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FIG. 49

(57) Abstract: A shifting and gear assembly for a transmission has: a hollow shaft; first and second gears on the hollow shaft, the
hollow shaft defining first and second apertures in axial alignment with the first and second gears; first and second shift pawls disposed
in the first and second apertures; a cam disposed in the hollow shaft; and a shift actuator operatively connected to the cam for selectively
translating the cam. In response to the cam being axially aligned with the first shift pawl, the cam displacing the first shift paw] radially
outward to engage the first gear to rotationally fix the first gear to the hollow shaft. In response to the cam being axially aligned with
the second shift pawl, the cam displacing the second shift pawl radially outward to engage the second gear to rotationally fix the second

gear to the hollow shaft.
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SHIFTING AND GEAR ASSEMBLY FOR TRANSMISSION

REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to United States Provisional Patent
Application No. 63/239,017, filed August 31, 2021, the entirety of which is incorporated

herein by reference.

TECHNICAL FIELD

[0002] The present technology relates to shifting and gear assemblies for

transmissions, and more specifically for transmissions of electric bicycles.

BACKGROUND

[0003] Following improvements in battery and electric motor technologies, electric
bicycles have become an increasingly popular mode of short distance transportation.
Electric bicycles provide the convenient aspects of motor-less bicycles while reducing the

effort required by the cyclist to propel the bicycle.

[0004] There are different types of electric bicycles. One type of electric bicycle
is power-on-demand bicycles in which the electric motor is controlled by a “throttle” and
can propel the bicycle without the cyclist having to pedal. In a power-on-demand bicycle,
the cyclist can also pedal without any assistance from the motor, and can pedal while
actuating the throttle to provide motorized propulsion assistance. Another type of electric
bicycle is pedal-assist bicycles in which an electric motor assists the cyclist’s pedal-power
without the need to actuate a “throttle”. Pedal-assist bicycles are also known as pedelecs
(from pedal electric cycles) or EPACs (Electronically Power Assisted Cycles). For
purposes of the present application, the term pedelec will be used. In a pedelec, motorized
propulsion assistance is only provided when the cyclist is pedalling and stops when the
bicycle reaches a certain speed, such as 25 km/h. Another type of electric bicycle combines
the features of power-on-demand bicycles and pedelecs. In other words, a pedelec with a
“throttle” that allows the electric motor to propel the bicycle without having to pedal if

desired.
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[0005] In some pedelecs, a derailleur is used to provide a variable-ratio gearing
system. The derailleur system is efficient and lightweight. However, the system is exposed
to the elements which could affect its durability, and requires regular maintenance. Other
pedelecs use gearbox transmission associated with the pedelec’s crank. Such gearboxes
are heavier than derailleur system, but are very durable, low-maintenance, and provide

smooth transition from one gear to another.

[0006] In many electric bicycles, the electric motor is a hub motor provided at the
rear wheel. This increases the mass of the rear wheel assembly. In bicycles having a rear
suspension, such as in some mountain bicycles, such an increase in the unsprung mass is
not desirable. As such, using this type of electric motor in an electric bicycle having a rear

suspension can be disadvantageous.

[0007] Therefore, there is a desire for a transmission for an electric bicycle and

associated features that can overcome at least some of the above-described drawbacks.
SUMMARY

[0008] It is an object of the present technology to ameliorate at least some of the

inconveniences present in the prior art.

[0009] According to one aspect of the present technology, there is provided a
shifting and gear assembly for a transmission having: a hollow shaft; a first gear
rotationally mounted on the hollow shaft, the hollow shaft defining at least one first
aperture in axial alignment with the first gear; at least one first shift pawl disposed in the
at least one first aperture; a first spring ring disposed around the hollow shaft, the first
spring ring biasing the at least one first shift pawl radially inward; a second gear
rotationally mounted on the hollow shaft, the hollow shaft defining at least one second
aperture in axial alignment with the second gear; at least one second shift pawl disposed in
the at least one second aperture; a second spring ring disposed around the hollow, the
second spring ring biasing the at least one second shift pawl radially inward; a cam
disposed in the hollow shaft; and a shift actuator operatively connected to the cam, the shift

actuator selectively translating the cam in the hollow shaft. In response to the cam being
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axially aligned with the at least one first shift pawl, the cam displacing the at least one first
shift pawl radially outward to engage the first gear to rotationally fix the first gear to the
hollow shaft. In response to the cam being axially aligned with the at least one second shift
pawl, the cam displacing the at least one second shift pawl radially outward to engage the

second gear to rotationally fix the second gear to the hollow shaft.

[0010] In some embodiments of the present technology, the shift actuator is an

electric shift motor.

[0011] In some embodiments of the present technology, the hollow shaft defines
two first apertures and two second apertures. The at least one first shift pawl is two first

shift pawls. The at least one second shift pawl is two second shift pawls.

[0012] In some embodiments of the present technology, the first apertures are
positioned at 180 degrees from each other about a central axis of the hollow shaft. The

second apertures are positions at 180 degrees from each other about the central axis.

[0013] In some embodiments of the present technology, the first apertures are

positioned at 90 degrees from the second apertures about the central axis.

[0014] In some embodiments of the present technology, the hollow shaft defines:
a first circumferential groove, the first spring ring being received in the first circumferential
groove; and a second circumferential groove, the second spring ring being received in the

second circumferential groove.

[0015] In some embodiments of the present technology, a spindle is operatively
connected to the shift actuator and the cam. The shift actuator selectively rotates the

spindle. In response to the rotation of the spindle the cam translates in the hollow shaft.

[0016] In some embodiments of the present technology, the hollow shaft defines at
least one first recess adjacent to the at least one first aperture. Each of the at least one first
shift pawl has a body having first and second ends, and a finger protruding from the body
between the first and second ends. The finger extends in a corresponding one of the at least

one first aperture. The body is disposed at least in part in a corresponding one of the at
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least one first recess. The first gear has a plurality of first internal teeth. In response to the
cam aligning with the at least one first shift pawl, the cam pushes the finger of the at least
one first shift pawl radially outward such that the body of the at least one first shift pawl
pivots about its first end in the at least one first recess and the second end of the at least
one first shift pawl abuts one of the first internal teeth to rotationally fix the first gear to
the hollow shaft. The hollow shaft defines at least one second recess adjacent to the at least
one second aperture. Each of the at least one second shift pawl has a body having first and
second ends, and a finger protruding from the body between the first and second end. The
finger extends in a corresponding one of the at least one second aperture. The body is
disposed at least in part in a corresponding one of the at least one second recess. The
second gear has a plurality of second internal teeth. In response to the cam aligning with
the at least one second shift pawl, the cam pushes the finger of the at least one second shift
pawl radially outward such that the body of the at least one second shift pawl pivots about
its first end in the at least one second recess and the second end of the at least one second
shift pawl abuts one of the second internal teeth to rotationally fix the second gear to the

hollow shaft.

[0017] In some embodiments of the present technology, for the at least one first
shift pawl and the at least one second shift pawl, the finger extends away from the body

and toward the first end of the body at an acute angle.

[0018] In some embodiments of the present technology, for the at least one first

shift pawl and the at least one second shift pawl, the first end of the body is rounded.

[0019] In some embodiments of the present technology, for the at least one first
shift pawl, the second end is angled such that when the second end abuts the one of the first
internal teeth of the first gear, a first force vector extends radially inward of a pivot axis
about which the first end pivots. The first force vector corresponds to a first force applied
by the one of the first internal teeth on the second end. For the at least one second shift
pawl, the second end is angled such that when the second end abuts the one of the second

internal teeth of the second gear, a second force vector extends radially inward of a pivot
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axis about which the first end pivots. The second force vector corresponds to a second

force applied by the one of the second internal teeth on the second end.

[0020] In some embodiments of the present technology, for the at least one first
shift pawl, the body defines a groove on a radially outer side thereof. The first spring ring
extends in the groove of the body. Tor the at least one second shift pawl, the body defines
a groove on a radially outer side thereof. The second spring ring extends in the groove of

the body.

[0021] In some embodiments of the present technology, the cam defines: at least
one first ramp and at least one second ramp on opposite sides thereof, the at least one first
ramp and the at least one second ramp being circumferentially aligned with the at least one
first shift pawl; and at least one third ramp and at least one fourth ramp on opposite sides
thereof, the at least one third ramp and the at least one fourth ramp being circumferentially

aligned with the at least one second shift pawl.

[0022] In some embodiments of the present technology, a third gear is rotationally
mounted on the hollow shaft. The hollow shaft defines at least one third aperture in axial
alignment with the third gear. At least one third shift pawl is disposed in the at least one
third aperture. A third spring ring is disposed around the hollow shaft. The third spring
ring biases the at least one third shift pawl radially inward. In response to the cam being
axially aligned with the at least one third shift pawl, the cam displaces the at least one third
shift pawl radially outward to engage the third gear to rotationally fix the third gear to the
hollow shaft.

[0023] In some embodiments of the present technology, the second gear is between
the first and third gears; the at least one first aperture is circumferentially aligned with the
at least one third aperture; and the at least one first aperture is positioned at 90 degrees

from the at least one second aperture about a central axis of the hollow shaft.

[0024] According to another aspect of the present technology, there is provided a
transmission having: an input shaft; a third gear mounted to the input shaft, the third gear

being rotationally fixed relative to the input shaft; a fourth gear mounted to the input shaft,
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the fourth gear being rotationally fixed relative to the input shaft; and a shifting and gear
assembly as described above, the hollow shaft being parallel to the input shaft, the first

gear engaging the third gear, the second gear engaging the fourth gear.

[0025] In some embodiments of the present technology, the transmission also has

an output shaft parallel to the hollow shaft. The output shaft is driven by the hollow shaft.

[0026] In some embodiments of the present technology, the shifting and gear
assembly is a first shifting and gear assembly. The transmission also has: a fifth gear
mounted to the output shaft, the fifth gear being rotationally fixed relative to the output
shaft; a sixth gear mounted to the output shaft, the sixth gear being rotationally fixed
relative to the output shaft; and a second shifting and gear assembly as described above.
The hollow shaft of the second shifting and gear assembly is parallel to the input shaft.
The first gear of the second shifting and gear assembly engages the fifth gear. The second

gear of the second shifting and gear assembly engages the sixth gear.

[0027] In some embodiments of the present technology, the hollow shafts of the

first and second shifting and gear assemblies are integrally formed as a single countershaft.

[0028] According to another aspect of the present technology, there is provided an
electric bicycle having: a frame; a handlebar operatively connected to the frame; a front
wheel operatively connected to the handlebar; a rear wheel operatively connected to the
frame; a transmission as described above connected to the frame; a crankshaft operatively
connected to the input shaft to drive the transmission; an electric motor operatively
connected to the input shaft to drive the transmission; a drive sprocket operatively
connected to and driven by the hollow shaft; a driven sprocket connected to the rear wheel
to drive the rear wheel; a flexible drive member engaging the drive and driven sprockets;
a pair of crank arms connected to the crankshaft; and a battery pack connected to the frame

and electrically connected to the electric motor.

[0029] According to another aspect of the present technology, there is provided a
shifting and gear assembly for a transmission having: a hollow shaft; a first gear

rotationally mounted on the hollow shaft, the hollow shaft defining at least one first
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aperture in axial alignment with the first gear; at least one first cam follower disposed in
alignment with the at least one first aperture; a second gear rotationally mounted on the
hollow shaft, the hollow shaft defining at least one second aperture in axial alignment with
the second gear; at least one second cam follower disposed in alignment with the at least
one second aperture; a cam disposed in the hollow shaft, the cam having a minimum cam
contact surface, the minimum cam contact surface having a width measured in a direction
parallel to a central axis of the hollow shaft, a distance measured in the direction parallel
to the central axis of the hollow shaft between the at least one first cam follower and the at
least one second cam follower being less than or equal to 1.1 times the width of the
minimum cam contact surface; and a shift actuator operatively connected to the cam, the
shift actuator selectively translating the cam in the hollow shaft along the central axis of
the hollow shaft. In response to the cam being axially aligned with the at least one first
cam follower, the cam displacing the at least one first cam follower radially outward to
engage the first gear to rotationally fix the first gear to the hollow shaft. In response to the
cam being axially aligned with the at least one second cam follower, the cam displacing
the at least one second cam follower radially outward to engage the second gear to

rotationally fix the second gear to the hollow shaft.

[0030] According to some embodiments of the resent technology, the shift actuator

is an electric shift motor.

[0031] According to some embodiments of the resent technology, the hollow shaft
defines two first apertures and two second apertures. The at least one first cam follower is

two first cam followers. The at least one second cam follower is two second cam followers

[0032] According to some embodiments of the resent technology, the first
apertures are positioned at 180 degrees from each other about the central axis of the hollow
shaft. The second apertures are positions at 180 degrees from each other about the central

axis.

