wO 2016/150330 A 1[I I 000 0000 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/150330 A1

29 September 2016 (29.09.2016) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
B60K 6/26 (2007.10) B6OW 10/10 (2012.01) kind of national protection available): AE, AG, AL, AM,
21) International Apolication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: PCTICNOL6/076578 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
17 March 2016 (17.03.2016) KZ, IA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
B . MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . o
201510133725.2 25 March 2015 (25032015) CN (84) De51gnated States (unless otherwise zndlcated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: BYD COMPANY LIMITED [CN/CN]; No. GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
3009 BYD Road, Pingshan, Shenzhen, Guangdong 518118 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(CN). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Tnventors: ZHANG, Jintao; No. 3009 BYD Road, Ping- DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
e LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
shan, Shenzhen, Guangdong 518118 (CN). FU, Cailin;
No. 3009 BYD Road, Pingshan, Shenzhen, Guangdong SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
? > ? GW, KM, ML, MR, NE, SN, TD, TG).
518118 (CN).
Published:

74

Agent: TSINGYIHUA INTELLECTUAL PROPERTY
LLC; Room 301, Trade Building, Zhaolanyuan, Tsinghua
University, Qinghuayuan, Haidian District, Beijing 100084
(CN).

with international search report (Art. 21(3))

(54) Title: POWER TRANSMISSION SYSTEM OF VEHICLE AND GEAR-SHIFT CONTROL METHOD FOR THE SAME

causing one of a first automatic transmission of a first drive assembly and a second
automatic transmission of a second drive assembly to shifl o a preset gear

S

|
|
i
i
i
|
I
-
i
|
|
i
i
|
!

9

| causing the other one of the first automatic transmission and the second automatic
transmission (o shift Lo the preset gear or a gear adjacent (o the preset gear, after
i causing the first automatic transmission or the second automatic transmission to shift

to the preset gear

52

Fig. 5

(57) Abstract: A power transmission system of a vehicle and a gear-shift control method are provided. The power transmission sys -
tem includes a first drive assembly (101) and a second drive assembly (102). The first drive assembly includes a first automatic
transmission (2) and a first motor (1) connected with the first automatic transmission (2) for outputting power to two wheels of the
vehicle. The second drive assembly (102) includes a second automatic transmission (2000) and a second motor (1000) connected
with the second automatic transmission (2000) for outputting power to the other two wheels of the vehicle. The first and second
automatic transmission are configured to be shifted to a preset gear or a gear adjacent to the preset gear, such that when one of the
first and second automatic transmission is shitted to the preset gear, the other one of the first and second automatic transmission is
shifted to the preset gear or the gear adjacent to the preset gear.
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POWER TRANSMISSION SYSTEM OF VEHICLE AND GEAR-SHIFT CONTROL
METHOD FOR THE SAME

FIELD
The present disclosure relates to vehicle technology field, more particularly to a power
transmission system of a vehicle and a gear-shift control method for a power transmission system

of a vehicle.

BACKGROUND

In the related art, the vehicle, especially the electric vehicle with two drive assemblies,
generally has a bad continuity of the power transmission of the drive axles, and takes a long time
to increase or reduce speed. Thus, there is a need to improve the power transmission system of

the vehicle and the gear-shift control method for the power transmission system.

SUMMARY

Embodiments of the present disclosure seek to solve at least one of the problems existing in
the related art to at least some extent.

For this, according to embodiments of a first aspect of the present disclosure, a power
transmission system of a vehicle is provided. The system includes a first drive assembly and a
second drive assembly. The first drive assembly includes a first motor and a first automatic
transmission, and the first motor is connected with the first automatic transmission for outputting
power to two wheels of the vehicle. The second drive assembly includes a second motor and a
second automatic transmission, and the second motor is connected with the second automatic
transmission for outputting power to the other two wheels of the vehicle. The first automatic
transmission and the second automatic transmission are configured to be shifted to a preset gear
or a gear adjacent to the preset gear, such that when one of the first automatic transmission and
the second automatic transmission is shifted to the preset gear, the other one of the first automatic
transmission and the second automatic transmission is shifted to the preset gear or the gear
adjacent to the preset gear.

With the power transmission system of the vehicle according to embodiments of the present

disclosure, there is no power interruption during the driving process.
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According to embodiments of a second aspect of the present disclosure, a gear-shift control
method for a power transmission system of a vehicle is provided. The method includes: causing
one of a first automatic transmission of a first drive assembly and a second automatic
transmission of a second drive assembly to shift to a preset gear; and causing the other one of the
first automatic transmission and the second automatic transmission to shift to the preset gear or
the gear adjacent to the preset gear after causing the first automatic transmission or the second
automatic transmission to shift to the preset gear.

With the gear-shift control method according to embodiments of the present disclosure, there
is no power interruption during the driving process.

According to embodiments of a third aspect of the present disclosure, a vehicle is provided.
The vehicle includes the power transmission system mentioned in the above embodiments of the
first aspect of the present disclosure.

With the vehicle according to embodiments of the present disclosure, there is no power

interruption during the driving process.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of embodiments of the present disclosure will
become apparent and more readily appreciated from the following descriptions made with
reference to the accompanying drawings, in which:

Fig. 1 is a block diagram of a power transmission system of a vehicle according to an
embodiment of the present disclosure;

Fig. 2 is a schematic diagram showing a power transmission system of a vehicle according to
an embodiment of the present disclosure;

Fig. 3 is a schematic diagram showing a transmission mechanism between a first motor and a
first automatic transmission in a power transmission system of a vehicle according to an
embodiment of the present disclosure;

Fig. 4 is a schematic diagram showing a transmission mechanism between a first automatic
transmission and a first drive axle in a power transmission system of a vehicle according to an
embodiment of the present disclosure; and

Fig. 5 is a flow chart of a gear-shift control method for a power transmission system of a

vehicle according to an embodiment of the present disclosure.
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DETAILED DESCRIPTION

Example embodiments will be described in detail herein, and examples thereof are illustrated
in accompanying drawings. Throughout figures referred by the following description, the same
reference number in different figures indicates the same or similar elements unless otherwise
stated. Implementations described in the following exemplary embodiments do not represent all
the implementations consistent with the present disclosure. Instead, they are only examples of the
device and method consistent with some aspects of the present disclosure detailed in the
appended claims.

A power transmission system of a vehicle and a gear-shift control method according to
embodiments of the present disclosure will be described with reference to drawings.

Fig. 1 is a block diagram of a power transmission system of a vehicle according to an
embodiment of the present disclosure.

As shown in Fig. 1, the power transmission system 100 according to an embodiment of the
present disclosure includes a first drive assembly 101 and a second drive assembly 102. The first
drive assembly 101 includes a first motor 1 and a first automatic transmission 2, and the second
automatic transmission 102 includes a second motor 1000 and a second automatic transmission
2000. The first motor 1 is connected with the first automatic transmission 2, for outputting power
to two wheels of the vehicle. The second motor 1000 is connected with the second automatic
transmission 2000, for outputting power to of the other two wheels of the vehicle.

The first automatic transmission 2 and the second automatic transmission 2000 are
configured to be shifted to a preset gear or a gear adjacent to the preset gear, such that when one
of the first automatic transmission 2 and the second automatic transmission 2000 is shifted to the
preset gear, the other one of the first automatic transmission 2 and the second automatic
transmission 2000 is shifted to the preset gear or the preset gear adjacent to the preset gear.

In an embodiment of the present disclosure, each of the first drive assembly 101 and the
second drive assembly 102 is a rear drive assembly. As shown in Fig. 2, the first drive assembly
101 1s connected with the wheel 92, and the second drive assembly is connected with the wheel
91. Certainly, in other embodiments of the present disclosure, the first drive assembly 101 may be
the rear drive assembly of the vehicle, and the second drive assembly 102 may be a front drive

assembly of the vehicle.
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In an embodiment of the present disclosure, specific structure of the first automatic
transmission 2 and the second automatic transmission 2000, as well as the number of gears for
the first automatic transmission 2 and the second automatic transmission 2000 may be determined
according to actual demands, which should not be limited herein.

It should also be understood that, the preset gear may be any one of gears of the automatic
transmission, and the gear adjacent to the preset gear may be a gear higher than the preset gear or
a gear lower than the preset gear.

In the following, explanation will be made in an example in which each of the first automatic
transmission 2 and the second automatic transmission 2000 has four drive gears.

