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(57) The present disclosure provides a method and
system for controlling a loader, a controller, a storage
medium and a loader, which relates to the field of loaders.
The control method includes: determining whether a

wheel of the loader slips when the loader is performing
a shoveling and digging operation; and controlling a drive
motor to reduce output torque and controlling a boom to
lift in a case where the wheel of the loader slips.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure is based on and claims
priority of Chinese application for invention
202311467067.1, filed on November 07, 2023, the dis-
closure of which is hereby incorporated into this disclo-
sure by reference in its entirety.

TECHNICAL FIELD

[0002] This disclosure relates to the field of loaders,
particularly to a method and system for controlling a
loader, a controller, a storage medium, and a loader.

BACKGROUND

[0003] The loader is a large construction machinery
equipment, which is commonly used in construction
sites, mining sites, ports and other places. Using a bucket
and a boom mounted at the front end of the loader, the
loader loads materials such as soil, sand and gravel for
earthwork excavation, transport, loading and unloading
processes.
[0004] In related technologies, the transmission sys-
tems of wheel loaders are generally driven by internal
combustion engines. However, with the development of
new energy technologies and the increasing emphasis
on energy efficiency and environmental protection in
various countries, Full electric loaders with electric mo-
tors as the drive systems have been developed and
mass-produced by construction machinery manufac-
turers. The full electric loaders are increasingly favored
by the market due to their advantages of low operating
cost, zero pollution, low noise, energy conservation and
environmental protection, which have a very wide market
application prospect.
[0005] When shoveling and digging with a traditional
loader driven by an internal combustion engine, due to
the load resistance, the operator often instinctively
presses the accelerator pedal to obtain more shoveling
force, resulting in wheel slip as a common and normal
phenomenon. However, in the case of The full electric
loaders, wheel slip can cause the engine controller to
trigger a fault and stop the vehicle. In severe cases, it may
even require a power shutdown and restart to recover,
which can seriously affect the entire operation of the
loader.

SUMMARY

[0006] According to an aspect of the present disclo-
sure, there is provided a method for controlling a loader,
comprising: determining whether a wheel of the loader
slips when the loader is performing a shoveling and
digging operation; and controlling a drive motor to reduce
output torque and controlling a boom to lift in a case

where the wheel of the loader slips.
[0007] In some embodiments, controlling a gearbox to
downshift to obtain a decrease in travel speed in re-
sponse to a shoveling and digging operation request,
in a case where the wheel of the loader still slips after
reducing the output torque of the drive motor and lifting
the boom.
[0008] In some embodiments, controlling the boom to
descend before controlling the gearbox to downshift; and
controlling the drive motor to reduce the output torque
and controlling the boom to lift, in a case where the wheel
of the loader still slips after the gearbox is controlled to
downshift and the number of drive motor output torque
reductions and boom lifts is less than a first threshold.
[0009] In some embodiments, the controlling the drive
motor to reduce output torque comprises: controlling the
drive motor to reduce the output torque to a first torque;
and controlling the drive motor to reduce the output
torque to a torque threshold, in a case where the wheel
of the loader still slips after the output torque of the drive
motor is reduced to the first torque and the boom is lifted
to a highest position.
[0010] In some embodiments, the controlling the drive
motor to reduce the output torque to a first torque com-
prises: determining a torque reduction coefficient accord-
ing to a slip rate of the wheel; determining the first torque
according to the torque reduction coefficient and a re-
quested torque; and reducing the output torque of the
drive motor according to the first torque.
[0011] In some embodiments, the controlling the boom
to lift comprises: controlling a boom cylinder to extend to
lift the boom based on an opening current of a control
valve of the boom cylinder.
[0012] In some embodiments, controlling the loader to
perform an unloading operation in response to an un-
loading request, in a case where the loader still has wheel
slip after reducing the output torque of the drive motor and
lifting the boom.
[0013] In some embodiments, the determining
whether the wheel of the loader slips when the loader
is performing the shoveling and digging operation com-
prises: obtaining an actual travel speed and a wheel
speed of the loader; determining a slip rate of the wheel
based on the actual travel speed and the wheel speed;
determining that the wheel of the loader slips in a case
where the slip rate is greater than a second threshold;
and determining that the wheel of the loader does not slip
in a case where the slip rate is less than or equal to the
second threshold.
[0014] In some embodiments, obtaining the actual tra-
vel speed of the loader comprises: obtaining the actual
travel speed using a global positioning system (GPS)
sensor; and obtaining the wheel speed comprises: ob-
taining the wheel speed using a wheel speed sensor; or
determining the wheel speed based on a gear signal of
the loader.
[0015] According to another aspect of the present dis-
closure, there is further provided a loader controller,
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comprising: a determination module configured to deter-
mine whether a wheel of the loader slips when the loader
is performing a shoveling and digging operation; and a
control module configured to control a drive motor to
reduce output torque and control a boom to lift in a case
where the wheel of the loader slips.
[0016] According to another aspect of the present dis-
closure, there is further provided a loader controller,
comprising: a memory; and a processor coupled to the
memory, the processor configured to perform the method
for controlling a loader described above based on in-
structions stored in the memory.
[0017] According to a further aspect of the present
disclosure, there is further provided a system for control-
ling a loader, comprising: the loader controller described
above; an electric drive system configured to control a
motor to reduce torque based on an instruction from the
loader controller to reduce the output torque of the drive
motor; and a working hydraulic device configured to
control a boom cylinder to extend to lift the boom accord-
ing to an instruction from the loader controller to control
the boom to lift.
[0018] In some embodiments, a gearbox actuator con-
figured to downshift a gearbox based on an instruction
from the loader controller to downshift the gearbox; a
global positioning system (GPS) sensor configured to
send a signal related to an actual travel speed of the
loader to the loader controller; or a wheel speed sensor
configured to senda signal related to a wheel speed to the
loader controller.
[0019] According to another aspect of the present dis-
closure, there is further provided a loader, comprising: a
loader controller described above; or the system for
controlling the loader described above.
[0020] According to another aspect of the present dis-
closure, there is further provided a computer readable
storage medium stored thereon computer program in-
structions that, when executed by a processor, imple-
ment the method for controlling loader described above.
[0021] Other features and advantages of the present
invention will become apparent from the following de-
tailed description of exemplary embodiments of the pre-
sent disclosure with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are incor-
porated in and constitute a portion of this specification,
illustrate embodiments of the present disclosure and,
together with the description, serve to explain the prin-
ciples of the present disclosure.
[0023] The present disclosure will be more clearly
understood from the following detailed description with
reference to the accompanying drawings, in which:

