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of the initial super-lift luffing winch control current (103); initial main luffing winch control current, and control
during the movement of the super-lift luffing winch, ac- movement of a super-lift luffing winch according to the initial
quiring the tension of a super-lift mast in real time super-lift luffing winch control current
(104); and on the basis of the tension of the super-lift l s 104
mast, adjusting a main luffing winch control current and Acquire a tension of a super-lift mast in real time during
a super-lift luffing winch control current until the super- movement of the super-lift luffing winch
lift mast moves to a target position (105). Controlling
the movement of a main luffing winch and a super-lift v 2 105
luffing winch by means of a main luffing winch control Adjust a main luffing winch control current and a super-lift
current and a super-lift luffing winch control current re- luffing winch control current according to the tension of the

. . . . super-lift mast until the super-lift mast moves to a target
duces operational difficulties during the processes of -
erecting and lowering a super-lift mast, thus improving position
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the operation precision and efficiency.
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Description
Cross Reference to Related Applications

[0001] The present disclosure claims priority to Chinese Application No. 202311752680.8, filed on December 19,
2023, which is specifical1y and entirely incorporated by reference.

Field of the Invention

[0002] The present disclosure relates to the technical field of engineering machinery, and in particular to a control
method and control system for a super-lift mast, and a controller.

Background of the Invention

[0003] Itis necessary to disassemble and assemble a super-lift mast when a crawler crane with a super-lift device is
disassembled and assembled. The super-lift mast is tied to a main luffing winch and its wire rope, and during move-
ment of the super-lift mast, it is necessary to simultaneously control movement of a super-lift luffing winch to maintain
a super-lift luffing wire rope at an appropriate length. When the super-lift luffing winch wire rope is unwound exces-
sively, the super-lift luffing wire rope and a stay plate of a main boom fall to ground, resulting in damage. When the
super-lift luffing wire rope is unwound insufficiently, the main boom is pulled up, resulting in damage to components
caused by an excessive tension. When the super-lift mast of the crawler crane is erected or lowered, an operator
needs to manually control speeds of movement of the main luffing winch and the super-lift luffing winch according to
stress states of a mast, the super-lift mast, and related stay plates, such that the super-lift mast moves from a lowered
state to an erected state, or from an erected state to a lowered state. Operation efficiency is greatly affected by human
factors, and a movement state of each mechanism is manually recognized. In consequence, a disorderly wire rope of
a luffing mechanism, an excessively-stressed mechanism member, etc. are caused when the movement of each
mechanism is not synchronized. During erecting and lowering of the super-lift mast, it is necessary to simultaneously
operate multiple handles and focus on a state of each mechanism. Manual work is labor-intensive and prone to
misoperations, resulting in an unpredictable result. Thus, the traditional technical solution has high operation difficulty,
low precision, and low efficiency during erecting and lowering of the super-lift mast.

Summary of the Invention

[0004] An objective of embodiments of the present disclosure is to provide a control method and control system for a
super-lift mast, and a controller, so as to solve high operation difficulty, low precision, and low efficiency during erecting
and lowering of a super-lift mast in the prior art.

[0005] In order to achieve the above objective, a first aspect of the present disclosure provides a control method for
a super-lift mast. The control method is applied to a controller, and includes:

acquiring a linear speed relation between a main luffing winch wire rope and a super-lift luffing winch wire rope;
determining an initial main luffing winch control current and an initial super-lift luffing winch control current accord-
ing to the linear speed relation between the main luffing winch wire rope and the super-lift luffing winch wire rope;
controlling movement of a main luffing winch according to the initial main luffing winch control current, and
controlling movement of a super-lift luffing winch according to the initial super-lift luffing winch control current;
acquiring a tension of the super-lift mast in real time during the movement of the super-lift luffing winch; and
adjusting a main luffing winch control current and a super-lift luffing winch control current according to the tension
of the super-lift mast until the super-lift mast moves to a target position.

[0006] In an embodiment of the present disclosure, the determining an initial main luffing winch control current and
an initial super-lift luffing winch control current according to the linear speed relation between the main luffing winch
wire rope and the super-lift luffing winch wire rope includes:

determining a corresponding relation between main luffing pump unit displacement and super-lift pump unit
displacement according to the linear speed relation between the main luffing winch wire rope and the super-lift
luffing winch wire rope; and

determining the initial main luffing winch control current and the initial super-lift luffing winch control current
according to the corresponding relation between the main luffing pump unit displacement and the super-lift pump
unit displacement.
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[0007] In an embodiment of the present disclosure, the linear speed relation between the main luffing winch wire
rope and the super-lift luffing winch wire rope satisfies Formula (1):

‘%’: r, X Lw X sin /(r; X Lm X cosy) (1),

where

Vw is a linear speed of the super-lift luffing winch wire rope, Ve is a linear speed of the main luffing winch wire rope, r,
is a reeving ratio of a super-lift luffing pulley block, Lw is a length of the super-lift mast, B is an angle between the main
luffing winch wire rope and a main luffing mast, r, is a reeving ratio of a main luffing pulley block, Lm is a length of the
main luffing mast, and y is an included angle between the super-lift pulley block and a tangent line of a trajectory circle
of the super-lift mast.

