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(54) ELECTRIC TOOL AND CONTROL METHOD THEREFOR

(57) Provided are a power tool and a control method
therefor. The tool includes an electric motor; a battery
pack for providing a power supply; a switching circuit for
outputting a power-on signal or a shutdown signal; a first
switching device for controlling a power-on state of the
electric motor; a second switching device for driving the
electric motor to rotate; and a controller electrically con-
nected to at least the first switching device, the switching
circuit, and the second switching device. The controller
is configured to, when the power-on signal is detected,
control the first switching device and the second switch-
ing device to control, in a first working mode, the electric
motor to rotate and when the shutdown signal is detected,
control the first switching device and the second switch-
ing device to control, in a second working mode, the elec-
tric motor to rotate.



EP 4 236 060 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] This application claims priority to Chinese Patent Application No. 202011630174.8 filed with the China National
Intellectual Property Administration (CNIPA) on Dec. 30, 2020 and Chinese Patent Application No. 202110370760.1
filed with the CNIPA on Apr. 7, 2021, the disclosures of which are incorporated herein by reference in their entireties.

TECHNICAL FIELD

[0002] The present application relates to the technical field of power tools, for example, a power tool and a control
method therefor.

BACKGROUND

[0003] A self-propelled device is a commonly used large-scale garden power tool. To facilitate operation, a high-current
switch, that is, a mechanical switch, of the self-propelled device is generally provided on a handle of the self-propelled
device. However, the high-current switch has relatively large electron radiation, resulting in excessive electron radiation
at the handle. In addition, in the braking process of the power tool, the method of short-circuiting three-phase windings
is usually used for braking. When this method is used for braking, the current is uncontrollable, the larger current may
damage a power device, and the energy is converted into heat and consumed instead of being effectively used during
braking, resulting in a waste of energy.

