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DRIVE SYSTEM FOR A TWO-WHEELED VEHICLE

TECHNICAL FIELD

[0001] The present subject matter relates to a hybrid saddle type two and three wheeled vehicle.
More particularly, the present subject matter relates to a drive system for the hybrid saddle type

vehicle.
BACKGROUND

[0002] In recent times there is an increased demand to control emissions from automobiles,
in view of stringent emission norms. As a result, a number of hybrid and electric vehicles are
seeing the light of the day in order to minimize the amount of emissions. For example, a typical
hybrid vehicles configured to be powered either by an internal combustion engine or electric motor

or both, are replacing normal engine powered vehicles.

[0003] Particularly, said hybrid vehicles, especially of the parallel type include a drive system
for transmitting power from the engine to a rear wheel, while the engine is operating in different
operating modes such as sole engine mode, hybrid power mode or hybrid economy mode.
However, when the motor alone operates, it directly drives the rear wheel without involving any

power transmission system.

[0004] In an existing hybrid saddle type vehicle, a drive power transmission mechanism
typically includes a single speed transmission for transferring power from an internal combustion
engine to a rear wheel of the vehicle. Particularly, the single speed transmission includes the engine
speed (i.e., engine revolutions per minute (RPM)) which typically adjusts proportionately with the
vehicle speed. For example, as the vehicle accelerates, the engine RPM increases. Thus, causing

insufficient initial acceleration of the vehicle.

[0005] Therefore, in order to deliver large amount of torque and power to the rear wheel and
further to provide improved initial acceleration for the vehicle at engine low speed, several
attempts have been made to replace the conventional single speed transmission with a variable V-
belt type continuous variable transmission (CVT). In an existing hybrid saddle type vehicle, the
continous variable transmission (CVT) permits the engine to be set at an optimum rotational speed

for horsepower, torque, and fuel efficiency while the gear ratio in the transmission is varied to
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control the vehicle speed. Such type of transmission system brings along with it the
aforementioned disadvantages. To overcome such challenges, implementing independent
transmission system layout for the engine and the motor can lead to high cost, weight as well as
undesirable space requirement in the vehicle. Furthermore, the dynamic handling performance of
the vehicle can also deteriorate. It is apparent need to have disposition of the powertrains as close
as feasible to the centre of gravity (CG) of the vehicle to achieve good handling performance as

well as achieve compact packaging.

[0006] In a typical saddle type vehicle, example with a hub mounted electric motor as one power
train and an internal combustion engine as another one mounted on to the swing arm of the vehicle
at the rear, there exists another challenge of achieving a layout configuration which is
accommodated within the distance between the rear wheel axle and the swing arm pivot. An
increase in this leads to increase in wheelbase of the vehicle which can be detrimental to the
handling and maneuverability of the vehicle. Furthermore, any lateral space is also restricted by
factors including a vehicle width, ergonomic considerations of width fouling with users legs etc.
Thus, there is a need for a lateral cum longitudinal compact layout of the power train for a hybrid
type saddle vehicle which can also facilitate ease of change over of the vehicle from an electric

vehicle power train type to a hybrid type with minimum effort and impact.

[0007] However, very few continuous variable transmission (CVT) arrangements in hybrid
saddle type vehicles have proven successful. For example, in conversion of a typical hybrid two-
wheeled vehicle to a pure electric vehicle, when the motor alone operates, the engine from the
vehicle requires to be disassembled. However, the step of dissembling the engine from the vehicle
is a complex and time consuming process. Thus, there arises a need from the fact that the vehicle
manufacturer needs to have a flexible platform to manufacturer different variety of products
including an electric vehicle (EV) alone, HEV etc. on a single production set-up at minimum cost,
change over time, ease of logistics, training of labour etc. Also the end user of the vehicle can have
the option of retrofitting the vehicle with a single powertrain platform or go for a multi-power train
platform based on user requirement at minimum cost, downtime & impact on the performance of

the vehicle.