After the vehicle starts, both the first automatic transmission 2 and the second automatic
transmission 2000 are at the first gear. In some embodiments, during the upshift (from the first
gear to the second gear), the second automatic transmission 2000 is not shifted from the first gear
to the second gear until the first automatic transmission 2 is shifted to the second gear. Similarly,
during shifting to the third gear, the second automatic transmission 2000 is not shifted to the third
gear until the first automatic transmission 2 is shifted to the third gear. Similarly, during shifting
to the fourth gear, the second automatic transmission 2000 is not shifted to the fourth gear until
the first automatic transmission 2 is shifted to the fourth gear.

During the downshift from the fourth gear to the third gear, the second automatic
transmission 2000 is not shifted to the third gear until the first automatic transmission 2 is shifted
to the third gear. Similarly, during shifting to the second gear, the second automatic transmission
2000 is not shifted to the second gear until the first automatic transmission 2 is shifted to the
second gear. Similarly, during shifting to the first gear, the second automatic transmission 2000 is
not shifted to the first gear until the first automatic transmission 2 is shifted to the first gear.

Certainly, during the upshift or the downshift, the second automatic transmission 2000 may
be shifted first, that is, the first automatic transmission 2 is not shifted to the preset gear until the
second automatic transmission 2000 is shifted to the preset gear.

In other embodiments of the present disclosure, the power transmission system 100 may
realize to skip upshift or to skip downshift. For example, assume that both the first automatic
transmission 2 and the second automatic transmission 2000 are at the first gear at present. Then,
straight after the first automatic transmission 2 is shifted to the second gear, the second automatic

transmission 2000 is shifted to the third gear, and then the first automatic transmission 2 is shifted
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to the fourth gear from the second gear, and the second automatic transmission 2000 is shifted to
the fourth gear from the third gear. Thus, the acceleration process during the driving of the
vehicle may be shortened.

When both the first automatic transmission 2 and the second automatic transmission 2000 are
at the fourth gear, the second automatic transmission 2000 is shifted to the second gear straight
after the first automatic transmission 2 is shifted to the third gear, and then the first automatic
transmission 2 is shifted to the first gear from the third gear, and the second automatic
transmission 2000 is shifted to the first gear from the second gear. Thus, the deceleration process
during the driving of the vehicle may be shortened.

With the power transmission system according to embodiments of the present disclosure, it
may realize to alternate shift or to skip shift of the first automatic transmission 2 and the second
automatic transmission 2000, thus realizing to drive without power interruption, and shortening
the acceleration process and the deceleration process of the vehicle.

As shown in Fig. 1, in an embodiment of the present disclosure, the first drive assembly 101
further includes a first motor controller 4 and a first transmission controller 5, and the second
drive assembly 102 further includes a second motor controller 4000 and a second transmission
controller 5000.

The first motor controller 4 is connected with the first motor 1, and the first motor controller
4 is also connected with the accelerator pedal sensor 8 of the vehicle, such that the first motor
controller 4 may control the speed and the acceleration of the first motor 1 according to the
opening of the accelerator pedal sensor 8 and the acceleration of the accelerator pedal.

The second motor controller 4000 is connected with the second motor 1000, and the second
motor controller 4000 is also connected with the accelerator pedal sensor 8 of the vehicle, such
that the second motor controller 4000 may control the speed and the acceleration of the second
motor 1000 according to the opening of the accelerator pedal sensor 8 and the acceleration of the
accelerator pedal.

The first transmission controller 5 is connected with the first automatic transmission 2, and
the first transmission controller 5 and the first motor controller 4 are communicated with each
other, for controlling the gear-shift of the first automatic transmission 2.

The second transmission controller 5000 is connected with the second automatic

transmission 2000, and the second transmission controller 5000 and the second motor controller
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4000 are communicated with each other, for controlling the gear-shift of the second automatic
transmission 2000.

The first motor controller 4 and the second motor controller 4000 may be communicated
with each other, the first transmission controller 5 and the second motor controller 4000 may
communicate with each other, and the second transmission controller 5000 and first motor
controller 4 may be communicated with each other, such that the second transmission controller
5000 may control the second automatic transmission 2000 to shift gears after the first
transmission controller 5 controls the first automatic transmission 2 to shift gears, or the first
transmission controller 5 may control the first automatic transmission 2 to shift gears after the
second transmission controller 5000 controls the second automatic transmission 2000 to shift
gears.

As shown in Figs. 1-4, in an embodiment of the present disclosure, the first drive assembly
101 further includes a first drive axle 3 and a first output speed sensor 6, and the second drive
assembly 102 further includes a second drive axle 3000 and a second output speed sensor (not
shown).

The first automatic transmission 2 is connected with the wheel 92 via the first drive axle 3.
The first output speed sensor 6 is connected with the first drive axle 3, and configured to detect
an output speed of the first drive axle 3. In an embodiment, the first drive axle 3 may include a
first differential 31, which has a differential driven gear 32 engaged with the output gear 251 of
the first automatic transmission 2, and the output speed of the first drive axle 3 may be the output
speed of the first differential 31.

The second automatic transmission 2000 is connected with the wheel 91 via the second drive
axle 3000. The second output speed sensor is connected with the second drive axle 3000, and
configured to detect an output speed of the second drive axle 3000. In an embodiment, the second
drive axle 3 may include a second differential (not shown), which has a differential driven gear
(not shown) meshed with the output gear of the second automatic transmission 2000, and the
output speed of the second drive axle 3000 may be the output speed of the second differential.

In an embodiment of the present disclosure, the first drive assembly 101 further includes a
first input speed sensor 7, and the second drive assembly 102 further includes a second input
speed sensor (not shown).

The first input speed sensor 7 is connected with an output end of the first motor 1 or an input
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end of the first automatic transmission 2, and configured to detect a speed of the output end of the
first motor 1 or a speed of the input end of the first automatic transmission 2.

The second input speed sensor is connected with an output end of the second motor 1000 or
an input end of the second automatic transmission 2000, and configured to detect a speed of the
output end of the second motor 1000 or a speed of the input end of the second automatic
transmission 2000.

As shown in Fig. 3, the first automatic transmission 2 may include a first transfer group, a
first shift actuator 27 and a first displacement sensor. The first transfer group may include
multiple pairs of meshed gears, the first shift actuator 27 may include a first shift actuating
cylinder 278, a first shift fork rod and a first shift fork and a first shift synchronizer. The first
displacement sensor is connected with the first transmission controller 5, and the first
displacement sensor is also connected with the first shift actuator 27, such that the first
transmission controller 5 may control the first shift actuator 27 to move according to the detecting
value of the first displacement sensor, for completing the gear-shift.

Specifically, the first transmission controller 5 may send instructions to the first shift
actuating cylinder 278, the first actuating cylinder 278 monitors and pushes the first shift fork rod
to move according to the detecting value of the first displacement sensor, and the first shift fork
rod drives the first shift fork to push the first shift synchronizer for meshing with the
corresponding shifting gear or shaft, thus completing the gear-shift.

Similarly, the second automatic transmission 2000 may include a second transfer group, a
second shift actuator and a second displacement sensor (not shown). The second transfer group
may include multiple pairs of meshed gears, the second shift actuator may include a second shift
actuating cylinder, a second shift fork rod and a second shift fork and a second shift synchronizer.
The second displacement sensor is connected with the second transmission controller 5, and the
second displacement sensor is also connected with the second shift actuator, such that the second
transmission controller 5 may control the second shift actuator to move according to the detecting
value of the second displacement sensor, for completing the gear-shift.

Specifically, the second transmission controller 5 may send instructions to the second shift
actuating cylinder, the second actuating cylinder monitors and pushes the second shift fork rod to
move according to the detecting value of the second displacement sensor, and the second shift

fork rod drives the second shift fork to push the second shift synchronizer for meshing with the
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corresponding shifting gear or shaft, thus completing the gear-shift.

A specific example of the present disclosure will be described below with reference to Figs.
3-4, in which the first drive assembly 101 includes a motor 1, an automatic transmission 2 and a
drive axle 3. It should be understood that, the second drive assembly 102 has a same structure as
the first drive assembly 101.

As shown in Fig. 3, the motor 1 is connected with the first shaft 21 via splines, and a first
shaft gear 211 is fixed on the first shaft 21.

