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GEARING SYSTEM AND METHOD OF USE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under Title 35
United States Code §119(e) of U.S. Provisional Patent Appli-
cation Ser. No. 61/817,470; Filed: Apr. 30, 2013, the full
disclosure of which is incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable

THE NAMES OF THE PARTIES TO A JOINT
RESEARCH AGREEMENT

[0003] Not applicable

INCORPORATING-BY-REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT DISC

[0004] Not applicable

SEQUENCE LISTING

[0005] Not applicable
FIELD OF THE INVENTION
[0006] The present invention generally relates to a system

and method of use directed to gears. More specifically, the
present invention relates to a system and method of use for
shifting gears without a derailleur.

BACKGROUND OF THE INVENTION

[0007] Without limiting the scope of the disclosed system
and method, the background is described in connection with
a novel system and approach directed to gears.

[0008] Currently available gear shifting devices include
internal hub gears. These internal hub gears are currently the
only option for belt driven bicycles and are heavy (up to 4.5
Ibs.), costly (up to $1700), provide limited gearing, and can-
not shift under power.

[0009] The present invention therefore proposes a novel
system and method of use for a gearing system which
addresses these issues.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention, therefore, provides a system
and method of use for changing gears.

[0011] Certain embodiments described herein include gear
shifting systems that eliminate the need for a derailleur by
using a belt or chain driven system and integrate existing
controls. The gear shifting system described herein provides
a lightweight, reliable, cost effective system that integrates
with currently used components.

[0012] Embodimentsinclude a system and device that uses
two or more tooth or peg plates that can hinge in and out of
engagement with a belt or chain drive. Two or more tooth
plates are situated at set distance or radius from the center of
a sprocket and define a particular diameter for that set of tooth
plates. A second set of tooth plates can be positioned so that
they have a diameter that differs from the first set of tooth
plates, thus providing different gear ratios based on the dif-
ference in diameter. These tooth plates can be pushed into
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engagement by a shifter that slides along the x axis and
engages a tooth plate. A locking bar is used to keep the tooth
plate engaged and to disengage a tooth plate that is no longer
being used.

[0013] Certain embodiments are directed to a rear sprocket
assembly comprising: (a) a first sprocket having an inner and
an outer face and an opening for attachment to a wheel hub;
(b) a second sprocket having an inner and outer face and an
opening for attachment to a wheel hub; (c) at least a first set of
tooth plates having a base, a locking bar tab, and pins, wherein
the pins are positioned perpendicular to the base; (d) a locking
bar comprising a locking bar stop configured to interact with
the locking bar tab of the tooth plate; wherein (i) the first and
second sprocket are positioned parallel with the inner faces of
the first and second sprocket facing each other forming a
groove between inner faces of the first and second sprockets;
(ii) the second sprocket is operatively coupled to two or more
tooth plates, wherein the tooth plates can be positioned in an
engaged position wherein the pins traverse the groove formed
between the sprockets by being positioned through openings
in the first and second sprockets and a disengaged position
wherein the pins are substantially positioned on the outer face
of'the second sprocket, the tooth plates being moveable con-
nected to the second sprocket by a hinge. In certain aspects a
first set of tooth plates are positioned at first distance from the
short axis of the first and second sprocket. In certain aspects,
the assembly further comprises a second set of tooth plates
positioned at a second distance from the short axis of the first
and second sprockets. In still a further aspect the assembly
further comprises a fixed gear positioned proximal to the
short axis of the sprockets along the radius to the first and/or
second tooth plates.

[0014] Certain embodiment are directed to a gear shifting
system comprising: (a) the rear sprocket assembly described
above operatively coupled to a cover assembly comprising (i)
aremovable cover that houses the rear sprocket assembly and
is configured to allow a chain or belt to be operatively coupled
to the rear sprocket assembly; (ii) a tensioner configured to
maintain tension on a chain or belt engaging the rear sprocket
assembly, and (iii) a shifter configured to engage and disen-
gage one or more tooth plates of the rear sprocket assembly.
[0015] Certain embodiments are directed to a bicycle com-
prising a sprocket assembly and/or a gear shifting system as
described above.

