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The electrical vehicle includes a shift lever and a clutch
pedal for pseudo-realizing the manual gear change operation
of the MT wvehicle, and a controller for controlling the
operation of the electric vehicle. The shift lever is operated
by the driver to select an arbitrary virtual gear stage mode
from among a plurality of virtual gear stage modes in which
torque characteristics with respect to the rotational speed of
the electric motor are stepwise different. The clutch pedal is
operated by the driver when the shift lever is operated. The
controller calculates the virtual engine speed of the virtual
engine based on the virtual gear stage mode selected by the
shift lever and the operation amount of the clutch pedal, and
displays the virtual engine speed on the display.
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ELECTRIC VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority under 35
US.C. § 119 to Japanese Patent Application No. 2020-
135163, filed Aug. 7, 2020, the contents of which applica-
tion are incorporated herein by reference in their entirety.

BACKGROUND

Field

[0002] The present disclosure relates to an electric vehicle
having an electric motor for transmitting torque to wheels.

Background Art

[0003] JP 2018-166386 discloses a technique for produc-
ing a pseudo shift change in a vehicle driven by a drive
motor. In this vehicle, torque variation control is performed
to decrease torque of the drive motor by a set variation
amount and then increase it in response to a predetermined
trigger defined by a vehicle speed, accelerator opening
degree, accelerator opening speed, or brake depression
amount. As a result, feeling of strangeness given to a driver
who is accustomed to a driving a vehicle including a
multi-stage transmission is suppressed.

[0004] In a manual transmission vehicle (hereinafter
referred to as “MT vehicle”) equipped with a shift device
(shift lever) and a clutch device (clutch pedal) for shifting
gears, a driver changes gears by operating a shift lever when
stepping on the clutch device. Such manual gear change
operation causes instantaneous fluctuations in the torque
transmitted to wheels when the clutch device is released and
connected. According to the above technique, the torque
variation of the manual gear change operation is pseudo
reproduced by the torque variation control of the drive
motor.

SUMMARY

[0005] However, in the above technique, the driver cannot
determine the timing of the torque variation control simu-
lating the manual gear change operation voluntarily by the
driver’s own operation. This is because the vehicle of the
above technique do not have a clutch device and a shift
device provided in MT vehicles. Thus, the pseudo gear
change operation which does not intervene the manual gear
change operation by driver itself, there is a risk of giving a
discomfort to the driving feeling of driver seeking pleasure
to operate MT vehicles.

[0006] Therefore, we consider to provide an electric
vehicle that can simulate the manual gear change operation
of a manual transmission vehicle. In electric vehicles, unlike
MT vehicles, engine noise and engine vibration do not
occur, so it is difficult for drivers to grasp the condition of
the vehicle. Therefore, when the driver performs a pseudo
manual gear change operation in an electric vehicle, it is
hard to perform a smooth manual gear change operation,
which may cause discomfort to the driving feeling.

[0007] The present disclosure has been made in view of
the above-described problems, and an object thereof is to
enhance convenience by providing useful information to the
driver in performing a manual gear change operation in an
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electric vehicle that pseudo-realizes a manual gear change
operation of a manual transmission vehicle.

[0008] In order to achieve the above purpose, the first
disclosure applies to an electric vehicle that includes an
electric motor for transmitting torque to a wheel, and does
not include an actual engine, a transmission connected to the
actual engine, and a clutch mechanism connected to the
actual engine. The electric vehicle includes a pseudo-shifter
for selecting an arbitrary virtual gear stage mode among a
plurality of virtual gear stage modes in which torque char-
acteristics of the electric motor differ in stages with respect
to a rotational speed of the electric motor, a pseudo-clutch
operated by the driver when the pseudo-shifter is operated
and configured to simulate an operation of the clutch mecha-
nism, and a controller configured to control the electric
vehicle. The controller is configured to execute a calculation
process of calculating a virtual engine speed, which is a
rotation speed of the virtual engine when a torque transmit-
ted from the electric motor to the wheel is assumed to be the
torque transmitted from the virtual engine to the wheel via
the virtual clutch mechanism and the virtual transmission,
based on the virtual gear stage mode selected by the pseudo-
shifter and an operation amount of the pseudo-clutch, and a
display process of displaying the virtual engine speed on a
display.

[0009] The second disclosure has the following further
features in the first disclosure.

[0010] In the calculation process, the controller is config-
ured to calculate an expected engine speed, which is the
virtual engine speed of the virtual gear stage mode one gear
stage higher or one gear stage lower than the currently
selected virtual gear stage mode which is expected to be
selected next to the virtual gear stage mode currently
selected. In the display process, the controller in configured
to display the expected engine speed with the virtual engine
speed.

[0011] The third disclosure further has the following fea-
tures in the second disclosure.

[0012] During acceleration of the electric vehicle, in the
calculation process, the controller is configured to calculate
the virtual engine speed when the virtual gear stage mode is
shifted up to the next higher virtual gear stage mode as the
expected engine speed.

[0013] The fourth disclosure further has the following
features in the second disclosure.

[0014] During deceleration of the electric vehicle, in the
calculation process, the controller is configured to calculate
the virtual engine speed when the virtual gear stage mode is
shifted down to the next lower virtual gear stage mode as the
expected engine speed.

[0015] The fifth disclosure further has the following fea-
tures in the second disclosure.

[0016] In the calculation process, in response to the
change of the virtual gear stage mode selected by the
pseudo-shifter, the controller is configured to calculate the
virtual engine speed corresponding to the virtual gear stage
mode after the change as the expected engine speed.
[0017] The sixth disclosure has the following features in
the second disclosure.

[0018] In the display process, the controller in configured
to display the expected engine speed during the period when
the amount of the pseudo-clutch operation is greater than a
predetermined amount.
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[0019] According to the first disclosure, the calculated
virtual engine speed is displayed on the display in the
electric vehicle without the actual engine and the transmis-
sion and the clutch mechanism connected to the actual
engine. Thus, since the driver can perform the manual gear
change operation while referring to the displayed virtual
engine speed, it is possible to increase the convenience of
the driver.

[0020] According to the second disclosure, the expected
engine speed after the change of the virtual gear stage mode
is displayed on the display. This allows the driver to perform
a smooth manual gear change operation while referring to
the indicated expected engine speed.

