be
added by attaching a pair of crank arms 38a & 38b perpendicularly to the
respective Power Cranks 37a and 37b. This allows for the connection of a

pair of springs 15a and 15b respectively which serves to automatically return
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the treadles 18a and 18b to a raised heel position when they are not
weighted.

[0032] Referring now to FIG.4, a perspective view of the outer frame 5 of
the above mentioned embodiment of the invention is shown. The frame
includes a plurality of horizontally placed aluminum tubes forming the bottom
42 and the top 43 parts of the frame. The frame also includes a set of
vertically placed aluminum tubes forming the vertical part 46 and the rear part
45 of the frame, thereby connecting the bottom and top parts 42 and 43. A set
of perpendicularly connected tubes 44 are attached to the middle tube of the
top part 43 to form the locating position for the seat post 13. A pair of
“Y"shaped tube connections 47a and 47b along with the front central tube 49
make up the front part of the outer frame assembly 6. The tubes 47a and
47b, and a set of cross tubes 48a and 48b support the modified mounting
plate 17 supporting the pivoting head 16.

[0033] The front central tube 49 supports a pair of small wheels 50a & 50b
at each end which are used as a dolly for vehicle support when the front
wheel is pivoted forward into a folded position for compact storage and
movement.

[0034] Similarly the rear tube of the bottom part 42 also supports a pair of
small wheels 51a and 51b at each end which are used to assist the vehicle
movement when the vehicle is standing vertically on its back end.

[0035] Other particular aspects of the scooter of FIG. 1 may be
implemented as follows:

[0036] 1. The front wheel assembly can incorporate standard bicycle

components such as a bicycle front wheel mounted to a front fork with a front
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braking attachment, connected to a steering column with a handle bar
containing front and back braking handles mounted on it. The rear wheel
assembly can include a bicycle rear wheel mounted with a rear sprocket.
[0037] The outer frame can comprise a series of aluminum pipes
connected together using multiple pipe joints to form a skeleton frame to
house the inner frame and to serve as attachment points for various extra
equipment such carry-on and dolly pack. Of course, alternative materials and
connection methods for the tubing or other structures may be used.

[0038] The small wheels mounted on the frame allow for transportation in
different positions.

[0039] The return stroke of the pedals may be provided by a pair of springs
connecting the perpendicular crank arms attached to the power cranks and
the outer frame.

[0040] In another embodiment the vehicle may include longer or multiple
treadles along with larger frames to accommodate longer wheel base for
multiple user or tandem use.

[0041] The vehicle may also be fitted with battery power to assist the user
by supplying partial driving force for exhausting tasks like moving uphill via an
electronic regulator. The batteries in such a device may be charged during
cruise and downhill situation

[0042] The vehicle may also be fitted with a wireframe basket on top to
carry loads or goods for street hawking or transporting; a canopy to provide
shelter from sun and rain; or a wind shield pivotally on the same mounting

shaft as the treadles to provide shelter from wind and rain during motion.



WO 2008/151084 PCT/US2008/065423

[0043] A belt or harness may be provided to support flexible lines
connected to the vehicle to allow the user to apply motive force to the treadles
larger than the user’s weight.

[0044] Thus, this embodiment of a scooter may be utilized with the above
drive mechanism, variations, accessories or other drive arrangements which
convert substantially rectilinear motions to circular motions of the cranks and
the rear wheels. Such drive mechanisms will be discussed further below with
respect to FIGS. § et seq.

[0045] FIG. Sillustrates a second embodiment of a human powered device
100. In this exemplary embodiment, the human powered device 100 is
configured as a scooter having a frame 102 supporting: a steering assembly
104, a reciprocating drive mechanism; and a belt drive 200 (see FIG. 6). The
steering assembly 104 includes a steerable wheel 108 coupled to a handle
bar 110 via a steering column 112, The reciprocating drive mechanism 106
includes a first drive pedal 114 and a second drive pedal 116 coupled to the
belt drive 200. The belt drive 200 may, in turn, couple to and drive a driven
wheel 118 to thereby propel the human powered device 100.

[0046] FIGS. 6 and 7 illustrate perspective and plan views, respectively, of
the belt drive 200 coupled to the driven wheel 118. The belt drive 200, in this
exemplary embodiment, includes a pair of drive belt pulieys 202, 202a
coupled to a driven pulley 204, 204a of the driven wheel 118 via drive belts
206, 206a. The drive belts 206, 206a may be endless molded belts of
thermo-set polyurethane and/or other elastomeric material configured to
encase a reinforcing layer or portion of threads centered along the belt pitch

line. For example, the reinforcing threads may be Kevlar® or any other

10
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aramid thread, steel wire or mesh and/or polyester threads. The drive belts
206, 206a may be manufactured via, for example, a spin casting or
Centrifugal Rubber Mold Casting (CRMC) process that utilizes centrifugal
force to produce castings from a rubber mold. Each of the drive belt pulleys
202, 202a includes a drive lever 208, 208a. The drive levers 208, 208a, in
turn, may be coupled to the first and second drive pedals 114, 116.