[0016] Other embodiments of the invention are discussed
throughout this application. Any embodiment discussed with
respect to one aspect of the invention applies to other aspects
of the invention as well and vice versa. Each embodiment
described herein is understood to be embodiments of the
invention that are applicable to all aspects of the invention. It
is contemplated that any embodiment discussed herein can be
implemented with respect to any system of device of the
invention, and vice versa.

[0017] The use of the word “a” or “an” when used in con-
junction with the term “comprising” in the claims and/or the
specification may mean “one,” but it is also consistent with
the meaning of “one or more,” “at least one,” and “one or more
than one.”

[0018] Throughout this application, the term “about” is
used to indicate that a value includes the standard deviation of
error for the device or method being employed to determine
the value.

[0019] The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alterna-
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tives only or the alternatives are mutually exclusive, although
the disclosure supports a definition that refers to only alter-
natives and “and/or”

[0020] As used inthis specification and claim(s), the words
“comprising” (and any form of comprising, such as “com-
prise” and “comprises”), “having” (and any form of having,
such as “have” and “has”), “including” (and any form of
including, such as “includes” and “include”) or “containing”
(and any form of containing, such as “contains” and “con-
tain”) are inclusive or open-ended and do not exclude addi-
tional, unrecited elements or method steps.

[0021] Other objects, features and advantages of the
present invention will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while indi-
cating specific embodiments of the invention, are given by
way of illustration only, since various changes and modifica-
tions within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0022] For a more complete understanding of the features
and advantages of the present invention, reference is now
made to the detailed description of the invention along with
the accompanying figures in which:

[0023] FIG. 1. Illustrates an exploded view of the gear
shifting system.
[0024] FIG. 2. Illustrates a second sprocket assembly hav-

ing the sprocket and tooth plates assembled.

[0025] FIG. 3. Illustrates a cross sectional view perpen-
dicular to the short axis of the gear assembly engaging a belt.
The belt is shown engaged with the fix gear of the rear
sprocket assembly.

[0026] FIG. 4. [llustrates an external view of the gear shift-
ing system depicting the cover assembly.

[0027] FIG. 5. [llustrate one design for the roller compo-
nent.

[0028] FIG. 6. Illustrates one design for the pin component.
[0029] FIG. 7. Illustrates one design for the bolt compo-
nent.

[0030] FIG. 8. Illustrates one design for the tensioner com-
ponent.

[0031] FIG. 9. Illustrates one design for the first sprocket.
[0032] FIG. 10. Illustrates a second view of the first

sprocket illustrated in FIG. 9.

[0033] FIG. 11. Illustrates one design for the second
sprocket.
[0034] FIG. 12. Illustrates a second view of the second

sprocket illustrated in FI1G. 11.
[0035] FIG. 13. Illustrates a third view of the second
sprocket illustrated in FI1G. 11.

[0036] FIG. 14. Illustrates one design for the shifter com-
ponent.

[0037] FIG. 15. Illustrates one design for the rod compo-
nent.

[0038] FIG. 16. [llustrates one design for the plate spring.
[0039] FIG. 17. Illustrates one design for the tooth plate.
[0040] FIG. 18. [llustrates a second view of the tooth plate
of FIG. 17.

[0041] FIG. 19. Illustrates a third view of the tooth plate of
FIG. 17.
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[0042] FIG. 20. [llustrates a fourth view of the tooth plate of
FIG. 17.

[0043] FIG. 21. [llustrates a fifth view of the tooth plate of
FIG. 17.

[0044] FIG. 22. Illustrates on design of the locking bar
component.

[0045] FIG. 23. Illustrates a second design of the locking
bar component.

[0046] FIG. 24. Illustrates a third design of the locking bar
component.

[0047] FIG. 25. Illustrates one design for the shifter spring
mechanism.

