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DESCRIPTION

TITLE:

HYBRID POWER TRANSMISSION SYSTEM

BACKGROUND
Technical Field
[0001] The disclosure relates to a power transmission system, and in particular to a hybrid

power transmission system.

Description of Related Art

[0002] Nowadays, with the rise of environmental awareness in the world, more and more
countries have begun to formulate relevant laws to regulate the environmental standards of
fuel vehicles. As a result, electric vehicles are booming. As a kind of transportation
vehicle that is different from fuel vehicles, the electric vehicles have the advantages of not
emitting exhaust gas and low noise, and are regarded as an important tool to achieve low-
carbon transportation.

[0003] However, the development of existing energy storage technology and charging
technology is limited, resulting in a bottleneck in the cruising range of the electric vehicles.
Therefore, as a transitional product before the complete development of the electric vehicles,
gasoline-electric hybrid vehicles have higher endurance than the electric vehicles and better
environmental performance than fuel vehicles. Yet, the power system of the existing
gasoline-electric hybrid vehicles is complex, involving the connection between transmission

structures such as fuel engines, electric motors, and gearboxes, and there is energy loss
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during the power transmission process among various transmission mechanisms, which

result in low efficiency in the energy use of the gasoline-electric hybrid vehicles.

SUMMARY

[0004] The disclosure provides a hybrid power transmission system which can switch to
a hybrid electric mode, a pure engine mode, or a pure motor mode to improve energy
efficiency according to different operating situations.

[0005] A hybrid power transmission system of the disclosure includes an engine, a power
split device, a first electric machine, a second electric machine, a power controller, an
energy storage module, and a wheel. The power split device is connected to the engine.
The first electric machine is connected to the power split device. The second electric
machine is connected to the power split device. The power controller is coupled to the
first electric machine and the second electric machine. The energy storage module is
coupled to the power controller. The wheel is connected to the second electric machine.
The engine is adapted to drive the second electric machine and the wheel by the power split
device. The energy storage module is adapted to drive the second electric machine and the
wheel by the power controller. The engine is adapted to drive the first electric machine
and drive the second electric machine and the wheel by the power controller.

[0006] In an embodiment of the disclosure, the aforementioned power split device has a
ring gear, a deceleration gear, a planetary gear set, and a sun gear. The deceleration gear
is connected to the engine and engages with an external gear of the ring gear. The
planetary gear set engages with an internal gear of the ring gear.  The sun gear is connected

to the first electric machine and engages with the planetary gear set.
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[0007] In an embodiment of the disclosure, a clutch is further included and is disposed
between the sun gear and the ring gear.

[0008] Inanembodiment of the disclosure, a transmission mechanism is further included,
and the transmission mechanism is connected to the power split device, the second electric
machine, and the wheel.

[0009] In an embodiment of the disclosure, the aforementioned transmission mechanism
has a first transmission wheel, a second transmission wheel, a third transmission wheel, a
fourth transmission wheel, and a first chain. The first transmission wheel is fixedly
connected to the planetary gear set. The second transmission wheel is adjacent to the first
transmission wheel. The third transmission wheel is coaxially connected to the second
transmission wheel. The fourth transmission wheel is coaxially connected to the second
electric machine and the wheel. The fourth transmission wheel engages with the third
transmission wheel.

[0010] In an embodiment of the disclosure, the aforementioned transmission mechanism
has a first transmission wheel, a second transmission wheel, a third transmission wheel, a
fourth transmission wheel, a first chain, and a second chain.  The first transmission wheel
is fixedly connected to the planetary gear set. The second transmission wheel is adjacent
to the first transmission wheel. The third transmission wheel is coaxially connected
between the second transmission wheel and the second electric machine. The fourth
transmission wheel is coaxially connected to the wheel.  The first chain is sleeved on the
first transmission wheel and the second transmission wheel. The second chain is sleeved
on the third transmission wheel and the fourth transmission wheel.