As shown in Fig. 4, the automatic transmission 2 includes a third shaft 23, a fourth shaft 24
and a fifth shaft 25. A third shaft gear 231 is fixed on the third shaft 23. A transmission is
performed between the third shaft gear 231 and the first shaft gear 211 via a second shaft gear
221 fixed on a second shaft 22. A driving gear la for the first gear, a driving gear 2a for the
second gear, a driving gear 3a for the third gear and a fourth shaft gear 241 meshed with the third
shaft gear 231 are fixed on the fourth shaft 24. A driven gear 1b for the first gear meshed with the
driving gear la, a driven gear 2b for the second gear meshed with the driving gear 2a, and a
driven gear 3b for the third gear meshed with the driving gear 3a are fit over the fifth shaft 25.

It should be understood that, the third shaft 23, the fourth shaft 24, the fifth shaft 25 and
gears fit over or fixed on them form the transfer group of the automatic transmission 2.

The automatic transmission 2 also includes the shift actuator 27. As shown in Figs. 3-4, the
shift actuator 27 includes a synchronizer 261 for the first and fourth gears, a synchronizer 262 for
the second and third gears 262, the shift actuating cylinder 278, a fork rod 273 for the first and
fourth gears, a fork rod 274 for the second and third gears, a fork 275 for the first and fourth gears,
a fork 276 for the second and third gears, a displacement sensor 271 for the first and fourth gears,
and a displacement sensor 272 for the second and third gears.

The synchronizer 261 is configured to engage the driven gear 1b with the fifth shaft 25 or
engage the third shaft 23 with the fifth shaft 25. The synchronizer 262 is configured to engage the
driven gear 2b with the fifth shaft 25 or engage the driven gear 3b with the fifth shaft 25. The
shift actuating cylinder 278 may monitor and control the fork rod 273 to move according to the
detecting value of the displacement sensor 271, the fork rod 273 drives the fork 275 to push the
synchronizer 261°s moving for shifting to the first gear or the fourth gear. The shift actuating
cylinder 278 may monitor and control the fork rod 274 to move according to the detecting value

of the displacement sensor 272, and the fork rod 274 drives the fork 276 to push the synchronizer
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262’s moving for shifting to the second gear or the third gear.

In other words, the automatic transmission 2 shown in Figs. 3-4 is a four-gear automatic
transmission 2, and the drive process of which is as follows.

For the first gear, the synchronizer 262 is at a middle position, the synchronizer 261 controls
the fork rod 273 via the shift actuating cylinder 278 to push the fork 275 to move leftwards for
shifting to the first gear, the first motor 1 is connected with the first shaft 21 via splines, the
power output from the motor 1 is transmitted to the second shaft 22 via the meshed first shaft
gear 211 and second shaft gear 221, and then transmitted to the third shaft 23 via the meshed
second shaft gear 221 and third shaft gear 231, and then transmitted to the fourth shaft 24 via the
third shaft gear 231 and the fourth shaft gear 241, and transmitted to the fifth shaft 25 via the
meshed driving gear la and driven gear 1b, and finally transmitted to the wheel side via the
meshed output gear 251 and differential driven gear 32.

For the second gear, the synchronizer 261 is at the middle position, the synchronizer 262
controls the fork rod 274 via the shift actuating cylinder 278 to push the fork 276 to move
rightwards for shifting to the second gear, the first motor 1 is connected with the first shaft 21 via
splines, the power output from the motor 1 is transmitted to the second shaft 22 via the meshed
first shaft gear 211 and second shaft gear 221, and then transmitted to the third shaft 23 via the
meshed second shaft gear 221 and third shaft gear 231, and then transmitted to the fourth shaft 24
via the third shaft gear 231 and the fourth shaft gear 241, and transmitted to the fifth shaft 25 via
the meshed driving gear 2a and driven gear 2b, and finally transmitted to the wheel side via the
meshed output gear 251 and differential driven gear 32.

For the third gear, the synchronizer 261 is at the middle position, the synchronizer 262
controls the fork rod 274 via the shift actuating cylinder 278 to push the fork 276 to move
leftwards for shifting to the third gear, the first motor 1 is connected with the first shaft 21 via
splines, the power output from the motor 1 is transmitted to the second shaft 22 via the meshed
first shaft gear 211 and second shaft gear 221, and then transmitted to the third shaft 23 via the
meshed second shaft gear 221 and third shaft gear 231, and then transmitted to the fourth shaft 24
via the third shaft gear 231 and the fourth shaft gear 241, and transmitted to the fifth shaft 25 via
the meshed driving gear 3a and driven gear 3b, and finally transmitted to the wheel side via the
meshed output gear 251 and differential driven gear 32.

For the fourth gear, the synchronizer 262 is at the middle position, the synchronizer 261
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controls the fork rod 273 via the shift actuating cylinder 278 to push the fork 275 to move
rightwards for shifting to the fourth gear, the motor 1 is connected with the first shaft 21 via
splines, the power output from the first motor 1 is transmitted to the second shaft 22 via the
meshed first shaft gear 211 and second shaft gear 221, and then transmitted to the third shaft 23
via the meshed second shaft gear 221 and third shaft gear 231, and then the third shaft 23 is
directly meshed with the fifth shaft 25 via the synchronizer 261 for making the third shaft 23 and
the fifth shaft 25 rotate coaxially, and finally the power is transmitted to the wheel side via the
meshed output gear 251 and differential driven gear 32.

For the neutral gear, both the synchronizer 261 and the synchronizer 262 are at the middle
position.

With the above power transmission system 100 having four-gear transmission, the control
process is as follows.

Taking the alternate shift of the first drive assembly 101 and the second drive assembly 102
as an example, and referring to Figs. 2-4, the automatic transmission is shifted to the first gear at
starting the vehicle, and the upshift process is as follows.

Upshift from the first gear to the second gear:

The first motor controller 4 of the first drive assembly 101 controls the speed and the
acceleration of the motor 1 according to the opening of the accelerator pedal sensor 8 and the
pedal acceleration. When the speed of the first motor 1 of the first drive assembly 101 is
transmitted to the rear wheel 92 via the first automatic transmission 2 of the first drive assembly
101 and via the differential 31 of the first drive assembly 101 and make the vehicle speed reach a
threshold for shifting to the second gear, the first transmission controller 5 of the first drive
assembly 101 sends a first gear-shift instruction to the first motor controller 4 of the first drive
assembly 101, in which the first transmission controller 5 obtains the vehicle speed according to
the speed of the differential 31 of the first drive assembly 101 detected by the output speed sensor
6 of the first drive assembly 101. After receiving the first gear-shift instruction, the first motor
controller 4 of the first drive assembly 101 controls the first motor 1 of the first drive assembly
101 to cut off torque and to rotate with the first automatic transmission 2 of the first drive
assembly 101, and sends an instruction to the first transmission controller 5 of the first drive
assembly 101. The first transmission controller 5 of the first drive assembly 101 sends an

instruction to the first automatic transmission 2 of the first drive assembly 101, such that the shift
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actuating cylinder 278 of the first drive assembly 101 monitors and pushes the fork rod 273 of the
first drive assembly 101 via the displacement sensor 271 of the first drive assembly 101 to move
rightwards, the fork 275 connected on the fork rod 273 of the first drive assembly 101 drives the
synchronizer 261 of the first drive assembly 101 to and remain at the middle/neutral position. The
first transmission controller 5 of the first drive assembly 101 sends an instruction to the first
motor controller 4 of the first drive assembly 101, and the first motor controller 4 of the first
drive assembly 101 controls the speed of the first motor 1 of the first drive assembly 101 in a way
such that the speed of the driven gear 2b of the first drive assembly 101 gets close to the speed of
the fifth shaft 25 of the first drive assembly 101. When the first transmission controller 5 of the
first drive assembly 101 obtains the speed difference between the speed of the driven gear 2b of
the first drive assembly 101 and the speed of the fifth shaft 25 of the first drive assembly 101
according to the speed measured by the output speed sensor 6 and the input speed sensor 7 of the
first drive assembly 101 and the speed difference is less than 50r/min, the first transmission
controller 5 of the first drive assembly 101 sends an instruction such that the shift actuating
cylinder 278 of the first drive assembly 101 monitors and pushes the fork rod 274 of the first
drive assembly 101 via the displacement sensor 272 of the first drive assembly 101 to move
rightwards, and the fork 276 connected to the fork rod 274 of the first drive assembly 101 drives
the synchronizer 262 of the first drive assembly 101 to the second gear position, and moreover,
the first transmission controller 5 of the first drive assembly 101 sends an instruction to the first
motor controller 4 of the first drive assembly 101. The first motor controller 4 of the first drive
assembly 101 controls the first motor 1 of the first drive assembly 101 to increase torque, and
sends an instruction to the first motor controller 4 and the first transmission controller 5 of the
second drive assembly 102 for notifying that the first drive assembly 101 is shifted to the second
gear.