[0033] According to some embodiments of the resent technology, the first

apertures are positioned at 90 degrees from the second apertures about the central axis.
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[0034] According to some embodiments of the resent technology, a spindle is
operatively connected to the shift actuator and the cam. The shift actuator selectively
rotates the spindle. In response to the rotation of the spindle the cam translates in the

hollow shaft.

[0035] According to some embodiments of the resent technology, the cam defines:
at least one first ramp and at least one second ramp on opposite sides thereof, the at least
one first ramp and the at least one second ramp being circumferentially aligned with the at
least one first cam follower; and at least one third ramp and at least one fourth ramp on
opposite sides thereof, the at least one third ramp and the at least one fourth ramp being

circumferentially aligned with the at least one second cam follower.

[0036] According to some embodiments of the resent technology, the at least one
first cam follower is at least one first shift pawl; and the at least one second cam follower

is at least one second shift pawl.

[0037] According to some embodiments of the resent technology, the cam has a
cam width. The distance measured in the direction parallel to the central axis of the hollow
shaft between the at least one first cam follower and the at least one second cam follower

is less than or equal to 0.4 times the cam width.

[0038] According to some embodiments of the resent technology, a third gear
rotationally mounted on the hollow shaft. The hollow shaft defines at least one third
aperture in axial alignment with the third gear. The second gear is disposed between the
first and third gears. At least one third cam follower is disposed in the at least one third
aperture. The distance between the at least one first cam follower and the at least one
second cam follower is a first distance. A distance measured in the direction parallel to the
central axis of the hollow shaft between the at least one second cam follower and the at
least one third cam follower is less than or equal to 1.1 times the width of the minimum
cam contact surface. In response to the cam being axially aligned with the at least one third
cam follower, the cam displaces the at least one third cam follower radially outward to

engage the third gear to rotationally fix the third gear to the hollow shaft.
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[0039] According to some embodiments of the resent technology, the at least one
first aperture is circumferentially aligned with the at least one third aperture. The at least
one second aperture is positioned at 90 degrees from the at least one third aperture about

the central axis of the hollow shaft.

[0040] According to another aspect of the present technology, there is provided a
transmission having: an input shaft; a third gear mounted to the input shaft, the third gear
being rotationally fixed relative to the input shaft; a fourth gear mounted to the input shaft,
the fourth gear being rotationally fixed relative to the input shaft; and a shifting and gear
assembly as described above, the hollow shaft being parallel to the input shaft, the first

gear engaging the third gear, the second gear engaging the fourth gear.

[0041] According to some embodiments of the resent technology, the transmission
also has an output shaft parallel to the hollow shaft. The output shaft is driven by the
hollow shaft.

[0042] According to some embodiments of the resent technology, the shifting and
gear assembly is a first shifting and gear assembly. The transmission also has: a fifth gear
mounted to the output shaft, the fifth gear being rotationally fixed relative to the output
shaft; a sixth gear mounted to the output shaft, the sixth gear being rotationally fixed
relative to the output shaft; and a second shifting and gear assembly as described above,
the hollow shaft of the second shifting and gear assembly being parallel to the input shaft,
the first gear of the second shifting and gear assembly engaging the fifth gear, the second

gear of the second shifting and gear assembly engaging the sixth gear.

[0043] According to some embodiments of the resent technology, the hollow shafts
of the first and second shifting and gear assemblies are integrally formed as a single

countershaft.

[0044] According to another aspect of the present technology, there is provide an
electric bicycle having: a frame; a handlebar operatively connected to the frame; a front
wheel operatively connected to the handlebar; a rear wheel operatively connected to the

frame; a transmission as described above connected to the frame; a crankshaft operatively
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connected to the input shaft to drive the transmission; an electric motor operatively
connected to the input shaft to drive the transmission; a drive sprocket operatively
connected to and driven by the hollow shaft; a driven sprocket connected to the rear wheel
to drive the rear wheel; a flexible drive member engaging the drive and driven sprockets;
a pair of crank arms connected to the crankshaft; and a battery pack connected to the frame

and electrically connected to the electric motor.

[0045] In the context of the present specification, unless expressly provided
otherwise, the words “first”, “second”, “third”, etc. have been used as adjectives only for
the purpose of allowing for distinction between the nouns that they modify from one
another, and not for the purpose of describing any particular relationship between those

nouns.

[0046] It must be noted that, as used in this specification and the appended claims,

the singular form “a”, “an” and “the” include plural referents unless the context clearly

dictates otherwise.

[0047] As used herein, the term “about” in the context of a given value or range
refers to a value or range that is within 20%, preferably within 10%, and more preferably

within 5% of the given value or range.

[0048] As used herein, the term “and/or” is to be taken as specific disclosure of
each of the two specified features or components with or without the other. For example
“A and/or B” is to be taken as specific disclosure of each of (i) A, (i1) B and (iii) A and B,

just as if each is set out individually herein.

[0049] For purposes of the present application, terms related to spatial orientation
when referring to a vehicle and components in relation to the bicycle, with the bicycle

steered straight-ahead and being at rest on flat, level ground.

[0050] Embodiments of the present technology each have at least one of the above-
mentioned object and/or aspects, but do not necessarily have all of them. It should be

understood that some aspects of the present technology that have resulted from attempting
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to attain the above-mentioned object may not satisfy this object and/or may satisfy other

objects not specifically recited herein.

[0051] Additional and/or alternative features, aspects, and advantages of
embodiments of the present technology will become apparent from the following

description, the accompanying drawings, and the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0052] For a better understanding of the present technology, as well as other aspects
and further features thereof, reference is made to the following description which is to be

used in conjunction with the accompanying drawings, where:

[0053] Figure 1 is a right side elevation view of a pedelec according to the present
technology;
[0054] Figure 2 is a perspective view, taken from a front, right side, of the pedelec

of Fig. 1 with a front wheel and pedals removed;

[0055] Figure 3 is a left side elevation view of the pedelec of Fig. 1 with the front

wheel and pedals removed;

[0056] Figure 4 is a right side elevation view of the pedelec of Fig. 1 with a right
side of a down tube of the frame removed to show a battery pack, with the front wheel and

pedals removed;

[0057] Figure 5 is a right side elevation view of the pedelec of Fig. 1 with front and

rear suspensions fully compressed, with the pedals removed;

[0058] Figure 6 is a longitudinal cross-section of a frame, the battery pack and a

motor and transmission assembly of the pedelec of Fig. 1;

[0059] Figure 7 is a perspective view taken from a rear, left side of the battery pack

of Fig. 6;
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[0060] Figure 8 is schematic representation of electric and electronic components
of the pedelec of Fig. 1;
[0061] Figure 9 is a right side elevation view of a chain stay, a chain, sprockets and
chain tensioner of the pedelec of Fig. 1;
[0062] Figure 10 is a left side elevation view of the components of Fig. 9;
[0063] Figure 11 is a cross-sectional view of the components of Fig. 9 taken
through line 11-11 of Fig. 9;
[0064] Figure 12 is a top view of a shifter of the pedelec of Fig. 1;
[0065] Figure 13 is a perspective view, taken from a front, right side, of a
powertrain of the pedelec of Fig. 1;
[0066] Figure 14 is a perspective view, taken from a front, right side, of a chain

sprocket, crank arms, a transmission and a motor of the pedelec of Fig. 1 with a housing

removed;

[0067] Figure 15 is a perspective view, taken from a front, left side, of the

components of Fig. 14;

[0068] Figure 16 is a perspective view, taken from a bottom, rear, left side, of the

chain sprocket, the transmission and the motor of Fig. 14 with the housing removed;

[0069] Figure 17 is a right side elevation view of the components of Fig. 16;
[0070] Figure 18 is a left side elevation view of the components of Fig. 16;
[0071] Figure 19 is a perspective view taken from a bottom, rear, left side, of a

crankshaft and an input shaft assembly of the transmission and of the motor of Fig. 14;

[0072] Figure 20 is a right side elevation view of the components of Fig. 19, with

a right crank arm removed;
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[0073] Figure 21 is an exploded perspective view, taken from a front, right side, of

the motor of Fig. 14 and its associated cycloidal drive and motor gear;

[0074] Figure 22 is a perspective view, taken from a front, left side, of the

crankshaft and the input shaft assembly of the transmission of Fig. 14;

[0075] Figure 23 is a perspective view, taken from a front, right side of the input
shaft assembly of Fig. 22;

[0076] Figure 24 is a perspective view, taken from a front, left side, of the
crankshaft and the input shaft of the input shaft assembly of Fig. 22;

[0077] Figure 25 is a perspective view, taken from a front, left side, of a gear of the

input shaft assembly of Fig. 22;

[0078] Figure 26 is a perspective view, taken from a front, left side, of a

countershaft assembly and shift assemblies of the transmission of Fig. 14;

[0079] Figure 27 is a perspective view, taken from a front, right side, of the chain

sprocket and an output shaft assembly of the transmission of Fig. 14;

[0080] Figure 28 is a perspective view, taken from a front, right side, of the

components of Fig. 27, with two of the gears removed;

[0081] Figure 29 is a side elevation view of a gear of the output shaft assembly of
Fig. 27,
[0082] Figure 30 is a cross-sectional view of the components of Fig. 17 with the

housing and the crank arms, taken through line 30-30 of Fig. 17;

[0083] Figure 31 is a cross-sectional view of the components of Fig. 17 with the

housing, taken through line 31-31 of Fig. 17;

[0084] Figure 32 is a cross-sectional view of the components of Fig. 17 with the

housing, taken through line 32-32 of Fig. 17;
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[0085] Figure 33 is a perspective view, taken from a front, right side, of a partial

cross-section of the countershaft assembly and the shift assemblies of Fig. 26;

[0086] Figure 34 is a perspective view of a portion of the countershaft assembly of
Fig. 26;
[0087] Figure 35 is a front elevation view of a portion of a left shift assembly of
Fig. 26;
[0088] Figure 36 is a perspective view, taken from a front, right side, of the portion

of the left shift assembly of Fig. 35 with a cam removed;

[0089] Figure 37 is a perspective view, taken from a front, right side, of a partial

cross-section of the portion of the left shift assembly of Fig. 35;

[0090] Figure 38 is a lateral cross-section of a cam and a shift pawl of the left shift

assembly of Fig. 35, with the shift pawl being disengaged;

[0091] Figure 39 is a lateral cross-section of the cam and shift pawl of Fig. 38, with

the shift pawl being engaged;

[0092] Figure 40 is a cross-sectional view of the countershaft assembly and the left

shift assembly taken through line 40-40 of Fig. 32;

[0093] Figure 41 is a close-up of the cross-sectional view of Fig. 40, with one shift

pawl shown engaged with a gear and one shift pawl shown disengaged from the gear;

[0094] Figure 42 is a side elevation of the cam and shift pawls of the left shift
assembly of Fig. 35;

[0095] Figure 43 is a perspective view of one of the shift pawls of Fig. 42;
[0096] Figure 44 is another perspective view of the shift pawl of Fig. 43;
[0097] Figure 45 is a lateral cross-section of the countershaft assembly and the shift

assemblies of Fig. 26 in a configuration corresponding to a first gear of the transmission;
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[0098] Figure 46 is a lateral cross-section of the countershaft assembly and the shift

assemblies of Fig. 26 in a configuration corresponding to a third gear of the transmission;

[0099] Figure 47 is a lateral cross-section of the countershaft assembly and the shift

assemblies of Fig. 26 in a configuration corresponding to a fourth gear of the transmission;

[00100] Figure 48 is a lateral cross-section of the countershaft assembly and the shift

assemblies of Fig. 26 in a configuration corresponding to a ninth gear of the transmission;

[00101] Figure 49 is a lateral cross-section of an alternative embodiment of the
countershaft assembly and alternative embodiments of the shift assemblies of Fig. 26 in a
configuration corresponding to a seventh gear of the transmission, with the electric shift

motors omitted;

[00102] Figure 50 is a perspective view of a portion of the countershaft assembly of
Fig. 49;
[00103] Figure 51 is a lateral cross-section of a cam and a shift pawl the left shift

assembly of Fig. 49, with the shift pawl being disengaged;

[00104] Figure 52 is a lateral cross-section of the cam and shift pawl of Fig. 51, with
the shift pawl being engaged;

[00105] Figure 53 a close-up, cross-sectional view of the countershaft assembly and
the left shift assembly of Fig. 49, with one shift pawl shown engaged with a gear, one shift

pawl shown partially engaged with the gear, and one shift pawl shown disengaged from

the gear; and

[00106] Figure 54 is a perspective view of one of the shift pawls of Fig. 53.
DETAILED DESCRIPTION

[00107] The present disclosure is not limited in its application to the details of

construction and the arrangement of components set forth in the following description or

illustrated in the drawings. The disclosure is capable of other embodiments and of being
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practiced or of being carried out in various ways. Also, the phraseology and terminology
used herein is for the purpose of description and should not be regarded as limiting. The
use of "including”, "comprising", "having", "containing"”, "involving" and variations
thereof herein, is meant to encompass the items listed thereafter as well as, optionally,
additional items. In the following description, the same numerical references refer to

similar elements.