[0011] In an embodiment of the disclosure, in a pure engine mode, the clutch locks the

sun gear and the ring gear integrally, so that the planetary gear set and the ring gear form a
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rigid body. The engine is adapted to generate a first mechanical energy and directly drive
the power split device by the deceleration gear.

[0012] Inanembodiment of the disclosure, in a hybrid electric mode, the clutch separates
the sun gear and the ring gear.  The engine is adapted to generate a first mechanical energy.
A part of the first mechanical energy drives the second electric machine by the power split
device. Another part of the first mechanical energy drives the first electric machine by the
power split device to generate a second electric energy. The second electric energy is
provided to the second electric machine by the power controller. The second electric
machine generates a second mechanical energy to drive the wheel.

[0013] In an embodiment of the disclosure, in a pure motor mode, the energy storage
module generates a first electric energy. The first electric energy is provided to the first
electric machine and the second electric machine by the power controller. The second
electric machine generates a second mechanical energy to drive the wheel to rotate.

[0014] Based on the above, the hybrid power transmission system of the disclosure is
adaptable for motorcycles, cars, or similar transportation vehicles, and combines the power
sources such as engines, first electric machines, second electric machines, and energy
storage modules. The hybrid power transmission system of the disclosure may switch to
the hybrid electric mode, the pure engine mode, or the pure motor mode according to the
driving situation and correspondingly turn on or off the engine, the first electric machine,
the second electric machine, and the energy storage module to reduce energy consumption
and improve the driving endurance performance of the transportation vehicle.

[0015] Further, when the hybrid power transmission system of the disclosure switches
between the pure engine mode and the hybrid electric mode, switching the clutch is only

needed to achieve the switching purpose. Compared with the existing compound power
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system, the hybrid power transmission system of the disclosure simplifies the switching

steps and has a simple structure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIG. 1is a schematic block diagram of a hybrid power transmission system of the
disclosure.
[0017] FIG. 2 is a schematic structural connection diagram of the hybrid power
transmission system in FIG. 1 according to an embodiment of the disclosure.
[0018] FIG. 3 is a schematic structural connection diagram of the hybrid power
transmission system in FIG. 1 according to another embodiment of the disclosure.
[0019] FIG. 4A is a schematic power transmission block diagram of the hybrid power
transmission system in FIG. 1 in a hybrid electric mode.
[0020] FIG. 4B is a rotational speed relationship diagram of an engine, a first electric
machine, and a second electric machine in FIG. 4A.
[0021] FIG. 5A is a schematic power transmission block diagram of the hybrid power
transmission system in FIG. 1 in a pure engine mode.
[0022] FIG. 5B is a rotational speed relationship diagram of an engine, a first electric
machine, and a second electric machine in FIG. 5A.
[0023] FIG. 6A is a schematic power transmission block diagram of the hybrid power
transmission system in FIG. 1 in a pure motor mode.
[0024] FIG. 6B is a rotational speed relationship diagram of an engine, a first electric
machine, and a second electric machine in FIG. 6A.
[0025] FIG. 7 is a schematic diagram of mode switching rules of the hybrid power

transmission system in FIG. 1.
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DESCRIPTION OF THE EMBODIMENTS
[0026] FIG. 1is a schematic block diagram of a hybrid power transmission system of the
disclosure. FIG. 2 is a schematic structural connection diagram of the hybrid power
transmission system in FIG. 1 according to an embodiment of the disclosure. FIG. 3 is a
schematic structural connection diagram of the hybrid power transmission system in FIG. 1
according to another embodiment of the disclosure.
[0027] Referring to FIG. 1 to FIG. 3, a hybrid power transmission system 100 of the
disclosure is adaptable for motorcycles, cars, or similar transportation vehicles, and includes
an engine 110, a power split device 120, a first electric machine 130, a second electric
machine 140, a power controller 150, an energy storage module 160, and a wheel 170.
[0028] The engine 110 is disposed in the vehicle and adopts fuel as an energy source.
The power split device 120 is connected to the engine 110. The first electric machine 130
is connected to the power split device 120. The second electric machine 140 is connected
to the power split device 120. The power controller 150 is coupled to the first electric
machine 130 and the second electric machine 140. The energy storage module 160 is
coupled to the power controller 150. The wheel 170 is connected to the second electric
machine 140.
[0029] Referring to FIG. 1, the engine 110 is adapted to drive the first electric machine
130 and drive the second electric machine 140 and the wheel 170 by the power controller
150. The engine 110 also directly drives the second electric machine 140 by the power
split device 120 to switch to a hybrid electric mode. The engine 110 is adapted to drive
the second electric machine 140 and the wheel 170 by the power split device 120 to switch