[0008] In an embodiment of the present disclosure, the corresponding relation between the main luffing pump unit
displacement and the super-lift pump unit displacement satisfies Formula (2):

vgw T2 *LwxsinBx(reg +(ne—1)*de*sin§)

),

Vge I1*Lmx*Cosyx* (rw0+(nw—1)*dw*sing)

where

[0009] Vgw is the super-lift pump unit displacement, Vge is the main luffing pump unit displacement, r, is a reeving
ratio of a super-lift luffing pulley block, Lw is a length of the super-lift mast,  is an angle between the main luffing winch
wire rope and a main luffing mast, r, is a reeving ratio of a main luffing pulley block, Lm is a length of the main luffing
mast, y is an included angle between the super-lift pulley block and a tangent line of a trajectory circle of the super-lift
mast, d is a diameter of the wire rope, and n is a number of layers of the wire rope.

[0010] In an embodiment of the present disclosure, the adjusting a main luffing winch control current and a super-lift
luffing winch control current according to the tension of the super-lift mast until the super-lift mast moves to a target
position includes:

determining whether the tension of the super-lift mast satisfies a preset value;

updating the initial main luffing winch control current and the initial super-lift luffing winch control current sepa-
rately according to the tension of the super-lift mast, a target value of the tension of the super-lift mast, and a
movement state of the super-lift mast in a case that the tension of the super-lift mast does not satisfy the preset
value; and

controlling the super-lift mast to move to the target position in a case that the tension of the super-lift mast satisfies
the preset value.

[0011] In an embodiment of the present disclosure, the updating the main luffing winch control current and the
super-lift luffing winch control current separately according to the tension of the super-lift mast, a target value of the
tension of the super-lift mast, and a movement state of the super-lift mast in a case that the tension of the super-lift
mast does not satisfy the preset value includes:

determining a difference between the tension of the super-lift mast and the target value of the tension of the super-
lift mast;

determining a difference between the initial main luffing winch control current and an adjusting current as an
updated main luffing winch control current and determining the sum of the initial super-lift luffing winch control
current and an adjusting current as an updated super-lift luffing winch control current in a case that the movement
state of the super-lift mast is an erected state and the difference is greater than zero;

determining the sum of the initial main luffing winch control current and an adjusting current as an updated main
luffing winch control current and determining a difference between the initial super-lift luffing winch control current
and an adjusting current as an updated super-lift luffing winch control current in a case that the movement state of
the super-lift mast is an erected state and the difference is less than zero;

determining the sum of the initial main luffing winch control current and an adjusting current as an updated main
luffing winch control current and determining a difference between the initial super-lift luffing winch control current
and an adjusting current as an updated super-lift luffing winch control current in a case that the movement state of
the super-lift mast is a lowered state and the difference is greater than zero; and

determining a difference between the initial main luffing winch control current and an adjusting current as an
updated main luffing winch control current and determining the sum of the initial super-lift luffing winch control
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current and an adjusting current as an updated super-lift luffing winch control current in a case that the movement
state of the super-lift mast is a lowered state and the difference is less than zero.

[0012] In an embodiment of the present disclosure, the controller communicates with a tension collection device,
and the acquiring a tension of the super-lift mast in real time during the movement of the super-lift luffing winch
includes:

receiving the tension of the super-lift mast sent by the tension collection device.

[0013] A second aspect of the present disclosure provides a controller. The controller includes: a memory configured
to store an instruction; and

a processor configured to invoke the instruction from the memory and implement, when executing the instruction, the
control method for a super-lift mast according to the above.

[0014] A third aspect of the present disclosure provides a control system for a super-lift mast. The control system
includes:

the controller according to the above; and
a tension collection device communicating with the controller and configured to acquire a tension of the super-lift
mast.

[0015] A fourth aspect of the present disclosure provides a machine-readable storage medium. The machine-read-
able storage medium stores an instruction, where the instruction is configured to cause a machine to perform the
control method for a super-lift mast according to the above.

[0016] According to the above technical solution, the linear speed relation between the main luffing winch wire rope
and the super-lift luffing winch wire rope is acquired to determine the initial main luffing winch control current and the
initial super-lift luffing winch control current; the movement of the main luffing winch is controlled according to the initial
main luffing winch control current, and the movement of the super-lift luffing winch is controlled according to the initial
super-lift luffing winch control current; the tension of the super-lift mast is acquired in real time during the movement of
the super-lift luffing winch; and the main luffing winch control current and the super-lift luffing winch control current are
adjusted according to the tension of the super-lift mast until the super-lift mast moves to the target position. Thus, a
mechanism can be automatically controlled to act, operation difficulty during erecting and lowering of the super-lift
mast is reduced, and operation precision and efficiency are improved.

[0017] Other features and advantages of the embodiments of the present disclosure will be described in detail in the
following particular implementation.

Brief Description of Drawings

[0018] The accompanying drawings serve to provide further understanding of the embodiments of the present
disclosure, constitute part of the description, and serve to explain the embodiments of the present disclosure together
with the following particular implementations instead of limiting the embodiments of the present disclosure. In the
figures,

FIG. 1 schematically shows a flowchart of a control method for a super-lift mast according to an embodiment of
the present disclosure;

FIG. 2 schematically shows a schematic diagram of calculation of a luffing angular speed according to a particular
embodiment of the present disclosure;

FIG. 3 schematically shows a schematic diagram of calculation of an angle y according to a particular embodiment
of the present disclosure;

FIG. 4 schematically shows a flowchart of a control method for a super-lift mast according to a particular embodi-
ment of the present disclosure;

FIG. 5 schematically shows a structural block diagram of a controller according to an embodiment of the present
disclosure;