[0047] In operation, the drive lever 208 may be coupled to the first drive
pedal 114, and the drive lever 208a may be coupled to the second drive pedal
116. The physical position of the drive levers 208, 208a on the drive belt
pulleys 202, 202a may be selected to ensure that each drive belt pulley 202,
202a rotates reciprocally with respect to the remaining drive belt pulley in
response to the movement of the attached first and second drive pedals 114,
116. In other words, in response to the substantially linear movement of the
attached first and second drive pedals 114, 118, one drive belt pulleys 202
may rotate in a clockwise direction with respect to the other drive belt pulley
202a which may rotate in a counter-clockwise direction. Thus, as the drive
lever 208a translates down throughout a power stroke, the drive belt pulley
202a rotates in the direction indicated by the arrow A (see FIG. 6). The drive
belt 206a releasably engages the driven pulley 204a and translates in the
direction indicated by the arrow A’ (see FIG. 6). Similarly, as the drive lever
208 translates upward throughout a return stroke, the drive belt pulley 202
rotates in the direction indicated by the arrow B (see FIG. 7). The drive belt
206, in turn, disengages from the driven pulley 204 and translates in the
direction indicated by the arrow B’ (see FIG. 7). The drive belts 206, 206a

may be fixedly and/or permanently secured to their respective drive belt

11
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pulleys 202, 202a such that only a portion of the belt may be utilized during
each power or recovery stroke. The drive belts 206, 206a may be periodically
adjusted to prevent excess wear at the point of cooperation with the driven
pulley 204, |

[0048] FIG. 8illustrates an enlarged plan view of the belt drive 200. In
particular, half of the belt drive 200 including the drive belt pulley 202, the
driven pulley 204 and the drive belt 206 are visible and illustrated in FIG. 8. A
plurality of idlers 400a to 400f may be positioned adjacent to the drive belt 206
to ensure adherence to the intended drive belt path.

[0049] The drive belt pulley 202 may include a plurality of asymmetrical
teeth 402 disposed or formed about the circumference. In one embodiment,
the drive belt pulley 202 may have a diameter of 10.565" and a circumference
of 33.1908". The driven pulley 204 may similarly include a plurality of
asymmetrical teeth 404 disposed or formed about the circumference. In one
embodiment, the driven pulley may have a diameter of 1.784" and a
circumference of 5.6046”. In one embodiment, the drive belt pulley 202 may
include one-hundred sixty-eight (168) of asymmetrical teeth 402 and the
driven pulley 204 may include twenty-nine (29) of asymmetrical teeth 404
resulting in a drive ratio of 5.793 to 1. Thus, the length or pitch between each
of the asymmetrical teeth 404 may be calculated to be 0.193" based on the
exemplary measurements and sizes discussed and disclosed herein.

[0050] FIG. 9illustrates an enlarged plan view of the belt drive 200 during
a power stroke of the drive mechanism 106 (see FIG. 5). In this exemplary
embodiment, the drive belt 206 includes a plurality of asymmetrical teeth 502

sized to engage, in a complementary and releasable manner, the

12
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asymmetrical teeth 402, 404 provided on the drive belt pulley 202 and driven
pulley 204, respectively. Each of the asymmetrical teeth 502 of the drive belt
206 may have a 0.200" length or pitch that includes a ratchet surface 502b
and a drive surface 502a height of 0.050". The difference in length or pitch
(0.007) between the driven pulley 204 and the drive belt 206 may provide a
complimentary fit between the distorted (due to bending) asymmetrical teeth
502 of the drive belt and the asymmetrical teeth 404 of the driven pulley 204.
Moreover, the drive surface 502a may be formed or manufactured at
approximately a 100 degree included angle. The resulting asymmetrical teeth
502a may provide saw-tooth or ratchet-like structure suitable for engaging,
driving and disengaging the driven pulley 204 as the drive sprocket 202 cycles
between the power stroke and the return stroke.