to a pure engine mode. The energy storage module 160 is adapted to drive the second
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electric machine 140 and the wheel 170 by the power controller to switch to a pure motor
mode.

[0030] Referring to FIG. 2 and FIG. 3, the power split device 120 has a ring gear 121, a
deceleration gear 122, a planetary gear set 123, and a sun gear 124.

[0031] The ring gear 121 has an internal gear and an external gear (not shown in the
figures). The deceleration gear 122 is connected to a rotating shaft of the engine 110 and
engages with the external gear of the ring gear 121. Therefore, the power of the engine
110 may be transmitted to the ring gear 121 by the deceleration gear 122. The planetary
gear set 123 engages with the internal gear of the ring gear 121, which means that the ring
gear 121 may drive the planetary gear set 123 by the internal gear. The sun gear 124 is
connected to a rotating shaft of the first electric machine 130 and engages with the planetary
gear set 123. Therefore, the power generated by the first electric machine 130 may be
transmitted to the planetary gear set 123 by the sun gear 124.

[0032] The hybrid power transmission system 100 includes a clutch 180 disposed
between the sun gear 124 and the ring gear 121. When the clutch 180 is in a separated
state, the sun gear 124 and the ring gear 121 are two independent components and are able
to rotate freely. When the clutch 180 is in a junction state, the sun gear 124 and the ring
gear 121 are connected integrally and rotate synchronously. Multiple power sources of the
disclosure change the state of the power split device 120 by a switch of the clutch 180, so
the switching steps of the hybrid power transmission system 100 are simplified.

[0033] Referringto FIG. 2 and FIG. 3, the hybrid power transmission system 100 includes
a transmission mechanism 190. The transmission mechanism is connected to the power
split device 120, the second electric machine 140, and the wheel 170. In short, the power

of the engine 110 and the first electric machine 130 is transmitted to the wheel 170 via the
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power split device 120 and the transmission mechanism 190, and the power of the second
electric machine 140 is transmitted to the wheel 170 via the transmission mechanism 190.
The power sources of the disclosure share the same transmission mechanism 190, so the
hybrid power transmission system 100 has a simple structure.

[0034] Referring to FIG. 2, the transmission mechanism 190 has a first transmission
wheel 191, a second transmission wheel 192, a third transmission wheel 193, a fourth
transmission wheel 194, and a first chain 195. The first transmission wheel 191 is fixedly
connected to the planetary gear set 123. The second transmission wheel 192 is adjacent to
the first transmission wheel 191.  The third transmission wheel 193 is coaxially connected
to the second transmission wheel 192. The fourth transmission wheel 194 is coaxially
connected to the second electric machine 140 and the wheel 170.  The fourth transmission
wheel 194 also engages with the third transmission wheel 193. The second electric
machine 140 directly adopts a wheel hub motor and is coaxially installed on the wheel 170.
[0035] Inshort, a power transmission path of the engine 110 and the first electric machine
130 is from the power split device 120, the first transmission wheel 191, the first chain 195,
the second transmission wheel 192, the third transmission wheel 193, the fourth
transmission wheel 194, the second electric machine 140, and finally to the wheel 170 in
sequence.