[0008] Therefore, it is desirable to provide an improved layout configuration for a continuous

variable transmission (CVT) for implementation in a vehicle, such as a hybrid two-wheeled
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vehicle, which overcomes the deficiencies of traditional continuous variable transmission (CVT).
Further, it is also essential to achieve compactness of the drive system for the hybrid vehicle so
that overall compactness and low weight of the vehicle is achieved. Furthermore, it is desirable to
provide an improved arrangement for the continuous variable transmission (CVT) which can
deliver large amount of torque and power to the rear wheel and additionally provides good initial

acceleration.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The detailed description is described with reference to the accompanying figures. The

same numbers are used throughout the drawings to reference like features and components.

[00010] Fig.1is aside view of a hybrid two-wheeled vehicle as per one embodiment of the present

invention.

[00011] Fig.2 is a side view of a rear portion of the hybrid two-wheeled vehicle illustrating a

swing arm of the vehicle as per one embodiment of the present invention.

[00012] Fig.3 is an exploded perspective view of a drive system for the hybrid two-wheeled
vehicle illustrating a continuous variable transmission (CVT) for the vehicle, as per one

embodiment of the present invention.

[00013] Fig.4 is a perspective view of the swing arm for the hybrid two-wheeled vehicle, as per

one embodiment of the present invention.

[00014] Fig.5 is a sectional view of the drive system of the hybrid two-wheeled vehicle along a

line II, as per one embodiment of the present invention.
DETAILED DESCRIPTION

[00015] Typically, in a hybrid saddle type vehicle, a transmission system is employed to transfer
power from the engine as well as the electric motor to the rear wheel of the vehicle. A type of
transmission system commonly used in an existing hybrid vehicle is continuous variable
transmission (CVT), which includes a pair of variable diameter pulleys and V belts. However, the
conventional arrangement for the continuous variable transmission (CVT) on said hybrid vehicle
has various disadvantages and drawbacks. For example, in conversion of a typical hybrid saddle
type vehicle to an electric vehicle, the disassembling of an internal combustion engine from the

vehicle involves complex steps and further requires more time.
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[00016] Further, several complexity associated with the traditional arrangement of continuous
variable transmission (CVT) in the hybrid saddle type vehicle have posed problems in both its
implementation and application on the vehicle. Thus, there exists a need for an improved
arrangement for the CVT in the hybrid saddle type vehicle which provides a simple design and
additionally requires less time in disassembling the engine from the vehicle when converting said
hybrid vehicle to the electric vehicle. Further, there still continues a need to provide a modified
arrangement of the continuous variable transmission (CVT) which can facilitates in achieving
better transmission efficiency, good drivability, delivers large engine torque and additionally

provides an improved initial acceleration.

[00017] Further, it is desirable to provide an improved arrangement for said continuous variable
transmission (CVT) in the saddle type vehicle, such as a hybrid vehicle, which overcomes the
deficiencies of traditional arrangement of the continuous variable transmission (CVT). An object
of the invention is to provide an improved design of said continuous variable transmission (CVT)
in the hybrid two-wheeled vehicle to provide better and improved initial acceleration at engine low

speed for the vehicle.

[00018] The present invention is derived from the foregoing problems, and the object of the
invention is to provide an improved arrangement for the continuous variable transmission (CVT)
in the hybrid vehicle which can efficiently transmit driving power of said internal combustion

engine to the rear wheel.

[00019] As per one embodiment of the present invention, a hybrid saddle type vehicle
comprises a vehicle frame extending along a vehicle longitudinal direction, a swing arm being
swingably journaled to the vehicle body frame and adapted to support a rear wheel , an electric
motor coupled to the rear wheel and a drive system comprising a continuous variable transmission
(CVT) adapted to transmit a power of an internal combustion engine from one side of the swing
arm in a widthwise direction of the vehicle to the rear wheel. The continuous variable transmission
(CVT) includes a first transmission stage having a first predetermined ratio connected between a
first drive pulley and a first driven pulley through a first transmission member. The first
transmission member in said first transmission stage of said continuous variable transmission
(CVT) is a V-belt wrapped between said first drive pulley and said first driven pulley. Referring