[00108] The present technology will be described with reference to a pedelec 10. It
is contemplated that aspects of the present technology could be applied to other types of
electric bicycles, such as power-on-demand bicycles or combination pedelec/power-on-
demand bicycles. It is also contemplated that certain aspects of the present technology
could be used in other types of bicycles, including bicycles that do not have an electric

motor.

[00109] With refence to Figs. 1 to 5, the pedelec 10 has a frame 12. The frame 12
has a head tube 14, a top tubel6, a seat tube 18, and a down tube 20. As can be seen, the
top tube 16, the seat tube 18 and the down tube 20 form a generally triangular shape. The
seat tube 18 receives a seat post 22 therein. A saddle 24 is connected to a top of the seat
post 22. The seat post 22 is selectively slidable in the in the seat tube 18 to adjust a height
of the saddle 24. A clamp (not shown) is used to fix the seat post 22 in the desired position.

[00110] A handlebar 26 is pivotally connected to the head tube 14. The handlebar
26 has left and right hand grips 28. Left and right brake levers 30 are mounted to the
handlebar 26 in proximity to the left and right hand grips 28 respectively in front of the
handlebar 26. A shifter 32 is pivotally connected to the handlebar 26 in proximity to the
right hand grip 28. The shifter 32 extends partially rearward of the right hand grip 28. As
such, the shifter 32 can be actuated by a thumb of a right hand of a cyclist riding the pedelec
10. As can be seen in Fig. 12, the shifter 32 defines an aperture 34 in which a tapered
tongue 36 protrudes. The aperture 34 and tongue 36 are shaped and sized to allow the
shifter 32 to be used as a bottle opener. It is contemplated that the aperture 34 and the
tongue 36 could be omitted. It is contemplated that shifter 32 could alternatively be

provided in proximity to the left hand grip 28. In the present embodiment, the shifter 32 is
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used to upshift and downshift, but it is contemplated that the pedelec 10 could have one
shifter to upshift and one shifter to downshift. These two shifters could be provided in
proximity to the same hand grip 28 or there could be one shifter provided in proximity to
each hand grip 28. It is also contemplated that in some embodiments, the shifter 32 could
be replaced by a different type of shifter, such as a twistgrip. It is contemplated that in

some embodiments, the shifter 32 could be omitted.

[00111] Returning to Figs. 1 to 5, a fork 34 is connected to the handlebar 26 below
the head tube 14. The fork 34 includes a pair of front shock absorbers 36. It is
contemplated that in some embodiments, the front shock absorbers 36 could be omitted. A
front wheel 38 is rotationally connected to the fork 34. The fork 34 and the front wheel 38
pivot with the handlebar 26 to steer the pedelec 10. The front wheel 38 has a threaded tire
40 of the type typically found on mountain bikes, but other types of tires are contemplated.
As can be seen by comparing Figs. 1 and 5, the front shock absorbers 36 allow the front
wheel 38 to travel up and down, such as when going over bumpy terrain. A front brake
assembly 42 is mounted to the front wheel 38. The front brake assembly 42 includes a
brake disc 44 and a brake caliper (not shown). The brake caliper is actuated by a push-pull
cable 46 (partially illustrated in Figs. 2 and 3) connected to the left brake lever 30. The
cable 46 passes through the frame 12. It is contemplated that instead of being a disc brake
assembly, the front brake assembly 42 could be another type of brake assembly, such as a
rim brake assembly or a drum brake assembly for example. It is also contemplated that
instead of being mechanically actuated, the disc brake assembly 42 could be hydraulically

or electrically actuated for example.

[00112] Left and right chain stays 48, 50 are pivotally connected to the left and right
sides of the frame 12 about a pivot axis 52. The left and right chain stays 48 and 50 have
similar outlines when viewed from a left or right side of the pedelec 10, however they each
have some different features designed to accommodate certain components of the pedelec
10 as will be described in more detail below. A rear shock absorber 54 is pivotally
connected between tabs 56 extending downward from the top tube 16. A yoke 58 is
connected to the rear shock absorber 54. The seat tube 18 is disposed between the legs of

the yoke 58. The ends of the legs of the yoke 58 are connected to left and right arms 60.
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The lower ends of the left and right arms 60 are connected to the inner sides of the left and
right chain stays 50 respectively. It is contemplated that in some embodiments, the rear
shock absorber 54, the yoke 58 and the arms 60 could be omitted. In such embodiment,
the chain stays 48, 50 are fixedly connected to the frame 12 and the frame 12 includes left
and right seat stays connected between the upper end of the seat tube 18 and the rear ends

of the chain stays 48, 50.

[00113] A rear wheel 62 is disposed between the chain stays 48, 50 and is
rotationally connected thereto. The rear wheel 62 has a threaded tire 64 of the type
typically found on mountain bikes, but other types of tires are contemplated. As can be
seen by comparing Figs. 1 and 5, the rear shock absorbers 54 allow the rear wheel 62 to
travel up and down by pivoting with the chain stays 48, 50 about the pivot axis 52, such as
when going over bumpy terrain. A rear brake assembly 66 is mounted to the rear wheel
62. The rear brake assembly 66 includes a brake disc 68 and a brake caliper 70. The brake
caliper 70 is mounted to a bracket 72 defined by the left chain stay 48 as shown in Fig. 3.
The brake caliper 70 is actuated by a push-pull cable 74 connected to the right brake lever
30. From the right brake lever 30, the cable 74 passes through the down tube 20 of the
frame 12 as shown in Fig. 4 and then passes along the inner side of the left chain stay 48
as shown in Fig. 2 and then connects to the caliper 70. It is contemplated that instead of
being a disc brake assembly, the rear brake assembly 66 could be another type of brake
assembly, such as a rim brake assembly or a drum brake assembly for example. It is also
contemplated that instead of being mechanically actuated, the disc brake assembly 66 could

be hydraulically or electrically actuated for example.

[00114] The pedelec 10 is propelled by a powertrain 100. With reference to Fig. 6,
the powertrain 100 includes a transmission 102 and an electric motor 104. The
transmission 102 has a housing 106. The housing 106 is connected to the lower ends of
the seat tube 18 and the down tube 20 of the frame 12 as can be seen in Fig. 6. The electric
motor 104 is disposed in the housing 106 and selectively drives the transmission 102. A
crankshaft 108 extends through the housing 106 and is operatively connected to the
transmission 102 to selectively drive the transmission 102. Crank arms 110 are connected

to the ends of the crankshaft 108. Pedals 112 (Fig. 1) are rotationally connected to the ends
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of the crank arms 110. The transmission 102 has an output shaft 114 extending through a
right side of the housing 106. With reference to Fig. 13, a drive sprocket 116 is connected
to and driven by the right end of the output shaft 114. A driven sprocket 118 is rotationally
fixed to the rear wheel 62. A flexible drive member 120 wraps around and engages the
drive and driven sprockets 116, 118 to transmit torque from the drive sprocket 116 to the
driven sprocket 118. In the present embodiment, the flexible drive member 120 is a chain
120 and the drive and driven sprockets 116, 118 are chain sprockets. It is contemplated
that in other embodiments, the flexible drive member 120 could be a toothed drive belt and
the sprockets 116, 118 could be belt sprockets. A chain tensioner 122 is provided near the

drive sprocket 116. The powertrain 100 will be described in more detail below.

[00115] With reference to Fig. 4, it can be seen that the lowest point of the drive
sprocket 116 is vertically higher than a crankshaft axis 124 of the crankshaft 108.
Furthermore, the lowest point of the housing 106 is vertically lower than the drive sprocket
116, the driven sprocket 118, the chain 120 and the chain tensioner 122 as can be seen from
horizontal line 126 passing through the lowest point of the housing 106. As such, the
housing 106 helps to shield these components from impact with rugged terrain or debris on
the terrain. As can also be seen in Fig. 4, the pivot axis 52 of the chain stays 48, 50 is in
proximity to a line 128 that is tangential to the drive and driven sprockets 116, 118 and
containing the upper portion of the chain 120 (i.e. the portion of the chain 120 extending
between the top of the sprockets 116, 118). In the present embodiment, the pivot axis 52
is slightly below the line 128. In some embodiments, the pivot axis 52 is less than 5
centimeters above or below the line 128. In other embodiments, the pivot axis 52 is less
than 2 centimeters above or below the line 128. In other embodiments, the pivot axis 52 is
less than 1 centimeter above or below the line 128. In other embodiments, the pivot axis
52 is in alignment with the line 128. By having the pivot axis 52 in proximity to or in
alignment with the line 128, there is little or no moment about the pivot axis 52 when torque
is applied to the drive sprocket 116. As a result, there is little or no pivoting of the chain
stays 48, 50, and therefore of the wheel 62, about the pivot axis 52 resulting from torque

being applied to the drive sprocket 116.
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[00116] With reference to Figs 4, 6 and 7, the electric motor 104 is electrically
connected to a battery pack 130. The battery pack 130 is disposed in the down tube 20 of
the frame 12 and connected to the frame 12. The battery pack 130 is inserted through the
bottom of the down tube 120 before the housing 106 is mounted to the frame 12. The
battery pack 130 includes a battery tray 132, thirty-six batteries 134 (only some of which
are labeled for simplicity), and power and control electronics 136. The battery tray 132
holds the batteries 134 in five sets 138 of six batteries 134 disposed in a circle and two sets
140 of three batteries 134 disposed in an arc. The power and control electronics 136 are
disposed below the sets 140 at a lower end of the battery pack 130. By arranging the
batteries 134 of the sets 138 in a circle, a passage is formed in the center of the battery pack
130 permitting the passage of electric wiring therein. Three groups of batteries 134 are
connected in parallel, which each group containing twelve batteries 134 connected in
series. The batteries 134 are lithium-ion batteries such as Samsung™ 40T batteries. It is
contemplated that the batteries 134 could be of a different type, could be electrically
connected differently, could be disposed in the frame differently and/or that there could be

a different number of batteries 134.

[00117] The power and control electronics 136 include a battery management
system (BMS) 142 for controlling the flow of power to and from the batteries 134, a
transmission control unit (TCU) 144, including a torque sensor evaluation board, for
controlling operation of the transmission 102, and a motor control unit (MCU) 146 for
controlling operation of the electric motor 104. As can be seen in Fig. 8, the BMS 142, the
TCU 144 and the MCU 146 are electrically connected to each other to allow the exchange
of power and electronic signals therebetween. It is also contemplated that the power and
control electronics 136 could also include, but not limited to, a micro-controller allowing

for wireless data communication.

[00118] To recharge the batteries 134, a magnetic charging connector 148 is
connected to the frame 12 between the lower ends of the seat tube 18 and the down tube
20 as best seen in Fig. 2. The connector 148 is electrically connected to the BMS 142. In
some embodiments, the connector 148 also permits the exchange of data with the power

and control electronics 136 for diagnostic and/or programming purposes.
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[00119] The MCU 146 is connected to the electric motor 104 via a connector 150
(Fig. 7) to supply power from the batteries 134 to the electric motor 104 and to control the
electric motor 104. Connectors 152 connect the TCU 144 to a speed sensor 154, a torque
sensor 156, the shifter 32, a display 158 and electric shift motors 160, 162 of the
transmission 102 (Fig. 8). The speed sensor 154 (Fig. 1) senses a speed of rotation of the
rear wheel 62 to receive a signal indicative of a speed of the pedelec 10. In the present
embodiment, the speed sensor 154 is a Hall sensor, but other types of speed sensors are
contemplated. The torque sensor 156 is disposed in the housing 106 to receive a signal
indicative of a torque applied by the crank arms 110 as will be described below. In the
present embodiment, the torque sensor 154 is a contactless strain gauge, but other types of
torque sensors are contemplated. The electric shift motors 160, 162 are controlled by the
TCU 144 to shift the transmission 102 between its various gears. The TCU 144 controls
the electric shift motors 160, 162 based on the signals received from the shifter 32, the
speed sensor 154 and the torque sensor 156. The display 158 is provided on or near the
handlebar 26 and receives signals from the TCU 144 to display a speed of the pedelec 10
and a selected gear of the transmission 102 and other information to the cyclist riding the
pedelec 10. The MCU 146 controls the electric motor 104 based at least in part on the
signals received from the TCU 144 based at least in part on the speed sensor 154 and the
torque sensor 156. It is contemplated that the MCU 146 could stop powering the electric
motor 104 when the pedelec 10 exceeds a predetermined speed, such as 25 km/h or 32
km/h. It is contemplated that the MCU 146 could stop powering the electric motor 104
when the cyclist riding the pedelec 10 is not pedaling. In some embodiments, it is
contemplated that the shifter 32 could be omitted such that the TCU 144 could
automatically control shifting of the transmission 102 based at least in part on the signal
received from the torque sensor 146. It is also contemplated that the pedelec 10 could be
provided with a throttle actuator and that the MCU 146 could power the electric motor 104
based on the position of the throttle actuator even when the cyclist riding the pedelec 10 is

not pedaling.