[0036] Referring to FIG. 3, there is difference between this embodiment and the
embodiment of FIG. 2. The difference lies in that the transmission mechanism 190 has a
first transmission wheel 191, a second transmission wheel 192, a third transmission wheel
193, a fourth transmission wheel 194, a first chain. 195, and a second chain 196. The first
transmission wheel 191 is fixedly connected to the planetary gear set 123. The second

transmission wheel 192 is adjacent to the first transmission wheel 191. The third



10

15

20

transmission wheel 193 is coaxially connected between the second transmission wheel 192
and the second electric machine 140. The fourth transmission wheel 194 is coaxially
connected to the wheel 170.  The first chain 195 is sleeved on the first transmission wheel
191 and the second transmission wheel 192.  The second chain 196 is sleeved on the third
transmission wheel 193 and the fourth transmission wheel 194. The second electric
machine 140 is connected in parallel to the power split device 120.

[0037] Inshort, a power transmission path of the engine 110 and the first electric machine
130 is from the power split device 120, the first transmission wheel 191, the first chain 195,
the second transmission wheel 192, the third transmission wheel 193, the second electric
machine 140, the second chain 196, the fourth transmission wheel 194, and finally to the
wheel 170 in sequence.

[0038] FIG. 4A is a schematic power transmission block diagram of the hybrid power
transmission system in FIG. 1 in a hybrid electric mode. FIG. 4B is a rotational speed
relationship diagram of an engine, a first electric machine, and a second electric machine in
FIG. 4A.

[0039] Referring to FIG. 2, FIG. 4A, and FIG. 4B, when the hybrid power transmission
system 100 is in the hybrid electric mode, the clutch 180 unlocks the sun gear 124 and the
ring gear 121. The engine 110 is adapted to generate a first mechanical energy M1 for
transmission to the power split device 120, where a part of the first mechanical energy M1
directly drives the wheel 170 by the deceleration gear 122, the ring gear 121, and the
transmission mechanism 190 to rotate, and another part of the first mechanical energy M1
drives the first electric machine 130 by the deceleration gear 122, the ring gear 121, and the
sun gear 124 to generate a first electric energy E1.  The first electric energy E1 is provided

to the second electric machine 140 by the power controller 150. The aforementioned first



10

15

20

mechanical energy M1 and the aforementioned first electric energy E1 are combined, which
makes the second electric machine 140 generate a second mechanical energy M2 to drive
the wheel 170 to rotate.

[0040] Referring to FIG. 4B, a torque relationship of the hybrid powertrain 100 is the

: Ty T, T,
following equation: = = — = ———
1 k' —(k'+1)

where T, T,., and T, are the output torques

of the sun gear 124, the ring gear 121, and the planetary gear set 123 respectively. The

parameter k' is defined as the following equation: k' = —?, where Z, and Z;

s
are the number of gears of the ring gear 121 and the sun gear 124 respectively.

[0041] The rotational speed relationship of the hybrid powertrain 100 is the following
equation: ws +k'w, — (k' + Dw, =0, where w,, w, , and w, are the
rotational speeds of the sun gear 124, the ring gear 121, and the planetary gear set 123

respectively. Since k' <0 and —(k"+ 1) >0, Ty and T, have the same sign,

so the ring gear 121 is connected to the engine 110 and serves as a power input terminal,
while the sun gear 124 and the planetary gear set 123 serve as power load terminals or power
output terminals.

[0042] According to a connection way of the hybrid power transmission system in FIG.
3, the relationship between the rotational speed and the torque may be written as the

following equation:

Tw
Tmgr _ TeTe _ 1¢ 1 We 1y o —
[0043) —==-5= D “mgt +k - k'"+Dwy, =0

[0044] Among them, 7, is a deceleration ratio of the output terminal of the engine 110
to the external gear of the ring gear 121, 1, is a deceleration ratio of the planetary gear set

123 to the wheel 170, and k' is a ratio of the number of gears of the internal gear of the
-10-
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ring gear 121 to the sun gear 124. The torque and rotational speed of the second electric
machine 140 depend on an installation position of the second electric machine 140.

[0045] FIG. 7 is a schematic diagram of mode switching rules of the hybrid power
transmission system in FIG. 1.