to one embodiment of the present invention, said continuous variable transmission (CVT) further
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includes a second transmission stage coupled to an output side of said first transmission stage. The
second transmission stage having a second predetermined ratio connected between a driven shaft
and a drive shaft through a second transmission member. In one embodiment, said second
transmission member in said second transmission stage of said continuous variable transmission
(CVT) is a chain coupled to the driven shaft and the drive shaft. Further, as per one embodiment,
said continuous variable transmission (CVT) includes a third transmission stage coupled to an
output side of said second transmission stage. In one embodiment, said third transmission stage
connected between a second drive pulley and a second driven pulley through a third transmission
member. Further, in one embodiment, said continuous variable transmission (CVT) comprises a
one-way clutch coupled to a driven sprocket in said second transmission stage. In one embodiment,
said one-way clutch provides a unidirectional power transmission between the engine and the rear
wheel. As per one embodiment, said third transmission member in said third transmission stage of
said continuous variable transmission (CVT) is a V-belt wrapped between the second drive pulley
and the second driven pulley. Further, in another embodiment of the present invention, said third
transmission member in said third transmission stage of said continuous variable transmission

(CVT) is a chain coupled to the second drive pulley and the second driven pulley.

[00020] Further, as per one embodiment of the present invention, said swing arm of the
vehicle comprises a pair of lateral support portions which surrounds a pivot shaft, a first arm
portion extending rearwardly from one lateral support portion of the pair of lateral support
portions, to a position along one lateral side of the rear wheel, a second arm portion extending
rearwardly from other lateral support portion of the pair of lateral support portions to a position
along other lateral side of the rear wheel, at least one cross-member extending between said first
arm portion and said second arm portion, and a cross-portion extending in the widthwise direction
of the vehicle in order to connect the first arm portion to the second arm portion. Referring to one
embodiment of the present invention, in said hybrid two-wheeled vehicle, the engine is packaged
between at least of portion of said first arm and at least a portion of said cross-portion of said swing

arm of the vehicle through at least one mount member.

[00021] In one embodiment, the present invention provides for the improved layout
configuration for the continuous variable transmission which comprises of at least three-
transmission stages. In one embodiment, said at least three-transmission stages includes a first

stage belt drive, a second stage chain drive and a third stage belt and chain drive. Thus, one
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embodiment of the present invention describes a two-stage chain and belt drive for ratio reduction
along with the one-way clutch is arranged on the driven sprocket. Referring to one embodiment,
the engine speed adjusts proportionately with the vehicle speed. More specifically, as the vehicle
accelerates, the engine speed increases, the continuous variable transmission (CVT) varies the
continuous variable transmission (CVT) ratio automatically specific to the vehicle load and engine
speed. Thus, the ratio for better acceleration and maximum engine torque is received at the rear

wheel of the vehicle.

[00022] In one embodiment of the present invention, said improved design for the
continuous variable transmission provides better initial acceleration to the vehicle because of the
higher torque multiplication for the torque flow path for the electric motor through said at least

three transmission stages of the continuous variable transmission (CVT).

[00023] The present invention, relates to the hybrid saddle type vehicle, in general, for the
continuous variable transmissions (CVT) and, more particularly, to said at least three transmission
stages of the continuous variable transmissions (CVT), which provides a compact packaging of
said engine in said swing arm of the vehicle and additionally provides simple and easy step of
dissembling or assembling of the engine from the vehicle, thereby converting said hybrid two-
wheeled vehicle to pure electric vehicle and vice-versa. As per one embodiment of the present
invention, said engine with said continous variable transmission (CVT) for the vehicle is coupled
to said rear wheel through said third transmission member of said third transmission stage of the
continous variable transmission (CVT). In one embodiment, said third transmission member is a
belt and in another embodiment, said third transmission member is a chain coupled to said second
drive pulley and said second driven pulley. Referring to one embodiment, disconnection of said
engine through the removal of said third transmission member from the continous variable
transmission (CVT) can simplify the easy disassembling of said engine from the vehicle without
involving the complex step of disassembling the rear wheel from the vehicle. Thus, as per one
embodiment of the present invention, said third transmission member connecting said engine with
the rear wheel of the vehicle provides easy and simple steps involved in conversion of said hybrid
saddle type vehicle into an electric vehicle. Moreover, as per one embodiment of the present
invention, at least one power unit including the engine is detachably mounted to said swing arm
through said at least one mount member being fixedly attached to at least a portion of the swing