[0021] In particular, according to the third disclosure,
during acceleration of the electric vehicle, the expected
engine speed when shifted up is displayed on the display.
Thus, the driver can smoothly perform the shift-up operation
during acceleration.

[0022] Further, according to the fourth disclosure, during
deceleration of the electric vehicle, the expected engine
speed when shifted down is calculated and displayed on the
display. Thus, the driver can smoothly perform the shift-
down operation during deceleration.

[0023] According to the fifth disclosure, when the shift
lever is operated by the driver, the expected engine speed
corresponding to the virtual gear stage mode after operation
is calculated and displayed on the display. This allows the
driver to perform the engagement operation of the clutch
pedal while referring to the indicated expected engine speed.
[0024] According to the sixth disclosure, the expected
engine speed is displayed when the operation amount of the
clutch pedal determined from the clutch operation signal is
larger than the prescribed operation amount. This allows the
expected engine speed to be displayed in situations where
the driver needs the display.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a diagram schematically showing a con-
figuration of an electric vehicle according to a present
embodiment;

[0026] FIG. 2 is a diagram illustrating a functional block
of an ECU relating to torque control of the electric motor;
[0027] FIG. 3 is a diagram showing a calculation map of
a virtual engine output torque;

[0028] FIG. 4 is a diagram showing a calculation map of
a torque transmission gain;

[0029] FIG. 5 is a diagram showing a calculation map of
a gear ratio;

[0030] FIG. 6 is an operation flow chart showing a pro-
cedure of a pseudo manual gear change operation performed
by a driver;

[0031] FIG. 7 is a functional block diagram extracting
functions for executing a virtual engine speed display con-
trol;

[0032] FIG. 8 is a flowchart showing a control routine for
executing the virtual engine speed display control according
to a first embodiment;

[0033] FIG. 9 is a diagram showing an example of a
tachometer displayed on an instrument panel;

[0034] FIG. 10 is a diagram showing another example of
the tachometer displayed on the instrument panel;

[0035] FIG. 11 is a flowchart showing a control routine for
executing the expected engine speed display control accord-
ing to a second embodiment;
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[0036] FIG. 12 is a diagram showing an example of the
tachometer displayed on the instrument panel;

[0037] FIG. 13 is a flowchart showing a control routine for
executing the expected engine speed display control accord-
ing to a third embodiment;

[0038] FIG. 14 is a diagram illustrating an example of the
tachometer displayed on the instrument panel during accel-
eration;

[0039] FIG. 15 is a diagram showing an example of the
tachometer displayed on the instrument panel during decel-
eration; and

[0040] FIG. 16 is a diagram showing another example of
the tachometer displayed on the instrument panel.

DETAILED DESCRIPTION

[0041] Hereinafter, an embodiment of the present disclo-
sure will be described with reference to the accompanying
drawings. However, it is to be understood that even when the
number, quantity, amount, range or other numerical attribute
of each element is mentioned in the following description of
the embodiment, the present disclosure is not limited to the
mentioned numerical attribute unless explicitly described
otherwise, or unless the present disclosure is explicitly
specified by the numerical attribute theoretically. Further-
more, structures or steps or the like that are described in
conjunction with the following embodiment is not neces-
sarily essential to the present disclosure unless explicitly
described otherwise, or unless the present disclosure is
explicitly specified by the structures, steps or the like
theoretically.

1. First Embodiment

1-1. Configuration of Electric Vehicle of First
Embodiment

[0042] FIG. 1 is a diagram schematically showing a con-
figuration of an electric vehicle according to the present
embodiment. As shown in FIG. 1, an electric vehicle 10 is
provided with an electric motor 2 as a driving source. The
electric motor 2 is, for example, a three-phase AC motor. An
output shaft 3 of the electric motor 2 is connected to one end
of a propeller shaft 5 via a gear mechanism 4. The other end
of'the propeller shaft 5 is connected to a drive shaft 7 in front
of the vehicle via a differential gear 6. The electric vehicle
10 is provided with drive wheels 8 as front wheels and
driven wheels 12 as rear wheels. The drive wheels 8 are
provided on each end of the drive shaft 7. A rotation speed
sensor 40 for detecting a shaft rotation speed Np is disposed
on the propeller shaft 5.

[0043] The electric vehicle 10 includes a battery 14 and an
inverter 16. The battery 14 stores electrical energy for use in
driving the electric motor 2. The inverter 16 converts a direct
current stored in the battery 14 to a three-phase alternating
current, for example, by performing a pulse width modula-
tion process (PWM). Further, the inverter 16 has a function
of controlling driving torque of the electric motor 2 based on
a target driving torque input from an ECU 50 to be described
later.

[0044] The electric vehicle 10 includes an accelerator
pedal 22 for inputting an acceleration request and a brake
pedal 24 for inputting a braking request as an operation
request input device for inputting an operation request to the
electric vehicle 10 by a driver. The accelerator pedal 22 is



US 2022/0041070 Al

provided with an accelerator position sensor 32 for detecting
an accelerator opening Pap (%). Further, the brake pedal 24
is provided with a brake position sensor 34 for detecting the
pedal depression amount. Each of signals detected by the
accelerator position sensor 32 and the brake position sensor
34 is output to the ECU 50 to be described later.

[0045] The electric vehicle 10 further includes a shift lever
26 and a clutch pedal 28 as the operation request input
device. However, the electric vehicle 10 of the present
embodiment is a vehicle driven by the electric motor 2 is not
provided with an actual engine. Therefore the electric
vehicle 10 does not include a transmission and a clutch
mechanism connected to the actual engine of the MT
vehicle. Therefore, the shift lever 26 and the clutch pedal 28
are given the following functions as a pseudo-shift lever and
a pseudo-clutch pedal in place of the actual functions of
mechanically operating the actual transmission and the
clutch mechanism.

[0046] The shift lever 26 is provided with a function as a
pseudo-shifter (shift device) for the driver to select one
arbitrary virtual gear stage mode from among a plurality of
virtual gear stage modes in which torque characteristics of
the electric motor 2 are defined in stages with respect to a
rotational speed of the electric motor 2. The plurality of
virtual gear stage modes are shift modes simulating the gear
stages of an MT vehicle, including, for example, 1st gear,
2nd gear, 3rd gear, 4th gear, 5th gear, 6th gear and N
(neutral) modes. The torque characteristics of each virtual
gear stage mode are preset to the torque characteristics
simulating the gear stage of the MT vehicle. However, since
each of these virtual gear stage modes simply simulate the
gear stage of an MT wvehicle, there is no restriction of the
torque characteristics of each virtual gear stage mode to
correspond to an actual fixed gear ratio. That is, the torque
characteristics of each of the plurality of virtual gear stage
modes can be freely preset within an output range of the
electric motor 2.