[00120] Turning now to Figs. 9 to 11, the chain stay 50 will be described in more
detail. The chain stay 50 defines an aperture 170 at a front thereof to permit the pivotal

connection of the chain stay 50 to the frame 12 about the pivot axis 52. The chain stay 50
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also defines an aperture 172 at a rear thereof to permit the rotational connection of the rear
wheel 62 and of the driven sprocket 118 to the chain stay 50. The chain stay 50 has a left
portion 174 and a right portion 176 that are laterally spaced from each other (see Fig. 11)
and are interconnected by a diagonally extending portion 178. In the present embodiment,
the three portions 174, 176, 178 are integrally formed as a single part. The aperture 170 is
defined near the front of the left portion 174. The aperture 172 is defined near the rear of
the right portion 176. The left portion 174 also defines two aperture 179 to permit
connection of the right arm 60 used to connect the chain stay 50 to the shock absorber 54.
The crankshaft 108 is disposed vertically lower than the left portion 174 of the chain stay
50.

[00121] As shown in Fig. 9, the left portion 174 defines a recess 180 on a right side
thereof that is bound by a side wall 182 and a top wall 184. As shown in Fig. 10, the right
portion 176 defines a recess 186 on a left side thereof that is bound by a side wall 188, the
top wall 184 and a lower wall 190. The diagonally extending portion 178 has a wall 192
extending between the side walls 182, 188. The wall 192 defines an aperture 194. As best
seen in Fig. 11, the side wall 182 is laterally spaced from the side wall 188 and the wall
192 is skewed relative to the side walls 182, 188. The top wall 184 extend in both left and
right portions 174, 176 and is connected to the tops of the walls 182, 188, 192. The front
end 196 of the wall 182 is forward of the front end 198 of the wall 188. The rear end 200
of the wall 188 is rearward of the rear end 202 of the wall 182. In the present embodiment,
as best seen in Fig. 11, the front end 198 of the wall 188 is rearward of the rear end 202 of
the wall 182, but it is contemplated that the front end 198 of the wall 188 could be forward
of the rear end 202 of the wall 182. In the present embodiment, the wall 192 extends
between the rear end 200 of the wall 182 and the front end 198 of the wall 188, but it is

contemplated that it could extend between other portions of the walls 182, 188.

[00122] As can be seen in Fig. 9, the top portion of the drive sprocket 116 is received
in the recess 180. The portion of the chain 120 extending between the tops of the drive and
driven sprockets 116, 118 extends in the recess 180, passes through the aperture 194, and
extends in the recess 186, such that the wall 182 is disposed on the left side of this portion

of the chain 120 and the wall 188 is disposed on a right side of this portion of the chain
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120. As aresult of this arrangement, the wall 182 is disposed laterally between this portion
of the chain 120 and the frame 12, and this portion of the chain 120 is disposed laterally

between the wall 188 and the frame 12.

[00123] Turning now to Figs. 13 to 18, the powertrain 100 will be described in more
detail. As described above, the powertrain 100 includes the transmission 102, the electric
motor 104, the crankshaft 108, crank arms 110, pedals 112, the drive sprocket 116, the

driven sprocket 118, the flexible drive member 120 and the chain tensioner 122.

[00124] The transmission 102 includes the housing 106, an input shaft assembly
230, a countershaft assembly 240, left and right shift assemblies 248, 250 and an output
shaft assembly 260.

[00125] As best seen in Fig. 13, the housing 106 has a central portion 210 having
left and right sides closed by left and right side covers 212, 214 respectively. The central
portion has two internally threaded sleeves 216 on a top therefore used to fasten the housing
106 to the lower end of the seat tube 18. Each of the left and right side covers 212, 214
has two tabs 218 defining apertures 220. The lower end of the down tube 20 is received
between the left and right tabs 218 and fasteners are inserted through the apertures 220 to
fasten the housing 106 to the lower end of the down tube 20. Oil is provided inside the
housing 106. As the components of the transmission 102 and the motor 104 rotate inside
the housing 106, the oil is projected by the rotating components, thereby lubricating the

components housed inside the housing 106.

[00126] The motor 104 has a motor shaft 222 that drives a cycloidal drive 224. The
cycloidal drive 224 operatively connects the motor 104 to a motor gear 226 to cause the
motor 104 to drive the motor gear 226. The motor gear 226 is connected to the right end
of the motor shaft 222. The motor shaft 222 defines a motor shaft axis 228 (Fig. 17) about
which the motor shaft 222 and the motor gear 226 rotate. The motor 104, cycloidal drive
224 and motor gear 226 are disposed in a lower front portion of the housing 106. The

motor 104, cycloidal drive 224 and motor gear 226 will be described in more detail below.
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[00127] The input shaft assembly 230 is housed in the housing 106. The input shaft
assembly 230 includes an input shaft 232, an input gear 234, and three gears 236A, 236B,
236C (referred to collectively as gears 236). The input shaft 232 is hollow. The crankshaft
108 extends through the input shaft 232. The input shaft 232 defines an input shaft axis
238 (Fig. 17) about which the input shaft 232, the input gear 234 and the gears 236 rotate.
The input shaft axis 238 and the crankshaft axis 124 are coaxial. The input shaft 232 and
the crankshaft 108 are parallel to the motor shaft 222. The input gear 234 is connected to
the right end of the input shaft 232. The input gear 234 engages and is driven by the motor
gear 226. The gears 236 are mounted to the input shaft 232 to the left of the input gear
234. The gears 236 are rotationally fixed relative to the input shaft 232. The input shaft

assembly 230 will be described in more detail below.

[00128] The countershaft assembly 240 is housed in the housing 106. The
countershaft assembly 240 includes a countershaft 242, three gears 244A, 244B, 244C
(referred to collectively as gears 244) and three gears 246A, 246B, 246C (referred to
collectively as gears 246). The countershaft 242 is hollow. Portions of the left and right
shift assemblies 248, 250 are received inside the countershaft 242. The left shift assembly
248 includes the electric shift motor 162. The right shift assembly 250 includes the electric
shift motor 160. As can be seen, the countershaft 242 is disposed axially between the shift
motors 160, 162. The shift assemblies 248, 250 are disposed in the housing 106. The shift
assemblies 248, 250 will be described in more detail below. The countershaft 222 defines
a countershaft axis 252 (Fig. 17) about which the countershaft 242, the gears 244 and the
gears 246 rotate. The countershaft 242 is parallel to the input shaft 232. The gears 244 are
rotationally mounted on a right side of the countershaft 242. The gear 244 A engages and
is driven by the gear 236A. The gear 244B engages and is driven by the gear 236B. The
gear 244C engages and is driven by the gear 236C. The right shift assembly 250 selectively
rotationally fixes one of the gears 244 at a time to the countershaft 242 in order to drive the
countershaft 242 as will be described in more detail below. The gears 246 are rotationally
mounted on a left side of the countershaft 242. The left shift assembly 248 selectively
rotationally fixes one of the gears 246 at a time to the countershaft 242 as will be described
in more detail below. The countershaft assembly 240 will be described in more detail

below.
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[00129] The output shaft assembly 260 is housed in part in the housing 106. The
output shaft assembly 260 includes the output shaft 114 and three gears 262A, 262B, 262C
(referred to collectively as gears 262). The output shaft 114 is hollow, but it is
contemplated that it could be solid. The output shaft 114 extends through the right side
cover 214 of the housing 106. The drive sprocket 116 is fastened to the right end of the
output shaft 114 by a threaded fastener 264. The output shaft 114 defines an output shaft
axis 266 (Fig. 17) about which the output shaft 114, the gears 262 and the drive sprocket
116 rotate. The drive sprocket 116, the output shaft 114 and the gears 262 are coaxial. The
output shaft 114 is parallel to the input shaft 232 and to the countershaft 242. The gears
262 are mounted to a left side of the output shaft 232. The gears 262 are rotationally fixed
relative to the output shaft 114. The gear 262A engages the gear 246A and is driven by
the gear 246A when the gear 246A is rotationally fixed to the countershaft 242. The gear
262B engages the gear 246B and is driven by the gear 246B when the gear 246B is
rotationally fixed to the countershaft 242. The gear 262C engages the gear 246C and is
driven by the gear 246C when the gear 246C is rotationally fixed to the countershaft 242.

The output shaft assembly 260 will be described in more detail below.

[00130] With reference to Figs. 30 to 32, it can be seen that the drive sprocket 116,
the motor shaft 222, the cycloidal drive 224, the motor gear 226, the input gear 234, the
gears 236, the gears 244, and the shift assembly 250 are disposed on a right side of a plane
268. The plane 268 is a vertical plane that is normal to the input shaft 232 and is located
at a lateral center of the crankshaft 108. It can also be seen that the torque sensor 156, the
gears 246, the shift assembly 248 and the gears 262 are disposed on a left side of the plane
268. As can also be seen in Fig. 30, the gears 236 are disposed laterally (i.e. in a direction
of the input shaft axis 238) between the input gear 234 and the plane 268. With continued
reference to Fig. 30, it can be seen that a bulk of the motor 104 is disposed on a left side of
the plane 268. This arrangement of the above-recited components on either side of the
plane 268 helps in distributing the weight of these components such that a center of mass

of these components is close to or at the plane 268 in a lateral direction.

[00131] Returning to Fig. 18, it can be seen that the output shaft 114 is rearward of

and vertically higher than the input shaft 232. With reference to Fig. 17, it can be seen that
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in a horizontal direction: the input shaft axis 238 and the countershaft axis 252 are between
the motor shaft axis 228 and the output shaft axis 266; the countershaft axis 252 is between
the motor shaft axis 228 and the input shaft axis 238; and the input shaft axis 238 is between
the countershaft axis 252 and the output shaft axis 266. As can also be seen in Fig. 17, in
in a vertical direction: the countershaft axis 252 is vertically lower than the output shaft
axis 266; the input shaft axis 238 is vertically lower than the countershaft axis 266; and the

motor shaft axis 228 is vertically lower than the input shaft axis 238.

[00132] During operation, the input shaft 232 is driven by the crankarms 110 via the
crankshaft 108 and/or by the electric motor 104 via the motor gear 226 and the input gear
234. The input shaft 232 drives the gears 236 and the gears 236 drive the gears 244. When
one of the gears 244 is rotationally fixed to the countershaft 242 by the shift assembly 250,
this gear 244 drives the countershaft 242. When one of the gears 246 is rotationally fixed
to the countershaft 242, the countershaft 242 drives this gear 246. This gear 246 drives the
corresponding gear 262, which drives the output shaft 114. The output shaft 114 drives
the drive sprocket 116, which drives the chain 120, which drives the driven sprocket 118,

which drives the rear wheel 62.

[00133] As there are three pairs of gears 236, 244 and three pairs of gears 246, 262,
there are nine possible gear ratios, also commonly referred as “gears”, between the input
and output shafts 232, 114 that can be selected by the shift assemblies 248, 250. The lowest
gear (i.e. the gear combination providing the lowest output shaft speed for a given input
shaft speed) corresponds to the shift assembly 250 rotationally fixing the gear 244A to the
countershaft 242 and to the shift assembly 248 rotationally fixing the gear 246A to the
countershaft 242. The highest gear (i.e. the gear combination providing the highest output
shaft speed for a given input shaft speed) corresponds to the shift assembly 250 rotationally
fixing the gear 244C to the countershaft 242 and to the shift assembly 248 rotationally
fixing the gear 246C to the countershaft 242. It is contemplated that in alternative
embodiments there could be two or more than three gears 244 with a corresponding number
of gears 236. It is also contemplated that in alternative embodiments there could be two or
more than three gears 246 with a corresponding number of gears 262. It is contemplated

that in alternative embodiments, there could be a single gear 244 rotationally fixed to the
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countershaft 242 and a single gear 236, in which case the shift assembly 250 would be
omitted. It is contemplated that in alternative embodiments, there could be a single gear
246 rotationally fixed to the countershaft 242 and a single gear 262, in which case the shift
assembly 248 would be omitted.

[00134] Turning now to Figs. 21 and 30, the motor 104, the cycloidal drive 224 and
the motor gear 226 will be described in more detail. The motor 104 has a motor housing
270 inside which are disposed a rotor and a stator (not shown). The motor shaft 222 is
connected to and driven by the rotor. The distal end (i.e. the right end) of the motor shaft
222 is rotationally supported in the right cover 214 of the housing 106 by a needle bearing
272 (Fig. 30). The cycloidal drive 224 includes a ring gear 274, two cycloidal discs 276
and an output ring 278. The ring gear 274 is fixed to the motor housing 270. The ring gear
274 has a plurality of internal teeth 280. A ball bearing 282 (Fig. 30) is provided radially
between the ring gear 274 and the motor shaft 222. An eccentric 284 is keyed on the motor
shaft 222. The cycloidal discs 276 are rotationally mounted to the eccentric 284. As the
motor shaft 222 rotates, external teeth of the cycloidal discs 276 engage the teeth 280 of
the ring gear 274 and the cycloidal discs 276 turn about the motor shaft 222 in a cycloidal
motion. The output ring 278 is rotationally mounted to the motor shaft 222 by a ball
bearing 286 (Fig. 30). The output ring 278 has seven posts 288 that are received in seven
openings 290 defined in each of the cycloidal discs 276. As the cycloidal discs 276 turn,
they drive the output ring 278 via the posts 288. As a result of this arrangement, the output
ring 278 rotates slower than the motor shaft 222. The motor gear 226 is fixedly connected
to and turns together with the output ring 278. It is contemplated that in some

embodiments, the cycloidal drive 224 could be replaced by another type of reduction drive.