arm through welding. In another embodiment, when said hybrid saddle type vehicle is converted
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to said electric vehicle, said at least one mount member can further be utilized for detachably
securing said at least one power unit including a battery box on said swing arm through said at
least one mount member without involving the requirement of modifying any components on the
vehicle. Thus, with an improvement of the continous variable transmission (CVT) for the hybrid
two-wheeled vehicle, the conversion of said hybrid saddle type vehicle to the electric vehicle is
easy and simple process and additionally doesnot involve an additional space on vehicle for
mounting the battery box to the vehicle. As per one embodiment, said third transmission stage in
the continous variable transmission (CVT) facilitates in achieving high torque to the rear wheel,
improved initial acceleration at engine low speed and additionally provides simplified steps in
converting said hybrid saddle type vehicle to a pure electric vehicle without modification of any
parts or components on vehicle. As per one embodiment of the present invention, the improved
layout configuration is such that it packages the retrofittable power train with a minimum distance
centre distance (CD). As per another aspect of the present invention, the ratio of the distance F
between the centre axis of the first transmission of the retrofit power train and the distance E
between the swing-arm pivot to the rear wheel axis is between 0.25 to 0.75, that is 1/4™ to 3/4™
when viewed from the top of the vehicle, so as to achieve a layout configuration which gives best
performance of the vehicle in terms of engine torque, acceleration, handling behavior for a hybrid

saddle type vehicle.

[00024] The present invention provides a hybrid saddle type vehicle with improved
design for the continous variable transmission (CVT) in which an electric operation (EV operation)
in EV mode powered by the electric motor alone is possible by stopping or removing the engine
and releasing the clutch through a step of disconnecting the third transmission member of the CVT
from the rear wheel, while hybrid operation (HEV operation) in HEV mode powered by the electric
motor and the engine is possible by starting the engine and engaging the clutch. In the improved
design of the CVT, the centre distance (CD) of the engine is reduced such that the engine is
compactly mounted on said swing arm of the vehicle. As per one embodiment, said centre distance

(CD) of the engine is the distance from the engine axis to the rear wheel axis.

[00025] The present invention relates to the improvement in the layout configuration of
the continuous variable transmission (CVT) in the hybrid saddle type vehicle, that is, vehicles in
which both an internal combustion engine and one or more electric motors are provided to supply

torque to the driving wheels of the vehicle. More particularly, this invention relates to the hybrid
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saddle type vehicle that provides compact packaging of the engine in said swing arm and
additionally involves simple and easy steps in conversion of said hybrid saddle type vehicle to

pure electric saddle type vehicle.

[00026] Another object of the invention is to provide an improved continuous variable
transmission with at least three stages of CVT transmission and hence effectively assist the engine
torque, thereby providing an improved initial acceleration and thus ensuring compactness and

economy of the vehicle.

[00027] Further, as per one embodiment of the present invention, said at least three-
transmission stages comprises of a unidirectional rotation of said first transmission member, said
second transmission member and said third transmission member of said continous variable

transmission.

[00028] It is advantageous, as per one embodiment of the present invention, to describe
an improved layout configuration of the continuous variable transmission in the hybrid saddle type
vehicle, in which an internal combustion engine can be disposed in a compact size, a design
freedom is improved, and additionally the steps in conversion of a hybrid saddle type vehicle to
an electric vehicle is simplified. Further, an improved layout of the continuous variable
transmission with said at least three transmission stages facilitates in delivering maximum engine
torque to the rear wheel and hence provides better and improved initial acceleration for the vehicle

at engine low speed.

[00029] Various other features and advantages of the invention are described in detail
below with reference to the accompanying drawings. In the drawings, like reference numbers
generally indicate identical, functionally similar, and/or structurally similar elements. The drawing
in which an element first appears is indicated by the leftmost digit(s) in the corresponding reference
number. With reference to the accompanying drawings, wherein the same reference numerals will
be used to identify the same or similar elements throughout the several views. It should be noted

that the drawings should be viewed in the direction of orientation of the reference numerals.

[00030] It is to be noted that in the ensuing description, the present invention is usable in

a saddle type vehicle exemplified in the form of a hybrid two wheeled scooter type vehicle.
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[00031] Further “front” and “rear”, and “left” and “right” referred to in the ensuing
description of the illustrated embodiment refer to front and rear, and left and right directions as
seen in a state of being seated on a seat of the two-wheeled vehicle. Furthermore, a longitudinal
axis refers to a front to rear axis relative to the vehicle, while a lateral axis refers to a side to side,
or left to right axis relative to the vehicle. Also, it is to be understood that the phraseology and

terminology used herein is for the purpose of description and should not be regarded as limiting.