Subsequently, the second transmission controller 5000 of the second drive assembly 102
obtains the vehicle speed according to the speed of the differential 31 of the second drive
assembly 102 measured by the second output speed sensor of the second drive assembly 102, and
sends a second gear-shift instruction to the second motor controller 4000 of the second drive
assembly 102. The second motor controller 4000 of the second drive assembly 102 controls the
motor 1 of the second drive assembly 102 to cut off torque and to rotate with the second

automatic transmission 2000 of the second drive assembly 102, and sends an instruction to the
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second transmission controller 5000 of the second drive assembly 102. The second transmission
controller 5000 of the second drive assembly 102 sends an instruction to the second automatic
transmission 2000 of the second drive assembly 102, such that the shift actuating cylinder 278 of
the second drive assembly 102 monitors and pushes the fork rod 273 of the second drive
assembly 102 via the displacement sensor 271 of the second drive assembly to move rightwards,
and the fork 275 connected to the fork rod 273 of the second drive assembly 102 drives the
synchronizer 261 to move to and to remain at the middle/neutral gear position. The second
transmission controller 5000 of the second drive assembly 102 sends an instruction to the second
motor controller 4000 of the second drive assembly 102, and the second motor controller 4000 of
the second drive assembly 102 controls the speed of the second motor 1000 of the second drive
assembly 102 in a way such that the speed of the driven gear 2b of the second drive assembly 102
gets close to the speed of the fifth shaft 25 of the second drive assembly 102. When the second
transmission controller 5000 of the second drive assembly 102 obtains the speed difference
between the speed of the driven gear 2b of the second drive assembly 102 and the speed of the
fifth shaft 25 of the second drive assembly according to the speed measured by the second output
speed sensor and the second input speed sensor of the second drive assembly 102 and the speed
difference is less than 50r/min, the second transmission controller 5000 of the second drive
assembly 102 sends an instruction such that the shift actuating cylinder 278 of the second drive
assembly 102 monitors and pushes the fork rod 274 of the second drive assembly 102 via the
displacement sensor 272 of the second drive assembly 102 to move rightwards, and the fork 276
connected on the fork rod 274 of the second drive assembly 102 drives the synchronizer 262 of
the second drive assembly 102 to move to the second gear position. Moreover, the second
transmission controller 5000 of the second drive assembly 102 sends an instruction to the second
motor controller 4000 of the second drive assembly 102. The second motor controller 4000 of the
second drive assembly 102 controls the second motor 10000of the second drive assembly 102 to
increase torque. Thus, the second drive assembly 102 is shifted to the second gear.

Upshift from the second gear to the third gear:

The first motor controller 4 of the first drive assembly 101 controls the speed and the
acceleration of the first motor 1 according to the opening of the accelerator pedal sensor 8 and the
pedal acceleration. When the speed of the first motor 1 of the first drive assembly 101 is

transmitted to the rear wheel 92 via the first automatic transmission 2 of the first drive assembly
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101 and via the differential 31 of the first drive assembly 101 and make the vehicle speed reach a
threshold for shifting to the third gear, the first transmission controller 5 of the first drive
assembly 101 sends a first gear-shift instruction to the first motor controller 4 of the first drive
assembly 101, in which the first transmission controller 5 obtains the vehicle speed according to
the speed of the differential 31 of the first drive assembly 101 detected by the output speed sensor
6 of the first drive assembly 101. After receiving the first gear-shift instruction, the first motor
controller 4 of the first drive assembly 101 controls the first motor 1 of the first drive assembly
101 to cut off torque and to rotate with the first automatic transmission 2 of the first drive
assembly 101, and sends an instruction to the first transmission controller 5 of the first drive
assembly 101. The first transmission controller 5 of the first drive assembly 101 sends an
instruction to the first automatic transmission 2 of the first drive assembly 101, such that the shift
actuating cylinder 278 of the first drive assembly 101 monitors and pushes the fork rod 274 of the
first drive assembly 101 via the displacement sensor 272 of the first drive assembly 101 to move
leftwards, the fork 276 connected on the fork rod 274 of the first drive assembly 101 drive the
synchronizer 262 of the first drive assembly 101 to move to and to remain at the middle/neutral
position. The first transmission controller 5 of the first drive assembly 101 sends an instruction to
the first motor controller 4 of the first drive assembly 101, and the first motor controller 4 of the
first drive assembly 101 controls the speed of the first motor 1 of the first drive assembly 101 in a
way such that the speed of the driven gear 3b of the first drive assembly 101 gets close to the
speed of the fifth shaft 25 of the first drive assembly 101. When the first transmission controller 5
of the first drive assembly 101 obtains the speed difference between the speed of the driven gear
3b of the first drive assembly 101 and the speed of the fifth shaft 25 of the first drive assembly
101 according to the speed measured by the first output speed sensor 6 and the first input speed
sensor 7 of the first drive assembly 101 and the speed difference is less than 50r/min, the first
transmission controller 5 of the first drive assembly 101 sends an instruction such that the shift
actuating cylinder 278 of the first drive assembly 101 monitors and pushes the fork rod 274 of the
first drive assembly 101 via the displacement sensor 272 of the first drive assembly 101 to move
leftwards, and the fork 276 connected to the fork rod 274 of the first drive assembly 101 moves
the synchronizer 262 of the first drive assembly 101 to the third gear position, and moreover, the
first transmission controller 5 of the first drive assembly 101 sends an instruction to the motor

controller 4 of the first drive assembly 101. The first motor controller 4 of the first drive assembly
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101 controls the first motor 1 of the first drive assembly 101 to increase torque, and sends an
instruction to the first motor controller 4 and the first transmission controller 5 of the second
drive assembly 102 for notifying that the first drive assembly 101 is shifted to the third gear.
Subsequently, the second transmission controller 5000 of the second drive assembly 102
obtains the vehicle speed according to the speed of the differential 31 of the second drive
assembly 102 measured by the second output speed sensor of the second drive assembly 102, and
sends a second gear-shift instruction to the second motor controller 4000 of the second drive
assembly 102. The second motor controller 4000 of the second drive assembly 102 controls the
motor 1 of the second drive assembly 102 to cut off torque and to rotate with the second
automatic transmission 2000 of the second drive assembly 102, and sends an instruction to the
second transmission controller 5000 of the second drive assembly 102. The second transmission
controller 5000 of the second drive assembly 102 sends an instruction to the second automatic
transmission 2000 of the second drive assembly 102, such that the shift actuating cylinder 278 of
the second drive assembly 102 monitors and pushes the fork rod 274 of the second drive
assembly 102 via the displacement sensor 272 of the second drive assembly to move leftwards,
and the fork 276 connected to the fork rod 274 of the second drive assembly 102 moves the
synchronizer 262 to and remain at the middle/neutral gear position. The second transmission
controller 5000 of the second drive assembly 102 sends an instruction to the second motor
controller 4000 of the second drive assembly 102, and the motor controller 4 of the second drive
assembly 102 controls the speed of the second motor 1000 of the second drive assembly 102 in a
way such that the speed of the driven gear 3b of the second drive assembly 102 gets close to the
speed of the fifth shaft 25 of the second drive assembly 102. When the second transmission
controller 5000 of the second drive assembly 102 obtains the speed difference between the speed
of the driven gear 3b of the second drive assembly 102 and the speed of the fifth shaft 25 of the
second drive assembly according to the speed measured by the second output speed sensor and
the second input speed sensor of the second drive assembly 102 and the speed difference is less
than 50r/min, the second transmission controller 5000 of the second drive assembly 102 sends an
instruction such that the shift actuating cylinder 278 of the second drive assembly 102 monitors
and pushes the fork rod 274 of the second drive assembly 102 via the displacement sensor 272 of
the second drive assembly 102 to move leftwards, and the fork 276 connected on the fork rod 274

of the second drive assembly 102 moves the synchronizer 262 of the second drive assembly 102
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to the third gear position. Moreover, the second transmission controller 5000 of the second drive
assembly 102 sends an instruction to the motor controller 4 of the second drive assembly 102.
The second motor controller 4000 of the second drive assembly 102 controls the second motor
1000 of the second drive assembly 102 to increase torque. Thus, the second drive assembly 102 is
shifted to the third gear.