SUMMARY

[0004] To solve the deficiencies of the related art, an object of the present application is to provide a self-propelled
device that can satisfy a radiation requirement at a handle and has stable switching performance.
[0005] To achieve the preceding object, the present application adopts the technical solutions described below.
[0006] A power tool includes an electric motor; a switching circuit for outputting a power-on signal or a shutdown signal;
a battery pack for providing a power supply; a first switching device for controlling a power-on state of the electric motor;
a second switching device for driving the electric motor to rotate; and a controller electrically connected to at least the
first switching device, the switching circuit, and the second switching device. The controller is configured to, when the
power-on signal is detected, control the first switching device and the second switching device to control, in a first working
mode, the electric motor to rotate and when the shutdown signal is detected, control the first switching device and the
second switching device to control, in a second working mode, the electric motor to rotate.
[0007] In one example, the controller is configured to, when the power-on signal is detected, control the first switching
device to be turned on and in a first preset time, control the second switching device to be turned on, where the battery
pack forms a first conducting loop with at least the first switching device, the electric motor, and the second switching
device and when the shutdown signal is detected, control the second switching device to be turned off, control the first
switching device to be turned off, and in a second preset time, control the second switching device to be turned on,
where the electric motor forms a second conducting loop with at least the first switching device, the battery pack, and
the second switching device.
[0008] In one example, the first switching device includes a relay.
[0009] In one example, in the first conducting loop, the battery pack outputs electrical energy to supply power to the
electric motor; and in the second conducting loop, the electric motor outputs generated electrical energy to charge the
battery pack.
[0010] In one example, the second preset time is greater than or equal to zero and less than or equal to the first preset
time.
[0011] In one example, the power-on signal or the shutdown signal outputted by the switching circuit is transmitted to
the controller through bus communication.
[0012] In one example, the power tool includes a driver circuit connected between the controller and the second
switching device and used for controlling an on state and an on frequency of the second switching device.
[0013] A control method for a power tool is provided. The power tool includes an electric motor; a switching circuit for
outputting a power-on signal or a shutdown signal; a battery pack for providing a power supply; a first switching device
for controlling a power-on state of the electric motor; a second switching device for driving the electric motor to rotate;
and a controller electrically connected to at least the first switching device, the switching circuit, and the second switching
device. The control method includes when the power-on signal is detected, controlling the first switching device and the
second switching device to control, in a first working mode, the electric motor to rotate; and when the shutdown signal
is detected, controlling the first switching device and the second switching device to control, in a second working mode,
the electric motor to rotate.
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[0014] In one example, the method further includes when the power-on signal is detected, controlling the first switching
device to be turned on and in a first preset time, controlling the second switching device to be turned on, where the
battery pack forms a first conducting loop with at least the first switching device, the electric motor, and the second
switching device; and when the shutdown signal is detected, controlling the second switching device to be turned off,
controlling the first switching device to be turned off, and in a second preset time, controlling the second switching device
to be turned on, where the electric motor forms a second conducting loop with at least the first switching device, the
battery pack, and the second switching device.
[0015] In one example, the first switching device includes a relay.
[0016] A power tool includes an electric motor having a rotor and multiple stator windings; a brake element for outputting
a brake instruction for braking the electric motor; a battery pack for providing a power supply for driving the electric
motor; an inverter circuit having multiple semiconductor switching elements for switching energized states of the multiple
stator windings; a current detection unit for detecting a phase current of the multiple stator windings in the electric motor;
and a controller connected to at least the brake element, the current detection unit, and the inverter circuit. The controller
is configured to acquire the phase current of the multiple stator windings, estimate the position of the rotor of the electric
motor according to the phase current, acquire the brake instruction outputted by the brake element, and control on states
of the multiple switching elements in the inverter circuit according to the brake instruction and the position of the rotor
so that the electric motor obtains brake torque for reverse acceleration to implement torque brake.
[0017] In one example, under the action of the brake torque, the multiple stator windings of the electric motor generate
a brake current; and the brake current flows into the battery pack to charge the battery pack.
[0018] In one example, the brake instruction includes a rotational speed reduction instruction for reducing the rotational
speed of the electric motor, where the rotational speed reduction instruction is capable of including multiple rotational
speed gears, and different rotational speed gears correspond to brake torque of different magnitudes.
[0019] In one example, the controller is configured to calculate the rotational speed of the electric motor according to
the phase current of the multiple stator windings; when the rotational speed is greater than or equal to a first rotational
speed threshold, estimate a back electromotive force of the multiple stator windings based on the phase current and
estimate the position of the rotor of the electric motor according to the back electromotive force; and when the rotational
speed is less than or equal to a second rotational speed threshold, estimate the position of the rotor of the electric motor
based on a high-frequency electrical signal loaded to the multiple stator windings.
[0020] In one example, the controller is configured to, when the rotational speed is less than or equal to the second
rotational speed threshold, output the high-frequency electrical signal, load the high-frequency electrical signal to the
multiple stator windings of the electric motor, acquire a response signal outputted by the multiple stator windings based
on the high-frequency electrical signal, and estimate the position of the rotor of the electric motor according to a relative
relationship between the response signal and a preset rotor position.
[0021] The power tool further includes a voltage detection unit for detecting a bus voltage of the inverter circuit. The
controller is configured to acquire the bus voltage, and when the bus voltage is greater than a preset voltage threshold,
control the brake element to change a control instruction so that the magnitude of the brake current is less than a set
back-charge current threshold.
[0022] A control method for a power tool is provided. The power tool includes an electric motor having a rotor and
multiple stator windings; a brake element for outputting a brake instruction for braking the electric motor; a battery pack
for providing a power supply for driving the electric motor; an inverter circuit having multiple semiconductor switching
elements for switching energized states of the multiple stator windings; a current detection unit for detecting a phase
current of the multiple stator windings in the electric motor; and a controller connected to at least the brake element, the
current detection unit, and the inverter circuit. The control method includes acquiring the phase current of the multiple
stator windings and estimating the position of the rotor of the electric motor according to the phase current; and acquiring
the brake instruction outputted by the brake element and controlling on states of the multiple switching elements in the
inverter circuit according to the brake instruction and the position of the rotor so that the electric motor obtains brake
torque for reverse acceleration to implement torque brake.
[0023] In one example, under the action of the brake torque, the multiple stator windings of the electric motor generate
a brake current; and the brake current flows into the battery pack to charge the battery pack.
[0024] In one example, the brake instruction includes a rotational speed reduction instruction for reducing the rotational
speed of the electric motor, where the rotational speed reduction instruction is capable of including multiple rotational
speed gears, and different rotational speed gears correspond to brake torque of different magnitudes.
[0025] In one example, the rotational speed of the electric motor is calculated according to the phase current of the
multiple stator windings; and when the rotational speed is greater than or equal to a first rotational speed threshold, a
back electromotive force of the multiple stator windings is estimated based on the phase current and the position of the
rotor of the electric motor is estimated according to the back electromotive force.
[0026] When the rotational speed is less than or equal to a second rotational speed threshold, the position of the rotor
of the electric motor is estimated based on a high-frequency electrical signal loaded to the multiple stator windings.
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[0027] In one example, when the rotational speed is less than or equal to the second rotational speed threshold, the
high-frequency electrical signal is outputted, the high-frequency electrical signal is loaded to the multiple stator windings
of the electric motor, and a response signal outputted by the multiple stator windings based on the high-frequency
electrical signal is acquired; and the position of the rotor of the electric motor is estimated according to a relative
relationship between the response signal and a preset rotor position.
[0028] The beneficial effect of the present application is to provide a power tool that can satisfy a radiation requirement
at a handle, has stable switching performance, and can achieve safe and fast braking and partial energy recovery during
braking.

BRIEF DESCRIPTION OF DRAWINGS

[0029]

FIG. 1 is a structural view of a mower as an example;

FIG. 2 is a circuit block diagram of a mower as an example;

FIG. 3 is a circuit diagram of a switching circuit in a mower as an example;

FIG. 4 is a circuit diagram illustrating bus communication in a mower as an example;

FIG. 5 is a control circuit diagram of a relay in a mower as an example;

FIG. 6 is a circuit diagram of a driver circuit in a mower as an example;

FIG. 7 is a flowchart of a control method for a mower as an example;

FIG. 8 is a flowchart of a control method for a mower as an example;

FIG. 9 is a circuit block diagram of a mower as an example;

FIG. 10 is a schematic diagram illustrating control states in a mower as an example;

FIG. 11 is a schematic diagram of a battery pack power supply circuit in a mower as an example;

FIG. 12 is a schematic diagram of an electric motor discharging circuit in a mower as an example;

FIG. 13 is a flowchart of a control method for a mower as an example; and

FIG. 14 is a schematic diagram of a control circuit for a mower as an example.