[00032] With reference to FIG.1, a description is made of a hybrid two-wheeled vehicle
(hereinafter “vehicle”) in accordance with one embodiment of the present invention. In one
embodiment, said vehicle (1) illustrated, has a step-through type frame assembly (10). The step-
through type frame assembly (10) includes a head tube (10a), a main tube (10b) and a pair of side
frames (10c¢). Particularly, the main tube (10b) extends downwards from an anterior portion of the
head tube (10a) and then extends rearwards in an inclined manner. Thus, the frame assembly (10)
extends from a front portion (F) to a rear portion (R) of the vehicle (1). The hybrid two-wheeled
vehicle (1) further includes a plurality of body panels for covering the frame assembly (10) and is
mounted thereto. In one embodiment, said plurality of body panels includes a front panel (6), a leg
shield (25), an under-seat cover (23), and a left and a right side panel (13). Further, a glove box
(not shown) may be mounted to said leg shield (25). In a step through space formed between said
leg shield (25) and said under seat cover (23), a floorboard (11) is provided. Further, a seat
assembly (12) is disposed above said under-seat cover (23), and is mounted to said pair of side
frames (10c¢). A utility box (not shown) is disposed below the seat assembly (12). A fuel tank (not
shown) is positioned below the utility box. A pillion handle (14) is disposed behind said seat
assembly (12). A rear fender (16) for covering at least a portion of a rear wheel (17) is positioned
below the fuel tank. One or more suspension(s)/shock absorbers (19) are provided in a rear portion
(R) of said vehicle (1) for comfortable ride. Further, said vehicle (1) comprises of plurality of
electrical and electronic components including a headlight (7), a taillight (15), a transistor
controlled ignition (TCI) unit (not shown), a starter motor (not shown) and the like. A touch screen
LCD unit (not shown) is provided on a handle bar (9) to display various operating modes, power
flow pattern and warning signals. Rear view mirrors (8) are mounted on the right and left sides of
the handle bar (9). In one embodiment, said vehicle (1) is also provided with hazard lamps (not
shown). An internal combustion engine (24), hereinafter “engine”, is arranged behind said

floorboard (11) and supported between the pair of side frames. Particularly, said internal
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combustion engine (24) is supported by a swing arm (22). The swing arm (22) is attached to a
lower portion of the main tube (10b) by means of a toggle link (not shown). The other end of the
swing arm (22) holds the rear wheel (17). The rear wheel (17) and the swing arm (22) are connected
to the pair of side frames (10¢) by means of a one or more shock absorbers (19) provided on either

side of the vehicle (1).

[00033] Further in Fig.1, as per one embodiment, said vehicle (1) includes an electric
motor (18) mounted on a hub of the rear wheel (17). In one embodiment, said electric motor (18)
is powered by a battery (not shown) disposed in a rear portion (R) of the vehicle (1). A controller
(not shown) is also provided to control various vehicle operative modes. The vehicle (1) is
configured to be propelled either by the engine (24) alone or by the electric motor (18) alone or by
both engine (24) and electric motor (18) simultaneously. At zero vehicle speed, a rider can select
any of the following four operating drive modes with the help of a mode switch. The four operating
drive modes of the vehicle (1) are: (a) a sole engine mode where engine (24) alone powers the
vehicle (1), (b) a sole motor mode where the electric motor (18) alone powers the vehicle (1), (c)
a hybrid power mode where the engine (24) and the electric motor (18) together power the hybrid
vehicle (1), (d) a hybrid economy mode wherein only the engine (24) or only the electric motor
(18) or both power the hybrid vehicle (1) depending on the vehicle operating conditions. In other
words, the rear wheel (17) of the vehicle (1) is driven by either the engine (24) alone or by the
motor (18) alone or by both the engine (24) and the motor (18) simultaneously. Particularly, power
from the engine (24) to the rear wheel (17) is transmitted by a transmission assembly including a

drive system (26) (shown in Fig.3) as per an embodiment of the present invention.