[0047] The shift lever 26 has a structure simulating a shift
lever provided by an MT vehicle. The layout and feeling of
operation of the shift lever 26 is equivalent to an actual MT
vehicle. The shift lever 26 is provided with each position
corresponding to the plurality of virtual gear stage modes
having different torque characteristics. The shift lever 26 is
provided with a shift position sensor 36 for detecting a shift
position Gp representing a position of the virtual gear stage
mode. Shift operation signals detected by the shift position
sensor 36 are output to the ECU 50 which will be described
later.

[0048] The clutch pedal 28 is provided with a function as
a pseudo-clutch (clutch device) having a structure simulat-
ing a clutch pedal provided by the MT vehicle. The clutch
pedal 28 is depressed when the driver operates the shift lever
26. The layout and feeling of operation of the clutch pedal
28 is equivalent to an actual MT vehicle. The clutch pedal
28 is provided with a clutch position sensor 38 for detecting
a clutch pedal depressing amount Pc (%) which is an
operation amount of the clutch pedal 28. The clutch opera-
tion signal detected by the clutch position sensor 38 is output
to the ECU 50 which will be described later. The clutch
operation signal detected by the clutch position sensor 38 is
output to the ECU 50 to be described later.

[0049] The electric vehicle 10 is provided with an instru-
ment panel 60 in a driver’s seat. The instrument panel 60
functions as the display for displaying various operating
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states of the electric vehicle 10. The instrument panel 60
includes, for example, a plurality of meters. Alternatively,
the instrument panel 60 is a liquid crystal display in which
a plurality of meters are displayed.

[0050] The electric motor 2 of the electric vehicle 10 is
controlled by a controller 50. The controller 50 is the ECU
(Electronic Control Unit). A processing circuitry of the ECU
50 includes at least an input/output interfaces 52, at least one
memory 54, and at least one CPU (processor) 56. The
input/output interface 52 is provided to receive sensor
signals from various sensors mounted on the electric vehicle
10 and to output operation signals to various actuators
provided in the electric vehicle 10. The various sensors for
which the ECU 50 receives signals include the sensors as
described above, as well as various sensors required for the
control of the electric vehicle 10. The actuators in which the
ECU 50 output the operation signals include the various
actuators such as the electric motor 2 described above. The
memory 54 stores various control programs for controlling
the electric vehicle 10, the latest shift position Gp, a map,
and the like. The CPU (processor) 56 reads out and executes
the control program or the like from the memory 54, and
generates operation signals based on the received sensor
signals.

[0051] The functions of the ECU 50 are realized by
software, firmware, or a combination of software and firm-
ware. Also, if the processing circuitry of the ECU 50
includes at least one dedicated hardware, the processing
circuitry may be, for example, a single circuit, a complex
circuit, a programmed processor, a parallel programmed
processor, ASIC, FPGA, or combinations thereof. The func-
tions of each part of the ECU 50 may be realized in the
respective processing circuitry. Further, the functions of
each part of the ECU 50 may be realized by the processed
circuitry together. In addition, for each function of the ECU
50, some of the functions of the ECU 50 may be realized
with dedicated hardware, and others may be realized with
software or firmware. As described above, the processing
circuitry realizes each functions of the ECU 50 by using
hardware, software, firmware, or combinations of these
functions.

1-2. Functions of ECU

[0052] The control of the electric vehicle 10 performed by
the ECU 50 includes torque control for controlling torque
transmitted to the drive wheels 8. In the torque control, the
driving torque of the electric motor 2 is controlled so that an
electric motor driving torque Tp transmitted to the propeller
shaft 5 becomes a required electric motor driving torque
Tpreq. That is, the ECU 50 functions as a torque controller
provided by the electric vehicle 10.

[0053] Here, in the torque control of the electric motor 2,
the ECU 50 performs a calculation assuming that a traveling
condition of the electric vehicle 10 is realized by a virtual
engine, and a virtual MT vehicle mounted with a virtual
transmission and a virtual clutch mechanism. In the follow-
ing description, an engine, a clutch mechanism, and a
transmission that are virtually mounted on the electric
vehicle 10 will be referred to as a “virtual engine,” “virtual
clutch mechanism,” and “virtual transmission,” respectively.
Then, the ECU 50 calculates a transmission output torque
Tgout output from the virtual transmission, and uses the
calculated transmission output torque Tgout as the required
electric motor driving torque Tpreq. In the following
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description, the engine output torque of the virtual engine is
referred to as the “virtual engine output torque Teout”, and
the rotational speed of the virtual engine is referred to as the
“virtual engine speed Ne”. In the following description, an
engine output torque of the virtual engine is denoted as a
“virtual engine output torque Teout”, and an engine speed of
the virtual engine is denoted as a “virtual engine speed Ne”.
[0054] FIG. 2 is a diagram illustrating a functional block
of the ECU 50 relating to torque control of the electric
motor. The ECU 50 includes a virtual engine speed calcu-
lation unit 500, a virtual engine output torque calculation
unit 502, a torque transmission gain calculation unit 504, a
clutch output torque calculation unit 506, a gear ratio
calculation unit 508, and a transmission output torque cal-
culation unit 510 as functional blocks related to the torque
control of the electric motor 2. Each functional block will be
described in detail below.

1-2-1. Virtual Engine Speed Calculation Unit 500

[0055] The virtual engine speed Ne is the rotational speed
of the virtual engine when it is assumed that the torque
transmitted from the electric motor 2 to the driving wheels
8 is the torque transmitted from the virtual engine through
the virtual clutch mechanism and the virtual transmission.
While the electric vehicle 10 is traveling, the ECU 50
dynamically calculates the virtual engine speed Ne based on
a driving condition. For example, the ECU 50 performs
inverse calculation of the virtual engine speed Ne during
traveling from the following equation (1) using a shaft
rotational speed “Np” of the propeller shaft 5, a gear ratio “r”
corresponding to the shift position Gp, and a slip ratio “slip”
of the virtual clutch mechanism calculated from the clutch
pedal depression amount Pc or the like.