FIG. 1 is a flowchart of a method for controlling a
loader according to some embodiments of the pre-

sent disclosure;
FIG. 2 is a flowchart of a method for controlling a
loader according to other embodiments of the pre-
sent disclosure;
FIG. 3 is a flowchart of a method for controlling a
loader according to other embodiments of the pre-
sent disclosure;
FIG. 4 is a flowchart of a method for controlling a
loader according to other embodiments of the pre-
sent disclosure;
FIG. 5 is a schematic structural diagram of a loader
controller according to some embodiments of the
present disclosure;
FIG. 6 is a schematic structural diagram of a loader
controller according to other embodiments of the
present disclosure;
FIG. 7 is a schematic structural diagram of a system
for controlling a loader according to some embodi-
ments of the present disclosure;
FIG. 8 is a schematic structural diagram of a system
for controlling a loader according to other embodi-
ments of the present disclosure.

DETAILED DESCRIPTION

[0024] Various exemplary embodiments of the present
disclosure will now be described in detail with reference
to the accompanying drawings. Notice that, unless other-
wise specified, the relative arrangement, numerical ex-
pressions and values of the components and steps set
forth in these examples do not limit the scope of the
disclosure.
[0025] At the same time, it should be understood that,
for ease of description, the dimensions of the various
parts shown in the drawings are not drawn to actual
proportions.
[0026] The following description of at least one exemp-
lary embodiment is in fact merely illustrative and is in no
way intended as a limitation to the disclosure, its applica-
tion or use.
[0027] Techniques, methods, and apparatus known to
those of ordinary skill in the relevant art may not be
discussed in detail, but where appropriate, these techni-
ques, methods, and apparatuses should be considered
as part of the specification.
[0028] Of all the examples shown and discussed here-
in, any specific value should be construed as merely
illustrative and not as a limitation. Thus, other examples
of exemplary embodiments may have different values.
[0029] Notice that, similar reference numerals and let-
ters are denoted by the like in the accompanying draw-
ings, and therefore, once an item is defined in a drawing,
there is no need for further discussion in the accompany-
ing drawings.
[0030] For a clear understanding of the object of the
present disclosure, its technical solution and advan-
tages, the present disclosure will be further described
in detail below in conjunction with the accompanying
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drawings and embodiments.
[0031] Related technologies often rely on manual op-
erator intervention to prevent wheel slip on The full elec-
tric loaders, which can add complexity to the operation
and make it difficult to adapt to road conditions and other
factors in real time. Thus, preventing or reducing the
wheel slips when the loader is performing an operation
and improving the stability and safety of shoveling and
digging operations is a pressing issue that needs to be
addressed today.
[0032] FIG. 1 is a flowchart of a method for controlling a
loader according to some embodiments of the present
disclosure, which is performed by a loader controller,
such as a safety control unit.
[0033] In step 110, it is determined whether a wheel of
the loader slips when the loader is performing a shoveling
and digging operation.
[0034] In some embodiments, the loader is a wheel
loader, such as an electric wheel loader. The loader
comprises a gearbox.
[0035] In some embodiments, whether the wheel slips
is determined based on a slip rate of the loader’ wheel.
For example, in a case where the slip rate is greater than
a threshold, it indicates that the loader is experiencing
wheel slip, and a loader controller should adopt a corre-
sponding control strategy to prevent this situation.
[0036] In step 120, a drive motor is controlled to reduce
output torque and a boom is controlled to lift in a case
where the wheel of the loader slips.
[0037] In some embodiments, the output torque of the
drive motor is controlled by an electric drive system. For
example, the electric drive system comprises a motor
controller and a drive motor. By adjusting the torque
output of the motor controller, the output power of the
drive motor is reduced to achieve a reduction in the output
torque of the drive motor.
[0038] When the loader is excavating a load, if it fails to
move forward and the wheels start to slip, the wheels
rotate will relatively quickly and the driving force on the
wheels is greater than the reaction force of the ground on
the wheels. Therefore, the motor torque can be reduced
to decrease the driving force on the wheels and then to
change the friction between the wheels and the ground,
to reduce the risk of wheel slip and prevent wheel wear.
[0039] In some embodiments, the lifting of the boom is
controlled by a working hydraulic system. After the boom
is lifted, the resistance between the bucket and the load is
reduced, thereby reducing the risk of wheel slip and
ensuring that no wheel slip occurs as the loader exca-
vates the load.
[0040] In the above embodiments, by controlling the
drive motor to reduce the output torque and controlling
the controlling a boom to lift, the risk of wheel slip can be
reduced, thereby improving the operational efficiency
and safety of the loader in various terrains and working
conditions.
[0041] FIG. 2 is a flowchart of a method for controlling a
loader according to other embodiments of the present