[0051] The driven pulley 204, as previously discussed, may include the
plurality of asymmetrical teeth 404 formed to compliment the asymmetrical
teeth 502. Similar to the drive surface 502a, a drive surface 404a of the
driven pulley 204 may be formed or manufactured at approximately a 100
degree included angle. Given the size, e.g., twenty-nine (29) teeth, of the
driven pulley 204 relative to the size and configuration of the asymmetrical
teeth 404, the 100 degree include angle at which the drive surface 404a is
formed is substantially radial relative to the center of the driven pulley 204.
This relative configuration between the asymmetrical teeth 404 and the
asymmetrical teeth 504, ensures that the drive surfaces 404a and 502a
ensure cooperate and/or mate during the power stroke of the drive belt pulley
202 and release from each other during the return stroke. Moreover, if, during

operation, the driven pulley 204 is rotating too fast, for example, when the

13
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human powered device 100 is coasting downhill, the tooth configuration of
driven pulley 204 ratchets the belt drive 206 away from the asymmetrical teeth
404 thereby preventing engagement and/or wear of the belt.

[0052] An engagement mechanism 500 may be configured to releasably
and controllably engage the drive belt 206 during a power stroke. For
example, the engagement mechanism may include a solenoid configured to
shift an idler 500a into contact with the surface of the drive belt 206. The idler
5004, in turn, brings the drive belt 206 into contact with the driven pulley 204.
In particular, the idler 500a brings the drive surface 502a portion of the
asymmetrical teeth 502 into contact with the drive surface 404a portion of the
asymmetrical teeth 404. Thus, during a power stroke, the engagement
mechanism 500 may compel the drive belt 206 to cooperate with, and
transmit torque to, to the driven pulley 204. For example, during the power
stroke, the transmitted torque creates tension in the drive belt 206 which when
cooperating with the engagement mechanism 500 causes the asymmetrical
teeth 502 to engage and maintain engagement with the asymmetrical teeth
404 of the driven pulley. In alternate embodiments, the engagement
mechanism may be a cam driven mechanism, a spring driven mechanism
and/or an electro-mechanical switch. Furthermore, alternate structures may
be used to urge the belt towards the driven pulley, such as a finger or block
slidable along a slot or track.

[0053] FIG. 10 illustrates an enlarged plan view of the belt drive 200 during
a return stroke of the drive mechanism 106 (see FIG. 5). Alternatively, FIG.
10 may also illustrated the belt drive in a coasting configuration. The coasting

configuration may occur when the driven pulley 204 is rotating too quickly for

14
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the drive belt 206 to engage. In this embodiment, the engagement
mechanism 500 is disengaged, e.g., is in a retracted position, to allow the
drive belt 206 to move substantially freely relatively to the driven pulley 204.
In particular, the idler 500a releases the drive belt 206 from contact with the
driven pulley 204. The drive belt 206, will, in one embodiment elastically
deform or return to its disengagement radius or configuration. As the drive
belt 206 elastically returns to its original, e.g., pre-power stroke and
engagement, shape, the drive surface 502a portion of the asymmetrical teeth
502 separates from the complimentary drive surface 404a portion of the
asymmetrical teeth 404 of the driven pulley 204. Thus, during a return stroke,
the drive belt 206 may rotate and/or linearly translate relative to the driven
puliey 204 without transmitting torque thereto. The idlers 400a to 400f ensure
that the drive belt 206 remains substantially contained near the intended drive
path, e.g., around the drive belt pulley 202 and the driven pulley 204.

[0054] While the discussion herein has focused on the movement of the
drive belt pulley 202 and the drive belt 206, it will be understood that the drive
belt pulley 202a and the drive belt 206a (see FIG. 6) may be configured to
operate in a reciprocal manner. For example, while the drive belt pulley 202a
and the drive belt 206a are transmitting torque to the driven pulley 204 during
the power stroke, the drive belt pulley 202 and the drive belt 206 may be
moving freely relative to the driven pulley 204 during a return stroke. The
drive belt pulley 202a and the drive belt 206a may, upon completion of the
power stroke, begin a return stroke while the drive belt pulley 202 and the

drive belt 206 may begin a power stroke.
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[0055] It should be understood that various changes and modifications to
the presently preferred embodiments described herein will be apparent to
those skilled in the art. Such changes and modifications can be made without
departing from the spirit and scope of the present invention and without
diminishing its intended advantages. It is therefore intended that such

changes and modifications be covered by the appended claims.

16
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Craivs

What is claimed is:

1.

A belt drive configured to cooperate with a drive mechanism, the belt

drive comprising:
a drive belt pulley coupled to the drive mechanism,

wherein the drive mechanism translates between a power stroke

and a return stroke;

a driven pulley coupled to the drive belt pulley via a drive belt, wherein
the drive belt include a plurality of asymmetrical drive teeth
configured to cooperate with a plurality of asymmetrical driven
teeth disposed on the driven pulley; and

an engagement mechanism disposed substantially adjacent to the

drive belt and the driven pulley,
wherein the engagement mechanism is configured to cooperate
with the drive belt to initiate the power stroke, and

wherein the drive belt substantially disengages the driven pulley

during the return stroke.