[0048] FIG. 26. Illustrates one design for the cable end
component.

[0049] FIG. 27. lllustrates one design for the dummy plate
rod component.

[0050] FIG. 28. Illustrates one design for the tooth plate

locking bar tab component.

[0051] FIG. 29. [llustrates one design for the cover compo-
nent.

[0052] FIG. 30. Illustrates one design for the clip compo-
nent.

[0053] FIG. 31. [llustrates one design of the gear plate for a
belt.

[0054] FIG. 32. [llustrates one design of the gear plate for a
chain.

[0055] FIG. 33. Illustrates the gear system in a high gear

plate shifter position in accordance with embodiments of the
disclosure.

[0056] FIG. 34. Illustrates the gear system in a high gear
side view in accordance with embodiments of the disclosure.
[0057] FIG. 35. Illustrates the gear system in high gear in
accordance with embodiments of the disclosure.

[0058] FIG. 36. Illustrates the gear system in low gear plate
shifter position in accordance with embodiments of the dis-
closure.

[0059] FIG. 37. lllustrates the gear system in low gear side
view in accordance with embodiments of the disclosure.
[0060] FIG. 38. lllustrates the gear system in mid shift gear
in accordance with embodiments of the disclosure.

[0061] FIG. 39. [llustrates the gear system in mid shift gear
shown with wire frame in accordance with embodiments of
the disclosure.

[0062] FIG. 40. Illustrates the gear system further in mid
shift in accordance with embodiments of the disclosure.
[0063] FIG. 41. lllustrates the gear system rear step shifter
in accordance with embodiments of the disclosure.

[0064] FIG. 42. Illustrates the gear system step shifter in
side view in accordance with embodiments of the disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0065] Disclosed herein is an improved system and method
of use for gears. The numerous innovative teachings of the
present invention will be described with particular reference
to several embodiments (by way of example, and not of
limitation).

[0066] Inbrief, as described herein provides for an effective
and efficient system for changing gears.

[0067] Embodiments of the shifting system described can
be applied to various types of bikes, e.g., exercise bikes, road
bikes, or mountain bikes, or other vehicles, e.g., scooters and
the like. In certain aspects, the gear shifting system can
replaces derailluers that break easily, constantly have to be
adjusted, and are expensive. Embodiments include a gear
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shifting system that eliminates a derailleur by using a belt or
chain driven system and integrates existing controls on the
bike. The gear shifting system described herein provides a
light weight, reliable, cost effective system that integrates
with currently used components.

[0068] The gear shifting is illustrated in an exploded view
in FIG. 1 and comprises primarily two assemblies, a cover
assembly and a sprocket assembly.

[0069] The cover assembly comprises the cover 16, ten-
sioner 21, and shifter 17. FIGS. 4 and 29 provide isolated
views of the cover or the cover assembly. FIG. 4 illustrates a
cover assembly including the tensioner 21 operatively
coupled to the cover 16. Tensioner is also coupled to roller 19
using pin 18. FIG. 29 illustrates several alternative views of
cover 16 and particularly illustrating cable port 23 that is
configured for positioning a gear shift cable for the operation
of the shifting mechanism. A gear shift cable is operatively
coupled to the shifter and its associated components. FIG. 26
illustrates various perspectives of cable end 31 that is used to
fix the cable to shifter 17.