Ne=Npx(1/r)xslip (€8]

[0056] It can be assumed that kinetic energy that is not
used for torque transmission to the propeller shaft 5 out of
the energy output from an engine is used to increase the
virtual engine speed Ne. Therefore, the calculation of the
virtual engine speed Ne may be a method of dynamically
calculating based on the equation of motion based on the
kinetic energy.

[0057] Further, during idling of the MT vehicle, idle speed
control (ISC control) is performed to maintain the engine
speed at a constant engine speed. Therefore, in view of the
ISC control in the virtual engine, when, for example, the
shaft rotation speed Np is O (zero) and the accelerator
opening Pap is 0%, the ECU 50 outputs the virtual engine
speed Ne as a predetermined idling speed (for example,
1000 rpm) on the assumption that the virtual engine is idling.
The calculated virtual engine speed Ne is output to the
virtual engine output torque calculation unit 502.

1-2-2. Virtual Engine Output Torque Calculation
Unit 502

[0058] The virtual engine output torque calculation unit
502 is a functional block that executes a process of calcu-
lating the virtual engine output torque Teout. The accelerator
opening degree Pap and the virtual engine speed Ne are
input to the virtual engine output torque calculation unit 502.
The memory 54 of the ECU 50 stores a map in which the
virtual engine output torque Teout for the virtual engine
speed Ne is specified for each accelerator opening Pap. FIG.
3 is a diagram showing a calculation map of the virtual
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engine output torque. In the virtual engine output torque
calculation unit 502, the virtual engine output torque Teout
corresponding to the input accelerator opening Pap and the
virtual engine speed Ne is calculated using the map shown
in FIG. 3 The calculated virtual engine output torque Teout
is output to the clutch output torque calculation unit 506.

1-2-3. Torque Transmission Gain Calculation Unit
504

[0059] The torque transmission gain calculation unit 504
is a functional block that executes a process of calculating a
torque transmission gain k. The torque transmission gain k
is a gain for calculating a torque transmission degree cor-
responding to the virtual clutch mechanism depression
amount of the virtual engine. The clutch pedal depressing
amount Pc is input to the torque transmission gain calcula-
tion unit 504. The memory 54 of the ECU 50 stores a map
in which the torque transmission gain k for the clutch pedal
depression amount Pc is specified. FIG. 4 is a diagram
showing a calculation map of the torque transmission gain.
As shown in FIG. 4, the torque transmission gain k is
specified so that the clutch pedal depression amount Pc
becomes 1 in the range from pcO to pcl, and gradually
decreases toward 0 as the clutch pedal depression amount Pc
increases in the range from Pcl to Pc2 and the clutch pedal
depression amount Pc becomes 0 in the range from Pc2 to
Pc3. Here, PcO corresponds to a position where the clutch
pedal depression amount Pc is 0%, Pcl corresponds to a
position of a play limit when depressing from Pc0, Pc3
corresponds to a position where the clutch pedal depression
amount Pc is 100%, and Pc2 corresponds to a position of a
play limit when returning from Pc3. In the torque transmis-
sion gain calculating unit 504, the torque transmission gain
k corresponding to the input clutch pedal depression amount
Pc is calculated using the map shown in FIG. 4. The
calculated torque transmission gain k is output to the clutch
output torque calculation unit 506.

[0060] The change in the torque transmission gain k with
respect to the clutch pedal depression amount Pc shown in
FIG. 4 is not limited to the change curve as long as it is a
monotonic decrease toward 0 in the broad sense (monotoni-
cally non-increasing). For example, a change in torque
transmission gain k ranging from Pcl to Pc2 is not limited
to a linear monotonic decrease, but may be a monotonically
decreasing curve that is convex upward, or may be a
monotonically decreasing curve that is convex downward.

1-2-4. Clutch Output Torque Calculation Unit 506

[0061] The clutch output torque calculation unit 506 is a
functional block that executes a process of calculating the
clutch output torque Tcout. The clutch output torque Tcout
is a torque output from the virtual clutch mechanism con-
nected to the virtual engine. The virtual engine output torque
Teout and the torque transmission gain k are input to the
torque transmission gain calculation unit 504. In the clutch
output torque calculation unit 506, the clutch output torque
Tcout is calculated using the following equation (2) in which
the virtual engine output torque Teout is multiplied by the
torque transmission gain k. The calculated clutch output
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torque Tcout is output to the transmission output torque
calculation unit 510.

Teout=Teoutxk 2)

[0062] The actual clutch mechanism often includes a
damping device such as a spring or a damper. Therefore, the
clutch output torque Tcout may calculate the dynamic trans-
mission torque in consideration of the respective properties.

1-2-5. Gear Ratio Calculation Unit 508

[0063] The gear ratio calculation unit 508 is a functional
block that executes a process of calculating the gear ratio r.
The gear ratio r is a torque characteristic of the electric
motor 2 corresponding to a plurality of virtual gear stage
modes, which simulates the gear ratio of the transmission.
The shift position Gp is input to the gear ratio calculation
unit 508. The memory 54 of the ECU 50 stores a map in
which the gear ratio r with respect to the shift position Gp
is specified. FIG. 5 is a diagram showing a calculation map
of the gear ratio. As shown in FIG. 5, the gear ratio r is
specified so that the higher the shift position Gp is, the lower
the gear ratio r is. In the gear ratio calculation unit 508, the
gear ratio corresponding to the input shift position Gp is
calculated using the map shown in FIG. 5. The calculated
gear ratio r is output to the transmission output torque
calculation unit 510.

1-2-6. Transmission Output Torque Calculation
Unit 510

[0064] The transmission output torque calculation unit
510 is a functional block that executes a process of calcu-
lating the transmission output torque Tgout. The transmis-
sion output torque Tgout is a torque output from the virtual
transmission. The clutch output torque Tcout and the gear
ratio r are input to the transmission output torque calculation
unit 510. In the transmission output torque calculation unit
510, the transmission output torque Tgout is calculated using
the following equation (3) in which the clutch output torque
Teout is multiplied by the gear ratio r.