[00135] With reference to Figs. 19, 20, 22 to 25, 30 and 31, the crankshaft 108 and

the input shaft assembly 230 will be described in more detail.

[00136] As can be seen in Figs. 30 and 31, the ends of the crankshaft 108 are
disposed outside of the housing 106. The ends of the crankshaft 108 have external splines
300 and internal threads 302. The crank arms 110 have internal splines (not shown) that

engage the external splines 300 of the ends of the crankshaft 108. As such, the crank arms
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110 are rotationally fixed relative to the crankshaft 108. Threaded fasteners (not shown)
are threaded into the internal threads 302 of the ends of the crankshaft 108 to secure the
crank arms 110 to the crankshaft 108. The crankshaft 108 is hollow, but it is contemplated

that at least some portions of the crankshaft 108 could be solid.

[00137] With reference to Figs. 30 and 31, the right end portion of the crankshaft
108 is fastened via threads 304 to a sleeve 306. The sleeve 306 is received in an aperture
defined in the right side cover 214 of the housing 106. A seal 308 disposed between the
sleeve 306 and the right side cover 214 and another seal 310 disposed between the sleeve
306 and the crankshaft 108 prevent oil present in the housing 106 from escaping the
housing at these locations. The sleeve 306 is rotationally supported in the right side cover
214 by a ball bearing 312. The sleeve 306 and the crankshaft 108 rotate together. The left
end portion of the crankshaft 108 is received in an aperture defined in the left side cover
212 of the housing 106. A seal 314 disposed between the crankshaft 108 and the left side
cover 212 prevents oil present in the housing 106 from escaping the housing 106 at this
location. A sleeve 316 is connected to and disposed around the left end portion of the
crankshaft 108. The sleeve 316 is rotationally supported in the left side cover 212 by a ball
bearing 318. The sleeve 316 and the crankshaft 108 rotate together.

[00138] With reference to Figs. 30 and 31, as previously described, the crankshaft
108 extends through the hollow input shaft 232. As can be seen, the ends of the crankshaft
108 extend past the ends of the input shaft 232. The input shaft 232 can rotate relative to
the crankshaft 108. The right end of the input shaft 232 is rotationally connected to the
crankshaft 108 by a ball bearing 320 disposed radially between the input shaft 232 and the
crankshaft 108. A needle bearing 322 disposed between the input shaft 232 and the
crankshaft 108 rotationally connects the input shaft 232 and the crankshaft 108 at a position
aligned with the portion of the input shaft 232 to which the gears 236 are connected. The
left end of the input shaft 232 is connected to the crankshaft 108 by a clutch 324 disposed
radially between the input shaft 232 and the crankshaft 108. The clutch 324 is a one-way
freewheel clutch. More specifically, in the present embodiment the clutch 324 is a sprag
clutch. It is contemplated that in some embodiment, another type of clutch 324 could be

used. The sprag clutch 324 allows relative rotation between the input shaft 232 and the
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crankshaft 108 in one direction but not in the other. For example, should the input shaft
232 be driven by the motor 104 faster than the crankshaft 108 is being turned by the biker
riding the pedelec, such as when the biker is not pedaling, the sprag clutch 324 will slip
allowing the input shaft 232 to rotate relative to the crankshaft 108. Similarly, should the
biker pedal to make the pedelec 10 move forward while the input shaft 232 is not turning
(i.e. starting to pedal from rest with the motor 104 off) or while the input shaft 232 is not
turning faster than the crankshaft 108 is being turned, the sprag clutch 324 will engage the
input shaft 232 and the crankshaft 108 together such that the crankshaft 108 drives the input
shaft 232.

[00139] The input gear 234 is rotationally connected to the right end of the input
shaft 232 by a ball bearing 326 disposed radially between the input gear 324 and the input
shaft 232. A clutch 328 is disposed radially between the input shaft 232 and the input gear
324 at the right end of the input shaft 232 next to the ball bearing 326. The clutch 328 is a
one-way freewheel clutch. More specifically, in the present embodiment the clutch 328 is
a sprag clutch. It is contemplated that in some embodiment, another type of clutch 328
could be used. The sprag clutch 328 allows relative rotation between the input shaft 232
and the input gear 234 in one direction but not in the other. For example, should the input
shaft 232 be driven by the crankshaft 108 faster than the input gear 234 is being turned by
motor 104, the sprag clutch 328 will slip allowing the input shaft 232 to rotate relative to
the input gear 234. Therefore, when the motor 104 is not driving the input shaft 232, it is
effectively decoupled from the input shaft assembly 230 and does not create drag on the
powertrain 100. Similarly, should the motor 104 drive the input gear 234 while the input
shaft 232 is not turning (i.e. starting from rest without pedaling) or while the input shaft
232 is not turning faster than the input gear 234 is being turned, the sprag clutch 328 will
engage the input shaft 232 and the input gear 234 together such that the input gear 234, and
therefore the motor 104, drives the input shaft 232.

[00140] As can be best seen in Figs. 24 and 30, the gear 236A is integrally formed
with the input shaft 232. As such, the gear 236A and the input shaft 232 are a single part.
With reference to Fig. 24, the portion 330 of the input shaft 232 to the left of the gear 236A

has a generally dodecagonal shape with six of the sides having a first length and six of the
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sides having a second, shorter, length. As shown in Fig. 25 for the gear 236C, the gears
236B and 236C have a central aperture 332 having a shape corresponding to the shape of
the portion 330 of the input shaft 232. The gears 236B and 236C are disposed on the
portion 330 of the input shaft 232, thereby rotationally fixing the gears 236B and 236C
relative to the input shaft 232. It is contemplated that the portion 330 of the input shaft 232
could have a different shape, with the apertures 332 of the gears 236B and 236C having a
corresponding shape. It is also contemplated that the gears 236B and 236C could be
rotationally fixed to the input shaft 232 in other ways, such as by splines for example. It
is also contemplated that the gear 236A could be a separate part from the input shaft 232
and be mounted to the input shaft 232 in the same manner as the gears 236B and 236C. It
is also contemplated that the gear 236C could be integrally formed with the input shaft 232,
in which case the gear 236 A would be mounted to the input shaft 232 in the same manner

as the gear 236B.

[00141] With reference to Figs. 19 and 22, the input shaft 232 has a circumferentially
recessed portion 334 located between the gears 326 and the left end of the input shaft 232.
The torque sensor 156 is aligned with the recessed portion 334 and is partially received in
the recess formed by the recessed portion 334. As such, the torque sensor 156 is disposed
between the left end portion of the input shaft 232 and the gears 236 in the direction defined
by the central axis of the input shaft 232 (i.e. the input shaft axis 238). As can be seen in
Fig. 30, the torque sensor 156 is also disposed between the clutch 324 and the gears 236 in
the direction defined by the input shaft axis 238, and between the clutch 324 and the needle
bearing 322 in the direction defined by the input shaft axis 238. In this position, the torque
sensor 156 senses the torque applied to the input shaft 232. More specifically, in this
position, the torque sensor 156 senses the torque applied by the crankshaft 108 to the input
shaft 232. As the torque applied by both crank arms 110 is transferred to the left end of
the input shaft 232 by the crankshaft 108 and the sprag clutch 324, the torque sensor 156
senses the torque applied by both crank arms 110. As such, in this embodiment, there is
no need to have one torque sensor per crank arm 110, as the arrangement described above
allows the single torque sensor 156 to sense the torque from both crank arms 110. Based
on the torque sensed by the torque sensor 156, the MCU 146 controls the motor 104 to

provide more or less assistance to the biker pedaling on the pedelec 10. A high torque
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sensed by the torque sensor 156 is indicative of the biker applying a lot of torque via the
crank arms 110 and is therefore making a lot of physical effort pedaling. In response, the
MCU 146 controls the motor 104 to apply torque to the input shaft 232 via the motor gear
226 and the input gear 234, thereby assisting the biker. The amount of torque to be applied
by the electric motor 104 could depend on a selected degree of assistance selected by the
biker in embodiments allowing for varying degrees of assistance. The torque sensed by
the torque sensor 156 can also be used by the TCU 144 in some embodiments to
automatically control the shift assemblies 248, 250 to change gears in order to make it

easier or harder for the biker to pedal.

[00142] Turning now to Figs. 27 to 29 and 32, the output shaft assembly 260 will be
described in more detail. With reference to Fig. 32, the right end portion of the output shaft
114 is received in an aperture defined in the right side cover 214 of the housing 106. A
seal 340 disposed between the output shaft 114 and the right side cover 214 prevents oil
present in the housing 106 from escaping the housing at this location. The output shaft 114
is rotationally supported in the right side cover 214 by a needle bearing 342. The left end
portion of the output shaft 114 is received in an internal flange 344 defined by the left side
cover 212 of the housing 106. A seal 346 disposed between the output shaft 114 and the
flange 344 prevents oil present in the housing 106 from escaping the housing 106 at this
location. The output shaft 114 is rotationally supported in the flange 344 of the left side
cover 212 by a ball bearing 348. A cap 350 closes an aperture defined in the left side cover
212. Removing the cap 350 provides access to the left end portion of the output shaft 114,
the bearing 348 and the seal 346 without having to remove the left side cover 212.

[00143] As can be best seen in Figs. 28 and 32, the gear 262C is integrally formed
with the output shaft 114. As such, the gear 262C and the output shaft 114 are a single
part. With reference to Fig. 28, the portion 352 of the output shaft 114 to the left of the
gear 262C has a generally hexagonal shape. As shown in Fig. 29 for the gear 262A, the
gears 262A and 262B have a central aperture 354 having a shape corresponding to the
shape of the portion 352 of the output shaft 114. The gears 262A and 262B are disposed
on the portion 352 of the output shaft 114, thereby rotationally fixing the gears 262A and
262B relative to the output shaft 114. It is contemplated that the portion 352 of the output
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shaft 114 could have a different shape, with the apertures 354 of the gears 262A and 262B
having a corresponding shape. As the portion 352 of the output shaft 114 and the apertures
354 of the gears 262 A and 262B have a shape that is different from the shape of the portion
330 of the input shaft 232 and the apertures of the gears 236B and 236C, during assembly
of the transmission 102, the gears 262A, 262B cannot be accidentally mounted to the input
shaft 232 and the gears 236B, 236C cannot be accidentally mounted to the output shaft
114. It is also contemplated that the gears 262A and 262B could be rotationally fixed to
the output shaft 114 in other ways, such as by splines for example. It is also contemplated
that the gear 262C could be a separate part from the output shaft 114 and be mounted to
the output shaft 114 in the same manner as the gears 262A and 262B. It is also
contemplated that the gear 262A could be integrally formed with the output shaft 114, in
which case the gear 262C would be mounted to the output shaft 114 in the same manner as

the gear 262B.

[00144] Turning now to Figs. 26 and 31 to 33, the countershaft assembly 240 will
be described in more detail. The right end portion of the countershaft 242 is received in an
internal flange 360 defined by the right side cover 214 of the housing 106. The countershaft
242 is rotationally supported in the flange 360 of the right side cover 214 by a ball bearing
362. A cap 364 (Fig. 13) closes an aperture 366 defined in the right side cover 214.
Removing the cap 364 provides access to the electric shift motor 160 and other components
of the right shift assembly 250 without having to remove the right side cover 214. The left
end portion of the countershaft 242 is received in an internal flange 368 defined by the left
side cover 212 of the housing 106. The countershaft 242 is rotationally supported in the
flange 368 of the left side cover 212 by a needle bearing 370. A cap (not shown) closes an
aperture 372 defined in the left side cover 212. Removing this cap provides access to the
electric shift motor 162 and other components of the left shift assembly 248 without having

to remove the left side cover 212.

[00145] With reference to Figs. 33 and 34, the countershaft 244 defines six pairs of
apertures 374. Each pair of apertures 374 is axially aligned with a corresponding one of
the gears 244, 246. For each pair of apertures 374, the two apertures 374 are disposed

opposite to each other (i.e. at 180 degrees from each other about the central axis 252 of the
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countershaft 242). Each pair of apertures 374 is disposed at 90 degrees from the pair of
apertures 374 that is next to it. For each aperture 374, the countershaft 242 defines two
recesses 376 in an outer surface thereof disposed adjacent to the aperture 374 on either side
thereof. As best seen in Fig. 41, one of the recesses 376A has a rounded bottom and one
of the recesses 376B is flat bottomed. For each pair of apertures 374, the countershaft 242
defines a circumferential groove 378 that is axially aligned with the apertures 374 and
recesses 376. It is contemplated that instead of having a pair of apertures 374 for each of
the gear 244, 246, there could be only one apertures 374 or three or more apertures 374.
As can be seen in Fig. 33, the countershaft 242 has an internal flange 380. The internal
flange 380 is located axially between the gears 244C and 246C. On each side of the flange
380, the countershaft 242 defines a pair of axially extending grooves 382. As best seen in
Fig. 41, the grooves 382 of the pair of grooves 382 are disposed opposite to each other.