[0070] The sprocket assembly comprises one or more tooth
plates, springs, locking bars, and sprocket faces. FIG. 1 also
shows the rear sprocket assembly in an exploded depiction
(items 1-15 and 22). FIGS. 2, 3,9-13, 16-24, and 28 illustrate
various components or assembly of the rear sprocket assem-
bly. The rear sprocket assembly includes tooth plates such as
5,9, and 11 (see FIGS. 17, 18, 19, 20, and 21 for various
detailed views of tooth plate); fixed inner gear, locking bars
(see FIGS. 22-24 for detailed illustrations of examples of
locking bars), dummy plates, sprockets (including the first
sprocket 22 and second sprocket 1), plate springs, and locking
bar springs. Sprocket 1 provides mounting points for hard-
ware and other parts or components. In certain aspects
sprocket 1 has a mounting point for one or more other sprock-
ets. In a further aspect sprocket 1 is configured to enhance
stress distribution and provides for engagement of tooth
plates 5,9, or 11 with stress distribution and rigidity. The high
gear or fixed gear is configured to reduce mechanical com-
plexity and to provide increased strength. FIG. 2 shows an
assembled rear sprocket assembly from the outer face of
second sprocket 1. A first tooth plate 5, second tooth plate 9,
and third tooth plate 11 are shown relative to locking bar 4.
The locking bar tabs 27a and 275 of tooth plates 5, 9, and 11
are positioned on the side in common with the other tooth
plates so as to interact with locking bar 4. In certain aspects
where more than three sets tooth plates are present more than
one locking bar 4 can be employed. As described in more
detail below the shifter, as it moves across the tooth plates
causes locking bar 4 to move in a ratcheting action that
secures the newly engaged gear and releases the previously
engaged gear by altering which locking bar tab, 27a or 276 is
held by locking bar stop 28, see below. Tension is applied
through the locking bar attenuator 13 and locking bar spring
coupled thereto.

[0071] FIG. 3 depicts a belt or chain 29 engaged with the
inner most fixed gear represented by the inner most circularly
arranged circles of FIG. 3. The pins 25 represented by the
circles are engaged with belt or chain 29 and traverse the
groove formed between the first sprocket 22 and the second
sprocket 1. The other pins depicted are in an engagement
position because of the configuration of locking bar tab 274
and/or 27b and the tension placed on the tooth plate by the
tooth plate spring. The plate spring is configured to maintain
tooth plate 5, 9, or 11 in a non-engaged configuration until
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shifter 17 so engages. Once engaged locking bar 4 comprising
locking bar stops 28 hold the engaged tooth plate in a opera-
tive position until shifter 17 acts on an adjacent tooth plate. As
the tooth plates are engaged the arc of the belt or chain will
increase or decrease as gear having a different diameter is
engaged.

[0072] FIGS. 17, 18, 19, 20, and 21 illustrate various
detailed views of tooth plate 5, 9, or 11. As shown in FIG. 17,
for example, tooth plate comprises a base 24 having 1, 2, 3, 4,
5 pins 25 configured at an approximately 90 degree angle
relative to plane of base 24. Base 24 is configured to form a
tooth plate portion of a hinge 26, which when coupled with a
second sprocket hinge portion, and provided rod 6 is inserted
through the center of the hinge, form a functional hinge that
allows the tooth plate base to be moved in a plane perpen-
dicular to first sprocket 22 and second sprocket 1. Base 24
also comprises tooth plate tabs 274 and 276, which are con-
figured to interact with a locking bar 4 (FIGS. 22, 23, and 24).
As shown in FIG. 22, for example, the locking bar comprises
locking bar stops 28 having an angled overhang 29 forming a
slot 30. Locking bar stop 28 is configured to maintain the
position of the tooth plate by contacting tooth plate tab 275.
FIG. 28 illustrates various perspectives of an example of
locking bar actuator 32, which is configured to maintain
tension of the locking resulting in the ratcheting action when
tooth plates are engaged by shifter 17.

[0073] Tooth plate tab 27 engages a locking bar stop as the
shifter moves along a radial axis during shifting over the tooth
plate. In certain aspects the tooth plate can be in one of three
configurations during operation (i) unlocked or disengaged
position where neither tooth plate tab 27 are positioned in a
locking bar stop groove, (ii) partially engaged configuration
consist of a tooth plate that has one tooth plate tab 27 posi-
tioned with in a locking bar stop groove, the tooth plate in this
configuration is not actively engaged with a chain or belt, and
(iii) engaged configuration where both tooth plate tab 27 are
positioned in a locking stop groove, this configuration has the
tooth 25 of the tooth plate actively engaged with the chain or
belt driving movement of an attached wheel.