Tgout=Tcoutxr 3)

1-2-7. Torque Control of Electric Motor

[0065] In the torque control, the ECU 50 sequentially
executes processing in the virtual engine output torque
calculation unit 502, the torque transmission gain calcula-
tion unit 504, the clutch output torque calculation unit 506,
the gear ratio calculation unit 508, and the transmission
output torque calculation unit 510. The calculated transmis-
sion output torque Tgout is output to the inverter 16 as the
required electric motor driving torque Tpreq. The inverter 16
controls the command value to the electric motor 2 so that
the electric motor driving torque Tp approaches the required
electric motor driving torque Tpreq. In the torque control, by
such a process is repeatedly executed at a predetermined
control cycle, the electric motor driving torque Tp is con-
trolled to the required electric motor driving torque Tpreq.

1-3. Specific Operation Flow of Manual Gear
Change Operation

[0066] The driver of the electric vehicle 10 performs a
manual gear change operation at any timing during opera-
tion. FIG. 6 is an operation flow chart showing a procedure
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of'a pseudo manual gear change operation performed by the
driver. As shown in FIG. 6, when the driver performs a
pseudo manual gear change operation in the electric vehicle
10 of the present embodiment, first, the driver depresses the
clutch pedal 28 (step S100). When the clutch pedal depress-
ing amount Pc exceeds Pcl, the clutch output torque Tcout
changes toward 0 as the clutch pedal depressing amount Pc
increases. When the clutch pedal depressing amount Pc
exceeds Pc2, the clutch output torque Tcout becomes 0.
According to the depressing operation of the clutch pedal 28,
the electric motor driving torque Tp changes toward 0 in
response to the depressing operation of the clutch pedal 28.
As a result, the driver can actually feel the sensation of the
torque being released when the clutch pedal of the MT
vehicle is depressed.

[0067] Next, the driver operates the shift lever 26 with the
clutch pedal 28 depressed (step S102). Here, for example,
the virtual gear stage mode of the shift lever 26 is operated
from 1st gear to 2nd gear. According to the operation of the
shift lever 26 with the depression of the clutch pedal 28, the
driver can obtain a feeling similar to the manual gear change
operation of the MT vehicle.

[0068] Next, the driver returns the clutch pedal 28 (step
S104). When the clutch pedal depressing amount Pc
becomes less than Pc3, the clutch output torque Tcout
changes toward the virtual engine output torque Teout as the
clutch pedal depressing amount Pc decreases. Then, when
the clutch pedal depressing amount Pc becomes less than
Pcl, the clutch output torque Tcout becomes the virtual
engine output torque Teout. According to the return opera-
tion of the clutch pedal 28, the electric motor driving torque
Tp corresponding to the return operation of the clutch pedal
28 changes toward the electric motor driving torque Tp in
which the current virtual gear stage mode is reflected. As a
result, the driver can actually feel the sensation that the
torque is connected when the clutch pedal of the MT vehicle
is returned.

[0069] According to the electric vehicle 10 of the present
embodiment, the torque changes in response to the operation
of the clutch pedal 28. This allow the driver to simulate the
unique behavior of the MT vehicle due to manual gear
change operation.

1-4. Features of Electric Vehicle of First
Embodiment

[0070] Next, features of the electric vehicle 10 of the
present embodiment will be described. According to the
electric vehicle 10 of the present embodiment, the driver can
simulate the manual gear change operation. Since the elec-
tric vehicle 10 does not generate the vibration and noise
characteristic of engines, it is difficult to grasp vehicle
behavior from a sensory perspective. The electric vehicle 10
of the present embodiment is characterized by a control of
displaying the virtual engine speed Ne on the instrument
panel 60 as useful information for the driver to perform the
manual gear change operation. In the following description,
the control is referred to as “virtual engine speed display
control”.

[0071] FIG. 7 is a functional block diagram extracting
functions for executing the virtual engine speed display
control. As shown in FIG. 7, the ECU 50 includes the
above-described virtual engine speed calculation unit 500
and a display control unit 512 as functions for executing the
virtual engine speed display control. FIG. 8 is a flowchart
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showing a control routine for executing the virtual engine
speed display control. The control routine shown in FIG. 8
is repeatedly executed by the ECU 50 in a predetermined
control cycle while the electric vehicle 10 is traveling.
Hereinafter, the functions and operations of the virtual
engine speed display control will be described in accordance
with the flowchart shown in FIG. 8.

[0072] First, in the step S110, various state quantities of
the electric vehicle 10 are acquired. The various state
quantities are, for example, the shift position Gp output from
various sensors, the clutch pedal depressing amount Pc, the
accelerator opening Pap, the shaft rotation speed Np, and the
like.

[0073] In the next step S112, the virtual engine speed Ne
is calculated on the basis of the various state quantities
acquired in step S110. Typically, the virtual engine speed
calculation unit 500 of the ECU 50 inversely calculates the
virtual engine speed Ne while traveling using the above
equation (1).

[0074] In the next step S114, the calculated virtual engine
speed Ne is displayed on the instrument panel 60. FIG. 9 is
a diagram showing an example of a tachometer displayed on
the instrument panel. In the example shown in this figure, a
tachometer 70 is provided on the instrument panel 60. The
tachometer 70 includes a dial 72, a meter needle 74, and a
display part 76. The display control unit 512 of the ECU 50
displays the virtual engine speed Ne on the tachometer 70.
Typically, the meter needle 74 displays the calculated virtual
engine speed Ne. The display part 76 is, for example, a
segment type liquid crystal display. The display control unit
512 displays various types of information on the display part
76. In the example of shown in FIG. 9, the information
displayed on the display part 76 is, for example, the current
shift position. FIG. 10 is a diagram showing another
example of the tachometer displayed on the instrument
panel. In the example shown in FIG. 10, the display control
unit 512 displays the current shift position and the virtual
engine speed Ne on the display part 76.

[0075] According to the electric vehicle 10 configured as
described above, the driver can determine various operation
amounts in the manual gear change operation while referring
to the virtual engine speed Ne displayed on the tachometer
70 of the instrument panel 60. Thus, it is possible to perform
a smooth manual gear change operation with suppressing the
fluctuation of the engine speed before and after the gear
change, thereby increasing the convenience of the driver.

1-5. Modification of Electric Vehicle of First
Embodiment

[0076] The electric vehicle 10 of the first embodiment may
adopt modified examples as described below. Although
several modified examples will be described below, these
modified examples may be combined in the structure as
appropriate. These modified examples are also applicable to
an electric vehicle of another embodiment to be described
later.