DETAILED DESCRIPTION

[0030] The present application is described below in detail in conjunction with drawings and examples. It is to be
understood that the examples described herein are intended to explain the present application and not to limit the present
application. Additionally, it is to be noted that to facilitate description, only part, not all, of structures related to the present
application are illustrated in the drawings.
[0031] It is to be noted that a self-propelled device in the present application may include an automated cleaning
device, an automatic watering device, an autonomous snow thrower, and another device that can be moved by manip-
ulation. In the present application, a mower is used as an example for description.
[0032] Referring to a structural diagram of a mower shown in FIG. 1, a mower 100 includes a body 101, a battery pack
102, a handle 103, a self-propelled operation switch 104, driving wheels 105, and a cutting accessory 106. The battery
pack 102 is used as a power supply and may be composed of a group of battery cells. For example, the battery cells
may be connected in series to form a single power supply branch to form a 1P battery pack. The handle 103 is used by
a user to operate the mower. The self-propelled operation switch 104 may be a handlebar switch shown in FIG. 1 or a
pushbutton switch or another type of electronic switch. When the user presses the self-propelled operation switch 104,
the self-propelled device enters a driving state. When the user releases the self-propelled operation switch 104, the self-
propelled device enters a braking state. The driving wheels 105 are driven by an electric motor to travel and drive traveling
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wheels to travel. The driving wheels 105 and the cutting accessory 106 such as a cutting blade may be driven by the
same electric motor or driven by different electric motors.
[0033] Referring to a circuit block diagram of a mower shown in FIG. 2, the mower may include an electric motor 201,
a switching circuit 202, a battery pack 203, a first switching device 204, a controller 205, a boost circuit 206, a driver
circuit 207, a power conversion module 208, an inductor L1, a second switching device Q1, a protection capacitor C1,
and a diode D1.
[0034] In this example, the electric motor 201 is a direct current brushless motor with a positive port M+ and a negative
port M-.
[0035] In an example, as shown in FIG. 3, the switching circuit 202 includes at least a pull-up resistor R1, a voltage
divider resistor R2, a signal output terminal SW, a protection capacitor C, a diode D0, and the self-propelled operation
switch 104. Specifically, when the self-propelled operation switch 104 is pressed and turned on, a voltage at a node n
is low, and the signal output terminal SW outputs a low-level digital signal 0; and when the self-propelled operation
switch 104 is turned off, the voltage at the node n is high, and the signal output terminal SW outputs a high-level digital
signal 1. Usually, the switching circuit 202 outputs the low-level signal 0 that represents a power-on signal, that is, the
device enters the driving state; and the switching circuit 202 outputs the high-level signal 1 that represents a shutdown
signal, that is, the device enters the braking state. Optionally, the switching circuit 202 shown in FIG. 3 further includes
a signal transmission control chip U3, one pin of the signal transmission control chip U3 is connected to the signal output
terminal SW and used for receiving the power-on signal and the shutdown signal, and one pin BUSY is used as a state
detection pin for determining whether a signal transmission bus is idle. It is to be understood that the signal transmission
control chip U3 transmits a switch signal to the controller 205 only when detecting that the bus is in an idle state, otherwise
the signal transmission control chip U3 does not transmit the power-on signal or the shutdown signal.
[0036] In an example, the switch signal outputted by the switching circuit 202 may be transmitted to the controller 205
through bus communication. A bus communication circuit shown in FIG. 4 mainly includes six communication lines L1
to L6 corresponding to six interfaces 1 to 6 of a signal output port J2, a switch chip U2, and a bus state detection circuit
209. The switch signal is transmitted to the switch chip U2 based on an input terminal TXD, processed by the switch
chip U2, and then outputted through pins A and B. Among the communication lines, L6 is connected to the power supply,
L3 is grounded, L1 is used as a wakeup line, L2 is a bus state detection line, and L4 and L5 are switch signal receiving
lines and connected to the output pins A and B of the switch chip U2. The bus state detection circuit 209 includes at
least switching elements Q11 and Q12, a first pull-up resistor R25, and a second pull-up resistor R16. The first pull-up
resistor R25 is connected in series with the switching element Q11, and the second pull-up resistor R16 is connected
in series with the switching element Q12. A bus state output interface BUSY transmits the current state of the bus to the
signal transmission control chip U3 in the switching circuit. Other voltage divider resistors are not introduced one by one
without affecting the understanding of the bus state detection circuit. Specifically, when an enable terminal T_EN is at
a high level, the switching element Q11 is turned on, the switching element Q12 is not turned on, and a voltage at a
node 12 is high so that the output interface BUSY outputs a data signal 1 that represents a high level. When the enable
terminal T_EN is at a low level, the switching element Q11 is not turned on, the switching element Q12 is turned on,
and the voltage at the node 12 is low so the output interface BUSY outputs a data signal 0 that represents a low level.
When BUSY outputs a high level, the bus is in a busy state, and when BUSY outputs a low level, the bus is in the idle
state. It is to be understood that when BUSY is at a low level and the bus is in the idle state, the power-on signal and
the shutdown signal from the signal transmission control chip U3 are transmitted to the controller 205 through the switch
chip U2, the bus, and the signal output port J2. Correspondingly, a receiving port (not shown) corresponding to the signal
output port J2 exists in the controller 205.
[0037] It is to be noted that the present application only exemplifies chip pins and a peripheral circuit and should not
be limited to the provided example circuit. Any other circuit connections that can implement the preceding functions are
within the scope of the present application.
[0038] In an example of the present application, the first switching device 204 may be a relay or another type of
controllable electronic component, such as a transistor, a triode, a metal-oxide-semiconductor field-effect transistor
(MOSFET), an analog switch, or a solid state relay. The second switching device Q1 may be a drive switch, for example,
a controllable semiconductor power device (such as a field-effect transistor (FET), a bipolar junction transistor (BJT), or
an insulated-gate bipolar transistor (IGBT)) or any other types of solid state switches, such the IGBT and the BJT.
[0039] A relay control circuit shown in FIG. 5 includes a relay 204, the controller 205, and a relay control module 210,
where the relay 204 includes five pins, specifically contacts 1, 4, and 5 and output terminals 2 and 3 of an iron core. The
contacts 1, 4, and 5 of the relay correspond to external contacts COM, NO, and NC, respectively. A voltage divider diode
D20 is connected in parallel between the output terminals 2 and 3 of the iron core. An anode of the diode D20 is connected
to a switching element Q18. A base of Q18 is connected to voltage divider resistors R15 and R16. An input terminal of
the voltage divider resistor R15 is connected to the controller 205 and used for receiving a control signal that is outputted
by the controller and used for controlling a pull-in state of the relay. Specifically, when the iron core of the relay is not
powered on, the contacts 1 and 5 are in a connection state; and only when the iron core is energized, pins are pulled
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in through the contacts 1 and 4 and the relay is turned on. Therefore, when the switching element Q18 is turned on, pins
2 and 3 are energized, that is, the iron core is energized, the contacts 1 and 4 are pulled in, that is, the contacts COM
and NO are turned on, and the relay 204 is in an on state; when the switching element Q18 is turned off, the pins 2 and
3 are not energized, and when the contacts COM and NC are connected, the relay 204 is in a disconnected state. In
this manner, the controller 205 may control the on state of the switching element Q18 according to the power-on signal
and the shutdown signal outputted by the switching circuit 202, thereby controlling the connection state of the contacts
of the relay. Specifically, when detecting the power-on signal, the controller 205 controls the switching element Q18 to
be turned on so that the contacts COM and NO of the relay are pulled in; and when detecting the shutdown signal, the
controller 205 controls the switching element Q18 to be turned off so that the contacts COM and NC of the relay are
connected.
[0040] As shown in FIG. 2, the boost circuit 206 includes a switching element Q2, a capacitor C2, and a diode D2 and
can boost the electrical energy outputted by the battery pack to supply power to the electric motor 201.
[0041] As shown in FIG. 6, the driver circuit 207 includes a driver chip U4 and a peripheral circuit of the driver chip.
The driver chip can enhance a drive signal outputted by the controller 205 to control the on state and on frequency of