disclosure that is performed by a loader controller.
[0042] In step 110, it is determined whether a wheel of
the loader slips when the loader is performing a shoveling
and digging operation.
[0043] In step 120, a drive motor is controlled to reduce
output torque and a boom is controlled to lift in a case
where the wheel of the loader slips.
[0044] In some embodiments, the drive motor is con-
trolled to reduce its output torque to a first torque; the
drive motor is controlled to reduce the output torque to a
torque threshold in a case where the wheel of the loader
still slips after the output torque of the drive motor is
reduced to the first torque and the boom is lifted to a
highest position.
[0045] In some embodiments, a torque reduction coef-
ficient is determined according to the slip rate of the
wheel; the first torque is determined according to the
torque reduction coefficient and a requested torque;
and the output torque of the drive motor is reduced
according to the first torque.
[0046] In this embodiment, a constraint is applied to the
operator’s torque request. For example, instead of re-
sponding fully to the operator’s throttle opening request,
the current torque is multiplied by a torque reduction
coefficient to prevent the operator from instinctively step-
ping on the accelerator and exacerbating wheel slip. After
determining the slip rate of the wheel, a current torque
reduction coefficient is determined based on the corre-
spondence between the slip rate and the torque reduc-
tion coefficient, which can be obtained by consulting a
table. For example, the value of the torque reduction
coefficient is greater than or equal to 40% and less than
100%.
[0047] In some embodiments, a boom cylinder is con-
trolled to extend to lift the boom based on an opening
current of a control valve of the boom cylinder.
[0048] For example, the loader controller issues a lift
control instruction to the boom. For an electromagnetic
proportional valve of the boom cylinder, its input current is
the opening current of the valve, ensuring that the boom
can rise slowly and avoiding situations where the lift
speed is too fast. The electromagnetic proportional valve
can be opened only when the current input to the elec-
tromagnetic proportional valve reaches a predetermined
current value, i.e., the opening current is the minimum
current with which the electromagnetic proportional valve
can be opened. Since the current is not applied to the
electromagnetic proportional valve from 0, the opening
time of the electromagnetic proportional valve can be
shortened.
[0049] In some embodiments, the boom is lifted to its
highest position. It is determined whether the boom has
been lifted to the highest position by checking whether
the boom cylinder is fully extended.
[0050] In step 230, it is determined whether wheel of
the loader still slips.
[0051] In step 240, a gearbox is controlled to downshift
to obtain a decrease in travel speed in response to a
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shoveling and digging operation request, in a case where
the wheel of the loader still slips.
[0052] In some embodiments, the boom is controlled to
descend before the gearbox is controlled to downshift. By
controlling the boom to lift in step 120, the bucket is
separated from the load. To resume excavation, the
boom must be lowered to bring the bucket into contact
with the load.
[0053] In some embodiments, in a case where the
output torque of the drive motor decreases to a torque
threshold and the boom cylinder is fully extended, if the
wheel of the loader still slips, a signal is output on a
display screen to prompt the operator for options of "un-
load" and "re-excavate". If the operator selects the "re-
excavate" option, the loader controller sends a signal to a
gearbox actuator and automatically outputs a descent
control signal for the boom. The gearbox actuator shifts to
neutral and the boom descends. The gearbox actuator
then operates on a reverse signal to move the loader a
certain distance and returns to neutral. The loader con-
troller shifts to a lower gear based on the previous forward
gear and outputs a shift signal to the gearbox actuator to
reduce the travel speed of the loader.
[0054] in a case where the wheel of the loader slips,
there is a lot of idle power while the wheels slip. There-
fore, by downshifting to reduce the travel speed, it is
possible to reduce the energy wasted as idle power
during wheel slipping, reduce the energy consumption
required for material transport, and save operating costs.
In addition, as vehicle speed decreases, the motor’s
output torque increases, resulting in greater power out-
put. In a case where the loader re-excavates, it hopes to
start with more power, and so it hopes to increase the
torque to allow the loader to resume excavation.
[0055] In the above embodiment, by adjusting the tor-
que output of the loader in real time, changing the resis-
tance between the bucket and the load, and adjusting the
travel speed of the loader, the risk of wheel slip is re-
duced. In addition, by adjusting the travel speed of the
loader, the occurrence of motor controller failure can be
reduced, thus ensuring smooth operation of the loader.
Additionally, this embodiment reduces the risk of tire wear
and machine damage, which can reduce maintenance
and downtime and improve the efficiency of the loader.
[0056] In some embodiments, in a case where the
wheel of the loader still slips after the gearbox is con-
trolled to downshift and the number of drive motor output
torque reductions or the number of boom lifts is less than
a first threshold, the drive motor is controlled to reduce its
output torque and the boom is controlled to lift.
[0057] For example, in a case where the loader has
already performed an anti-slip operation, i.e., the motor
torque has been limited, the boom has been lifted, and
the gearbox has been downshifted once, the loader can
be allowed to resume excavation where, if wheel slip still
occurs, another torque limit and boom lift will be applied. If
there is still wheel slip in this case, there is no need to
attempt to another slippage elimination operation again.