FIG. 6 schematically shows a structural diagram of a control system for a super-lift mast according to an embodi-
ment of the present disclosure;

FIG. 7 schematically shows a structural diagram of tension control of a super-lift mast with an angle less than 86°
according to a particular embodiment of the present disclosure;

FIG. 8 schematically shows a structural diagram of tension control of a super-lift mast with an angle greater than
86° and less than 94° according to a particular embodiment of the present disclosure; and

FIG. 9 schematically shows a structural diagram of tension control of a super-lift mast with an angle greater than
94° according to a particular embodiment of the present disclosure.
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[0019] In the figures, 610, controller; and 620, tension collection device.
Detailed Description of the Embodiments

[0020] In order to make the objectives, the technical solutions and the advantages of the embodiments of the
present disclosure clearer, the technical solutions in the embodiments of the present disclosure will be clearly and
completely described below in combination with the accompanying drawings in the embodiments of the present
disclosure. It should be understood that the particular implementations described herein are merely used for describ-
ing and explaining the embodiments of the present disclosure and are not intended to limit the embodiments of the
present disclosure. Based on the embodiments in the present disclosure, all other embodiments derived by those of
ordinary skill in the art without creative efforts fall within the scope of protection of the present disclosure.

[0021] It should be noted that if involved in the embodiments of the present disclosure, the directional indications
(such as upper, lower, left, right, front, rear...) are merely used for explaining the relative position relations and motion
situations between components in a specific posture (as shown in the figures). If the specific posture is changed, the
directional indications are also changed accordingly.

[0022] In addition, if the descriptions of "first", "second", etc. are involved in the embodiments of the present
disclosure, the descriptions of "first", "second", etc. are merely for descriptive purposes and are not to be construed
as indicating or implying their relative importance or implicitly specifying the number of indicated technical features.
Thus, a feature defined with "first" or "second" can explicitly or implicitly include at least one of the features. In addition,
the technical solutions of the embodiments can be combined with one another, but are necessarily based on the
achievement of those of ordinary skill in the art. When the combination of the technical solutions is contradictory or
impossible to implement, it should be considered that such a combination of the technical solutions does not exist and
does not fall within the scope of protection of the present disclosure.

[0023] FIG. 1 schematically shows a flowchart of a control method for a super-lift mast according to an embodiment
of the present disclosure. As shown in FIG. 1, a control method for a super-lift mast is provided in an embodiment of
the present disclosure. The method may include:

Step 101, a linear speed relation between a main luffing winch wire rope and a super-lift luffing winch wire rope is
acquired;

Step 102, an initial main luffing winch control current and an initial super-lift luffing winch control current are
determined according to the linear speed relation between the main luffing winch wire rope and the super-lift
luffing winch wire rope;

Step 103, movement of a main luffing winch is controlled according to the initial main luffing winch control current,
and movement of a super-lift luffing winch is controlled according to the initial super-lift luffing winch control
current;

Step 104, a tension of the super-lift mast is acquired in real time during the movement of the super-lift luffing
winch; and

Step 105, a main luffing winch control current and a super-lift luffing winch control current are adjusted according
to the tension of the super-lift mast until the super-lift mast moves to a target position.

[0024] In an embodiment of the present disclosure, movement of the super-lift mast is controlled by the main luffing
winch and the main luffing winch wire rope. During the movement of the super-lift mast, the movement of the super-lift
luffing winch needs to be controlled simultaneously, such that the super-lift luffing wire rope is at an appropriate length.
When the super-lift luffing winch wire rope is unwound excessively, the super-lift luffing wire rope and a stay plate of a
main boom fall to ground, resulting in damage. When the super-lift luffing wire rope is unwound insufficiently, the main
boom is pulled up, resulting in damage to components caused by an excessive tension. Thus, an appropriate tension
needs to be applied to the super-lift mast to control the movement of the super-lift mast.

[0025] During the movement of the super-lift mast, the main luffing winch wire rope and the super-lift luffing winch
wire rope move synchronously. Moreover, the main luffing winch control current and the super-lift luffing winch control
current affect a speed of the main luffing winch wire rope and a speed of the super-lift luffing winch wire rope, and the
speed of the main luffing winch wire rope and the speed of the super-lift luffing winch wire rope affect the tension of the
super-lift mast. Thus, when the super-lift mast is controlled, the linear speed relation between the main luffing winch
wire rope and the super-lift luffing winch wire rope is acquired first. Then, the initial main luffing winch control current
and the initial super-lift luffing winch control current may be determined separately according to the linear speed
relation between the main luffing winch wire rope and the super-lift luffing winch wire rope. The initial main luffing
winch control current and the initial super-lift luffing winch control current refer to basic currents obtained through
calculation. A main luffing mast and the super-lift mast may move according to the initial main luffing winch control
current and the initial super-lift luffing winch control current. Moreover, during the movement, the control current is fed
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back according to the tension, and the tension of the super-lift mast is obtained.

[0026] After the initial main luffing winch control current and the initial super-lift luffing winch control current are
obtained, the initial main luffing winch control current and the initial super-lift luffing winch control current are input into
a control system separately, the movement of the main luffing winch is controlled according to the initial main luffing
winch control current, and the movement of the super-lift luffing winch is controlled according to the initial super-lift
luffing winch control current. The tension of the super-lift mast may be acquired in real time during the movement of
the super-lift luffing winch. The main luffing winch control current and the super-lift luffing winch control current are
adjusted in real time according to the tension of the super-lift mast acquired in real time until the super-lift mast moves
to the target position.