[00034] Fig 2 is a side view of the rear portion (R) of the vehicle (1) illustrating the
packaging of at least one power unit including said engine (24) in said swing arm (22) of the
vehicle (1) as per one embodiment of the present invention. In the present invention, said electric
motor (18) is covered by a motor shroud (18a) from at least one side. As per an aspect of the
present invention, said motor shroud (18a) serves to at least partially encompass/house one or
more parts of the drive system (26) (shown in Fig.3). In one embodiment, said drive system (26)
(shown in Fig.3) for the vehicle (1) comprises of said continuous variable transmission (200)
adapted to transmit a power of the engine (24) from one side of the swing arm (22) in a widthwise

direction of the vehicle (1) to the rear wheel (17).
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[00035] Fig.3 is a perspective view of the engine (24) with the continuous variable
transmission (CVT) (200) with said at least three transmission stages (A), (B), (C) of said
continous variable transmission (CVT) (200) to deliver the power of the engine (24) to the electric
motor (18) to drive the rear wheel (17). In one embodiment, the engine (24) comprises a crankcase
(100) and a cylinder (not shown) connected to the crankcase (100). The crankcase (100)
accommodates therein a crankshaft (102) and a gear reducer (not shown). The crankcase (100)
comprises of a left crankcase (100L) and a right crankcase (not shown). As per one embodiment,
the engine (24) (shown in Fig.2) is provided with the continuous variable transmission (CVT)
(200). In one embodiment, said continuous variable transmission (CVT) (200) is coupled to the
left crankcase half (100L) of the crankcase (100). As per one embodiment, said continuous
variable transmission (CVT) (200) including said first drive pulley (202) is adapted to connect to
the crankshaft (102) of the engine (24). In one embodiment of the present invention, the driving
force of the crankshaft (102) is transmitted to the rear wheel (17) through at least three transmission
stages (A), (B), (C) of the continuous variable transmission (CVT) (200). In one embodiment, said
engine (24) is assembled on the swing arm (22) and the moving components of which are enclosed
within a cover variator (101). In one embodiment, said continuous variable transmission (200)
includes the first transmission stage (A) having said first predetermined ratio connected between
the first drive pulley (202) and the first driven pulley (203) through the first transmission member
(201). As per one embodiment, said first transmission member (201) in said first transmission
stage (A) of said continuous variable transmission (200) is a V-belt wrapped between said first
drive pulley (202) and said first driven pulley (203). Further, said continuous variable transmission
(200) includes the second transmission stage (B) coupled to said output side of said first
transmission stage (A). The second transmission stage (B) is having said second predetermined
ratio and connected between the driven shaft (105) and the drive shaft (104) through the second
transmission member (205). As per one embodiment, said second transmission member (205) in
said second transmission stage (B) of said continuous variable transmission (CVT) (200) is a chain
coupled to the driven shaft (105) and the drive shaft (104). In one embodiment, said continuous
variable transmission (200) further includes the third transmission stage (C) coupled to the output
side of said second transmission stage (B). The third transmission stage (C) is connected between
the second drive pulley (204) and the second driven pulley (207) through the third transmission

member (206). In one embodiment, said third transmission member (206) in said third
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transmission stage (C) of said continuous variable transmission (CVT) (200) is said V-belt
wrapped between second drive pulley (204) and the second driven pulley (207). In another
embodiment, said third transmission member (206) in said third transmission stage (C) of said
continuous variable transmission (200) is the chain coupled to the second drive pulley (204) and

the second driven pulley (207).

[00036] Further in Fig.3, as per one embodiment, said continuous variable transmission
(200) comprises the one-way clutch (300) coupled to the driven sprocket (106) in said second
transmission stage (B). The one-way clutch (300) provides a unidirectional power transmission

between the engine (24) and the rear wheel (17).

[00037] Fig.4 is a perspective view of the swing arm (22) for the vehicle (1) as per one
embodiment of the present invention. In one embodiment, said swing arm (22) is journaled to the
frame (10) (shown in Fig.1) of the vehicle (1). In one embodiment, said swing arm (22) is adapted
to support the rear wheel (17). Referring to one embodiment of the present invention, said swing
arm (22) comprises said pair of lateral support portions (23a), (23b) surrounding the pivot shaft
(23), the first arm portion (22a) extending rearwardly from one lateral support portion (23a) of the
pair of lateral support portions (23a), (23b), to a position along one lateral side of the rear wheel
(17), a second arm portion (22b) extending rearwardly from other lateral support portion (23a) of
the pair of lateral support portions (23a), (23b), to a position along other lateral side of the rear
wheel (17), said at least one cross-member (22d) extending between said first arm portion (22a)
and said second arm portion (22b) and a cross-portion (22¢) extending in the widthwise direction

of the vehicle (1) in order to connect the first arm portion (22a) to the second arm portion (22b).