[0074] As shifter 17 moves linearly from the fixed gear
closest to the first sprocket a first tooth plate is moved from
being antiparallel to the second sprocket to about parallel to
the second sprocket, which moves the tooth associated with
that tooth plate into an engaged position and positions both a
first and second tooth plate tab 27 in a groove of the lock bar
stop, engaging the gear associated with the first tooth plate.
When the operator of the gear shift so desires the shifter can
be moved to engage a second tooth plate (a second gear). FI1G.
25 illustrates various perspectives of shifter spring, which
provides tension to shifter 17.

[0075] FIG. 5 illustrated various perspectives of an
example oftensioner roller 19, which is placed in contact with
chain or belt 29 and maintains the appropriate tension. FIG. 6
illustrates various perspectives of an example of tensioner pin
18 that is used couple tensioner roller 19 with tensioner 21.
FIG. 7 illustrates various perspectives of an example of ten-
sioner bolt 20 that is used to fasten the tensioner to cover 16.
FIG. 8 illustrates various perspectives of an example of ten-
sioner 21.

[0076] FIG.9 and FIG. 10 illustrate various perspectives of
an example of first sprocket 22. FIG. 11, FIG. 12, and F1G. 13
illustrate various perspectives of an example of second
sprocket 1.



US 2014/0323253 Al

[0077] FIG. 14 illustrates various perspectives of an
example of shifter 17. FIG. 15 illustrates various perspectives
of rod 6, which is used to couple tooth plate 5, 9, or 11 to
sprocket 1. FIG. 16 illustrates various perspectives of plate
spring, which is operatively coupled to the tooth plate to
provide tension towards the disengage configuration. The
shifter working in conjunction with the locking bar provides
enough force to compress the plate spring and to temporally
maintain the tooth plate in an engaged configuration.

[0078] FIGS. 31-42 illustrate the gear system in operation
and configured to be driven by belts and chains. As illustrated
in FIG. 38, pegs are utilized to be used with belts and in FIG.
39, teeth are utilized to be used with chains.

[0079] Aspects of various embodiments that have been ana-
lyzed include: gear ratios, rear wheel speed based on revolu-
tions per minute (RPM), work transmitted to pegs, torque on
each component, belt speed, power and pitch line velocity on
components, Lewis bending analysis IAW AGMA 908-B89,
modified Lewis bending stress IJAW AGMA 2001-D04,
spring analysis including factor of safety based on 10° cycles,
and beam moment and shear diagrams for each gear

[0080] Springs utilized in certain aspects of the systems or
devices described include a plate spring and a shifter spring.
In certain aspects the plate springs can actuate in 0.05, 0.06,
0.07,0.08, 0.10 seconds when cadence is 90 RPMs. In certain
aspects, a system or device can include 12 plate springs, 4
locking bar springs, and a shifter spring.

[0081] Tooth analysis based on high gear at 30 RPMs
results in a shear of 2877 Newtons (N), moment of 34.53
N*M, and a maximum stress of 736 Pa. The analysis was
conducted assuming a constant angular velocity, the belt
force being applied to the middle of the tooth, and a fixed
beam.

[0082] Thedisclosed system and method ofuse is generally
described, with examples incorporated as particular embodi-
ments of the invention and to demonstrate the practice and
advantages thereof. It is understood that the examples are
given by way of illustration and are not intended to limit the
specification or the claims in any manner.

[0083] To facilitate the understanding of this invention, a
number of terms may be defined below. Terms defined herein
have meanings as commonly understood by a person of ordi-
nary skill in the areas relevant to the present invention.
[0084] Terms such as “a”, “an”, and “the” are not intended
to refer to only a singular entity, but include the general class
of' which a specific example may be used for illustration. The
terminology herein is used to describe specific embodiments
of'the invention, but their usage does not delimit the disclosed
device or method, except as may be outlined in the claims.
[0085] Alternative applications for this invention include
using the system and method of use for and device, machin-
ery, or vehicle which requires gears and gears to shift. Con-
sequently, any embodiments comprising a one component or
a multi-component system having the structures as herein
disclosed with similar function shall fall into the coverage of
claims of the present invention and shall lack the novelty and
inventive step criteria.