[00146] Turning now to Figs. 33 to 45, the shifting assemblies 248, 250 will be
described in more detail. The shift assembly 248 together with the gears 246 and its
corresponding portion of the countershaft 242 define a shifting and gear assembly. The
shift assembly 250 together with the gears 244 and its corresponding portion of the
countershaft 242 define another shifting and gear assembly. Embodiments of a shifting
and gear assembly where a hollow shaft is provided instead of the countershaft 242 are
contemplated. As would be understood, in the present embodiment the hollow shafts of
both shifting and gear assemblies are integrally formed as the single countershaft 242. As
indicated above, the shifting assembly 248 includes the shift motor 162 and the shifting
assembly 250 includes the shift motor 160. As the shifting assemblies 248, 250 are mirror
images of each other, the other components of the shifting assemblies 248, 250 will be
described with respect to the shift assembly 248. The corresponding components of the

shift assembly 250 will be labeled with the same reference numerals in the figures.

[00147] With reference to Fig. 45, the shift motor 162 has a motor shaft 400. A
spindle 402 has one end connected to the motor shaft 400 such that the spindle 402 rotates
with the motor shaft 400. The opposite end of the spindle 402 is rotationally supported in
the flange 380 of the countershaft 242 by a ball bearing 404. The spindle 402 has external
threads (not shown). The spindle 402 is coaxial with the countershaft 242. With reference
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to Figs. 35 to 37, a rail 406 having three slots 408 is connected to the shift motor 162. A
slider 410 is disposed over the spindle 402. The slider 410 has three arms 412 received in
the three slots 408 of the rail 406. A nut 414 is disposed over the spindle 402 and is
connected to the slider 410 so as to be rotationally fixed relative to the slider 410. The nut
414 has internal threads (not shown) that engage the external threads of the spindle 402.
As such, when the shift motor 162 rotates the spindle 402, the interaction between the slider
410 and the rail 406 prevent the nut 414 from rotating with the spindle 402, and the nut
414 translates along the spindle 402. The slider 410 translates with the nut 414 and the
arms 412 of the slider 410 slide inside the slots 408 of the rail 406. In an alternative
embodiment, the end of the spindle 402 is connected to a sprocket, and the sprocket is

driven by the shift motor 162 via a flexible drive member.

[00148] Returning to Fig. 45, a cam 416 is rotationally supported on a sleeve portion
418 of the nut 414 by a pair of ball bearings 420. The cam 416 has a pair of ribs 422 (Fig.
41) received in the axially extending grooves 382 of the countershaft 242. As such, rotation
of the spindle 402 by the shift motor 162 causes the nut 414 to translate as described above,
the cam 416 translates with the nut 414 inside the countershaft 242, and cam 416 rotates

together with the countershaft 242. The cam 416 will be described in more detail below.

[00149] Each aperture 374 and its corresponding recesses 376 of the countershaft
242 receives a cam follower 430 therein. As such, each gear 246 has a pair of cam
followers 430 axially aligned therewith. In the present embodiment, the cam followers 430
are shift pawls 430 which will be described in more detail below. A spring ring 432 is
received in each circumferential groove 378. As such, as can be seen in Fig. 40 for one
spring ring 432, each spring ring 432 is disposed around the countershaft 242 and in axial
alignment with its corresponding gear 246 and pair of shift pawls 430. The spring rings
432 bias the shift pawls 430 radially inward.

[00150] In response to the cam 416 being translated by the shift motor 162 to be
axially aligned with one of the pairs of shift pawls 430, the cam 416 displaces the shift
pawls 430 radially outward to engage the corresponding gear 426 so as to rotationally fix

this gear 426 to the countershaft 242. For example, in Fig. 45 the cam 416 is axially aligned
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with the pair of shift pawls 430 that are closest to the shift motor 162, and these shift pawls
430 are displaced radially outward to engage the gear 426A. When the cam 416 is
translated so as to no longer be axially aligned with a pair of shift pawls 430, the spring
ring 432 corresponding to these shift pawls 430 displaces the shift pawls 430 radially
inward to disengage the corresponding gear 426 such that this gear 426 can once again
rotate relative to the countershaft 242. Only one of the gears 426 is engaged and

rotationally fixed to the countershaft 242 at a time.

[00151] The TCU 144 controls the electric shift motors 160, 162 based on the signals
received from the shifter 32, the speed sensor 154 and the torque sensor 156. As such the
TCU 144 controls the positions of the cams 416 of the shift assemblies 348, 250 by
controlling the shift motors 162, 160. By axially aligning the cams 416 with different gears
244, 246 on the countershaft 242 so as to rotationally fix them to the countershaft 242 with
the shift pawls 430, different gear ratios between the input shaft 232 and output shaft 114
can be obtained. As previously mentioned, the transmission 102 has nine possible gear
ratios, or gears, between the input shaft 232 and the output shaft 114. The first to ninth
gear sequentially provide higher and higher gear ratios (output shaft speed to input shaft

speed). Accordingly, the first gear is the lowest gear and the ninth gear is the highest gear.

[00152] Fig. 45 illustrates the cams 416 in their positions corresponding to the first
gear. In the first gear, the cam 416 of the shift assembly 250 is aligned with the gear 244A
and the cam 416 of the shift assembly 248 is aligned with the gear 246A. As such, the shift
pawls 430 axially aligned with the gears 244A and 246A engage these gears and
rotationally fix these gears to the countershaft 242. In the first gear, torque applied to the
input shaft 234 from the crankshaft 108 and/or the electric motor 104 is transmitted to the
gear 236A, from the gear 236A to the gear 244 A, from the gear 244 A to the countershaft
242, from the countershaft 242 to the gear 246A, from the gear 246A to the gear 262A,
from the gear 262A to the output shaft 114, and from the output shaft 114 to the drive
sprocket 116. From the drive sprocket 116, torque is transmitted to the rear wheel 62 via

the chain 120 and driven sprocket 118 as described above.
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[00153] Fig. 46 illustrates the cams 416 in their positions corresponding to the third
gear. In the third gear, the cam 416 of the shift assembly 250 is aligned with the gear 244C
and the cam 416 of the shift assembly 248 is aligned with the gear 246A. As such, the shift
pawls 430 axially aligned with the gears 244C and 246A engage these gears and
rotationally fix these gears to the countershaft 242. In the third gear, torque applied to the
input shaft 234 from the crankshaft 108 and/or the electric motor 104 is transmitted to the
gear 236C, from the gear 236C to the gear 244C, from the gear 244C to the countershaft
242, from the countershaft 242 to the gear 246A, from the gear 246A to the gear 262A,
from the gear 262A to the output shaft 114, and from the output shaft 114 to the drive
sprocket 116. From the drive sprocket 116, torque is transmitted to the rear wheel 62 via

the chain 120 and driven sprocket 118 as described above.

[00154] Fig. 47 illustrates the cams 416 in their positions corresponding to the fourth
gear. In the fourth gear, the cam 416 of the shift assembly 250 is aligned with the gear
244 A and the cam 416 of the shift assembly 248 is aligned with the gear 246B. As such,
the shift pawls 430 axially aligned with the gears 244A and 246B engage these gears and
rotationally fix these gears to the countershaft 242. In the fourth gear, torque applied to
the input shaft 234 from the crankshaft 108 and/or the electric motor 104 is transmitted to
the gear 236A, from the gear 236A to the gear 244 A, from the gear 244 A to the countershaft
242, from the countershaft 242 to the gear 246B, from the gear 246B to the gear 262B,
from the gear 262B to the output shaft 114, and from the output shaft 114 to the drive
sprocket 116. From the drive sprocket 116, torque is transmitted to the rear wheel 62 via

the chain 120 and driven sprocket 118 as described above.

[00155] Fig. 48 illustrates the cams 416 in their positions corresponding to the ninth
gear. In the ninth gear, the cam 416 of the shift assembly 250 is aligned with the gear 244C
and the cam 416 of the shift assembly 248 is aligned with the gear 246C. As such, the shift
pawls 430 axially aligned with the gears 244C and 246C engage these gears and
rotationally fix these gears to the countershaft 242. In the ninth gear, torque applied to the
input shaft 234 from the crankshaft 108 and/or the electric motor 104 is transmitted to the
gear 236C, from the gear 236C to the gear 244C, from the gear 244C to the countershaft
242, from the countershaft 242 to the gear 246C, from the gear 246C to the gear 262C,
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from the gear 262C to the output shaft 114, and from the output shaft 114 to the drive
sprocket 116. From the drive sprocket 116, torque is transmitted to the rear wheel 62 via

the chain 120 and driven sprocket 118 as described above.

[00156] Although not illustrated as in Figs. 45 to 48, in the second gear the cams
416 are aligned with the gears 244B and 246A and torque is transmitted via the gears 236B,
244B, 246A and 262A. In the fifth gear the cams 416 are aligned with the gears 244B and
246B and torque is transmitted via the gears 236B, 244B, 246B and 262B. In the sixth
gear the cams 416 are aligned with the gears 244C and 246B and torque is transmitted via
the gears 236C, 244C, 246B and 262B. In the seventh gear the cams 416 are aligned with
the gears 244A and 246C and torque is transmitted via the gears 236A, 244A, 246C and
262C. In the eighth gear the cams 416 are aligned with the gears 244B and 246C and
torque is transmitted via the gears 236B, 244B, 246C and 262C.

[00157] Each actuation, or clicking, of the shifter 32 in one direction cause the next
gear (i.e. gear ratio) in the sequence up or down to be selected depending on the direction
of the actuation of the shifter 32. The above described arrangement can also allow the
TCU 144 to be programmed so as to provide non-sequential shifting. For example, a
double-click or long click the shifter 32 could cause a shifting by two gears (3" to 5™ for
example) or return to first gear regardless of the currently selected gear. This arrangement
also allows shifting to occur even when the pedelec 10 is standing still as shifting is caused
by the electric shifting motor 160, 162. As such, it is contemplated that the TCU 144 could
control the shifting motors 160, 162 to automatically return the transmission 102 to the first
gear when the speed of the pedelec 10 is zero. It is also contemplated that the pedelec 10
could be provided with a level sensor, such that when the speed of the pedelec 10 is zero
and the level sensor detects that the pedelec 10 is pointing in a downhill direction, the TCU
144 could control the shifting motors 160, 162 to automatically return the transmission 102
to a gear higher than the first gear, such as the fourth gear for example. In such an
embodiment, it is contemplated that the gear that is being selected could depend on the
inclination detected by the level sensor, with higher gears being automatically selected for
higher downhill inclinations. It is also contemplated that the TCU 144 could be

programmed to automatically shift to a more suitable gear based on the sensed pedaling
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cadence and/or torque sensed by the torque sensor 156 should the biker not properly shift

to match the current operating condition of the pedelec 10.

[00158] Turning now to Figs. 38 to 42, one of the cams 416 will be described in
more detail. As both cams 416 are identical, the description of this cam 416 also applies
to the other cam 416. The cam 416 has a central aperture 434 with two shoulders 435 to
receive the spindle 402 and bearings 420 therein. With reference to Fig. 38, the cam 416
has a cam width W. The distance D; measured in the direction parallel to the axis 252
between two consecutive sets of shift pawls 430 is less than or equal to 0.4 times the cam

width Wi.

[00159] The cam 416 also has four pinched regions 436 along its outer periphery.
The pinched regions 436 are disposed at 90 degrees from each other. These pinched
regions 436 are circumferentially aligned with the shift pawls 430 and their corresponding
apertures 374. Each pinched region 436 defines a cam contact surface 438 that comes in
contact with its corresponding shift pawls 430 to displace the shift pawls 430 radially
outward. Each cam contact surface 438 has two ramps 440 disposed on opposite sides
thereof and a plateau 442 extending between the top of the ramps 440 as best seen in Fig.
38. Each cam contact surface 438 has a minimum cam contact surface 444. The minimum
cam contact surface 444 is defined herein as the portion of the cam contact surface 438
disposed between the first/last points P1, P> of the cam contact surface 438 to make contact
with the shift pawls 430 as the cam 416 is being translated. In the case where surfaces of
the cam contact surfaces 438 are the first/last to make contact with the shift pawls 430 as
is the case in the present embodiment with the upper portions of the ramps 440, the points
P1, P» are the points of these surfaces that are closest to the center of the cam contact surface
438 is a direction parallel to the axis 252. The minimum cam contact surface 444 has a
width W3 as shown in Fig. 38. In the present embodiment, the distance D1 between two
consecutive shift pawls 430 is less than or equal to 1.1 times the width W> of the minimum
cam contact surface 444. Since the difference between distance D relative to the width
W2 is small, the time taken to move the cam 416 from one shift pawl 430 to the next shift
pawl 430 is short, and therefore the time taken to disengage one gear 244 or 246 and engage

an adjacent gear 244 or 246 is also short, which allows for quick shifting of the gears. Itis
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contemplated that in some embodiments, the cams 416 could be different from the cams

416 described above.