the second switching device Q1, thereby controlling the rotational speed of the electric motor 201. For example, a pulse-
width modulation (PWM) control signal outputted by the controller 205 is enhanced by the driver chip U4 and outputted
as PWM_gate so as to drive the on frequency and on state of the second switching device Q1. The peripheral circuit of
the driver chip U4 is not described in detail without affecting the understanding of the driver circuit 207.
[0042] The power conversion module 208 can convert the electrical energy supplied by the battery pack into the
electrical energy powering the switching circuit 202.
[0043] In a specific implementation, in the circuit shown in FIG. 2, the positive electrode M+ of the electric motor is
connected to the contact COM of the relay 204, and the negative electrode M- of the electric motor is connected to a
drain of the second switching device Q1. The controller 205 is electrically connected to at least the switching circuit 202,
the relay 204, and the second switching device Q1, and the controller 205 may obtain the switch signal outputted by the
switching circuit 202 and determine a working state of the device according to the switch signal, such as the driving state
or the braking state. Further, in different working states, the controller 205 may control the relay 204 and the second
switching device Q1 to control, in different working modes, the electric motor to rotate. Specifically, in the driving state,
the controller 205 may control the relay 204 and the second switching device Q1 to control, in a first working mode, the
electric motor to rotate; and in the braking state, the controller 205 may control the relay 204 and the second switching
device Q1 to control, in a second working mode, the electric motor to rotate. The working modes of the relay 204 and
the second switching device Q1 mainly refer to the working modes formed by combinations of different sequences in
which the relay 204 and the second switching device Q1 are on and on states of the relay 204 and the second switching
device Q1. The first working mode refers to a working mode in which the relay 204 is turned on first and in a first preset
time, the second switching device Q1 is turned on. The second working mode refers to a working mode in which the
second switching device Q1 is turned off first, the relay 204 is turned off immediately, and in a second preset time, the
second switching device Q1 is turned on. Particularly, the second preset time is greater than or equal to zero and less
than or equal to the first preset time.
[0044] In the present application, processes of the controller 205 controlling, according to the detected switch signal,
the electric motor to rotate are described below.
[0045] A process of controlling the electric motor to rotate in the driving state is as follows: the self-propelled operation
switch 104 is pressed, the switching circuit 202 outputs a low-level data signal 0 that represents the power-on signal,
and when detecting that the bus is idle, the signal transmission control chip U3 in the switching circuit 202 outputs the
power-on signal to the controller 205 through bus communication. The controller 205 turns on the switching element
Q18 in the control circuit of the relay 204 so that the contacts COM and NO of the relay 204 are connected and in the
first preset time, the second switching element Q1 is controlled to be turned on. Therefore, the battery pack 203 forms
a first conducting loop LD with the relay 204, the electric motor 201, and the second switching device Q1, the battery
pack 203 outputs the electrical energy to supply power to the electric motor, a direction of a power supply current is
shown by arrows in FIG. 2, and the electric motor 201 starts to rotate and then drives the device to travel. It is to be
understood that the battery pack 203 and the protection capacitor C1 form a charging circuit LC1 (not shown) so as to
charge the protection capacitor C1.
[0046] A process of controlling the electric motor to rotate in the braking state is as follows: the self-propelled operation
switch 104 is released, the switching circuit 202 outputs a high-level data signal 1 that represents the shutdown signal,
and when detecting that the bus is idle, the signal transmission control chip U3 in the switching circuit 202 outputs the
shutdown signal to the controller 205 through bus communication. The controller 205 controls the second switching
device Q1 to be turned off and controls the switching element Q18 in the relay control circuit to be turned off so that the
contacts COM and NC of the relay 204 are connected. Further, the controller 205 controls the second switching device
Q1 to be turned on so that the electric motor 201 forms a second conducting loop LC2 with at least the second switching
device Q1, an inductor L, the diode D1, and the battery pack 203, and the electric motor 201 outputs generated electrical
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energy to charge the battery pack 203. That is to say, in the second conducting loop LC2, the electric motor 201 is
equivalent to a generator before the rotational speed of the electric motor is reduced to zero, and the energy generated
by the rotation may be recovered to the battery pack 203, that is, the electric motor 201 outputs a charge current to
charge the battery pack 203. Therefore, partial energy recovery is achieved during a braking process of the electric
motor, thereby saving the electrical energy outputted by the battery pack.
[0047] In an example, after the controller 205 controls the second switching device Q1 to be turned off, the controller
205 may control the relay 204 to be turned off immediately or in a third preset time period. The third preset time is greater
than or equal to zero and less than or equal to the first preset time.
[0048] In the preceding example, the relay and the drive switch are controlled to be turned on in different sequences
and time intervals, so as to control the electric motor to rotate. In this manner, the relay can switch the on state without
a current in the circuit, avoiding the relay arcing damage and the failure of the relay caused by a high current, so that
the mower has stable switching performance; and at the same time, the problem of excessive electromagnetic radiation
caused by the usage of a high-current mechanical switch for electric motor control is avoided.
[0049] In the present application, any working mode that is different from the first working mode and the second working
mode and enables the relay 204 to switch in a no-current state falls within the scope of the present application.
[0050] A control method for an electric motor in a mower is described below in conjunction with FIG. 7. The method
includes the steps described below.
[0051] In S101, a power-on signal or a shutdown signal is acquired.
[0052] In S102, when the power-on signal is detected, the first switching device and the second switching device are
controlled to control, in the first working mode, the electric motor to rotate.
[0053] In S103, when the shutdown signal is detected, the first switching device and the second switching device are
controlled to control, in the second working mode, the electric motor to rotate.
[0054] In an example, FIG. 8 shows another control method for an electric motor in the mower, and the specific steps
are described below.
[0055] In S201, a power-on signal or a shutdown signal is acquired.
[0056] In S202, when the power-on signal is detected, the first switching device is controlled to be turned on and in
the first preset time, the second switching device is controlled to be turned on.
[0057] In S203, when the shutdown signal is detected, the second switching device is controlled to be turned off, the
first switching device is controlled to be turned off, and in the second preset time, the second switching device is controlled
to be turned on.
[0058] Referring to a circuit block diagram of a mower shown in FIG. 9, the mower may include an electric motor 301,
a switching circuit 302, a battery pack 303, an inverter circuit 304, a controller 305, a current detection unit 306, and a
voltage detection unit 307.
[0059] The electric motor 301 is a brushless direct current motor.
[0060] The switching circuit 302 is mainly used for outputting signals for controlling the tool to be powered on or shut
down. Specifically, for the structure of the switching circuit 302, reference may be made to the switching circuit shown
in FIG. 3, and the details are not repeated here. In addition, for the communication manner between the switching circuit
302 and the controller 305, reference may be made to the bus communication circuit shown in FIG. 4, and the details
are not repeated here.
[0061] The inverter circuit 304 is electrically connected to three-phase stator windings of the electric motor 301. When
the on state of the switching element in the inverter circuit is switched, the energized state of the corresponding stator
winding is also switched so that a rotation state of the electric motor, such as the rotational speed, a direction of rotation,
or torque, is also changed. In an example, as shown in FIG. 9, the inverter circuit 304 includes six switching elements
Q1, Q2, Q3, Q4, Q5, and Q6. Each gate terminal of the switching elements is electrically connected to the controller
305 and used for receiving a control signal from the controller 305. A drain or source of each switching element is
connected to stator windings A, B, and C of the electric motor 301. The switching elements Q1 to Q6 receive the control
signal from the controller 305 to change respective on states, thereby changing a current loaded to the stator windings
of the electric motor 301 by the battery pack 303. In an example, the inverter circuit 304 may be a three-phase bridge