1-5-1. First Modified Example

[0077] The tachometer 70 is not limited to an analog
display type tachometer with the meter needle 74, but may
be configured as a digital display type tachometer. Further,
when the instrument panel 60 is constituted by a liquid
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crystal display, the tachometer 70 may be configured as an
image displayed on the liquid crystal display.

1-5-2. Second Modified Example

[0078] The electric vehicle 10 may be configured to be
switchable between an MT travel mode that performs trav-
eling with a pseudo manual gear change operation and an
EV travel mode that performs general EV traveling without
a pseudo manual gear change operation. In this case, the
electric vehicle 10 may be provided with a configuration for
switching the MT travel mode and the EV travel mode by a
switch or the like.

[0079] Further, when the electric vehicle 10 is provided
with an automated driving function for performing autono-
mous driving to a destination, in addition to the MT travel
mode and the EV travel mode, an autonomous travel mode
for further performing autonomous driving may be pro-
vided. According to such a configuration for switching the
travel mode, it is possible to switch the travel mode accord-
ing to the purpose of use, and therefore, for example, when
the electric vehicle 10 is used by three persons, i.e., father,
mother, and child, it is possible to cope with various usage
modes, such as selecting the MT travel mode when the father
is driving, selecting the EV travel mode when the mother is
driving, and selecting the autonomous travel mode when the
child is driving.

1-5-3. Third Modified Example

[0080] According to MT vehicles, the gear stage cannot be
changed unless the clutch pedal is depressed. According to
an MT vehicle, the gear stage cannot be changed unless the
clutch pedal is depressed. Therefore, in the electric vehicle
10 of the present embodiment, in order to approach the
actual operation feeling of the MT vehicle, the selection
operation of the virtual gear stage mode by the operation of
the shift lever 26 may be configured to permit only when the
driver depresses the clutch pedal 28. Such a configuration
may be configured so that, the ECU 50 permits only the shift
position Gp input when the clutch pedal depression amount
Pc is larger than a prescribed depression amount Pcthl to be
written to the memory 54 as the latest shift position.
[0081] In MT vehicles, it is normal to be able to change
gear to the neutral position without depressing the clutch
pedal. Therefore, in the electric vehicle 10 of the present
embodiment, similarly to the actual MT vehicle, the change
of the mode to the neutral position may be configured to
permit not limited to the depression of the clutch pedal 28.
This make it possible to get even closer to the feel of the
manual gear change operation of the MT vehicle.

1-5-4. Fourth Modified Example

[0082] An engine sound may be added to further enhance
the feeling of driving an engine-mounted MT vehicle. Such
a configuration, for example, the ECU 50 generates an
engine sound corresponding to the virtual engine speed Ne,
may be configured to output from a speaker. The engine
sound may be configured to allow the driver to select a
preferred engine sound, for example, from among several
types depending on the engine type. In this case, the ECU 50
may generate an engine sound that simulates the sound of
the selected engine type, based on the engine type selected
by the driver (e.g., V8 type) and the virtual engine speed Ne.
According to such a configuration, the driver can be used in
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a variety of ways, such as enjoying the V8 sound while
driving the electric vehicle 10. Further, since the engine
sound is generated according to the virtual engine speed Ne,
it is possible to reproduce the engine sound of the situation
such as revving or half-clutch in the MT vehicle.

1-5-5. Fifth Modified Example

[0083] The electric vehicle 10 of the present embodiment
may be configured as a two-wheeled MT vehicle (i.e.,
motorcycle) not limited to four-wheeled MT vehicle (i.e.,
automobile). A typical motorcycle (MT vehicle) has a clutch
lever operated by hand and a shift pedal operated by foot.
Therefore, in the motorcycle as the electric vehicle 10, the
shift pedal can be configured to have the function of the
pseudo-shifter in place of the shift lever 26 of the automo-
bile, and the clutch lever can be configured to have the
function of the pseudo-clutch in place of the clutch pedal 28
of the automobile. This make it possible to simulate the
manual gear change operation of the MT vehicle in an
electric motorcycle.

2. Second Embodiment

2-1. Configuration of Electric Vehicle of Second
Embodiment

[0084] The configuration of the electric vehicle of the
second embodiment is the same as the electric vehicle 10 of
the first embodiment shown in FIG. 1 Therefore, a detailed
description of the electric vehicle 10 of the second embodi-
ment is omitted.

2-2. Features of Electric Vehicle of Second
Embodiment

[0085] The electric vehicle 10 of the second embodiment
is characterized by a control that displays an expected virtual
engine speed after changing gears ahead of time as infor-
mation for the driver to refer to when performing the manual
shifting operation. In the following description, an expected
value of the virtual engine speed after changing gears is
denoted as the “expected engine speed,” and the control for
displaying the expected engine speed is denoted as the
“expected engine speed display control.” The specific pro-
cessing of the expected engine speed display control will be
described below with reference to the flowchart.

[0086] FIG. 11 is a flowchart showing a control routine for
executing the expected engine speed display control. The
control routine shown in FIG. 11 is repeatedly executed by
the ECU 50 in a predetermined control cycle while the
electric vehicle 10 is traveling.

[0087] First, in the step S120, various status quantities of
the electric vehicle 10 is acquired. Here, the ECU 50
executes the same process as that of the step S110. In the
next step S122, it is determined whether the clutch pedal
depression amount Pc is larger than a prescribed depression
amount Pcth2. The predetermined depression amount Pcth2
is a threshold value for determining that the clutch pedal 28
is depressed in the manual gear change operation. When the
determination is not satisfied in the process of the step S122,
it can be determined that the manual gear change operation
by the driver has not yet started or that the clutch pedal 28
depressed in the manual gear change operation has been
returned. In this case, it is determined that the manual gear

Feb. 10, 2022

change operation is not performed immediately, and the
processing of the routine is terminated.

[0088] On the other hand, when the determination is
satisfied in the process of the step S122, it can be determined
that the period is a period prior to the clutch pedal 28 being
depressed and returned again in the manual gear change
operation. In this case, the process proceeds to the next step
S124.