Upshift from the third gear to the fourth gear:

The first motor controller 4 of the first drive assembly 101 controls the speed and the
acceleration of the motor 1 according to the opening of the accelerator pedal sensor 8 and the
pedal acceleration. When the speed of the first motor 1 of the first drive assembly 101 is
transmitted to the rear wheel 92 via the first automatic transmission 2 of the first drive assembly
101 and via the differential 31 of the first drive assembly 101 and make the vehicle speed reach a
threshold for shifting to the fourth gear, the first transmission controller 5 of the first drive
assembly 101 sends a first gear-shift instruction to the first motor controller 4 of the first drive
assembly 101, in which the first transmission controller 5 obtains the vehicle speed according to
the speed of the differential 31 of the first drive assembly 101 detected by the first output speed
sensor 6 of the first drive assembly 101. After receiving the first gear-shift instruction, the first
motor controller 4 of the first drive assembly 101 controls the first motor 1 of the first drive
assembly 101 to cut off torque and to rotate with the first automatic transmission 2 of the first
drive assembly 101, and sends an instruction to the first transmission controller 5 of the first drive
assembly 101. The first transmission controller 5 of the first drive assembly 101 sends an
instruction to the first automatic transmission 2 of the first drive assembly 101, such that the shift
actuating cylinder 278 of the first drive assembly 101 monitors and pushes the fork rod 274 of the
first drive assembly 101 via the displacement sensor 272 of the first drive assembly 101 to move
rightwards, the fork 276 connected on the fork rod 274 of the first drive assembly 101 moves the
synchronizer 262 of the first drive assembly 101 to and remain at the middle/neutral position. The
first transmission controller 5 of the first drive assembly 101 sends an instruction to the first
motor controller 4 of the first drive assembly 101, and the first motor controller 4 of the first
drive assembly 101 controls the speed of the first motor 1 of the first drive assembly 101 in a way
such that the speed of the third shaft 23 of the first drive assembly 101 gets close to the speed of
the fifth shaft 25 of the first drive assembly 101. When the first transmission controller 5 of the

first drive assembly 101 obtains the speed difference between the speed of the third shaft 23 of
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the first drive assembly 101 and the speed of the fifth shaft 25 of the first drive assembly 101
according to the speed measured by the first output speed sensor 6 and the first input speed sensor
7 of the first drive assembly 101 and the speed difference is less than 50r/min, the first
transmission controller 5 of the first drive assembly 101 sends an instruction such that the shift
actuating cylinder 278 of the first drive assembly 101 monitors and pushes the fork rod 273 of the
first drive assembly 101 via the displacement sensor 271 of the first drive assembly 101 to move
rightwards, and the fork 275 connected to the fork rod 273 of the first drive assembly 101 moves
the synchronizer 261 of the first drive assembly 101 to the fourth gear position, for making the
third shaft 23 and the fifth shaft 25 rotate coaxially. Moreover, the first transmission controller 5
of the first drive assembly 101 sends an instruction to the first motor controller 4 of the first drive
assembly 101. The first motor controller 4 of the first drive assembly 101 controls the motor 1 of
the first drive assembly 101 to increase torque, and sends an instruction to the first motor
controller 4 and the first transmission controller 5 of the second drive assembly 102 for notifying
that the first drive assembly 101 is shifted to the fourth gear.

Subsequently, the second transmission controller 5000 of the second drive assembly 102
obtains the vehicle speed according to the speed of the differential 31 of the second drive
assembly 102 measured by the second output speed sensor of the second drive assembly 102, and
sends a second gear-shift instruction to the second motor controller 4000 of the second drive
assembly 102. The second motor controller 4000 of the second drive assembly 102 controls the
second motor 1000 of the second drive assembly 102 to cut off torque and to rotate with the
second automatic transmission 2000 of the second drive assembly 102, and sends an instruction
to the second transmission controller 5000 of the second drive assembly 102. The second
transmission controller 5000 of the second drive assembly 102 sends an instruction to the second
automatic transmission 2000 of the second drive assembly 102, such that the shift actuating
cylinder 278 of the second drive assembly 102 monitors and pushes the fork rod 274 of the
second drive assembly 102 via the displacement sensor 272 of the second drive assembly to move
rightwards, and the fork 276 connected to the fork rod 274 of the second drive assembly 102
moves the synchronizer 262 to and remain at the middle/neutral gear position. The second
transmission controller 5000 of the second drive assembly 102 sends an instruction to the motor
controller 4 of the second drive assembly 102, and the second motor controller 4000 of the

second drive assembly 102 controls the speed of the motor 1 of the second drive assembly 102 in
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a way such that the speed of the third shaft 23 of the second drive assembly 102 gets close to the
speed of the fifth shaft 25 of the second drive assembly 102. When the second transmission
controller 5000 of the second drive assembly 102 obtains the speed difference between the speed
of the third shaft 23 of the second drive assembly 102 and the speed of the fifth shaft 25 of the
second drive assembly according to the speed measured by the second output speed sensor and
the second input speed sensor of the second drive assembly 102 and the speed difference is less
than 50r/min, the second transmission controller 5000 of the second drive assembly 102 sends an
instruction such that the shift actuating cylinder 278 of the second drive assembly 102 monitors
and pushes the fork rod 273 of the second drive assembly 102 via the displacement sensor 271 of
the second drive assembly 102 to move rightwards, and the fork 275 connected on the fork rod
273 of the second drive assembly 102 moves the synchronizer 261 of the second drive assembly
102 to the fourth gear position, for making the third shaft 23 and the fifth shaft 25 rotate coaxially.
Moreover, the second transmission controller 5000 of the second drive assembly 102 sends an
instruction to the second motor controller 4000 of the second drive assembly 102. The second
motor controller 4000 of the second drive assembly 102 controls the second motor 1000 of the
second drive assembly 102 to increase torque. Thus, the second drive assembly 102 is shifted to
the fourth gear.

Those skilled in the art may derive the alternate downshift process, the skip upshift process
and the skip downshift process from the above alternate upshift process, and thus the detailed
description will be omitted herein.

Figs. 3-4 only illustrate a specific example of the first automatic transmission 2, which does
not limit the structure of the automatic transmission of the present disclosure. The number of
gears of the first automatic transmission 2 may be two or more than two, and there may be two or
more than two first drive assemblies 101 and/or two or more than two second drive assemblies
102.

Embodiments of the present disclosure also provide a gear-shift control method for the
power transmission system of the vehicle.

Fig. 5 is a flow chart of a gear-shift control method for a power transmission system of a
vehicle according to an embodiment of the present disclosure. As shown in Fig. 5, the method
includes following steps.

In step S1, one of the first automatic transmission and the second automatic transmission is
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caused to shift to the preset gear.

In step S2, the other one of the first automatic transmission and the second automatic
transmission is caused to shift to the preset gear or the gear adjacent to the preset gear, after the
first automatic transmission or the second automatic transmission is caused to shift to the preset
gear.

With the gear-shift control method according to embodiments of the present disclosure, it
may realize the alternate shift or skip shift of the first automatic transmission and the second
automatic transmission, thus realizing drive without power interruption, and shortening the
acceleration process and the deceleration process of the vehicle.

In the following, illustration will be made in an example in which the second automatic
transmission is caused to shift to the preset gear or the gear adjacent to the preset gear after the
first automatic transmission is caused to shift to the preset gear.

With respect to the above described power transmission system, the first transmission
controller obtains the vehicle speed according to the output speed detected by the first output
speed sensor, and when the vehicle speed reaches the first preset vehicle speed value
corresponding to the preset gear, the first transmission controller sends a first gear-shift
instruction to the first motor controller.

In an embodiment, the first motor controller may control the speed and the acceleration of
the first motor according to the opening of the accelerator pedal sensor and the acceleration of the
accelerator pedal of the vehicle. The speed of the first motor is transferred to the first drive axle
via the first automatic transmission, and the first drive axle transfers the speed to the wheel via
the differential thereof. The first output speed sensor detects the speed of the first drive axle, and
the first transmission controller obtains the vehicle speed according to the speed detected by the
first output speed sensor and sends the first gear-shift instruction to the first motor controller
when the vehicle speed reaches the first preset vehicle speed value.