[0086] It will be understood that particular embodiments
described herein are shown by way of illustration and not as
limitations of the invention. The principal features of this
invention can be employed in various embodiments without
departing from the scope ofthe invention. Those skilled in the
art will recognize, or be able to ascertain using no more than
routine experimentation, numerous equivalents to the specific
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device and method of use described herein. Such equivalents
are considered to be within the scope of this invention and are
covered by the claims.

[0087] All publications and patent applications mentioned
in the specification are indicative of the level of those skilled
in the art to which this invention pertains. All publications and
patent application are herein incorporated by reference to the
same extent as if each individual publication or patent appli-
cation was specifically and individually indicated to be incor-
porated by reference.

[0088] In the claims, all transitional phrases such as “com-
prising,” “including,” “carrying,” “having,” “containing,”
“involving,” and the like are to be understood to be open-
ended, i.e., to mean including but not limited to. Only the
transitional phrases “consisting of” and “consisting essen-
tially of)” respectively, shall be closed or semi-closed transi-
tional phrases.

[0089] The system and/or methods disclosed and claimed
herein can be made and executed without undue experimen-
tation in light of the present disclosure. While the system and
methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those skilled in
the art that variations may be applied to the system and/or
methods and in the steps or in the sequence of steps of the
method described herein without departing from the concept,
spirit, and scope of the invention.

[0090] More specifically, it will be apparent that certain
components, which are both shape and material related, may
be substituted for the components described herein while the
same or similar results would be achieved. All such similar
substitutes and modifications apparent to those skilled in the
art are deemed to be within the spirit, scope, and concept of
the invention as defined by the appended claims.

What is claimed is:

1. A rear sprocket assembly comprising:

(a) a first sprocket having an inner and an outer face and a
central opening for attachment to a wheel hub;

(b) a second sprocket having an inner and outer face and a
central opening for attachment to a wheel hub;

(c) at least a first tooth plate having a base and two or more
pins, wherein the pins are positioned perpendicular to
the base;

(d)alocking bar having alocking bar stop having an angled
head overhang that forms a slot with the base;

wherein (i) the first and second sprocket are positioned
parallel with the inner faces of the first and second
sprocket facing each other forming a groove between
inner faces of the first and second sprockets; (ii) the
second sprocket is operatively coupled to the tooth plate,
wherein the tooth plate can be positioned in an engaged
position wherein the pins traverse the groove formed
between the sprockets by being positioned through
openings in the first and second sprockets and a disen-
gaged position wherein the teeth are substantially posi-
tioned on the outer face of the second sprocket, the tooth
plate being moveable connected to the second sprocket
by a hinge and positioned at first distance from the short
axis of the first and second sprocket.

2. The assembly of claim 1, further comprising a second
tooth plate positioned at second distance from the short axis
of' the first and second sprockets.

3. The assembly of claim 1, further comprising a fixed gear
positioned proximal to the short axis of the sprockets relative
to the tooth plate.
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4. A gear shifting system comprising:

(a) the rear sprocket assembly of claim 1 operatively
coupled to a cover assembly comprising (i) a removable
cover that houses the rear sprocket assembly and is con-
figured to allow a chain or belt to be operatively coupled
to the rear sprocket assembly; (ii) a tensioner configured
to maintain tension on a chain or belt engaging the rear
sprocket assembly, and (iii) a shifter configured to
engage and disengage one or more tooth plates of the
rear sprocket assembly.

5. A vehicle comprising the assembly of claim 1 or the gear

system of claim 4.

6. The vehicle of claim 5, wherein the vehicle is a bicycle

or a scooter.

7. A machine comprising the assembly of claim 1 or the

gear system of claim 4.

#* #* #* #* #*
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