[0046] Referring to FIG. 7, the hybrid electric mode is adaptable for slow acceleration
and low speed cruise. The first mechanical energy M1 generated by the engine 110
simultaneously drives the second electric machine 140 and the first electric machine 130,
thereby adjusting the rotational speed and an operating point of the engine 110 to achieve
energy saving and variable speed functions. In addition, the first electric machine 130
switches to a generator in the hybrid electric mode, generates the first electric energy E1,
and directly drives the second electric machine 140. At the same time, the first electric
machine 130 also serves as a load of the transmission system and continuously changes a
ratio of the input speed of the engine 110 to the output rotational speed of the wheel 170.
[0047] FIG. 5A is a schematic power transmission block diagram of the hybrid power
transmission system in FIG. 1 in a pure engine mode. FIG. 5B is a rotational speed
relationship diagram of an engine, a first electric machine, and a second electric machine in
FIG. 5A.

[0048] Referring to FIG. 3, FIG. 5A, and FIG. 5B, when the hybrid power transmission
system 100 is in the pure engine mode, the clutch 180 locks the sun gear 124 and the ring
gear 121 integrally, so that the planetary gear set 123 and the ring gear 121 form a rigid
body. The engine 110 is adapted to generate the first mechanical energy M1 and directly
drive the power split device 120 by the deceleration gear 122, and the power split device
120 directly drives the second electric machine 140 and the wheel 170 to rotate by the

transmission mechanism 190.

-11-
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[0049] Referringto FIG.5B, T, T,., and T, are the output torques of the sun gear 124,

the ring gear 121, and the planetary gear set 123 respectively. Since the planetary gear set
123 and the ring gear 121 form the rigid body, the values of the output torques of the three
are equal.

[0050] Referringto FIG. 7, the pure engine mode is adaptable for high speed cruise. The
first mechanical energy M1 generated by the engine 110 directly drives the second electric
machine 140 and the wheel 170 by the power split device 120 and the transmission
mechanism 190. Since the first electric machine 130 and the power split device 120 form
a rigid body, all the first mechanical energy M1 generated by the engine 110 is used to drive
the second electric machine 140 and the wheel 170 to avoid the energy loss of converting
mechanical energy into electric energy.

[0051] FIG. 6A is a schematic power transmission block diagram of the hybrid power
transmission system in FIG. 1 in a pure motor mode. FIG. 6B is a rotational speed
relationship diagram of an engine, a first electric machine, and a second electric machine in
FIG. 6A.

[0052] Referring to FIG. 3, FIG. 6A, and FIG. 6B, when the hybrid power transmission
system 100 is in the pure motor mode, the engine 110 is not started, the energy storage
module 160 generates a second electric energy E2 and provides the second electric energy
E2 to the first electric machine 130 and the second by the power controller 150, and the
second electric machine 140 generates a second mechanical energy M2 to drive the wheel
170 to rotate. Specifically, the first electric machine 130 here serves as a load that
consumes parts of the second electric energy E2 and continuously changes the total amount
of electric energy input by the energy storage module 160 to the second electric machine

140, thereby adjusting the output rotational speed of the wheel 170.

-12-
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[0053] Referring to FIG. 6B, the rotational speed relationship of the hybrid power
transmission system 100 is the following equation: w¢ + k'w, — (k' + 1w, = 0,
where ws, w,, and w, are the rotational speeds of the sun gear 124, the ring gear 121,
and the planetary gear set 123 respectively. Since k' >0 and —(k' +1) <0, T,

and T, have different signs, that is, a direction of torque action is opposite, so the planetary

gear set 123 is connected to the second electric machine 140 and serves as the power output
terminal, while the sun gear 124 serves as the power load terminal.

[0054] Referring to FIG. 7, the pure motor mode is adaptable for a start situation to
prevent the engine 110 from consuming fuel in a stationary state.

[0055] Based on the above, the hybrid power transmission system of the disclosure is
adaptable for motorcycles, cars, or similar transportation vehicles, and combines the power
sources such as engines, first electric machines, second electric machines, and energy
storage modules. The hybrid power transmission system of the disclosure may switch to
the hybrid electric mode, the pure engine mode, or the pure motor mode according to the
driving situation and correspondingly turn on or off the engine, the first electric machine,
the second electric machine, and the energy storage module to reduce energy consumption
and improve the driving endurance performance of the transportation vehicle.