[0027] According to the above technical solution, the linear speed relation between the main luffing winch wire rope
and the super-lift luffing winch wire rope is acquired to determine the initial main luffing winch control current and the
initial super-lift luffing winch control current; the movement of the main luffing winch is controlled according to the initial
main luffing winch control current, and the movement of the super-lift luffing winch is controlled according to the initial
super-lift luffing winch control current; the tension of the super-lift mast is acquired in real time during the movement of
the super-lift luffing winch; and the main luffing winch control current and the super-lift luffing winch control current are
adjusted according to the tension of the super-lift mast until the super-lift mast moves to the target position. Thus, a
mechanism can be automatically controlled to act, operation difficulty during erecting and lowering of the super-lift
mast is reduced, and operation precision and efficiency are improved.

[0028] In an embodiment of the present disclosure, the step that an initial main luffing winch control current and an
initial super-lift luffing winch control current are determined according to the linear speed relation between the main
luffing winch wire rope and the super-lift luffing winch wire rope may include:

a corresponding relation between main luffing pump unit displacement and super-lift pump unit displacement is
determined according to the linear speed relation between the main luffing winch wire rope and the super-lift
luffing winch wire rope; and

the initial main luffing winch control current and the initial super-lift luffing winch control current are determined
according to the corresponding relation between the main luffing pump unit displacement and the super-lift pump
unit displacement.

[0029] Specifically, the initial main luffing winch control current and the initial super-lift luffing winch control current
may be determined according to the linear speed relation between the main luffing winch wire rope and the super-lift
luffing winch wire rope. The corresponding relation between the main luffing pump unit displacement and the super-lift
pump unit displacement may be determined according to the linear speed relation between the main luffing winch wire
rope and the super-lift luffing winch wire rope. In a case that linear speeds are known, the main luffing pump unit
displacement and the super-lift pump unit displacement may be determined separately according to a rotating speed
of an engine, a speed reduction ratio of a transfer case, current pump unit displacement of a pump, current motor
displacement of a motor, a speed reduction ratio of a speed reducer, volumetric efficiency of the pump, and volumetric
efficiency of the motor. Then, the initial main luffing winch control current and the initial super-lift luffing winch control
current are determined according to the corresponding relation between the main luffing pump unit displacement and
the super-lift pump unit displacement. A corresponding relation between pump unit displacement and a current is a
fixed attribute of a crane. According to the linear speed relation between the main luffing winch wire rope and the
super-lift luffing winch wire rope, the initial main luffing winch control current and the initial super-lift luffing winch
control current are determined to control the super-lift mast to move and obtain the tension of the super-lift mast.
[0030] In an embodiment of the present disclosure, the linear speed relation between the main luffing winch wire
rope and the super-lift luffing winch wire rope may satisfy Formula (1):

“’/_Vef= r, Xx Lw X sin 3 /(r; X Lm X cosy) (1),

where

Vw is a linear speed of the super-lift luffing winch wire rope, Ve is a linear speed of the main luffing winch wire rope, r,
is a reeving ratio of a super-lift luffing pulley block, Lw is a length of the super-lift mast, B is an angle between the main
luffing winch wire rope and a main luffing mast, r, is a reeving ratio of a main luffing pulley block, Lm is a length of the
main luffing mast, and y is an included angle between the super-lift pulley block and a tangent line of a trajectory circle
of the super-lift mast.

[0031] Specifically, the linear speed relation between the main luffing winch wire rope and the super-lift luffing winch

. L Vw . . .
wire rope satisfies a formula == = T X Lw X sin3 /(r; X Lm X cosy) . Vwis alinear speed of the super-
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lift luffing winch wire rope, and Ve is a linear speed of the main luffing winch wire rope. FIG. 2 schematically shows a
schematic diagram of calculation of a luffing angular speed according to a particular embodiment of the present
disclosure. As shown in FIG. 2, a calculation method for a luffing angular speed is provided in an embodiment of the
present disclosure. In a calculation process, a coordinate system may be established according to a center of rotation,
and hinge point coordinates (Ax, Ay) of a luffing pulley block and hinge point coordinates (Cx, Cy) of a bottom of a
mast may be acquired separately. Hinge point coordinates (Bx, By) of a top point of the mast may be calculated based
on an angle of the mast and a length of the mast. An angle B between a luffing wire rope and the mast may be
determined by knowing three-point coordinates of a triangle, and an angular speed ® of the mast may be further
determined, i.e. ® = (Ve X sin ) = Lm + r1. Lm is the length of the mast, r, is a reeving ratio of the luffing pulley block,
and an angular speed of a super-lift mast is consistent with the angular speed of the mast, and is also . A linear
speed Vt of a head of the super-lift mast and a speed Vw of a super-lift luffing wire rope are calculated through the
angular speed of the mast, i.e. Vt = ® X Lw and Vw = (Vt + cos y) X r2. y is an included angle between the super-lift
pulley block and a tangent line of a trajectory circle of the super-lift mast, and r, is a reeving ratio of the super-lift luffing
pulley block.

[0032] In an embodiment of the present disclosure, data may be collected through a sensor. For example, angle
sensors may be mounted on the mast and the super-lift mast to detect angles of the mast and the super-lift mast. A
tension sensor may further be mounted between the super-lift mast and a stay plate of a main boom to detect a
tension.