driver circuit including six controllable semiconductor power devices (such as the FET, the BJT, and the IGBT), and
each phase bridge circuit includes high-side switching elements and low-side switching elements. It is to be understood
that the preceding switching elements may be any other types of solid state switches such as the IGBTs or the BJTs.
[0062] In an example, Q1, Q3, and Q5 are defined as the high-side switching elements of each phase bridge, and Q2,
Q4, and Q6 are the low-side switching elements of each phase bridge. The high-side switching elements and the low-
side switching elements of each phase bridge circuit are connected to the same phase winding. The switching elements
Q1 and Q2 are connected to the first phase winding A, the switching elements Q3 and Q4 are connected to the second
phase winding B, and the switching elements Q5 and Q6 are connected to the third phase winding C. The three-phase
windings A, B, and C of the brushless motor are connected to the battery pack 303 through a bridge composed of the
six switching elements Q1 to Q6. Particularly, when the controller 305 controls the high-side switching element to be
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turned on, the corresponding low-side switching element is turned off. That is to say, in the present application, the three
groups of switching elements are in a complementary conduction mode, that is, when the high-side switching element
is turned on, the corresponding low-side switching element is turned off, and when the low-side switch is turned on, the
corresponding high-side switch is turned off. Therefore, in the present application, no open phase exists in the stator
windings.
[0063] The current detection unit 306 is used for detecting a phase current of the stator windings in the electric motor
in real time. The controller 305 may estimate the position of the rotor in the electric through the acquired phase current
of the stator windings. Particularly, the controller 305 may calculate the rotational speed of the electric motor according
to the phase current. Specifically, the rotational speed of the electric motor may be estimated according to relevant
parameters of the phase current such as frequency.
[0064] The voltage detection unit 307 is used for detecting the magnitude of the bus voltage in the control circuit in
real time. The controller 305 compares the acquired bus voltage data with a preset voltage threshold and when the bus
voltage is greater than or equal to the voltage threshold, can control the brake element to change a control instruction
so that the magnitude of the brake current is less than a set back-charge current threshold. Therefore, components in
the control circuit can be prevented from being damaged by a relatively large back-charge current.
[0065] In an example, as shown in FIG. 14, the control circuit of the mower is a field-oriented control (FOC) double
closed-loop control circuit having a speed regulation system with an inner current loop and an outer rotational speed
loop. The inner current loop is nested in the outer rotational speed loop, a speed regulator outputs a given current, and
the inner current loop actually controls the torque of the electric motor. Specifically, the stator current of the electric
motor is decomposed into excitation component current id* and torque component current iq*. Under normal circum-
stances, the excitation current given value id* is set to 0, the expected rotational speed of the electric motor is set to a
given value n* of a rotational speed loop, and an output value of a proportional-integral-derivative (PID) regulator into
which the rotational speed loop is inputted is used as the given value iq* of a current loop torque component. The outputs
of id* and iq* via the PID regulator are ud and uq. ud and uq go through inverse Park transformation and space vector
pulse-width modulation (SVPWM), a PWM wave is outputted to a drive terminal of an inverter, and the output of the
inverter is three-phase currents ia, ib, and id controlled by the electric motor. In this example, when the bus voltage is
greater than the voltage threshold, the controller may control the inverter circuit to change the on state to change the
current outputted by the electric motor so that the current iq that can back-charge the battery pack is less than the back-
charge current threshold.
[0066] In an example, after determining the rotational speed of the electric motor according to the phase current, the
controller 305 may calculate the position of the rotor in different methods according to different rotational speeds. For
example, when the rotational speed is greater than or equal to a first rotational speed threshold, a back electromotive
force of the electric windings may be estimated through the acquired phase current, and then the position of the rotor
of the electric motor is estimated according to the back electromotive force. The method of calculating the position of
the rotor according to the back electromotive force has proven applications, and the details are not described in detail
here. For another example, when the rotational speed is less than or equal to a second rotational speed threshold, the
controller may estimate the position of the rotor based on a high-frequency electrical signal loaded to the stator windings.
The first rotational speed threshold is greater than the second rotational speed threshold. In a specific implementation,
the controller 305 may output the high-frequency electrical signal, load the high-frequency electrical signal to the three-
phase stator windings of the electric motor, and acquire a response signal outputted by the stator windings based on
the high-frequency electrical signal. The response signal may be a high-frequency phase current signal having a high-
frequency amplitude. Further, the controller may estimate the position of the rotor according to a relative relationship
between the response signal and a preset rotor position. For example, the controller may estimate the position of the
rotor according to a relative relationship between the high-frequency amplitude of the response signal and the preset
rotor position. It is to be noted that since the component of the high-frequency response signal on a quadrature axis is
correlated to a rotor position error, in the case where the amplitude of the high-frequency response signal converges to
zero, the corresponding preset rotor position also converges so as to obtain a real rotor position. In the present application,
a direction where the rotor is located is defined as a direct axis, and a direction perpendicular to the direct axis is defined
as the quadrature axis.
[0067] In an example, the controller 305 controls the on states of the switching elements in the inverter circuit 304
according to the detected power-on signal and the estimated rotor so that the electric motor obtains drive torque to drive
the cutting blade to mow the grass or drive the driving wheels to travel. In addition, when the controller 305 detects the
power-on signal outputted by the switching circuit 302, the on states of the switching elements in the inverter circuit 304
may be changed in conjunction with the current rotor position so that the electric motor 301 obtains brake torque for
reverse acceleration to implement torque brake. The direction of the brake torque is opposite to the direction of the drive
torque, that is, the brake torque is inverse torque.
[0068] In an example, the controller 305 may control the inverter circuit to change the on state according to the brake
instruction outputted by the brake element and the estimated rotor position so that the electric motor obtains the brake
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torque for direction acceleration. Particularly, the brake instruction includes a rotational speed reduction instruction for
reducing the rotational speed of the electric motor, where the rotational speed reduction instruction is capable of including
multiple rotational speed gears, and different rotational speed gears correspond to brake torque of different magnitudes.
That is to say, when braking through the brake element, the electric motor obtains the brake torque for reverse accel-
eration, and the rotational speed is reduced to a certain smaller value or zero. If a brake gear included in the brake
instruction is to reduce the rotational speed of the electric motor to a certain smaller value, after the rotational speed of
the electric motor is reduced to a certain value, the electric motor can coast until the rotational speed is zero. It is to be
understood that when the electric motor obtains the brake torque and brakes in real time, the rotational speed of the
electric motor is reduced rapidly, but the direction of rotation of the electric motor does not change.
[0069] In the present application, under the action of the brake torque, the brake current for the reverse acceleration
of the electric motor is generated in the stator windings of the electric motor, and the brake current flows out from the
electric motor side to the battery pack to charge the battery pack, thereby achieving partial energy recovery while the
electric motor brakes rapidly.
[0070] In the present application, the switching elements in the inverter circuit have six on states, and different on
states correspond to different signal combinations outputted by the controller. Referring to a sector diagram shown in
FIG. 10, it indicates that within one electrical cycle, six driving states, that is, the six on states, of the inverter circuit
correspond to six signal combinations. Particularly, the correspondence between the on states of the switching elements
in the inverter circuit and the signal combinations is shown in Table 1.