The first motor controller controls the first motor to cut off torque and to rotate with the first
automatic transmission according to the first gear-shift instruction, and sends a signal to the first
transmission controller for controlling the first automatic transmission to shift to the preset gear.
The first transmission controller sends a signal to the first motor controller after the gear-shift of
the first drive assembly is completed.

In an embodiment, the first motor controller controls the first motor to cut off torque and to
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rotate with the first automatic transmission, and sends a first neutral gear instruction to the first
transmission controller. The first transmission controller controls the first automatic transmission
to shift to and remain at the neutral gear according to the first neutral gear instruction, and
meanwhile sends an output speed control signal to the first motor controller. More specifically,
the first transmission controller controls the shift actuator of the first automatic transmission to
shift to the neutral gear according to the detecting value of the first displacement sensor.

The first motor controller controls the speed of the first motor according to the output speed
control signal. When the speed difference between the speed of the shifting gear for the preset
gear of the first automatic transmission and the output speed of the first automatic transmission is
less than the first preset value, the first automatic transmission is shifted to the preset gear from
the neutral gear, and the first transmission controller sends a first torque increasing instruction to
the first motor controller.

In an embodiment, the first transmission controller controls the shift actuator of the first
automatic transmission to shift to the preset gear from the neutral gear according to the detecting
value of the first displacement sensor.

Further, the first transmission controller obtains the output speed of the first automatic
transmission according to the output speed detected by the first output speed sensor, for example,
the speed of the fifth shaft shown in the specific example of Fig. 3.

The first transmission controller obtains the speed of the shifting gear for the preset gear of
the first automatic transmission according to the input speed detected by the first input speed
sensor, for example, the speed of the driven gear, the driven gear or the driven gear fit over the
fifth shaft, or the speed of the third shaft shown in the specific example of Fig. 3, in which the
gear fit over the shaft can rotate relative to the shaft, and can also rotate synchronously with the
shaft via elements such as the synchronizer or the joint sleeve.

It should be understood that, the speed of the input end of the automatic transmission is
transferred as the speed of the shifting gear for the preset gear via the transfer group, and thus the
speed of the shifting gear for the preset gear can be obtained according to the transmission ratio
of the transfer group.

In an advantageous embodiment, the first preset value may be less than or equal to 50r/min,
and thus the gear-shift may be more stable. Certainly, the first preset value may be determined

according to the structure of the automatic transmission and the design demand of the whole
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vehicle, and for the sake of reducing control difficulty and manufacture cost, the first preset value
may be less than or equal to 100r/min.

After the first automatic transmission is shifted to the preset gear, the first motor controller
controls the first motor to increase torque, and the gear-shift of the first drive assembly is
completed.

Further, when the second motor controller and the second transmission controller receive the
gear-shift ending signal of the first drive assembly, and the vehicle speed reaches the first preset
vehicle speed value or the second preset vehicle speed value corresponding to the gear adjacent to
the preset gear, the second transmission controller sends a second gear-shift instruction to the
second motor controller.

In an embodiment, the second motor controller controls the speed and the acceleration of the
second motor according to the opening of the accelerator pedal sensor and the acceleration of the
accelerator pedal. The speed of the second motor is transferred to the second drive axle via the
second automatic transmission, and the second drive axle transfers the speed to the wheel via the
differential thereof. The second output speed sensor detects the speed of the second drive axle,
and the second transmission controllers obtains the vehicle speed according to the speed of the
second drive axle detected by the second output speed sensor. When the first drive assembly
completes the gear-shift and sends a signal to the second motor controller and the second
transmission controller, and the vehicle speed reaches the first preset vehicle speed value or the
second preset vehicle speed value, the second transmission controller sends a second gear-shift
instruction to the second motor controller.

In other words, the second drive assembly does not start gear-shift until the first drive
assembly completes the gear-shift. Further, there are two conditions required by the second drive
assembly for gear-shift, one is the first drive assembly completing the gear-shift, and the other
one is the vehicle speed reaching the first preset vehicle speed value or the second preset vehicle
speed value of the second drive assembly.

The second motor controller controls the second motor to cut off torque and to rotate with the
second automatic transmission according to the second gear-shift instruction, and sends a signal
to the second transmission controller, such that the second transmission controller controls the
second automatic transmission to shift to the preset gear and sends the second torque increasing

instruction to the second motor controller, or the second transmission controller controls the
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second automatic transmission to shift to the gear adjacent to the preset gear and sends the second
torque increasing instruction to the second motor controller.

The preset gear herein is the gear same as the preset gear which the first drive assembly
wants to achieve, and the gear adjacent to the preset gear may be the gear higher than the preset
gear or lower than the preset gear.

In an embodiment, the second motor controller controls the second motor to cut off torque
and to rotate with the second transmission controller, and sends a second neutral gear instruction
to the second transmission controller. The second transmission controller controls the second
automatic transmission to shift to and remain at the neutral gear, and outputs a speed control
signal to the second motor controller. Specifically, the second transmission controller controls the
shift actuator of the second automatic transmission to shift to the neutral gear according to the
detecting value of the second displacement sensor.

The second motor controller obtains the speed of the second motor according to the speed
control signal. For the alternate shift of the first drive assembly and the second drive assembly,
the second motor controller controls the second automatic transmission to shift to the preset gear
from the neutral gear and sends a second torque increasing instruction to the second motor
controller when the speed difference between the speed of the shifting gear for the preset gear of
the second automatic transmission and the output speed of the second automatic transmission is
less than the second preset value.

For the skip shift of the first drive assembly and the second drive assembly, the second
transmission controller controls the second automatic transmission to shift to the gear adjacent to
the preset gear from the neutral gear and sends the second torque increasing instruction to the
second motor controller when the speed difference between the speed of the shifting gear for the
gear adjacent to the preset gear of the second automatic transmission and the output speed of the
second automatic transmission is less than the second preset value.

In an embodiment, the second transmission controller controls the shift actuator of the
second automatic transmission to shift to the preset gear or the gear adjacent to the preset gear
from the neutral gear according to the detecting value of the second displacement sensor.

Further, the second transmission controller obtains the output speed of the second automatic
transmission according to the output speed detected by the second output speed sensor, for

example the speed of the fifth shaft shown in the specific example of Fig. 3.
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For the alternate shift of the first drive assembly and second drive assembly, the second
transmission controller may obtain the speed of the shifting gear for the preset gear of the second
automatic transmission according to the input speed detected by the second input speed sensor,
for example the speed of the driven gear 1b, the driven gear or the driven gear fit over the fifth
shaft, or the speed of the third shaft shown in the specific example of Fig. 3.

For the skip shift of the first drive assembly and the second drive assembly, the second
transmission controller may obtain the speed of the shifting gear for the gear adjacent to the
preset gear according to the input speed detected by the second input speed sensor.

In an advantageous embodiment, the second preset value may be less than or equal to
50r/min, and thus, the gear-shift may be more stable. Certainly, the second preset value may be
determined according to the structure of the automatic transmission and the design demand of the
whole vehicle, and for the sake of reducing control difficulty and manufacture cost, the second
preset value may be less than or equal to 100r/min.

After the second automatic transmission is shifted to the preset gear or the gear adjacent to
the preset gear, the second motor controller controls the second motor to increase torque, and the
gear-shift of the second drive assembly is completed.

In conclusion, according to the the gear-shift control method for the power transmission
system of the present disclosure, the first drive assembly or the second drive assembly may drive
the vehicle by itself, and with the combination of the first drive assembly and the second drive
assembly, the skip shift or the alternate shift of the first drive assembly and the second drive
assembly may be realized, which has a wide range of application, and can realize drive process
without power interruption, thus shortening the acceleration process and the deceleration process
of the vehicle.

<

In the specification, it is to be understood that terms such as “central,” “longitudinal,”

29 (13 29 [T

“lateral,” “length,” “width,” “thickness,” “upper,” “lower,” “front,” “rear,” “left,” “right,”

EE AN 29 <C

“vertical,” “horizontal,” “top,” “bottom,” “inner,” “outer,

2%

clockwise,” and “counterclockwise”
should be construed to refer to the orientation as then described or as shown in the drawings
under discussion. These relative terms are for convenience of description and do not require that
the present invention be constructed or operated in a particular orientation.