[0033] FIG. 3 schematically shows a schematic diagram of calculation of an angle y according to a particular
embodiment of the present disclosure. As shown in FIG. 3, a calculation method for an angle vy is provided in the
embodiment of the present disclosure. Vertex coordinates (Dx, Dy) of a super-lift mast may be calculated through a
length of the super-lift mast and an angle of the super-lift mast. Vertex coordinates (Ex, Ey) of a stay plate of a main
boom are known parameters, and the angle 6, of the super-lift mast may be measured by an angle sensor. An
included angle 6, between a super-lift luffing wire rope and a horizontal direction may be calculated based on (Dx,

Dy—E
Dy) and (Ex, Ey), i.e. 8, = tanh(u) . Further, an included angle y =1 —68; — 0, —g between a

Ex—Dx
super-lift pulley block and a tangent line of a trajectory circle of the super-lift mast may be obtained. Finally, a relational
Vw .
expression Vo =TI,; X Lw X sin B /(F1 X Lm X co SY) between a luffing winch linear speed and a super-

lift luffing linear speed based on the angle of the mast may be obtained.
[0034] In an embodiment of the present disclosure, the corresponding relation between the main luffing pump unit
displacement and the super-lift pump unit displacement may satisfy Formula (2):

vgw_ rzxLws=sin Bx(req +(ne—1)*de*sin§)

),

Vge Tri*Lm=cosy= (rw0+(nw—1)*dw*sing)

where

ng is the super-lift pump unit displacement, Vge is the main luffing pump unit displacement, r, is a reeving ratio of a
super-lift luffing pulley block, Lw is a length of the super-lift mast, B is an angle between the main luffing winch wire
rope and a main luffing mast, r, is a reeving ratio of a main luffing pulley block, Lm is a length of the main luffing mast, y
is an included angle between the super-lift pulley block and a tangent line of a trajectory circle of the super-lift mast, d
is a diameter of the wire rope, and n is a number of layers of the wire rope.

[0035] Specifically, the corresponding relation between the main luffing pump unit displacement and the super-lift

pump unit displacement satisfies the formula Vaw rz*Lw*sinB*(reO+(ne—1)*de*sin§) .ng is the super-lift pump

Vge r1*Lm*cosy*(rw0+(nw—1)*dw*sing)
unit displacement, and Vge is the main luffing pump unit displacement. A linear speed of a winch is equal to a winding

radius of a main luffing winch multiplied by the angular speed. r =r, + (n —1) X d X sin g . Iy is a bottom

diameter of a roller, d is the diameter of the wire rope, and n is a number of layers of the wire rope. Thus, a rotating
speed V = (((s/n4 X Vgpump) / ngotor) I mp) X M3 X ny X 27 of the winch may be determined. s is a rotating speed of an
engine, 4 is a speed reduction ratio of a transfer case, Vg, is current pump unit displacement, Vo, is current
motor displacement, n, is a speed reduction ratio of a speed reducer, 15 is volumetric efficiency of a pump, and n, is
volumetric efficiency of a motor. Finally, the corresponding relation between the main luffing pump unit displacement
and the super-lift pump unit displacement may be obtained.

[0036] In an embodiment of the present disclosure, the step that a main luffing winch control current and a super-lift
luffing winch control current are controlled according to the tension of the super-lift mast until the super-lift mast moves
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to a target position may include:

whether the tension of the super-lift mast satisfies a preset value is determined;

the initial main luffing winch control current and the initial super-lift luffing winch control current are updated
separately according to the tension of the super-lift mast, a target value of the tension of the super-lift mast, and
a movement state of the super-lift mast in a case that the tension of the super-lift mast does not satisfy the preset
value; and

the super-lift mast is controlled to move to the target position in a case that the tension of the super-lift mast
satisfies the preset value.

[0037] Specifically, after the initial main luffing winch control current and the initial super-lift luffing winch control
current are obtained, the movement of the main luffing winch may be controlled according to the initial main luffing
winch control current, and the movement of the super-lift luffing winch may be controlled according to the initial super-
lift luffing winch control current. The tension of the super-lift mast may be acquired in real time during the movement of
the super-lift luffing winch. Whether the tension of the super-lift mast satisfies the preset value is determined. The
preset value is a preset tension value that may make the super-lift mast move normally. The initial main luffing winch
control current and the initial super-lift luffing winch control current are updated separately according to the tension of
the super-lift mast, the target value of the tension of the super-lift mast, and the movement state of the super-lift mast
in a case that the tension of the super-lift mast does not satisfy the preset value. The super-lift mast is controlled to
move to the target position in a case that the tension of the super-lift mast satisfies the preset value.

[0038] In an embodiment of the present disclosure, the step that the main luffing winch control current and the
super-lift luffing winch control current are updated separately according to the tension of the super-lift mast, a target
value of the tension of the super-lift mast, and a movement state of the super-lift mast in a case that the tension of the
super-lift mast does not satisfy the preset value may include:

a difference between the tension of the super-lift mast and the target value of the tension of the super-lift mast is
determined;

a difference between the initial main luffing winch control current and an adjusting current is determined as an
updated main luffing winch control current and the sum of the initial super-lift luffing winch control current and an
adjusting current is determined as an updated super-lift luffing winch control current in a case that the movement
state of the super-lift mast is an erected state and the difference is greater than zero;

the sum of the initial main luffing winch control current and an adjusting current is determined as an updated main
luffing winch control current and a difference between the initial super-lift luffing winch control current and an
adjusting current is determined as an updated super-lift luffing winch control current in a case that the movement
state of the super-lift mast is an erected state and the difference is less than zero;

the sum of the initial main luffing winch control current and an adjusting current is determined as an updated main
luffing winch control current and a difference between the initial super-lift luffing winch control current and an
adjusting current is determined as an updated super-lift luffing winch control current in a case that the movement
state of the super-lift mast is a lowered state and the difference is greater than zero; and

a difference between the initial main luffing winch control current and an adjusting current is determined as an
updated main luffing winch control current and the sum of the initial super-lift luffing winch control current and an
adjusting current is determined as an updated super-lift luffing winch control current in a case that the movement
state of the super-lift mast is a lowered state and the difference is less than zero.