[0089] In the step S124, the expected engine speed Neu is
calculated when the virtual gear stage mode of the shift lever
26 is shifted up to the virtual gear stage mode on one stage
higher in the present operating state. Here, the virtual engine
speed calculation unit 500 calculates the virtual engine
speed when the shift position Gp acquired in the step S120
is replaced with a value corresponding to the virtual gear
stage mode on one stage higher, as the expected engine
speed Neu.

[0090] Further, in the next step S126, the expected engine
speed Ned is calculated when the virtual gear stage mode of
the shift lever 26 is shifted down to the virtual gear stage
mode on one stage lower in the present operating state. Here,
the virtual engine speed calculation unit 500 calculates the
virtual engine speed when the shift position Gp acquired in
the step S120 is replaced with a value corresponding to the
virtual gear stage mode on one stage lower, as the expected
engine speed Ned.

[0091] In the next step S128, the calculated expected
engine speeds Neu, Ned are displayed on the instrument
panel 60. FIG. 12 is a diagram showing an example of the
tachometer displayed on the instrument panel. In the
example shown in FIG. 12, the tachometer 70 is provided on
the instrument panel 60. The tachometer 70 includes the dial
72, the meter needle 74, the display part 76, and an expected
engine speed display part 78. The dial 72, meter needle 74,
and display part 76 shown in FIG. 12 have the same
configuration as the dial 72, the meter needle 74, and the
display part 76 shown in FIG. 9. The expected engine speed
display part 78 displays the expected engine speeds Neu and
Ned by emitting light in a band shape along the outer
periphery of the dial 72. In the example shown in FIG. 12,
the following is indicated.

[0092]

[0093] b) the virtual engine speed Ne pointed to by the
meter needle 74 is 4400 rpm.

[0094] c¢) the expected engine speed Ned when the shift
position Gp is shifted down from the 2nd gear to the 1st gear
is 5200 rpm.

[0095] d) the expected engine speed Neu when the shift
position Gp is shifted up from the 2nd gear to the 3rd gear
is 3800 rpm.

[0096] According to the electric vehicle 10 configured as
described above, the driver can perform the manual gear
change operation while referring to the expected engine
speed Ned, Neu displayed on the tachometer 70 of the
instrument panel 60. As a result, it is possible to perform a
smooth manual gear change operation, and the driver con-
venience is further increased.

a) the current shift position Gp is the 2nd gear.

2-3. Modification of Electric Vehicle of Second
Embodiment

[0097] The electric vehicle 10 of the second embodiment
may adopt modified examples as described below. Although
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several modified examples will be described below, these
modified examples may be combined in the structure as
appropriate.

2-3-1. First Modified Example

[0098] The embodiment of the expected engine speed
display part 78 of the tachometer 70 is not limited to that
shown in FIG. 12. For example, the expected engine speed
display part 78 may be configured to display numerical
values in a digital display format. Further, when the instru-
ment panel 60 is constituted by a liquid crystal display, the
tachometer 70 may be configured as an image displayed on
the liquid crystal display.

2-3-2. Second Modified Example

[0099] The expected engine speed display control is to
display the expected engine speeds Ned and Neu during the
period when the clutch pedal 28 is depressed, but it may be
possible to display the expected engine speeds Ned and Neu
at all times. In this case, in the control routine shown in FIG.
11, the processing of step S122 may be skipped after the
processing of step S120, and the routine may proceed to the
processing of step S124. According to such control, the
driver can always refer to the expected engine speed Ned,
Neu.

2-3-3. Third Modified Example

[0100] In the expected engine speed display control, both
the expected engine speed Neu when shifted up and the
expected engine speed Ned when shifted down are dis-
played. However, in the expected engine speed display
control, the expected engine speed corresponding to the
virtual gear stage mode after the operation may be displayed
in response to the actual operation of the shift lever 26
during the period in which the clutch pedal 28 is depressed.
Such control, for example, after the processing of the step
S122 in the control routine shown in FIG. 11, the presence
or absence of the actual shift up or down based on the shift
operation signal may be determined, and the corresponding
expected engine speed of the virtual gear stage mode after
the change may be calculated and displayed.

3. Third Embodiment

3-1. Configuration of Electric Vehicle of Third
Embodiment

[0101] The configuration of the electric vehicle of the third
embodiment is the same as the electric vehicle 10 of the first
embodiment shown in FIG. 1 Further, the configuration of
the tachometer displayed on the instrument panel of the
electric vehicle of the third embodiment is the same as the
tachometer 70 of the second embodiment shown in FIG. 12.
Therefore, a detailed description of the electric vehicle 10
and the tachometer 70 of the third embodiment will be
omitted.

3-2. Features of Electric Vehicle of Third
Embodiment

[0102] Generally, the manual gear change operation dur-
ing acceleration of the vehicle is often a shift up, and the
manual gear change operation during deceleration is often a
shift down. Therefore, in the expected engine speed display
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control of the electric vehicle 10 according to the third
embodiment, the expected engine speed Neu is displayed in
preparation for the shift-up operation in the manual gear
change operation during acceleration, and the expected
engine speed Ned is displayed in preparation for the shift-
down operation in the manual gear change operation during
deceleration. Hereinafter, the specific processing of the
expected engine speed display control of the third embodi-
ment will be described below with reference to the flow-
chart.

[0103] FIG. 13 is a flowchart showing a control routine for
executing the expected engine speed display control accord-
ing to the third embodiment. The control routine shown in
FIG. 13 is repeatedly executed by the ECU 50 in a prede-
termined control cycle while the electric vehicle 10 is
traveling.

[0104] First, in the step S130, various state quantities of
the electric vehicle 10 are acquired. Here, the ECU 50
executes the same process as that of the step S120. In the
next step S132, it is determined whether the electric vehicle
10 is accelerating. Here, the ECU 50 determines, for
example, whether the change amount of the shaft rotational
speed Np is larger than 0. Then, when it is determined that
the electric vehicle 10 is accelerating, the process proceeds
to step S134, and when it is determined that the electric
vehicle 10 is not accelerating, the process proceeds to step
S136.

[0105] In the step S134, the expected engine speed Neu is
calculated when the virtual gear stage mode of the shift lever
26 is shifted up to the virtual gear stage mode on one stage
higher (e.g., from the 3rd gear to the 4th gear) in the present
operating state. Specifically, the same process as the step
S124 is executed. When the processing of step S134 is
completed, the processing proceeds to step S140.