At this point, the operator can drive the loader to an
unloading location to perform an unloading operation.
The cycle of shoveling and unloading with wheel slip is
completed, ensuring that the overall efficiency of the
system is not greatly affected.
[0058] In some embodiments, in a case where the
wheel of the loader still slips after reducing the output
torque of the drivemotor and lifting the boom, the loader is
controlled to perform an unloading operation in response
to an unloading request.
[0059] For example, in a case where the output torque
of the drive motor decreases to a torque threshold and the
boom cylinder is fully extended, if the loader still has
wheel slip, a signal is output on a display screen to prompt
the operator for "unload" or "re-excavate" options. If the
operator selects the "unload" option, the operator will
drive the loader to an unloading location to perform the
unloading operation, and this shoveling and unloading
operation is completed.
[0060] FIG. 3 is a flowchart of a method for controlling a
loader according to other embodiments of the present
disclosure that is performed by the loader controller.
[0061] In step 310, an actual travel speed and a wheel
speed are obtained for the loader.
[0062] In some embodiments, the actual travel speed
is obtained using a global positioning system (GPS)
sensor. The GPS sensor is mounted on the top of the
loader to measure an actual travel speed V1 (Km/h) of the
loader. In a case where the GPS sensor transmits a
frequency signal, the manufacturer will provide a conver-
sion relationship between frequency and vehicle speed in
advance. After receiving the frequency signal, the loader
controller converts the frequency signal to an actual
vehicle speed.
[0063] In some embodiments, the wheel speed is ob-
tained using a wheel speed sensor. The wheel speed
sensor is mounted on one side of the wheel where the
steering rod is located and is, for example, a photoelectric
encoder type sensor. The circular surface of the wheel
hub is divided into X equal parts, each with a reflective
sticker. The wheel speed sensor senses the number of
reflective stickers as the wheel rotates and then sends it
to the loader controller as a count, such as a frequency
signal f2. The loader controller obtains a wheel speed V2
according to the formula V2 (Km/h)=2 * 3.14 * R * 3.6 *
f2/X, wherein R is the tire rolling radius and f2 is the
frequency value sent by the wheel speed sensor. The
larger the X value, the more accurate the calculated V2.
In some embodiments, the value of X is, for example, 50.
[0064] In some embodiments, the wheel speed is de-
termined based on a gear signal of the loader. In this
embodiment, instead of providing the wheel speed sen-
sor, gear information obtained from the gearbox is used to
determine the wheel speed. For example, the wheel
speed V2=0.377 * n * R/(ig * i0), wherein n is the motor’s
rotation speed, R is the tire rolling radius, ig is the gear
ratio of the gearbox at a current gear, and i0 is the overall
reduction ratio of the rear axle. The loader obtains n via a
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CAN (Controller Area Network) bus.
[0065] The loader controller can obtain a gear ratio of
each gear of the gearbox and a motor rotation speed.
Using the gear ratio of each gear and the motor rotation
speed, an output shaft rotation speed of the gearbox can
be obtained. Based on the vehicle structure and the rear
axle reduction ratio, the wheel speed can be calculated.
[0066] In this step, the GPS sensor and wheel speed
sensor convert the detected data into electrical signals
and send the electrical signals to the loader controller for
analysis. Since the GPS sensor and wheel speed sensor
can be affected by vibration and excitation, signal filtering
methods and data processing techniques are required to
reduce interference.
[0067] In step320, a slip rate of the wheel is determined
based on the actual travel speed and the wheel speed.
[0068] In some embodiments, the slip rate of the wheel
is the ratio of a difference between the wheel speed and
the actual travel speed to the wheel speed.
[0069] In step 330, it is determined that the wheel of the
loader slips in a case where the slip rate is greater than a
second threshold.
[0070] For example, the slip rate of the wheel Sr=(V2-
V1)/V2, which generally does not exceed 20%. In a case
where Sr is greater than 20%, the loader controller de-
termines that the loader is experiencing wheel slip and
adopts an appropriate control strategy to prevent wheel
slip.
[0071] In step 340, it is determined that the wheel of the
loader does not slip in a case where the slip rate is less
than or equal to the second threshold.
[0072] In the above embodiment, based on the actual
travel speed and the wheel speed of the loader, a signal
representing the wheels losing grip on the group is de-
tected and the slip rate of the wheel is calculated. The
calculated slip rate of the wheel is compared to a thresh-
old value to determine whether the loader is experiencing
wheel slip.
[0073] FIG. 4 is a flowchart of a method for controlling a
loader according to other embodiments of the present
disclosure.
[0074] In step 410, relevant signals are collected.
[0075] For example, data is collected from various
sensors.
[0076] In step 420, smoothness processing is per-
formed on the signals.
[0077] In step 430, signal acquisition and calculation
are performed.
[0078] In step 440, the slip rate of the wheel is calcu-
lated.
[0079] In step 450, it is determined whether the wheel
of the loader slips; if so, step 4140 is executed; otherwise,
step 460 is executed.
[0080] In step 460, the torque is limited and the boom is
controlled to lift slowly.
[0081] In step 470, it is determined whether an anti-slip
operation has been performed; if so, step 4140 is exe-
cuted; otherwise, step 480 is executed.