[0039] Specifically, the main luffing winch control current and the super-lift luffing winch control current are updated
separately according to the tension of the super-lift mast, the target value of the tension of the super-lift mast, and the
movement state of the super-lift mast in a case that the tension of the super-lift mast does not satisfy the preset value.
The movement of the super-lift mast may include erecting the super-lift mast and lowering the super-lift mast. It is
defined that a tension of F, is F,,i, at a tensioned state of a stay plate when the super-lift mast is at 90°, and the
tension of F, is 5, Wwhen a boom is lifted at 0°. F,,;, and F,,,, are parameters related to weight of the stay plate of
the main boom, and may be acquired through a test method. An F, tension control target is staged according to the
angle of the super-lift mast and set according to a range. A maximum tension of F, is controlled to be less than Fy,i,
by erecting or lowering the super-lift mast in a case that an angle between the super-lift mast and the front is less than
86°. In a case that the super-lift mast is turned over vertically (that is, the angle between the super-lift mast and the
front is between 86° and 94°), when the super-lift mast is erected, it is necessary to maintain the super-lift mast and
the stay plate of the main boom tensioned to prevent the super-lift mast from falling freely when the super-lift mast is
turned over 90°. Thus, a minimum tension of F, is controlled to be greater than F,,, and less than the maximum
tension F,,., When the main boom is pulled up. When the super-lift mast is lowered, the main boom is pulled by the
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super-lift mast to control F, to be equal to F,;,. The maximum tension of F, is controlled to be greater than F,;, and
less than F,,,, by erecting or lowering the super-lift mast in a case that the angle between the super-lift mast and the
front is greater than 94°.

[0040] From the above calculation, Fj i3t value May be obtained, and Fy, 41 vaiye is measured by a tension sensor.
AF may be obtained by subtraction of F 546t vaiue @A F2 actual vaiue- A control strategy for the current under different
cases is shown in Table 1:

Table 1
Serial number Item AF Main luffing Super-lift luffing
1 Erecting of super-lift mast Greater than 0 I-l_PID I+1_PID
2 Erecting of super-lift mast Less than 0 I1+I_PID I-I_PID
3 Lowering of super-lift mast Greater than 0 I1+I_PID I-I_PID
4 Lowering of super-lift mast Less than O I-I_PID I+I_PID

[0041] Wherein, | is a control current passing through pump unit displacement, and is influenced by parameters of
transmission components. |-PID is the adjusting current calculated through a proportional integral derivative (PID)
control model based on a difference between F (546t value @Nd F2 actual vaiue: The difference between the initial main
luffing winch control current and the adjusting current is determined as the updated main luffing winch control current
and the sum of the initial super-lift luffing winch control current and the adjusting current is determined as the updated
super-lift luffing winch control current in a case that the movement state of the super-lift mast is the erected state and
the difference is greater than zero. The sum of the initial main luffing winch control current and the adjusting current is
determined as the updated main luffing winch control current and the difference between the initial super-lift luffing
winch control current and the adjusting current is determined as the updated super-lift luffing winch control current in a
case that the movement state of the super-lift mast is the erected state and the difference is less than zero. The sum of
the initial main luffing winch control current and the adjusting current is determined as the updated main luffing winch
control current and the difference between the initial main luffing winch control current and the adjusting current is
determined as the updated super-lift luffing winch control current in a case that the movement state of the super-lift
mast is the lowered state and the difference is greater than zero. The difference between the initial main luffing winch
control current and the adjusting current is determined as the updated main luffing winch control current and the sum
of the initial main luffing winch control current and the adjusting current is determined as the updated super-lift luffing
winch control current in a case that the movement state of the super-lift mast is the lowered state and the difference is
less than zero.

[0042] In an embodiment of the present disclosure, the controller communicates with a tension collection device,
and the step that a tension of the super-lift mast is acquired in real time during the movement of the super-lift luffing
winch may include:

the tension of the super-lift mast sent by the tension collection device is received.

[0043] Specifically, the controller may communicate with the tension collection device. The tension collection device
may include, but not limited to, a tension sensor, etc., and is configured to collect the tension of the super-lift mast and
send the tension to the controller.

[0044] According to the above technical solution, the linear speed relation between the main luffing winch wire rope
and the super-lift luffing winch wire rope is acquired to determine the initial main luffing winch control current and the
initial super-lift luffing winch control current; the movement of the main luffing winch is controlled according to the initial
main luffing winch control current, and the movement of the super-lift luffing winch is controlled according to the initial
super-lift luffing winch control current; the tension of the super-lift mast is acquired in real time during the movement of
the super-lift luffing winch; and the main luffing winch control current and the super-lift luffing winch control current are
adjusted according to the tension of the super-lift mast until the super-lift mast moves to the target position. Thus, a
mechanism can be automatically controlled to act, operation difficulty during erecting and lowering of the super-lift
mast is reduced, and operation precision and efficiency are improved.