[0106] In the step S136, it is determined whether the
electric vehicle 10 is decelerating. Here, the ECU 50 deter-
mines, for example, whether the change amount of the shaft
rotational speed Np is smaller than 0. As a result, when it is
determined that the electric vehicle 10 is decelerating, the
process proceeds to step S138, and when it is determined
that the electric vehicle 10 is not decelerating, the present
routine is terminated.

[0107] In the step S138, the expected engine speed Ned is
calculated when the virtual gear stage mode of the shift lever
26 is shifted down to the virtual gear stage mode on one
stage lower (e.g., from the 3rd gear to the 2nd gear) in the
present operating state. Specifically, the same process as the
step S126 is executed. When the processing of step S138 is
completed, the processing proceeds to step S140.

[0108] In the next step S140, the expected engine speed
Neu calculated in the step S134 or the expected engine speed
Ned calculated in the step S138 is displayed on the instru-
ment panel 60. FIG. 14 is a diagram illustrating an example
of the tachometer displayed on the instrument panel during
acceleration. The expected engine speed display part 78
displays the expected engine speed Neu by emitting light in
a band shape along the outer periphery of the dial 72. In the
example shown in FIG. 14, the following is indicated.
[0109] a) the current shift position Gp is 3rd gear.
[0110] b) the virtual engine speed Ne pointed to by the
meter needle 74 is 4400 rpm.

[0111] c¢) the expected engine speed Neu when the shift
position Gp is shifted up from 3rd gear to 4th gear is 3800

rpm.



US 2022/0041070 Al

[0112] FIG. 15 is a diagram showing an example of the
tachometer displayed on the instrument panel during decel-
eration. In the example shown in FIG. 15, the following is
indicated.

[0113] a) the current shift position Gp is 3rd gear.

[0114] D) the virtual engine speed Ne pointed by the meter
needle 74 is 4400r pm.

[0115] c) the expected engine speed Ned when the shift
position Gp is downshifted from 3rd gear to 2nd gear is 5200
rpm.

[0116] When the process of step S140 is completed, the

routine is terminated.

[0117] According to the electric vehicle 10 configured as
described above, the expected engine speed corresponding
to the manual gear change operation that is expected to be
performed by the driver is displayed. This allows the driver
to perform the manual gear change operation with reference
to the expected engine speed indicated on the tachometer 70
of the instrument panel 60. As a result, the convenience of
the driver can be further enhanced in the manual gear change
operation.

3-3. Modification of Electric Vehicle of Third
Embodiment

[0118] The electric vehicle 10 of the third embodiment
may adopt modified examples as described below. Although
several modified examples will be described below, these
modified examples may be combined in the structure as
appropriate.

3-3-1. First Modified Example

[0119] The embodiment of the expected engine speed
display part 78 of the tachometer 70 is not limited to that
shown in FIG. 12. For example, the expected engine speed
display part 78 may be configured to display numerical
values in a digital display format. FIG. 16 is a diagram
showing another example of the tachometer displayed on the
instrument panel. In the example shown in FIG. 16, the
current virtual engine speed Ne and the expected engine
speed Ned after downshifting are also displayed on the
display part 76. Further, when the instrument panel 60 is
constituted by a liquid crystal display, the tachometer 70
may be configured as an image displayed on the liquid
crystal display.

3-3-2. Second Modified Example

[0120] The determination in step S132 may employ other
known techniques for determining during acceleration of the
electric vehicle 10. Other known techniques for determining
during acceleration of the electric vehicle 10 may also be
employed for the determination in step S136.

3-3-3. Third Modified Example

[0121] In the expected engine speed display control of the
third embodiment, an example in which the expected engine
speed Ned and Neu are always displayed during acceleration
or deceleration of the electric vehicle 10 has been described.
However it may be configured to display the expected
engine speeds Ned and Neu only during the manual gear
change operation. In this case, the determination processing
of step S122 may be executed prior to the processing of step
S140.
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What is claimed is:

1. An electric vehicle that includes an electric motor for
transmitting torque to a wheel, and does not include an
actual engine, a transmission connected to the actual engine,
and a clutch mechanism connected to the actual engine, the
electric vehicle comprising:

a pseudo-shifter for selecting an arbitrary virtual gear
stage mode among a plurality of virtual gear stage
modes in which torque characteristics of the electric
motor differ in stages with respect to a rotational speed
of the electric motor;

a pseudo-clutch operated by the driver when the pseudo-
shifter is operated and configured to simulate an opera-
tion of the clutch mechanism; and

a controller configured to control the electric vehicle,

wherein the controller is configured to execute:

a calculation process of calculating a virtual engine speed,
which is a rotation speed of the virtual engine when a
torque transmitted from the electric motor to the wheel
is assumed to be the torque transmitted from the virtual
engine to the wheel via the virtual clutch mechanism
and the virtual transmission, based on the virtual gear
stage mode selected by the pseudo-shifter and an
operation amount of the pseudo-clutch, and

a display process of displaying the virtual engine speed on
a display.

2. The electric vehicle according to claim 1,

wherein, in the calculation process, the controller is
configured to calculate an expected engine speed,
which is the virtual engine speed of the virtual gear
stage mode one gear stage higher or one gear stage
lower than the currently selected virtual gear stage
mode which is expected to be selected next to the
virtual gear stage mode currently selected, and

wherein, in the display process, the controller in config-
ured to display the expected engine speed with the
virtual engine speed.

3. The electric vehicle according to claim 2,

wherein, during acceleration of the electric vehicle, in the
calculation process, the controller is configured to
calculate the virtual engine speed when the virtual gear
stage mode is shifted up to the next higher virtual gear
stage mode as the expected engine speed.

4. The electric vehicle according to claim 2,

wherein, during deceleration of the electric vehicle, in the
calculation process, the controller is configured to
calculate the virtual engine speed when the virtual gear
stage mode is shifted down to the next lower virtual
gear stage mode as the expected engine speed.

5. The electric vehicle according to claim 2,

wherein, in the calculation process, in response to the
change of the virtual gear stage mode selected by the
pseudo-shifter, the controller is configured to calculate
the virtual engine speed corresponding to the virtual
gear stage mode after the change as the expected engine
speed.

6. The electric vehicle according to claim 2,

wherein, in the display process, the controller in config-
ured to display the expected engine speed during the
period when the amount of the pseudo-clutch operation
is greater than a predetermined amount.

#* #* #* #* #*