[00038] Further, in one embodiment, said first arm (22a) and said second arm (22b) is
detachably secured to said rear wheel (17) through said at least one mounting bracket (27a), (27b).
In one embodiment, said at least one mount member (28a), (28b) is fixedly attached to at least a
portion of said cross-portion (22¢) and at least a portion of one or more cross-member (22d) of
said swing arm (22). As per one embodiment, said at least one mount member (28a), (28b) is
adapted for detachably securing at least one power source unit (24) to said swing arm (22) of the
vehicle (1). In one embodiment, said at least one power source unit is the engine (24). In another

embodiment, said at least one at least one power source unit is a battery box.
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[00039] Further in Fig.4, referring to one embodiment, since said engine (24) is connected
to said rear wheel (17) of the vehicle (1) through the third transmission member (206) of said third
transmission stage (C) of said continuous variable transmission (CVT) (200) (shown in Fig.2),
thus said engine (24) is easily accommodated between at least a portion of said first arm (22a) and
at least a portion of said cross-portion (22¢) of said swing arm (22) of the vehicle (1) due to the

reduced centre distance (CD) (shown in Fig 2) of said engine (24).

[00040] Fig. 5 is a sectional view of the drive system (26) of the vehicle (1) along line I-
I (in Fig.2) as per one embodiment of the present invention. In one embodiment, the vehicle (1)
comprises, the swing arm (22) being swingably journaled to the engine (24), the electric motor
(18) coupled to the rear wheel (17) and the drive system (26) for transmitting power from the
engine (24) to the rear wheel (17).In one embodiment, the drive system (26) comprises said
continous variable transmission (200) adapted to transmit a power of the engine (24) from one side

of the swing arm (22) in a widthwise direction of the vehicle (1) to the rear wheel (21).

[00041] Further in Fig.5, as per embodiment, said continuous variable transmission (200)
includes said at least three transmission stages (A), (B), (C) of said continuous variable
transmission (200) for facilitating large torque transmission from the engine (24) to the rear wheel
(17). As per one embodiment, said first transmission stage (A) of said continuous variable
transmission (200) comprises said V-belt wrapped between said first drive pulley (202) and said
first driven pulley (203). The second transmission stage (B) comprises said chain coupled to the
driven shaft (105) and the drive shaft (104). In one embodiment, said third transmission stage (C)
of continuous variable transmission comprises said V-belt wrapped between second drive pulley
(204) and the second driven pulley (207). In another embodiment, said third transmission stage
(C) of said continuous variable transmission (200) comprises the chain coupled to the second drive
pulley (204) and the second driven pulley (207). Furthermore, the distance F between the axis of
the 1*" transmission of the power train as between said first drive pulley (202) and said first driven
pulley (203) is illustrated as F and the distance between an axis of the swing arm (22) and an rear

wheel axis is depicted as E.

[00042] Advantageously, as per one embodiment of the present invention, said at least
three transmission stages of said continuous variable transmission (CVT) of the vehicle drive

system delivers maximum engine torque to the rear wheel and additionally provides an improved
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initial acceleration for the vehicle at engine low speed. Further, as per one embodiment, an
improved arrangement for the continuous variable transmission in the hybrid saddle type vehicle
provides compact and simplified assembling of said at least one power source unit including said

engine and battery on said vehicle

[00043] Improvements and modifications may be incorporated herein without deviating

from the scope of the invention.
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We Claim:
1. A saddle type vehicle (1), said vehicle (1) comprising:

a vehicle frame (10) extending along a vehicle longitudinal direction (AA); a swing arm
(22) journaled to the vehicle body frame (10) and adapted to support at least one rear wheel
(17); and
a drive system (26) comprising a continuously variable transmission (200) adapted to
transmit a power of an internal combustion engine (24) from one side of the swing arm
(22) in a widthwise direction of the vehicle (1) to the rear wheel (21);
said continuously variable transmission (200) including a first transmission stage (A)
having a first predetermined ratio connected between a first drive pulley (202) and a first
driven pulley (203) through a first transmission member (201);
said continuously variable transmission (200) further includes a second transmission stage
(B) coupled to an output side of said first transmission stage (A); said second transmission
stage (B) having a second predetermined ratio connected between a driven shaft (105) and
a drive shaft (104) through a second transmission member (205);and a third transmission
stage (C) coupled to an output side of said second transmission stage (B); said third
transmission stage (C) connected between a second drive pulley (204) and a second driven
pulley (207) through a third transmission member (206); and said continuously variable
transmission (200) comprises a one-way clutch (300) coupled to a driven sprocket (106) in
said second transmission stage (B); and said one way clutch (300) provides an

unidirectional power transmission between the engine (21) and the rear wheel (17).

2. The saddle type vehicle (1) as claimed in claim1, wherein said first transmission member
(201) in said first transmission stage (A) of said continuously variable transmission (200)
is a V-belt wrapped between said first drive pulley (202) and said first driven pulley (203).

3. The saddle type vehicle (1) as claimed in claiml, wherein said second transmission
member (205) in said second transmission stage (B) of said continuously variable
transmission is a chain coupled to the driven shaft (105) and the drive shaft (104).

4. The saddle type vehicle (1) as claimed in claim1, wherein said third transmission member

(206) in said third transmission stage (C) of said continuously variable transmission (200)
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is a toothed belt wrapped between second drive pulley (204) and the second driven pulley
(207).

5. The saddle type vehicle (1) as claimed in claim1, wherein said third transmission member
(206) in said third transmission stage (C) of said continuously variable transmission (200)
is a chain coupled to the second drive pulley (204) and the second driven pulley (207).

6. The saddle type vehicle (1) as claimed in claim1, wherein said swing arm (22) comprises
a pair of lateral support portions (23a), (23b) surrounding a pivot shaft (23),
a first arm portion (22a) extending rearwardly from one lateral support portion (23a) of the
pair of lateral support portions (23a), (23b), to a position along one lateral side of the rear
wheel (17),
a second arm portion (22b) extending rearwardly from other lateral support portion (23a)
of the pair of lateral support portions (23a), (23b), to a position along other lateral side of
the rear wheel (17),
at least one cross-member (22d) extending between said first arm portion (22a) and said
second arm portion (22b), and
a cross-portion (22¢) extending in the widthwise direction of the vehicle (1) in order to

connect the first arm portion (22a) to the second arm portion (22b).

7. The saddle type vehicle (1) as claimed in claim 6, wherein the engine (21) is packaged
between at least a portion of said first arm (22a) and at least a portion of said cross-portion

(22c¢) of said swing arm (22) of the vehicle (1).

8. A hybrid saddle type vehicle (1), said vehicle (1) comprising:
a vehicle frame (10) extending along a vehicle longitudinal direction (AA); a swing arm
(22) journaled to the vehicle body frame (10) and adapted to support at least one rear wheel
(17);

an electric motor coupled to said at least one rear wheel (17); and
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a drive system (26) comprising a continuously variable transmission (200) adapted to
transmit a power of an internal combustion engine (24) from one side of the swing arm

(22) in a widthwise direction of the vehicle (1) to the rear wheel (21);

said continuously variable transmission (200) including a first transmission stage (A)
having a first predetermined ratio connected between a first drive pulley (202) and a first

driven pulley (203) through a first transmission member (201);

said continuously variable transmission (200) further includes a second transmission stage
(B) coupled to an output side of said first transmission stage (A); said second transmission
stage (B) having a second predetermined ratio connected between a driven shaft (105) and
a drive shaft (104) through a second transmission member (205);and a third transmission
stage (C) coupled to an output side of said second transmission stage (B); said third
transmission stage (C) connected between a second drive pulley (204) and a second driven

pulley (207) through a third transmission member (206).

9. The saddle type vehicle (1) as claimed in claim 8, wherein said continuously variable
transmission (200) includes a ratio of a distance F defined between the centre axis of the
first transmission stage (A) of the retrofit power train and the distance E defined between
a swing-arm pivot to a rear wheel axis is between 0.25 to 0.75, that is. 1/4™ to 3/4™ when

viewed from the top of the vehicle.
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