[0071] It is to be noted that in the present application, the three-phase stator windings of the electric motor are turned
on under any signal combination, that is to say, no open phase exists in the three-phase windings during the driving and
braking processes of the electric motor. A flow process of the current in the three-phase windings in the electric motor
in which the three-phase windings are all turned on is not easy to describe. In the following, only the direction of the
current in the bus in the circuit is used for representing the inflow or outflow of the three-phase current in the electric
motor. For example, as shown in FIG. 11, under the action of the drive torque of the electric motor, the switching elements
Q1, Q3, and Q6 in the inverter circuit are turned on, the corresponding switching elements Q2, Q4, and Q5 are turned
off, and the direction of the current in the bus is from a positive terminal BAT+ of the battery pack to the electric motor,
so as to supply power to the electric motor. As shown in FIG. 12, under the action of the brake torque of the electric
motor, the switching elements Q2, Q4, and Q5 in the inverter circuit are turned on, the corresponding switching elements
Q1, Q3, and Q6 are turned off, and the direction of the current in the bus is from the positive terminal BAT+ of the battery
pack to the battery pack, so as to charge the battery pack.
[0072] In the example of the present application, the electric motor brakes through the inverse torque so that the
electric motor brakes rapidly with relatively large reverse acceleration. At the same time, the brake current generated
by the electric motor during the braking process charges the battery pack, thereby achieving partial energy recovery
and reducing energy waste during braking.
[0073] A control method for the electric motor braking in the mower is described below in conjunction with FIG. 13.
The method includes the steps described below.
[0074] In S301, the phase current of the stator windings in the electric motor is acquired and the position of the rotor
of the electric motor is estimated according to the phase current.
[0075] In S302, the brake instruction outputted by the brake element is acquired.
[0076] In S303, on states of the switching elements in the inverter circuit are controlled according to the brake instruction
and the position of the rotor.
[0077] It is to be noted that the brake instruction includes the rotational speed reduction instruction for reducing the
rotational speed of the electric motor, where the rotational speed reduction instruction is capable of including multiple
rotational speed gears, and different rotational speed gears correspond to brake torque of different magnitudes.