In addition, terms such as “first” and “second” are used herein for purposes of description

and are not intended to indicate or imply relative importance or significance or to imply the
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number of indicated technical features. Thus, the feature defined with “first” and “second” may
comprise one or more of this feature. In the description of the present invention, “a plurality of”
means two or more than two, unless specified otherwise.

In the present disclosure, unless specified or limited otherwise, the terms “mounted,”
“connected,” “coupled,” “fixed” and the like are used broadly, and may be, for example, fixed
connections, detachable connections, or integral connections; may also be mechanical or
electrical connections; may also be direct connections or indirect connections via intervening
structures; may also be inner communications of two elements, which can be understood by those
skilled in the art according to specific situations.

In the present disclosure, unless specified or limited otherwise, a structure in which a first
feature is “on” or “below” a second feature may include an embodiment in which the first feature
is in direct contact with the second feature, and may also include an embodiment in which the

first feature and the second feature are not in direct contact with each other, but are contacted via

29 CC

an additional feature formed therebetween. Furthermore, a first feature “on,” “above,” or “on top

of” a second feature may include an embodiment in which the first feature is right or obliquely

(13 29 CC

on,” “above,” or “on top of” the second feature, or just means that the first feature is at a height

2%

higher than that of the second feature; while a first feature “below,” “under,” or “on bottom of” a

second feature may include an embodiment in which the first feature is right or obliquely

29 <C

“below,” “under,” or “on bottom of” the second feature, or just means that the first feature is at a

height lower than that of the second feature.

29 LC

Reference throughout this specification to “an embodiment,” “some embodiments,” “one

2 2

embodiment”, “another example,” “an example,” “a specific example,” or “some examples,”
means that a particular feature, structure, material, or characteristic described in connection with
the embodiment or example is included in at least one embodiment or example of the present

kA1

disclosure. Thus, the appearances of the phrases such as “in some embodiments,” “in one
embodiment”, “in an embodiment”, “in another example,” “in an example,” “in a specific
example,” or “in some examples,” in various places throughout this specification are not
necessarily referring to the same embodiment or example of the present disclosure. Furthermore,
the particular features, structures, materials, or characteristics may be combined in any suitable

manner in one or more embodiments or examples.

Although explanatory embodiments have been shown and described, it would be appreciated
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by those skilled in the art that the above embodiments cannot be construed to limit the present
disclosure, and changes, alternatives, and modifications can be made in the embodiments without

departing from spirit, principles and scope of the present disclosure.
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What is claimed is:

1. A power transmission system of a vehicle, comprising:

a first drive assembly comprising a first motor and a first automatic transmission, wherein
the first motor is connected with the first automatic transmission for outputting power to two
wheels of the vehicle; and

a second drive assembly comprising a second motor and a second automatic transmission,
wherein the second motor is connected with the second automatic transmission for outputting
power to the other two wheels of the vehicle,

wherein the first automatic transmission and the second automatic transmission are
configured to be shifted to a preset gear or a gear adjacent to the preset gear, such that when one
of the first automatic transmission and the second automatic transmission is shifted to the preset
gear, the other one of the first automatic transmission and the second automatic transmission is
shifted to the preset gear or the gear adjacent to the preset gear.

2. The system according to claim 1, wherein

the first drive assembly further comprises a first motor controller and a first transmission
controller, and the second drive assembly further comprises a second motor controller and a
second transmission controller;

the first motor controller is connected with the first motor and an accelerator pedal sensor
respectively, and configured to control a speed and an acceleration of the first motor according to
an opening of the accelerator pedal sensor and an acceleration of an accelerator pedal of the
vehicle;

the second motor controller is connected with the second motor and the accelerator pedal
sensor respectively, and configured to control a speed and an acceleration of the second motor
according to the opening of the accelerator pedal sensor and the acceleration of the accelerator
pedal of the vehicle;

the first transmission controller is connected with the first automatic transmission, and the
first transmission controller communicates with the first motor controller for controlling the first
automatic transmission to shift gears;

the second transmission controller is connected with the second automatic transmission, and
the second transmission controller communicates with the second motor controller for controlling

the second automatic transmission to shift gears;
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the first motor controller is configured to communicate with the second motor controller, the
first transmission controller is configured to communicate with the second motor controller, and
the second transmission controller is configured to communicate with the first motor controller,
such that the second transmission controller is configured to control the second automatic
transmission to shift to the preset gear or the gear adjacent to the preset gear after the first
transmission controller is configured to control the first automatic transmission to shift to the
preset gear, or the first transmission controller is configured to control the first automatic
transmission to shift to the preset gear or the gear adjacent to the preset gear after the second
transmission controller is configured to control the second automatic transmission to shift to the
preset gear.

3. The system according to claim 1 or 2, wherein

the first drive assembly further comprises a first drive axle and a first output speed sensor,
the first automatic transmission is connected with the first portion of wheels of the vehicle via the
first drive axle, and the first output speed sensor is connected with the first drive axle and

configured to detect an output speed of the first drive axle;

the second drive assembly further comprises a second drive axle and a second output speed
sensor, the second automatic transmission is connected with the second portion of wheels of the
vehicle via the second drive axle, and the second output speed sensor is connected with the
second drive axle and configured to detect an output speed of the second drive axle;

4. The system according to any one of claims 1-3, wherein

the first drive assembly further comprises a first input speed sensor connected with an output
end of the first motor or an input end of the first automatic transmission and configured to detect
a speed of the output end of the first motor or a speed of the input end of the first automatic
transmission; and

the second drive assembly further comprises a second input speed sensor connected with an
output end of the second motor or an input end of the second automatic transmission and
configured to detect a speed of the output end of the second motor or a speed of the input end of
the second automatic transmission.

5. The system according to any one of claims 1-4, wherein

the first automatic transmission comprises a first shift actuator and a first displacement

sensor, the first displacement sensor is connected with the first transmission controller and the
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first shift actuator respectively, and the first transmission controller is configured to control the
first shift actuator to move according to a detecting value of the first displacement sensor for
completing gear-shift; and

the second automatic transmission comprises a second shift actuator and a second
displacement sensor, the second displacement sensor is connected with the second transmission
controller and the second shift actuator respectively, and the second transmission controller is
configured to control the second shift actuator to move according to a detecting value of the
second displacement sensor for completing gear-shift.

6. The system according to any one of claims 1-5, wherein

the first transmission controller is configured to obtain a vehicle speed according to the
output speed detected by the first output speed sensor, and to send a first gear-shift instruction to
the first motor controller when the vehicle speed reaches a first preset vehicle speed value
corresponding to the preset gear;

the first motor controller is configured to control the first motor to cut off torque and to
rotate with the first automatic transmission according to the first gear-shift instruction, and to
send a first control signal to the first transmission controller, such that the first transmission
controller is configured to control the first automatic transmission to shift to the preset gear;

the first transmission controller is further configured to send a first torque increasing
instruction to the first motor controller after the first automatic transmission is shifted to the
preset gear, such that the first controller is configured to control the first motor to increase torque
according to the first torque increasing instruction.

7. The system according to claim 6, wherein the first transmission controller is configured to
control the first automatic transmission to shift to and remain at a neutral gear according to the
first control signal, and to output a first speed control signal to the first motor controller for
controlling the speed of the first motor, in which, the first transmission controller is configured to
control the first automatic transmission to shift to the preset gear from the neutral gear when a
first speed difference between a speed of a shifting gear for the preset gear of the first automatic
transmission and an output speed of the first automatic transmission is less than a first preset
value.

8. The system according to claim 7, wherein the first transmission controller is configured to
obtain the output speed of the first automatic transmission according to the output speed detected

by the first output speed sensor, and to obtain the speed of the shifting gear for the preset gear of
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the first automatic transmission according to the input speed detected by the first input speed
Sensor.