[0082] In step 480, it is determined whether the slipping
phenomenon has been eliminated; if so, step 4140 is
executed; otherwise, step 490 is executed.
[0083] In step 490, the torque is reduced to a torque
threshold and the boom cylinder is fully extended.
[0084] In step 4100, it is determined whether the slip-
ping phenomenon has been eliminated; if so, step 4140 is
executed; otherwise, step 4110 is executed.
[0085] In step 4110, a signal is output on the display
screen to prompt the operator for "unload" and "re-ex-
cavate" options. If "unload" option is selected, step 4140
is executed; if "re-excavate" option is selected, step 4120
is executed.
[0086] In step 4120, the gearbox is downshifted and
the travel speed is reduced, then excavation is resumed.
[0087] The gearbox actuator returns to neutral and the
boom descends. The gearbox actuator operates on a
reverse signal to move the loader a certain distance and
returns to neutral. Thereafter, the gearbox is downshifted
to a lower gear based on the previous forward gear, so
that the travel speed of the loader is reduced to resume
excavation. If there is no subsequent wheel slip, this
indicates that the slip rate of the wheel has returned to
normal and the loader is performing normal shoveling
and unloading operations.
[0088] In step 4130, it is determined whether the slip-
ping phenomenon has been eliminated; if so, step 4140 is
executed; otherwise, step 460 is executed.
[0089] In step 4140, the operator drives the loader to
unload at an unloading location, and the shoveling and
unloading operation is completed.
[0090] In the above embodiment, the motor control
cooperates with the boom cylinder, and a gear control
measure is adopted to prevent wheel slip. The whole
process can operate automatically to assist the operator
in safe and reliable operation, reduce the operator’s
operation intensity, improve the stability and reliability
of the whole system, capable of reducing the risk of
accidents, and capable of achieving the best loader
operating state. It can meet the operational needs of
loaders of different sizes and types, and has a wide range
of application prospects.
[0091] FIG. 5 is a schematic structure diagram of a
loader controller according to some embodiments of the
present disclosure, which comprises a determination
module 510 and a control module 520.
[0092] The determination module 510 is configured to
determine whether a wheel of the loader slips when the
loader is performing a shoveling and digging operation.
[0093] In some embodiments, the actual travel speed
and the wheel speed of the loader are acquired; the slip
rate of the wheel is determined based on the actual travel
speed and the wheel speed; it is determined that the
wheel of the loader slips in a case where the slip rate is
greater than the second threshold; and it is determined
that the wheel of the loader does not slip in a case where
the slip rate is less than or equal to the second threshold.
[0094] For example, the actual travel speed is obtained
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using a GPS sensor. The wheel speed is obtained using
the wheel speed sensor; or the wheel speed is deter-
mined based on the gear signal of the loader.
[0095] The control module 520 is configured to control
a drive motor to reduce output torque and controlling a
boom to lift in a case where the wheel of the loader slips.
[0096] In some embodiments, the drive motor is con-
trolled to reduce the output torque to a first torque; the
drive motor is controlled to reduce the output torque to a
torque threshold, in a case where the wheel of the loader
still slips after the output torque of the drive motor is
reduced to the first torque and the boom is lifted to a
highest position.
[0097] A torque reduction coefficient is determined
according to a slip rate of the wheel; the first torque is
determined according to the torque reduction coefficient
and a requested torque; and the output torque of the drive
motor is reduced according to the first torque.
[0098] In some embodiments, the control module 520
is further configured to control a gearbox to downshift to
obtain a decrease in travel speed in response to a sho-
veling and digging operation request, in a case where the
wheel of the loader still slips after reducing the output
torque of the drive motor and lifting the boom.
[0099] The control module 520 is further configured to
control the boom to descend before controlling the gear-
box to downshift; and control the drive motor to reduce
the output torque and controlling the boom to lift, in a case
where the wheel of the loader still slips after the gearbox
is controlled to downshift and the number of drive motor
output torque reductions and boom lifts is less than a first
threshold.
[0100] In some embodiments, a boom cylinder is con-
trolled to extend to lift the boom based on an opening
current of a control valve of the boom cylinder. Thus, the
risk of tire wear and machine damage can be reduced,
which can reduce maintenance and downtime and im-
prove the efficiency of the loader.
[0101] In the above embodiment, in a case where the
loader experiences wheel slip, the drive motor is con-
trolled to reduce the output torque and the boom is
controlled to lift, which solves the problem of wheel slip
that may occur on an Full electric loader during excava-
tion, thereby reducing the occurrence of motor controller
failure and ensuring smooth operation of the loader.
[0102] FIG. 6 is a schematic structural diagram of a
loader controller according to other embodiments of the
present disclosure. The loader controller 600 comprises
a memory 610 and a processor 620, wherein the memory
610 may be a magnetic disk, flash memory or any other
non-volatile storage medium. The memory 610 is con-
figured to store instructions of the above embodiment.
The processor 620 is coupled to the memory 610 and
may be implemented as one or more integrated circuits,
such as a microprocessor or microcontroller. The pro-
cessor 620 is configured to execute the instructions
stored in the memory.
[0103] In some embodiments, the processor 620 is