The belt drive of claim 1, wherein the return stroke includes a coasting

configuration.

The belt drive of claim 1, wherein the drive belt pulley comprises a
plurality of asymmetrical spoke teeth configured to cooperate with the

plurality of plurality of asymmetrical driven teeth.

17
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4.

The belt drive of claim 1, wherein the drive belt pulley and the driven

pulley are sized to define approximately a 5.8 to 1 drive ratio.

The belt drive of claim 1, wherein drive belt is an elastomeric drive belt.

The belt drive of claim 5, wherein the elastomeric drive belt includes a
reinforcement portion selected from the group consisting of: aramid

fibers; steel thread; and polyester thread.

The belt drive of claim 1, wherein each of the plurality of asymmetric
drive teeth includes a drive surface arranged substantially
perpendicular to the surface of the drive belt, and wherein each of the
plurality of driven teeth includes a driven surface configured to engage

a corresponding drive surface.

The belt drive of claim 1, wherein the engagement mechanism is
selected from the group consisting of: a solenoid-driven mechanism, an

electro-mechanical switch, and a cam driven mechanism.

18



WO 2008/151084 PCT/US2008/065423
9. A belt drive system comprising:

a reciprocating drive mechanism including a drive belt pulley
configured to provide a power stroke and a return stroke,
wherein the drive belt pulley includes a plurality asymmetric

spoke teeth disposed about a circumference of the drive

belt pulley;
a driven pulley disposed away from the drive belt pulley,

wherein the driven pulley includes a plurality of asymmetrical
driven teeth disposed thereon, and
wherein each of the plurality of asymmetrical driven teeth

includes a driven surface;
a drive belt configured to releasably couple the drive belt pulley to the

driven pulley as the drive mechanism transitions between the

power stroke and the return stroke,

wherein the drive belt includes a plurality of asymmetrical drive
teeth disposed thereon, and
wherein each of the plurality of asymmetrical drive teeth

includes a drive surface; and
an engagement mechanism disposed substantially adjacent to the
drive belt and the driven pulley,
wherein the engagement mechanism is configured to cooperate
with the drive belt to initiate the power stroke, and

wherein the drive belt substantially disengages the driven pulley

during the return stroke.
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10.  The belt drive system of claim 9, wherein the return stroke includes a

coasting configuration.

11.  The belt drive system of claim 9, wherein the drive belt pulley is fixedly

coupled to the drive belt in at least a single location.

12.  The belt drive system of claim 9, wherein the drive belt pulley and the

driven pulley are sized to define approximately a 5.8 to 1 drive ratio.

13.  The belt drive system of claim 9, wherein drive belt is an elastomeric

drive belt.

14.  The belt drive system of claim 13, wherein the elastomeric drive belt
includes a reinforcement portion selected from the group consisting of:

aramid fibers; steel thread; and polyester thread.

15.  The belt drive system of claim 9, wherein the engagement mechanism
is selected from the group consisting of: a solenoid-driven mechanism,

an electro-mechanical switch, and a cam driven mechanism.
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16.

17.

18.

A belt drive system:

a drive belt pulley reciprocally coupled to a drive mechanism

configured to translate between a power stroke and a return
stroke,

a drive belt fixedly coupled to the drive belt pulley, the drive belt
including a plurality of asymmetrical drive teeth and wherein
each of the plurality of asymmetrical drive teeth includes a drive
surface arranged substantially perpendicular to a belt surface;
and

a driven pulley releasably coupled to the drive belt pulley via the drive
belt, wherein the driven pulley includes a plurality of
asymmetrical driven teeth and wherein each of the plurality of
asymmetrical driven teeth includes a driven surface arranged to
cooperate with the drive surface;

wherein the drive belt cooperatively engages the driven pulley
throughout the power stroke, and wherein the drive belt

disengages from the driven pulley throughout the return stroke.

The belt drive of claim 16, wherein the return stroke includes a coasting

configuration.

The belt drive of claim 16, wherein the drive belt pulley and the driven

pulley are sized to define approximately a 5.8 to 1 drive ratio.
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19. The belt drive of claim 16, wherein drive belt is an elastomeric drive

belt multilayered drive belt.

20. The belt drive of claim 19, wherein the elastomeric drive belt includes a
reinforcement portion selecied from the group consisting of: aramid

fibers; steel thread; and polyester thread.
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