Table 1

Signal combination Switching elements that are turned on

(1,1,0) Q1 Q3 Q6

(1,0,0) Q1 Q4 Q6

(1,0,1) Q1 Q4 Q5

(0,0,1) Q2 Q4 Q5

(0,1,1) Q2 Q3 Q5

(0,1,0) Q2 Q3 Q6



EP 4 236 060 A1

10

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A power tool, comprising:

an electric motor;
a battery pack for providing a power supply;
a switching circuit for outputting a power-on signal or a shutdown signal;
a first switching device for controlling a power-on state of the electric motor;
a second switching device for driving the electric motor to rotate; and
a controller electrically connected to at least the first switching device, the switching circuit, and the second
switching device;
wherein the controller is configured to:

when the power-on signal is detected, control the first switching device and the second switching device
to control, in a first working mode, the electric motor to rotate; and
when the shutdown signal is detected, control the first switching device and the second switching device
to control, in a second working mode, the electric motor to rotate.

2. The power tool of claim 1, wherein the controller is configured to:

when the power-on signal is detected, control the first switching device to be turned on and in a first preset time,
control the second switching device to be turned on, wherein the battery pack forms a first conducting loop with
at least the first switching device, the electric motor, and the second switching device; and
when the shutdown signal is detected, control the second switching device to be turned off, control the first
switching device to be turned off, and in a second preset time, control the second switching device to be turned
on, wherein the electric motor forms a second conducting loop with at least the first switching device, the battery
pack, and the second switching device.

3. The power tool of claim 1, wherein the first switching device comprises a relay.

4. The power tool of claim 2, wherein in the first conducting loop, the battery pack outputs electrical energy to supply
power to the electric motor; and in the second conducting loop, the electric motor outputs generated electrical energy
to charge the battery pack.

5. The power tool of claim 2, wherein the second preset time is greater than or equal to zero and less than or equal
to the first preset time.

6. The power tool of claim 1, wherein the power-on signal or the shutdown signal outputted by the switching circuit is
transmitted to the controller through bus communication.

7. The power tool of claim 1, further comprising:

a driver circuit connected between the controller and the second switching device and
used for controlling an on state and an on frequency of the second switching device.

8. A control method for a power tool, wherein the power tool comprises an electric motor; a switching circuit for outputting
a power-on signal or a shutdown signal; a battery pack for providing a power supply; a first switching device for
controlling a power-on state of the electric motor; a second switching device for driving the electric motor to rotate;
and a controller electrically connected to at least the first switching device, the switching circuit, and the second
switching device; wherein the control method comprises:

when the power-on signal is detected, controlling the first switching device and the second switching device to
control, in a first working mode, the electric motor to rotate; and
when the shutdown signal is detected, controlling the first switching device and the second switching device to
control, in a second working mode, the electric motor to rotate.