coupled to the memory 610 via a bus 630. The controller
600 may be further connected to an external storage
device 650 through a storage interface 640 to access
external data, and may be further connected to a network
or another computer system (not shown) through a net-
work interface 660, which will not be described in detail
herein.
[0104] In this embodiment, data and instructions are
stored in the memory and processed by the processor to
reduce the risk of wheel slip and improve the operational
efficiency and safety of the loader in various terrains and
working conditions.
[0105] FIG. 7 is a schematic structural diagram of a
system for controlling a loader according to some embo-
diments of the present disclosure. The loader control
system comprises the loader controller 600 of the above
embodiment, as well as an electric drive system 710 and
a working hydraulic device 720. The loader controller 600
serves as a signal processing device of the entire system
and is the main device for managing and processing data
provided by sensors. The loader controller 600 has been
described in detail in the above embodiment and will not
be further described here.
[0106] The electric drive system 710 is configured to
control a motor to reduce the torque based on an instruc-
tion from the loader controller to reduce the output torque
of the drive motor.
[0107] The electric drive system consists of a motor
and a motor controller, which is configured to provide
power for the loader. The motor controller responds to the
torque request signal sent by the loader controller via a
CAN bus and feeds back a motor speed to the loader
controller via the CAN bus. The output shaft of the motor
is connected to the input shaft of a gearbox via a spline to
transmit power to the front and rear axles to drive the
vehicle.
[0108] The working hydraulic device 720 is configured
to control a boom cylinder to extend to lift the boom
according to an instruction from the loader controller to
control the boom to lift.
[0109] The working hydraulic device is equipped with a
multi-way valve that receives a current signal from the
loader controller. By controlling the degree of opening of
the valve, the flow rate of the hydraulic system is con-
trolled to achieve the extension and retraction of a boom
cylinder and a bucket cylinder. The working hydraulic
device and a steering hydraulic system share a large
displacement gear pump.
[0110] In the above embodiment, the electric drive
system and the working hydraulic device cooperate with
each other to automatically adjust the torque output and
boom lifting of the loader, thereby reducing the risk of
wheel slip and the risk of accidents, minimizing the oc-
currence of engine controller failure, and ensuring
smooth operation of the loader.
[0111] In some embodiments of the present disclosure,
as shown in FIG. 8, the system for controlling the loader
further comprises a gearbox actuator 810 downshift the
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gearbox based on an instruction from the loader con-
troller to downshift the gearbox.
[0112] The full electric loaders usually do not have
gearboxes that can be found in traditional fuel loaders.
Instead, a transmission system is directly driven by an
electric motor, which is structurally simple and easy to
implement. In this embodiment, the gearbox is intro-
duced into the control system to adjust and optimize
the efficiency allocation of the motor. By adjusting the
speed ratio, the operating point of the motor is in a high-
efficiency range for more situations, which can save
motor cost, improve performance advantages, and better
meet the requirements of climbing. Adjusting the speed
and the torque output of the loader through the gearbox
not only gives the loader more flexible speed adjustment
capabilities, but also improves transmission efficiency,
making power distribution and utilization more flexible
and efficient.
[0113] In some embodiments, the system for control-
ling the loader further comprises a GPS sensor 820
configured to send a signal related to an actual travel
speed of the loader to the loader controller.
[0114] The GPS sensor is mounted on the top of the
loader to obtain the actual travel speed of the loader, and
sends the obtained data to the loader controller to de-
termine whether the wheel of the loader slips. The GPS
sensor can also transmit a frequency signal that has a
corresponding relationship with the vehicle speed.
Based on this correspondence, the loader controller
can evaluate the actual travel speed of the loader.
[0115] In some embodiments, the system for control-
ling the loader further comprises a wheel speed sensor
830 configured to send a signal related to the wheel
speed to the loader controller.
[0116] The wheel speed sensor is mounted on one side
of the wheel to obtain a real-time wheel speed and send
the obtained data to the loader controller to determine
whether the wheel of the loader slips.
[0117] By determining whether the wheel of the loader
slips and applying an appropriate control strategy when
wheel slip occurs, the risk of wheel slip, tire wear and
machine damage can be reduced, thereby reducing
maintenance and downtime and improving the efficiency
of the loader. In addition, the use of intelligent control
algorithms and real-time adjustment of motor torque out-
put can reduce energy waste caused by idle power during
slipping, reduce energy consumption for material trans-
port, and save operating costs.
[0118] In other embodiments of the present disclosure,
a loader is also provided, which is an electric loader,
specifically a wheeled electric loader. The loader com-
prises the loader controller or the system for controlling
the loader described in the above embodiments, which
can prevent or reduce wheel slip, improve the loader’s
traction and increase its stability.
[0119] In other embodiments, there is provided a com-
puter-readable storage medium stored thereon compu-
ter program instructions that, when executed by a pro-