[0056] Further, when the hybrid power transmission system of the disclosure switches
between the pure engine mode and the hybrid electric mode, the clutch is turned on and off
only to achieve the switching purpose. Compared with the existing compound power
system, the hybrid power transmission system of the disclosure simplifies the switching

steps and has a simple structure.
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CLAIMS

Claim 1:

A hybrid power transmission system, comprising:

an engine;

a power split device, connected to the engine;

a first electric machine, connected to the power split device;

a second electric machine, connected to the power split device;

a power controller, coupled to the first electric machine and the second electric
machine;

an energy storage module, coupled to the power controller; and

a wheel, connected to the second electric machine,

wherein, the engine is adapted to drive the second electric machine and the wheel
by the power split device, the energy storage module is adapted to drive the second electric
machine and the wheel by the power controller, and the engine is adapted to drive the first
electric machine and drive the second electric machine and the wheel by the power

controller.

Claim 2:

The hybrid power transmission system according to claim 1, wherein the power
split device has a ring gear, a deceleration gear, a planetary gear set, and a sun gear, the
deceleration gear is connected to the engine and engages with an external gear of the ring
gear, the planetary gear set engages with an internal gear of the ring gear, and the sun gear

is connected to the first electric machine and engages with the planetary gear set.
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Claim 3:
The hybrid power transmission system according to claim 2, further comprising

a clutch disposed between the sun gear and the ring gear.

Claim 4:
The hybrid power transmission system according to claim 2, further comprising
a transmission mechanism, wherein the transmission mechanism is connected to the power

split device, the second electric machine, and the wheel.

Claim 5:

The hybrid power transmission system according to claim 4, wherein the
transmission mechanism has a first transmission wheel, a second transmission wheel, a third
transmission wheel, a fourth transmission wheel, and a first chain, the first transmission
wheel is fixedly connected to the planetary gear set, the second transmission wheel is
adjacent to the first transmission wheel, the third transmission wheel is coaxially connected
to the second transmission wheel, the fourth transmission wheel is coaxially connected to
the second electric machine and the wheel, and the fourth transmission wheel engages with

the third transmission wheel.

Claim 6:
The hybrid power transmission system according to claim 4, wherein the
transmission mechanism has a first transmission wheel, a second transmission wheel, a third

transmission wheel, a fourth transmission wheel, a first chain, and a second chain, the first

-15-



10

15

20

transmission wheel is fixedly connected to the planetary gear set, the second transmission
wheel is adjacent to the first transmission wheel, the third transmission wheel is coaxially
connected between the second transmission wheel and the second electric machine, the
fourth transmission wheel is coaxially connected to the wheel, the first chain is sleeved on
the first transmission wheel and the second transmission wheel, and the second chain is

sleeved on the third transmission wheel and the fourth transmission wheel.

Claim 7:

The hybrid power transmission system according to claim 3, wherein in a pure
engine mode, the clutch locks the sun gear and the ring gear integrally, so that the planetary
gear set and the ring gear form a rigid body, and the engine is adapted to generate a first

mechanical energy and directly drive the power split device by the deceleration gear.

Claim 8:

The hybrid power transmission system according to claim 3, wherein in a hybrid
electric mode, the clutch separates the sun gear and the ring gear, the engine is adapted to
generate a first mechanical energy, a part of the first mechanical energy drives the second
electric machine by the power split device, another part of the first mechanical energy drives
the first electric machine by the power split device to generate a second electric energy, the
second electric energy is provided to the second electric machine by the power controller,

and the second electric machine generates a second mechanical energy to drive the wheel.

Claim 9:

The hybrid power transmission system according to claim 1, wherein in a pure
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motor mode, the energy storage module generates a first electric energy, the first electric
energy is provided to the first electric machine and the second electric machine by the power
controller, and the second electric machine generates a second mechanical energy to drive

the wheel to rotate.
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