[00160] With reference to Figs. 43 and 44, the shift pawls 430 will be described in
more detail. As all of the shift pawls 430 are identical, only one shift pawl 430 will be
described. The shift pawl 430 has a body 450 and a finger 452. The body 450 has a
rounded end 454 and a flat end 456. The flat end 456 is angled for reasons described further
below. The body 450 defines a groove 458 on a radially outer side thereof that extends an
entire length of the body 450 and splits the flat end 456 in two. As can be seen in Figs. 34
and 40, the groove 458 receives therein the spring ring 432 associated with the shift pawl
430. The finger 452 extends from the body 450 between the ends 454, 456 and extends
away from the body 450 and toward the rounded end 454 at an acute angle. As can be

seen, most corners of the body 450 and the finger 452 are beveled.

[00161] As shown for the shift pawls 430 in Fig. 40 and on the left side of Fig. 41,
when the shift pawl 430 is not engaged by the cam 416 (i.e. the cam 416 is not axially
aligned with the shift pawl 430), the finger 452 is received in its corresponding aperture
374 in the countershaft 242, the rounded end 454 is received in its corresponding recess
376A and the flat end 456 is received in its corresponding recess 376B. As can be seen, in

this position the finger 452 protrudes from the inner surface of the countershaft 242.

[00162] When the cam 416 is translated to axially align with the shift pawl 430, as
can be seen by comparing Figs. 38 and 39, the cam contact surface 438 of the cam 416
abuts the end of the finger 452 and displaces the finger 452, and therefore the shift pawl
430, radially outward. More specifically, as shown for the shift pawls 430 on the right side
of Fig. 41, in response to the cam 416 aligning with the shift pawl 430, the cam 416 pushes
the finger 452 of the shift pawl 430 radially outward such that the body 450 of the shift
pawl 430 pivots about a pivot axis 460 defined in its rounded end 454 in the recess 376A
such that the flat end 456 pivots outwardly.

[00163] It should be understood that in Fig. 41 the shift pawls 430 on the left and

right sides of these figures have been shown in different positions for the sake of the above
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explanations, but that in reality, since these shift pawls 430 are opposite to each other, they

have the same position as they are simultaneously engaged or disengaged by the cam 416.

[00164] Similarly, Fig. 42 shows four shift pawls 430 at different stages of
engagement, but it should be understood that in reality the shift pawls 430 on the left and
right sides of this figure have the same position, the shift pawls 430 on the top and bottom
sides of this figure have the same position. Also, when the left and right shift pawls 430
are engaged, the top and bottom shift pawls 430 are disengaged, and when the top and
bottom shift pawls 430 are engaged, the left and right shift pawls 430 are disengaged.

[00165] Returning to Figs. 40 and 41, it can be seen that the gear 246A has a plurality
of internal teeth 462. All of the gears 244, 246 have internal teeth 462 like those of the
gear 246A. In the present embodiment, the teeth 462 are triangular but other shapes are
contemplated. As can be seen on the right sides of Fig. 41, when the cam 416 displaces
the finger 452 radially outward such that the body 450 pivots, the flat end 456 shift pawl
abuts one of the internal teeth 462 of the gear 246A to rotationally fix the gear 246A to the
countershaft 242. Both opposed shift pawls 430 abut the internal teeth 462 to rotationally
fix the gear 246A to the countershaft 242. As can be seen the angle of the flat end 456
matches the angle of the tooth 462 it engages. The angles of the flat end 456 and the teeth
462 are selected such that a force vector F (Fig. 41) corresponding to the force applied by
the tooth 462 on the flat end 456 extends radially inward of the pivot axis 460. When the
cam 416 translates away from the shift pawl 430, this force vector F creates a moment
about the pivot axis 460 which assists in pivoting the flat end 456 back in the recess 376B.
As a result of this force vector F, the shift pawl 430 pivots back to its disengaged position
faster than if only the spring ring 432 was biasing the shift pawl 430 radially inward and
also allows the shift pawl 430 to disengage even when under load by its corresponding gear
246A. All of the gears 244, 246 are similarly engaged and disengaged by their
corresponding shift pawls 430 in response to their corresponding cam 416 being aligned or

not with the shift pawls 430.

[00166] Turning now to Figs. 49 to 54, a countershaft assembly 500, which is an

alternative embodiment of the countershaft assembly 240, and shift assemblies 502, 504,
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which are alternative embodiments of the shift assemblies 248, 250 respectively, will
described. For simplicity, elements of the countershaft assembly 500 and of the shift
assemblies 502, 504 that are the same as or similar to those of the countershaft assembly
240 and the shift assemblies 248, 250 have been labeled with the same reference numerals

and will not be described again in detail

[00167] The countershaft assembly 500 includes a countershaft 506, the three gears
244 A, 244B, 244C and the three gears 246A, 246B, 246C. The countershaft 506 is hollow.
As in the above-described embodiment, portions of the left and right shift assemblies 502,

504 are received inside the countershaft 506.

[00168] With reference to Fig. 50, the countershaft defines six trios of apertures 374.
Each trio of apertures 374 is axially aligned with a corresponding one of the gears 244,
246. For each trio of apertures 374, the three apertures 374 are disposed at 120 degrees
from each other about the central axis 508 (Fig. 53) of the countershaft 506. For the
apertures 374 aligned with the gears 244, each trio of apertures 374 is disposed at 60
degrees from the trio of apertures 374 that is next to it. Similarly, for the apertures 374
aligned with the gears 246, each trio of apertures 374 is disposed at 60 degrees from the
trio of apertures 374 that is next to it. The apertures 374 aligned with the gears 244 are
rotationally offset from the apertures 374 aligned with the gears 246. Like the countershaft
242, for each aperture 374, the countershaft 506 defines two recesses 376 in an outer
surface thereof disposed adjacent to the aperture 374 on either side thereof. The
countershaft 506 defines eight circumferential grooves 378 as shown. Unlike the
countershaft 242, the countershaft 506 does not have an internal flange 380 and does not

have axially extending grooves 382.

[00169] With reference to Fig. 49, the shifting assemblies 502, 504 will be described
in more detail. The shift assembly 502 together with the gears 246 and its corresponding
portion of the countershaft 506 define a shifting and gear assembly. The shift assembly
504 together with the gears 244 and its corresponding portion of the countershaft 242
define another shifting and gear assembly. Embodiments of a shifting and gear assembly

where a hollow shaft is provided instead of the countershaft 506 are contemplated. As
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would be understood, in the present embodiment the hollow shafts of both shifting and gear
assemblies are integrally formed as the single countershaft 506. Although not shown, the
shifting assembly 502 includes the shift motor 162 and the shifting assembly 504 includes
the shift motor 160. As the shifting assemblies 502, 504 are mirror images of each other,
the other components of the shifting assemblies 502, 504 will be described with respect to
the shift assembly 502. The corresponding components of the shift assembly 504 will be

labeled with the same reference numerals in the figures.

[00170] The spindle 402 has one end connected to and driven by the shift motor 162.
The opposite end of the spindle 402 is free. A rail having three slot (not shown, but similar
to the rail 406) is connected to the shift motor 162. A slider 510 is disposed over the spindle
402. The slider 510 has three arms received in the three slots of the rail. The slider 510 has
internal threads that engage the external threads of the spindle 402. As such, when the shift
motor 162 rotates the spindle 402, the interaction between the slider 510 and the rail prevent
the slider 510 from rotating with the spindle 402, and the slider 510 translates along the
spindle 402. As the slider 510 translates, the arms of the slider 510 slide inside the slots of
the rail. In this embodiment, since the slider 510 has internal threads, a separate nut, such

as the nut 414 described above, does not need to be attached to the slider 510.

[00171] A cam 512 is supported on an end portion of the slider 510. The cam 512
is defined by a pair of bearings 514. As such, rotation of the spindle 402 by the shift motor
162 causes the slider 510 to translate as described above and the cam 512 translates with

the slider inside the countershaft 506.

[00172] Each aperture 374 and its corresponding recesses 376 of the countershaft
506 receives a cam follower 516 therein, some of which are shown in Fig. 50. As such,
each gear 246 has three cam followers 516 axially aligned therewith. In the present
embodiment, the cam followers 516 are shift pawls 516 which will be described in more
detail below. A spring ring 432 is received in each circumferential groove 378. Each shift

pawl 516 is biased radially inward by two of the spring rings 432.

[00173] With reference to Fig. 54, the shift pawls 516 will be described in more
detail. As all of the shift pawls 516 are identical, only one shift pawl 516 will be described.
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As can be seen, the lateral profile of the shift pawl 516 is similar in shape to the lateral
profile of the shift pawl 430, but the shift pawl 516 is wider than the shift pawl 430. The
shift pawl 516 has a body 518 and a finger 520. The body 518 has a rounded end 522 and
an arcuate end 524. The arcuate end 522 is angled for the same reasons as the flat end 456
of the shift pawl 430. As best seen in Figs. 51, 52, the body 518 defines left and right

grooves 526 on a radially outer side thereof.

[00174] The grooves 526 receive therein the spring rings 432 associated with the
shift pawl 516. One spring ring 432 is received in the left grooves 526 of the shift pawls
516 aligned with the gear 246A. One spring ring 432 is received in the right grooves 526
of the shift pawls 516 aligned with the gear 246A and in the left grooves 526 of the shift
pawls 516 aligned with the gear 246B. One spring ring 432 is received in the right grooves
526 of the shift pawls 516 aligned with the gear 246B and in the left grooves 526 of the
shift pawls 516 aligned with the gear 246C. One spring ring 432 is received in the right
grooves 526 of the shift pawls 516 aligned with the gear 246C.

[00175] Returning to Fig. 54, the finger 520 extends from the body 518 between the
ends 522, 524 and extends away from the body 518 and toward the rounded end 522 at an
acute angle. The finger 520 has a pair of beveled surfaces 528 and a lower flat surface 530

between the beveled surfaces 528.

[00176] When the cam 512 is translated to axially align with the shift pawl 516, as
can be seen by comparing Figs. 51 and 52, the corner of an outer race of one of the bearings
514 abuts one of the beveled surfaces 528 of the finger 520 and displaces the finger 520,
and therefore the shift pawl 516, radially outward to engage the corresponding gear 246 in
a manner similar to the one described above for the pawls 430. As the cam 512 continues
to translate, the lower flat surface 530 of the finger 520 sits, first on the outer race of one
of the bearings 514, and then of both of the bearings 514 as shown in Fig. 52. As the cam
512 translates past the lower flat surface 530 of the finger 520, the outer race of the other
one of the bearings 514 abuts the other one of the beveled surfaces 528 of the finger 520
and, as the cam 512 continues to translate, the spring rings 432 and the force applied on

the shift pawl 516 by the corresponding gear 246 displace the finger 520, and therefore the



WO 2023/031307 PCT/EP2022/074256

44

shift pawl 516, radially inward to disengage the corresponding gear 246 in a manner similar
to the one described above for the pawls 430. However, the geometry of the shift pawl 516
and the fact that it is being biased by two spring rings 432 make it more easily disengaged
than the shift pawl 430.

[00177] In Fig. 53, the pawl 516 disposed above and to the left of the axis 508 is
shown in an engaged position (i.e. the surface 530 of finger 520 abuts the cam 512), the
pawl 516 disposed below and to the left of the axis 508 is shown in partially engaged
position (i.e. one of the beveled surfaces 528 of the finger 520 abuts the cam 512), and the
pawl 516 disposed to the right of the axis 508 is shown in a disengaged position (i.e. the
finger 520 does not abut the cam 512). It should be understood that in Fig. 53 the shift
pawls 516 have been shown in different positions for the sake of the above explanations,
but that in reality, since these shift pawls 516 are axially aligned with each other, they have

the same position as they are simultaneously engaged or disengaged by the cam 512.

[00178] Modifications and improvements to the above-described embodiments of
the present invention may become apparent to those skilled in the art. The foregoing
description is intended to be exemplary rather than limiting. The scope of the present

invention is therefore intended to be limited solely by the appended claims.
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What is claimed is:

L. A shifting and gear assembly for a transmission comprising:

a hollow shaft;

a first gear rotationally mounted on the hollow shaft, the hollow shaft defining at
least one first aperture in axial alignment with the first gear;

at least one first shift pawl disposed in the at least one first aperture;

a first spring ring disposed around the hollow shaft, the first spring ring biasing the
at least one first shift pawl radially inward;

a second gear rotationally mounted on the hollow shaft, the hollow shaft defining
at least one second aperture in axial alignment with the second gear;

at least one second shift pawl disposed in the at least one second aperture;

a second spring ring disposed around the hollow shaft, the second spring ring
biasing the at least one second shift pawl radially inward;

a cam disposed in the hollow shaft; and

a shift actuator operatively connected to the cam, the shift actuator selectively
translating the cam in the hollow shaft,

in response to the cam being axially aligned with the at least one first shift pawl,
the cam displacing the at least one first shift pawl radially outward to engage the first gear
to rotationally fix the first gear to the hollow shaft,

in response to the cam being axially aligned with the at least one second shift pawl,
the cam displacing the at least one second shift pawl radially outward to engage the second

gear to rotationally fix the second gear to the hollow shaft.