cessor, implement the steps of the method of the above
embodiment. One skilled in the art should understand
that, the embodiments of the present disclosure may be
provided as a method, an apparatus, or a computer
program product. Therefore, embodiments of the present
disclosure can take the form of an entirely hardware
embodiment, an entirely software embodiment or an
embodiment containing both hardware and software ele-
ments. Moreover, the present disclosure may take the
form of a computer program product embodied on one or
more computer-usable non-transitory storage media
(comprising but not limited to disk storage, CD-ROM,
optical storage device, etc.) having computer-usable
program code embodied therein.
[0120] The present disclosure is described with refer-
ence to flowcharts and/or block diagrams of methods,
apparatuses (systems) and computer program products
according to embodiments of the present disclosure. It
should be understood that each process and/or block in
the flowcharts and/or block diagrams, and combinations
of the processes and/or blocks in the flowcharts and/or
block diagrams may be implemented by computer pro-
gram instructions. The computer program instructions
may be provided to a processor of a general purpose
computer, a special purpose computer, an embedded
processor, or other programmable data processing ap-
paratus to generate a machine such that the instructions
executed by a processor of a computer or other program-
mable data processing apparatus to generate means
implementing the functions specified in one or more flows
of the flowcharts and/or one or more blocks of the block
diagrams.
[0121] The computer program instructions may also be
stored in a computer readable storage device capable of
directing a computer or other programmable data pro-
cessing apparatus to operate in a specific manner such
that the instructions stored in the computer readable
storage device produce an article of manufacture includ-
ing instruction means implementing the functions speci-
fied in one or more flows of the flowcharts and/or one or
more blocks of the block diagrams.
[0122] These computer program instructions can also
be loaded onto a computer or other programmable de-
vice to perform a series of operation steps on the com-
puter or other programmable device to generate a com-
puter-implemented process such that the instructions
executed on the computer or other programmable device
provide steps implementing the functions specified in one
or more flows of the flowcharts and/or one or more blocks
of the block diagrams.
[0123] According to some embodiments of the present
disclosure, there is further provided a computer program,
comprising: instructions that, when executed by a pro-
cessor, cause the processor to execute the method for
controlling loader described above.
[0124] Heretofore, the present disclosure has been
described in detail. In order to avoid obscuring the con-
cepts of the present disclosure, some details known in the
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art are not described. Based on the above description,
those skilled in the art can understand how to implement
the technical solutions disclosed herein.
[0125] Although some specific embodiments of the
present disclosure have been described in detail by
way of example, those skilled in the art should under-
stand that the above examples are only for the purpose of
illustration and are not intended to limit the scope of the
present disclosure. It should be understood by those
skilled in the art that the above embodiments may be
modified without departing from the scope and spirit of
the present disclosure. The scope of the disclosure is
defined by the following claims.