9. The method of claim 8, further comprising:
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when the power-on signal is detected, controlling the first switching device to be turned on and in a first preset
time, controlling the second switching device to be turned on, wherein the battery pack forms a first conducting
loop with at least the first switching device, the electric motor, and the second switching device; and
when the shutdown signal is detected, controlling the second switching device to be turned off, controlling the
first switching device to be turned off, and in a second preset time, controlling the second switching device to
be turned on, wherein the electric motor forms a second conducting loop with at least the first switching device,
the battery pack, and the second switching device.

10. The method of claim 9, wherein the first switching device comprises a relay.

11. A power tool, comprising:

an electric motor having a rotor and a plurality of stator windings;
a brake element for outputting a brake instruction for braking the electric motor;
a battery pack for providing a power supply for driving the electric motor;
an inverter circuit having a plurality of semiconductor switching elements for switching energized states of the
plurality of stator windings;
a current detection unit for detecting a phase current of the plurality of stator windings in the electric motor; and
a controller connected to at least the brake element, the current detection unit, and the inverter circuit;
wherein the controller is configured to:

acquire the phase current of the plurality of stator windings and estimate a position of the rotor of the electric
motor according to the phase current; and
acquire the brake instruction outputted by the brake element and control on states of the plurality of switching
elements in the inverter circuit according to the brake instruction and the position of the rotor so that the
electric motor obtains brake torque for reverse acceleration to implement torque brake.

12. The power tool of claim 11, wherein

under an action of the brake torque, the plurality of stator windings of the electric motor generate a brake current;
and
the brake current flows into the battery pack to charge the battery pack.

13. The power tool of claim 11, wherein
the brake instruction comprises a rotational speed reduction instruction for reducing a rotational speed of the electric
motor, wherein the rotational speed reduction instruction is capable of comprising a plurality of rotational speed
gears, and different rotational speed gears correspond to brake torque of different magnitudes.

14. The power tool of claim 11, wherein
the controller is configured to:

calculate a rotational speed of the electric motor according to the phase current of the plurality of stator windings;
when the rotational speed is greater than or equal to a first rotational speed threshold, estimate a back electro-
motive force of the plurality of stator windings based on the phase current and estimate the position of the rotor
of the electric motor according to the back electromotive force; and
when the rotational speed is less than or equal to a second rotational speed threshold, estimate the position of
the rotor of the electric motor based on a high-frequency electrical signal loaded to the plurality of stator windings.

15. The power tool of claim 14, wherein
the controller is configured to:

when the rotational speed is less than or equal to the second rotational speed threshold, output the high-
frequency electrical signal, load the high-frequency electrical signal to the plurality of stator windings of the
electric motor, and acquire a response signal outputted by the plurality of stator windings based on the high-
frequency electrical signal; and
estimate the position of the rotor of the electric motor according to a relative relationship between the response
signal and a preset rotor position.
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16. The power tool of claim 12, further comprising:

a voltage detection unit for detecting a bus voltage of the inverter circuit;
wherein the controller is configured to:

acquire the bus voltage; and
when the bus voltage is greater than a preset voltage threshold, control the brake element to change a
control instruction so that a magnitude of the brake current is less than a set back-charge current threshold.

17. A control method for a power tool, wherein the power tool comprises an electric motor having a rotor and a plurality
of stator windings; a brake element for outputting a brake instruction for braking the electric motor; a battery pack
for providing a power supply for driving the electric motor; an inverter circuit having a plurality of semiconductor
switching elements for switching energized states of the plurality of stator windings; a current detection unit for
detecting a phase current of the plurality of stator windings in the electric motor; and a controller connected to at
least the brake element, the current detection unit, and the inverter circuit;
wherein the control method comprises:

acquiring the phase current of the plurality of stator windings and estimating a position of the rotor of the electric
motor according to the phase current; and
acquiring the brake instruction outputted by the brake element and controlling on states of the plurality of
switching elements in the inverter circuit according to the brake instruction and the position of the rotor so that
the electric motor obtains brake torque for reverse acceleration to implement torque brake.

18. The method of claim 17, wherein

under an action of the brake torque, the plurality of stator windings of the electric motor generate a brake current;
and
the brake current flows into the battery pack to charge the battery pack.

19. The method of claim 17, wherein
the brake instruction comprises a rotational speed reduction instruction for reducing a rotational speed of the electric
motor, wherein the rotational speed reduction instruction is capable of comprising a plurality of rotational speed
gears, and different rotational speed gears correspond to brake torque of different magnitudes.

20. The method of claim 17, further comprising:

calculating a rotational speed of the electric motor according to the phase current of the plurality of stator windings;
when the rotational speed is greater than or equal to a first rotational speed threshold, estimating a back
electromotive force of the plurality of stator windings based on the phase current and estimating the position of
the rotor of the electric motor according to the back electromotive force; and
when the rotational speed is less than or equal to a second rotational speed threshold, estimating the position
of the rotor of the electric motor based on a high-frequency electrical signal loaded to the plurality of stator
windings.

21. The method of claim 20, further comprising:

when the rotational speed is less than or equal to the second rotational speed threshold, outputting the high-
frequency electrical signal, loading the high-frequency electrical signal to the plurality of stator windings of the
electric motor, and acquiring a response signal outputted by the plurality of stator windings based on the high-
frequency electrical signal; and
estimating the position of the rotor of the electric motor according to a relative relationship between the response
signal and a preset rotor position.
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