2. The assembly of claim 1, wherein the shift actuator is an electric shift motor.

3. The assembly of claim 1, wherein:
the hollow shaft defines two first apertures and two second apertures;
the at least one first shift pawl is two first shift pawls; and

the at least one second shift pawl is two second shift pawls.
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4. The assembly of claim 3, wherein:

the first apertures are positioned at 180 degrees from each other about a central axis
of the hollow shaft; and

the second apertures are positions at 180 degrees from each other about the central

axis.

3. The assembly of claim 4, wherein the first apertures are positioned at 90 degrees

from the second apertures about the central axis.

6. The assembly of claim 1, wherein the hollow shaft defines:

a first circumferential groove, the first spring ring being received in the first
circumferential groove; and

a second circumferential groove, the second spring ring being received in the

second circumferential groove.

7. The assembly claim 1, further comprising a spindle operatively connected to the
shift actuator and the cam; and
wherein the shift actuator selectively rotates the spindle, and in response to the

rotation of the spindle the cam translates in the hollow shaft.

8. The assembly of claim 1, wherein:

the hollow shaft defines at least one first recess adjacent to the at least one first
aperture;

each of the at least one first shift pawl has a body having first and second ends, and
a finger protruding from the body between the first and second ends, the finger extending
in a corresponding one of the at least one first aperture, and the body being disposed at
least in part in a corresponding one of the at least one first recess;

the first gear has a plurality of first internal teeth;

in response to the cam aligning with the at least one first shift pawl, the cam pushing
the finger of the at least one first shift pawl radially outward such that the body of the at

least one first shift pawl pivots about its first end in the at least one first recess and the
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second end of the at least one first shift pawl abuts one of the first internal teeth to
rotationally fix the first gear to the hollow shaft;

the hollow shaft defines at least one second recess adjacent to the at least one second
aperture;

each of the at least one second shift pawl has a body having first and second ends,
and a finger protruding from the body between the first and second ends, the finger
extending in a corresponding one of the at least one second aperture, and the body being
disposed at least in part in a corresponding one of the at least one second recess;

the second gear has a plurality of second internal teeth; and

in response to the cam aligning with the at least one second shift pawl, the cam
pushing the finger of the at least one second shift pawl radially outward such that the body
of the at least one second shift pawl pivots about its first end in the at least one second
recess and the second end of the at least one second shift pawl abuts one of the second

internal teeth to rotationally fix the second gear to the hollow shaft.

9. The assembly of claim 8, wherein for the at least one first shift pawl and the at least
one second shift pawl, the finger extends away from the body and toward the first end of

the body at an acute angle.

10. The assembly of claim 8, wherein for the at least one first shift pawl and the at least

one second shift pawl, the first end of the body is rounded.

11. The assembly of claim 8, wherein:

for the at least one first shift pawl, the second end is angled such that when the
second end abuts the one of the first internal teeth of the first gear, a first force vector
extends radially inward of a pivot axis about which the first end pivots, the first force vector
corresponding to a first force applied by the one of the first internal teeth on the second
end; and

for the at least one second shift pawl, the second end is angled such that when the
second end abuts the one of the second internal teeth of the second gear, a second force

vector extends radially inward of a pivot axis about which the first end pivots, the second
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force vector corresponding to a second force applied by the one of the second internal teeth

on the second end.

12. The assembly of claim 1, wherein:

for the at least one first shift pawl, the body defines a groove on a radially outer
side thereof, the first spring ring extending in the groove of the body; and

for the at least one second shift pawl, the body defines a groove on a radially outer

side thereof, the second spring ring extending in the groove of the body.

13. The assembly of claim 1, wherein the cam defines:

at least one first ramp and at least one second ramp on opposite sides thereof, the at
least one first ramp and the at least one second ramp being circumferentially aligned with
the at least one first shift pawl; and

at least one third ramp and at least one fourth ramp on opposite sides thereof, the at
least one third ramp and the at least one fourth ramp being circumferentially aligned with

the at least one second shift pawl.

14. The assembly of claim 1, further comprising:

a third gear rotationally mounted on the hollow shaft, the hollow shaft defining at
least one third aperture in axial alignment with the third gear;

at least one third shift pawl disposed in the at least one third aperture; and

a third spring ring disposed around the hollow shaft, the third spring ring biasing
the at least one third shift pawl radially inward,

in response to the cam being axially aligned with the at least one third shift pawl,
the cam displacing the at least one third shift pawl radially outward to engage the third gear

to rotationally fix the third gear to the hollow shaft.

15. The assembly of claim 14, wherein:
the second gear is between the first and third gears;
the at least one first aperture is circumferentially aligned with the at least one third

aperture; and
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the at least one first aperture is positioned at 90 degrees from the at least one second

aperture about a central axis of the hollow shaft.

16. A transmission comprising:

an input shaft;

a third gear mounted to the input shaft, the third gear being rotationally fixed
relative to the input shaft;

a fourth gear mounted to the input shaft, the fourth gear being rotationally fixed
relative to the input shaft; and

a shifting and gear assembly according to any one of claims 1 to 13, the hollow
shaft being parallel to the input shaft, the first gear engaging the third gear, the second gear
engaging the fourth gear.

17. The transmission of claim 16, further comprising an output shaft parallel to the

hollow shaft, the output shaft being driven by the hollow shaft.

18.  The transmission of claim 17, wherein the shifting and gear assembly is a first
shifting and gear assembly;

the transmission further comprising:

a fifth gear mounted to the output shaft, the fifth gear being rotationally fixed
relative to the output shaft;

a sixth gear mounted to the output shaft, the sixth gear being rotationally fixed
relative to the output shaft; and

a second shifting and gear assembly according to any one of claims 1 to 13, the
hollow shaft of the second shifting and gear assembly being parallel to the input shaft, the
first gear of the second shifting and gear assembly engaging the fifth gear, the second gear

of the second shifting and gear assembly engaging the sixth gear.

19. The transmission of claim 18, wherein the hollow shafts of the first and second

shifting and gear assemblies are integrally formed as a single countershaft.
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20. An electric bicycle comprising:
a frame;
a handlebar operatively connected to the frame;
a front wheel operatively connected to the handlebar;
a rear wheel operatively connected to the frame;
a transmission according to claim 16 connected to the frame;
a crankshaft operatively connected to the input shaft to drive the transmission;
an electric motor operatively connected to the input shaft to drive the transmission;
a drive sprocket operatively connected to and driven by the hollow shaft;
a driven sprocket connected to the rear wheel to drive the rear wheel;
a flexible drive member engaging the drive and driven sprockets;
a pair of crank arms connected to the crankshaft; and
a battery pack connected to the frame and electrically connected to the electric

motor.

21. A shifting and gear assembly for a transmission comprising:

a hollow shaft;

a first gear rotationally mounted on the hollow shaft, the hollow shaft defining at
least one first aperture in axial alignment with the first gear;

at least one first cam follower disposed in alignment with the at least one first
aperture;

a second gear rotationally mounted on the hollow shaft, the hollow shaft defining
at least one second aperture in axial alignment with the second gear;

at least one second cam follower disposed in alignment with the at least one second
aperture;

a cam disposed in the hollow shaft, the cam having a minimum cam contact surface,
the minimum cam contact surface having a width measured in a direction parallel to a
central axis of the hollow shaft, a distance measured in the direction parallel to the central
axis of the hollow shaft between the at least one first cam follower and the at least one
second cam follower being less than or equal to 1.1 times the width of the minimum cam

contact surface; and
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a shift actuator operatively connected to the cam, the shift actuator selectively
translating the cam in the hollow shaft along the central axis of the hollow shaft,

in response to the cam being axially aligned with the at least one first cam follower,
the cam displacing the at least one first cam follower radially outward to engage the first
gear to rotationally fix the first gear to the hollow shaft,

in response to the cam being axially aligned with the at least one second cam
follower, the cam displacing the at least one second cam follower radially outward to

engage the second gear to rotationally fix the second gear to the hollow shaft.

22.  The assembly of claim 21, wherein the shift actuator is an electric shift motor.

23.  The assembly of claim 21, wherein:
the hollow shaft defines two first apertures and two second apertures;
the at least one first cam follower is two first cam followers; and

the at least one second cam follower is two second cam followers.

24.  The assembly of claim 23, wherein:

the first apertures are positioned at 180 degrees from each other about the central
axis of the hollow shaft; and

the second apertures are positions at 180 degrees from each other about the central

axis.

25.  The assembly of claim 24, wherein the first apertures are positioned at 90 degrees

from the second apertures about the central axis.

26.  The assembly of claim 21, further comprising a spindle operatively connected to
the shift actuator and the cam; and
wherein the shift actuator selectively rotates the spindle, and in response to the

rotation of the spindle the cam translates in the hollow shaft.

27.  The assembly of claim 21, wherein the cam defines:
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at least one first ramp and at least one second ramp on opposite sides thereof, the at
least one first ramp and the at least one second ramp being circumferentially aligned with
the at least one first cam follower; and

at least one third ramp and at least one fourth ramp on opposite sides thereof, the at
least one third ramp and the at least one fourth ramp being circumferentially aligned with

the at least one second cam follower.

28. The assembly of claim 21, wherein:
the at least one first cam follower is at least one first shift pawl; and

the at least one second cam follower is at least one second shift pawl.

29. The assembly of claim 21, wherein:

the cam has a cam width; and

the distance measured in the direction parallel to the central axis of the hollow shaft
between the at least one first cam follower and the at least one second cam follower is less

than or equal to 0.4 times the cam width.

30. The assembly of claim 21, further comprising:

a third gear rotationally mounted on the hollow shaft, the hollow shaft defining at
least one third aperture in axial alignment with the third gear, the second gear being
disposed between the first and third gears; and

at least one third cam follower disposed in the at least one third aperture;

the distance between the at least one first cam follower and the at least one second
cam follower being a first distance;

a distance measured in the direction parallel to the central axis of the hollow shaft
between the at least one second cam follower and the at least one third cam follower being
less than or equal to 1.1 times the width of the minimum cam contact surface;

in response to the cam being axially aligned with the at least one third cam follower,
the cam displacing the at least one third cam follower radially outward to engage the third

gear to rotationally fix the third gear to the hollow shaft.
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31. The assembly of claim 30, wherein:

the at least one first aperture is circumferentially aligned with the at least one third
aperture; and

the at least one second aperture is positioned at 90 degrees from the at least one

third aperture about the central axis of the hollow shaft.

32. A transmission comprising:

an input shaft;

a third gear mounted to the input shaft, the third gear being rotationally fixed
relative to the input shaft;

a fourth gear mounted to the input shaft, the fourth gear being rotationally fixed
relative to the input shaft; and

a shifting and gear assembly according to any one of claims 21 to 29, the hollow
shaft being parallel to the input shaft, the first gear engaging the third gear, the second gear
engaging the fourth gear.

33. The transmission of claim 32, further comprising an output shaft parallel to the

hollow shaft, the output shaft being driven by the hollow shaft.

34.  The transmission of claim 33, wherein the shifting and gear assembly is a first
shifting and gear assembly;

the transmission further comprising:

a fifth gear mounted to the output shaft, the fifth gear being rotationally fixed
relative to the output shaft;

a sixth gear mounted to the output shaft, the sixth gear being rotationally fixed
relative to the output shaft; and

a second shifting and gear assembly according to any one of claims 21 to 29, the
hollow shaft of the second shifting and gear assembly being parallel to the input shaft, the
first gear of the second shifting and gear assembly engaging the fifth gear, the second gear

of the second shifting and gear assembly engaging the sixth gear.
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35. The transmission of claim 34, wherein the hollow shafts of the first and second

shifting and gear assemblies are integrally formed as a single countershaft.

36. An electric bicycle comprising:
a frame;
a handlebar operatively connected to the frame;
a front wheel operatively connected to the handlebar;
a rear wheel operatively connected to the frame;
a transmission according to any one of claims 32 to 35 connected to the frame;
a crankshaft operatively connected to the input shaft to drive the transmission;
an electric motor operatively connected to the input shaft to drive the transmission;
a drive sprocket operatively connected to and driven by the hollow shaft;
a driven sprocket connected to the rear wheel to drive the rear wheel;
a flexible drive member engaging the drive and driven sprockets;
a pair of crank arms connected to the crankshaft; and
a battery pack connected to the frame and electrically connected to the electric

motor.
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