[0045] FIG. 4 schematically shows a flowchart of a control method for a super-lift mast according to a particular
embodiment of the present disclosure. As shown in FIG. 4, a control method for a super-lift mast is provided in an
embodiment of the present disclosure. The method may include:

S401, the method is started;
S402, a relation between a luffing winch linear speed and a super-lift luffing winch linear speed is calculated;
S403, a relation between a main luffing winch control current and a super-lift luffing winch control current is
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calculated;

S404, a controller executes output;

S405, a main luffing winch acts, and a super-lift luffing winch acts;

S406, a tension is detected, the method returns to S404 in a case that the tension needs to be adjusted, and the
method proceeds to S407 in a case that the tension is normal; and S407, the super-lift mast moves to a target
position to complete erecting and lowering of the super-lift mast.

[0046] In an embodiment of the present disclosure, the relation between the luffing winch linear speed (i.e. a linear
speed of a main luffing winch wire rope in the present disclosure) and the super-lift luffing winch linear speed (i.e. a
linear speed of a super-lift luffing winch wire rope in the present disclosure) is calculated. The relation between the
luffing winch control current (i.e. an initial main luffing winch control current in the present disclosure) and the super-lift
winch control current (i.e. an initial super-lift luffing winch control current in the present disclosure) is calculated
according to the relation between the luffing winch linear speed and the super-lift luffing winch linear speed. The luffing
winch control current and the super-lift winch control current are input into a controller, and the controller controls a
luffing winch action and a super-lift luffing winch action. during the luffing winch action and the super-lift luffing winch
action, the tension of the super-lift mast is detected in real time. That is, whether the tension of the super-lift mast
satisfies a preset value is determined. A super-lift luffing speed and a main luffing speed are adjusted by feedback in a
case that the tension of the super-lift mast needs to be adjusted. The super-lift mast is controlled to move to the target
position to complete erecting and lowering of the super-lift mast in a case that the tension of the super-lift mast is
normal.

[0047] FIG. 5 schematically shows a structural block diagram of a controller according to an embodiment of the
present disclosure. As shown in FIG. 5, a controller is provided in an embodiment of the present disclosure. The
controller may include:

a memory 510 configured to store an instruction; and
a processor 520 configured to invoke the instruction from the memory 510 and implement, when executing the
instruction, the above control method for a super-lift mast.

[0048] Specifically, in an embodiment of the present disclosure, the processor 520 may be configured to:

acquire a linear speed relation between a main luffing winch wire rope and a super-lift luffing winch wire rope;
determine an initial main luffing winch control current and an initial super-lift luffing winch control current according
to the linear speed relation between the main luffing winch wire rope and the super-lift luffing winch wire rope;
control movement of a main luffing winch according to the initial main luffing winch control current, and control
movement of a super-lift luffing winch according to the initial super-lift luffing winch control current;

acquire a tension of the super-lift mast in real time during the movement of the super-lift luffing winch; and

adjust a main luffing winch control current and a super-lift luffing winch control current according to the tension of
the super-lift mast until the super-lift mast moves to a target position.

[0049] Further, the processor 520 may further be configured to:
determine the initial main luffing winch control current and the initial super-lift luffing winch control current according to
the linear speed relation between the main luffing winch wire rope and the super-lift luffing winch wire rope as follows:

determine a corresponding relation between main luffing pump unit displacement and super-lift pump unit displa-
cement according to the linear speed relation between the main luffing winch wire rope and the super-lift luffing
winch wire rope; and

determine the initial main luffing winch control current and the initial super-lift luffing winch control current accord-
ing to the corresponding relation between the main luffing pump unit displacement and the super-lift pump unit
displacement.

[0050] Further, the processor 520 may further be configured as follows:

the linear speed relation between the main luffing winch wire rope and the super-lift luffing winch wire rope
satisfies Formula (1):

‘:/—Z=r2 X Lw X sinf3 /(r; X Lm X cosy) (1),
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where

Vw is a linear speed of the super-lift luffing winch wire rope, Ve is a linear speed of the main luffing winch wire
rope, r, is a reeving ratio of a super-lift luffing pulley block, Lw is a length of the super-lift mast, p is an angle
between the main luffing winch wire rope and a main luffing mast, r, is a reeving ratio of a main luffing pulley block,
Lm is a length of the main luffing mast, and vy is an included angle between the super-lift pulley block and a tangent
line of a trajectory circle of the super-lift mast.

[0051] Further, the processor 520 may further be configured as follows:

the corresponding relation between the main luffing pump unit displacement and the super-lift pump unit displace-
ment satisfies Formula (2):

Vew T2 *Lwxsinf(reg +(ne—1)*de*sin§)

(2),

Vge Irp*Lm=cosys= (rw0+(nw—1)*dw*sin§)
where

ng is the super-lift pump unit displacement, Vge is the main luffing pump unit displacement, r, is a reeving ratio of
a super-lift luffing pulley block, Lw is a length of the super-lift mast, B is an angle between the main luffing winch
wire rope and a main luffing mast, ry is a reeving ratio of a main luffing pulley block, Lm is a length of the main
luffing mast, y is an included angle between the super-lift pulley block and a tangent line of a trajectory circle of the
super-lift mast, d is a diameter of the wire rope, and n is a number of layers of the wire rope.