9. The system according to any one of claims 1-8, wherein

the second transmission controller is configured to send a second gear-shift instruction to the
second motor controller when receiving a gear-shift ending signal sent by the first motor
controller and the vehicle speed reaches the first preset vehicle speed value or a second preset
vehicle speed value corresponding to the gear adjacent to the preset gear;

the second motor controller is configured to control the second motor to cut off torque and to
rotate with the second automatic transmission according to the second gear-shift instruction, and
to send a second control signal to the second transmission controller, such that the second
transmission controller is configured to control the second automatic transmission to shift to the
preset gear or the gear adjacent to the preset gear;

the second transmission controller is further configured to send a second torque increasing
instruction to the second motor controller when the second automatic transmission is shifted to
the preset gear or the gear adjacent to the preset gear, such that the second motor controller is
configured to control the second motor to increase torque according to the second torque
increasing instruction.

10. The system according to claim 9, wherein the second transmission controller is
configured to control the second automatic transmission to shift to and remain at the neutral gear
according to the second control signal, and to output a second speed control signal to the second
motor controller, in which, the second transmission controller is configured to control the second
automatic transmission to shift to the preset gear from the neutral gear when a second speed
difference between a speed of the shifting gear for the preset gear of the second automatic
transmission and the output speed of the second automatic transmission is less than a second
preset value; the second transmission controller is configured to control the second automatic
transmission to shift to the gear adjacent to the preset gear from the neutral gear when a third
speed difference between the speed of the shifting gear for the gear adjacent to the preset gear of
the second automatic transmission and the output speed of the second automatic transmission is
less than the second preset value.

11. A gear-shift control method for a power transmission system of a vehicle, comprising:

causing one of a first automatic transmission of a first drive assembly and a second

automatic transmission of a second drive assembly to shift to a preset gear;
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causing the other one of the first automatic transmission and the second automatic
transmission to shift to the preset gear or a gear adjacent to the preset gear after causing the first
automatic transmission or the second automatic transmission to shift to the preset gear.

12. The method according to claim 11, wherein causing one of a first automatic transmission
of a first drive assembly and a second automatic transmission of a second drive assembly to shift
to a preset gear comprises:

detecting a vehicle speed;

causing a first motor of the first drive assembly to cut off torque and to rotate with the first
automatic transmission, when the vehicle speed reaches a first preset vehicle speed value
corresponding to the preset gear;

causing the first automatic transmission to shift to the preset gear; and

causing the first motor to increase torque after the first automatic transmission is shifted to
the preset gear.

13. The method according to claim 11 or 12, wherein detecting a vehicle speed comprises:

adjusting a speed and an acceleration of the first motor according to an opening of an
accelerator pedal sensor and an acceleration of an accelerator pedal of the vehicle;

detecting an output speed of a first drive axle, in which the speed of the first motor is
transferred to the first drive axle via the first automatic transmission; and

obtaining the vehicle speed according to the output speed of the first drive axle.

14. The method according to claim 13, wherein causing the first automatic transmission to
shift to the preset gear comprises:

generating a first neutral gear instruction;

causing the first automatic transmission to shift to and remain at the neutral gear according
to the first neutral gear instruction, and controlling the speed of the first motor; and

causing the first automatic transmission to shift to the preset gear from the neutral gear when
a first speed difference between a speed of a shifting gear for the preset gear of the first automatic
transmission and an output speed of the first automatic transmission is less than a first preset
value.

15. The method according to claim 14, further comprising:

obtaining the output speed of the first automatic transmission according to the output speed
of the first drive axle;

detecting an output speed of an output end of the first motor or an input speed of an input
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end of the first automatic transmission; and

obtaining the speed of the shifting gear for the preset gear of the first automatic transmission
according to the output speed of the output end of the first motor or the input speed of the input
end of the first automatic transmission.

16. The method according to any one of claims 11-15, wherein causing the other one of the
first automatic transmission and the second automatic transmission to shift to the preset gear or
the gear adjacent to the preset gear comprises:

causing the second motor to cut off torque and to rotate with the second automatic
transmission, when a gear-shift ending signal of the first automatic transmission is received and
the vehicle speed reaches the first preset vehicle speed value or a second preset vehicle speed
value corresponding to the gear adjacent to the preset gear;

causing the second automatic transmission to shift to the preset gear or the gear adjacent to
the preset gear; and

causing a second motor of the second drive assembly to increase torque after the second
automatic transmission is shifted to the preset gear or the gear adjacent to the preset gear.

17. The method according to claim 16, wherein causing the second automatic transmission
to shift to the preset gear or the gear adjacent to the preset gear comprises:

generating a second neutral gear instruction;

causing the second automatic transmission to shift to and to remain at the neutral gear
according to the second neutral gear instruction, and adjusting the speed of the second motor;

causing the second automatic transmission to shift to the preset gear from the neutral gear
when a second speed difference between a speed of a shifting gear for the preset gear of the
second automatic transmission and an output speed of the second automatic transmission is less
than a second preset value; and

causing the second automatic transmission to shift to the gear adjacent to the preset gear
from the neutral gear when a third speed difference between a speed of a shifting gear for the gear
adjacent to the preset gear of the second automatic transmission and the output speed of the
second automatic transmission is less than the second preset value.

18. The method according to any one of claims 11-17, wherein each of the first preset value
and the second preset value is less than or equal to 50 r/min.

19. A vehicle, comprising the power transmission system according to any one of claims

1-10.
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causing one of a first automatic transmission of a first drive assembly and a second
automatic transmission of a second drive assembly to shift to a preset gear

causing the other one of the first automatic transmission and the second automatic
transmission to shift to the preset gear or a gear adjacent to the preset gear, after

causing the first automatic transmission or the second automatic transmission to shift

to the preset gear

Fig. 5

5/5

S2



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2016/076578

A. CLASSIFICATION OF SUBJECT MATTER

B60K 6/26(2007.01)i; B60W 10/10(2012.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B60K; F16H; B60L; F16D; B60W

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNKI, CPRSABS, CNABS, DWPI, SIPOABS, VEN: adjacent, gear, preset, transmission, shift+, first, next, second, motor,

preconcert, BYD

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 03064200 A1 (BOSCH GMBH ROBERT ET AL.) 07 August 2003 (2003-08-07) 1, 11, 19
description, pages 6 to 13 and figures 1 to 4

A CN 103958241 A (PORSCHE AG F) 30 July 2014 (2014-07-30) 1-19
the whole document

A CN 201833869 U (BYD CO LTD) 18 May 2011 (2011-05-18) 1-19
the whole document

A CN 102745074 A (HONDA GIKEN KOGYO KK) 24 October 2012 (2012-10-24) 1-19
the whole document

A CN 103171430 A (HONDA GIKEN KOGYO KK) 26 June 2013 (2013-06-26) 1-19
the whole document

A CN 103358901 A (HONDA GIKEN KOGYO KK) 23 October 2013 (2013-10-23) 1-19
the whole document

A CN 103079868 A (HONDA GIKEN KOGYO KK) 01 May 2013 (2013-05-01) 1-19
the whole document

D Further documents are listed in the continuation of Box C.

See patent family annex.

#  Special categories of cited documents:

. document defining the general state of the art which is not considered

A to be of particular relevance

“gr earlier application or patent but published on or after the international
filing date

“ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“«0 document referring to an oral disclosure, use, exhibition or other
means

«pr document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

wp

, document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

wy»

“&”

Date of the actual completion of the international search

Date of mailing of the international search report

06 June 2016 11 July 2016
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA LIU, Liu

6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing
100088, China

Facsimile No. (86-10) 62019451

Telephone No. (86-10) 62085079

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2016/076578
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
WO 03064200 Al 07 August 2003 Jp 2005516160 A 02 June 2005
usS 2005126836 Al 16 June 2005
EP 1472108 Al 03 November 2004
DE 10203064 Al 07 August 2003
CN 103958241 A 30 July 2014 us 2014284130 Al 25 September 2014
WO 2013083243 Al 13 June 2013
DE 102011056047 Al 06 June 2013
KR 20140099261 A 11 August 2014
JpP 2015506862 A 05 March 2015
CN 201833869 U
CN 102745074 A us Al 25 October 2012
CN 103171430 A DE 102012224186 Al 01 August 2013
us 2013165293 Al 27 June 2013
Jp 2013147237 A 01 August 2013
CN 103358901 A 23 October 2013 us 2013260956 Al 03 October 2013
DE 102013205602 Al 14 November 2013
Jp 2013215018 A 17 October 2013
CN 103079868 A 01 May 2013 EP 2623356 Al 07 August 2013
RU 2013114310 A 10 October 2014
JP 5487317 B2 07 May 2014
WO 2012042983 Al 05 April 2012
[N 2013178320 Al 11 July 2013

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report