Claims

1. A method for controlling a loader, comprising:

determining whether a wheel of the loader slips
when the loader is performing a shoveling and
digging operation; and
controlling a drive motor to reduce output torque
and controlling a boom to lift in a case where the
wheel of the loader slips.

2. The method for controlling the loader according to
claim 1, further comprising:
controlling a gearbox to downshift to obtain a de-
crease in travel speed in response to a shoveling and
digging operation request, in a case where the wheel
of the loader still slips after reducing the output
torque of the drive motor and lifting the boom.

3. The method for controlling the loader according to
claim 2, further comprising:

controlling the boom to descend before control-
ling the gearbox to downshift; and
controlling the drive motor to reduce the output
torque and controlling the boom to lift, in a case
where the wheel of the loader still slips after the
gearbox is controlled to downshift and the num-
ber of drive motor output torque reductions and
boom lifts is less than a first threshold.

4. The method for controlling the loader according to
any one of claims 1 to 3, wherein the controlling the
drive motor to reduce output torque comprises:

controlling the drive motor to reduce the output
torque to a first torque; and
controlling the drive motor to reduce the output
torque to a torque threshold, in a case where the
wheel of the loader still slips after the output
torque of the drive motor is reduced to the first
torque and the boom is lifted to a highest posi-
tion.

5. The method for controlling the loader according to
claim 4, wherein the controlling the drive motor to
reduce the output torque to a first torque comprises:

determining a torque reduction coefficient ac-
cording to a slip rate of the wheel;
determining the first torque according to the
torque reduction coefficient and a requested
torque; and
reducing the output torque of the drive motor
according to the first torque.

6. The method for controlling the loader according to
any one of claims 1 to 5, wherein the controlling the
boom to lift comprises:
controlling a boom cylinder to extend to lift the boom
based on an opening current of a control valve of the
boom cylinder.

7. The method for controlling the loader according to
any one of claims 1 to 6, further comprising:
controlling the loader to perform an unloading opera-
tion in response to an unloading request, in a case
where the loader still has wheel slip after reducing
the output torque of the drive motor and lifting the
boom.

8. The method for controlling the loader according to
any one of claims 1 to 7, wherein the determining
whether the wheel of the loader slips when the loader
is performing the shoveling and digging operation
comprises:

obtaining an actual travel speed and a wheel
speed of the loader;
determining a slip rate of the wheel based on the
actual travel speed and the wheel speed;
determining that the wheel of the loader slips in a
case where the slip rate is greater than a second
threshold; and
determining that the wheel of the loader does not
slip in a case where the slip rate is less than or
equal to the second threshold.

9. The method for controlling the loader according to
claim 8, wherein:
obtaining the actual travel speed of the loader com-
prises:

obtaining the actual travel speed using a global
positioning system (GPS) sensor; and
obtaining the wheel speed comprises:

obtaining the wheel speed using a wheel
speed sensor; or
determining the wheel speed based on a
gear signal of the loader.
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10. A loader controller, comprising:

a determination module configured to determine
whether a wheel of the loader slips when the
loader is performing a shoveling and digging
operation; and
a control module configured to control a drive
motor to reduce output torque and control a
boom to lift in a case where the wheel of the
loader slips.

11. A loader controller, comprising:

a memory; and
a processor coupled to the memory, the proces-
sor configured to, based on instructions stored in
the memory, carry out the method for controlling
loader according to any one of claims 1 to 9.

12. A system for controlling a loader, comprising:

the loader controller according to claim 10 or 11;
an electric drive system configured to control a
motor to reduce torque based on an instruction
from the loader controller to reduce the output
torque of the drive motor; and
a working hydraulic device configured to control
a boom cylinder to extend to lift the boom ac-
cording to an instruction from the loader con-
troller to control the boom to lift.

13. The system for controlling the loader according to
claim 12, further comprising at least one of

a gearbox actuator configured to downshift a
gearbox based on an instruction from the loader
controller to downshift the gearbox;
a global positioning system (GPS) sensor con-
figured to send a signal related to an actual travel
speed of the loader to the loader controller; or
a wheel speed sensor configured to send a
signal related to a wheel speed to the loader
controller.

14. A loader, comprising:

the loader controller according to claim 10 or 11;
or
the system for controlling the loader according to
claim 12 or 13.

15. A computer-readable storage medium stored there-
on computer program instructions that, when exe-
cuted by a processor, implement the method for
controlling loader according to any one of claims 1
to 9.

16. A computer program, comprising:

instructions that, when executed by a processor,
cause the processor to perform the method for con-
trolling loader according to any one of claims 1 to 9.
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