[0052] Further, the processor 520 may further be configured to:
adjust the main luffing winch control current and the super-lift luffing winch control current according to the tension of
the super-lift mast until the super-lift mast moves to the target position as follows:

determine whether the tension of the super-lift mast satisfies a preset value;

update the initial main luffing winch control current and the initial super-lift luffing winch control current separately
according to the tension of the super-lift mast, a target value of the tension of the super-lift mast, and a movement
state of the super-lift mast in a case that the tension of the super-lift mast does not satisfy the preset value; and
control the super-lift mast to move to the target position in a case that the tension of the super-lift mast satisfies
the preset value.

[0053] Further, the processor 520 may further be configured to:

update the main luffing winch control current and the super-lift luffing winch control current separately according to the
tension of the super-lift mast, the target value of the tension of the super-lift mast, and the movement state of the
super-lift mast in a case that the tension of the super-lift mast does not satisfy the preset value as follows:

determine a difference between the tension of the super-lift mast and the target value of the tension of the super-
lift mast;

determine a difference between the initial main luffing winch control current and an adjusting current as an
updated main luffing winch control current and determine the sum of the initial super-lift luffing winch control
current and an adjusting current as an updated super-lift luffing winch control current in a case that the movement
state of the super-lift mast is an erected state and the difference is greater than zero;

determine the sum of the initial main luffing winch control current and an adjusting current as an updated main
luffing winch control current and determine a difference between the initial super-lift luffing winch control current
and an adjusting current as an updated super-lift luffing winch control current in a case that the movement state of
the super-lift mast is an erected state and the difference is less than zero;

determine the sum of the initial main luffing winch control current and an adjusting current as an updated main
luffing winch control current and determine a difference between the initial super-lift luffing winch control current
and an adjusting current as an updated super-lift luffing winch control current in a case that the movement state of
the super-lift mast is a lowered state and the difference is greater than zero; and

determine a difference between the initial main luffing winch control current and an adjusting current as an
updated main luffing winch control current and determine the sum of the initial super-lift luffing winch control
current and an adjusting current as an updated super-lift luffing winch control current in a case that the movement
state of the super-lift mast is a lowered state and the difference is less than zero.
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[0054] Further, the processor 520 may further be configured as follows:

the controller communicates with a tension collection device, and the processor may further be configured to acquire
the tension of the super-lift mast in real time during the movement of the super-lift luffing winch as follows:

receive the tension of the super-lift mast sent by the tension collection device.

[0055] According to the above technical solution, the linear speed relation between the main luffing winch wire rope
and the super-lift luffing winch wire rope is acquired to determine the initial main luffing winch control current and the
initial super-lift luffing winch control current; the movement of the main luffing winch is controlled according to the initial
main luffing winch control current, and the movement of the super-lift luffing winch is controlled according to the initial
super-lift luffing winch control current; the tension of the super-lift mast is acquired in real time during the movement of
the super-lift luffing winch; and the main luffing winch control current and the super-lift luffing winch control current are
adjusted according to the tension of the super-lift mast until the super-lift mast moves to the target position. Thus, a
mechanism can be automatically controlled to act, operation difficulty during erecting and lowering of the super-lift
mast is reduced, and operation precision and efficiency are improved.

[0056] FIG. 6 schematically shows a structural diagram of a control system for a super-lift mast according to an
embodiment of the present disclosure. As shown in FIG. 6, a control system for a super-lift mast is provided in an
embodiment of the present disclosure. The control system may include:

the controller 610 according to the above; and
a tension collection device 620 communicating with the controller 610 and configured to acquire a tension of the
super-lift mast.

[0057] In an embodiment of the present disclosure, the control system for a super-lift mast may include the controller
610 and the tension collection device 620. The tension collection device 620 communicates with the controller 610 and
is configured to acquire the tension of the super-lift mast. When movement of the super-lift mast is controlled, the
controller 610 acquires a linear speed relation between a main luffing winch wire rope and a super-lift luffing winch wire
rope, and then determines an initial main luffing winch control current and an initial super-lift luffing winch control
current according to the linear speed relation between the main luffing winch wire rope and the super-lift luffing winch
wire rope. Then, the controller controls movement of a main luffing winch according to the initial main luffing winch
control current, and controls movement of a super-lift luffing winch according to the initial super-lift luffing winch control
current. The controller 610 receives the tension of the super-lift mast sent by the tension collection device 620 in real
time during the movement of the super-lift luffing winch, and adjusts a main luffing winch control current and a super-lift
luffing winch control current according to the tension of the super-lift mast until the super-lift mast moves to a target
position.

[0058] FIG. 7 schematically shows a structural diagram of tension control of a super-lift mast with an angle less than
86° according to a particular embodiment of the present disclosure. FIG. 8 schematically shows a structural diagram of
tension control of a super-lift mast with an angle greater than 86° and less than 94° according to a particular embodi-
ment of the present disclosure. FIG. 9 schematically shows a structural diagram of tension control of a super-lift mast
with an angle greater than 94° according to a particular embodiment of the present disclosure. As shown in FIGs. 7, 8,
and 9, a control structure for a tension in different angles is provided in a particular embodiment of the present
disclosure. Movement of the super-lift mast may include erecting the super-lift mast and lowering the super-lift mast.
It is defined that a tension of F, is F,,,i, at a tensioned state of a stay plate when the super-lift mast is at 90°, and the
tension of F, is F5, when a boom is lifted at 0°. F,,;, and F,,, are parameters related to weight of the stay plate of
the main boom, and may be acquired through a test method. An F, tension control target is staged according to the
angle of the super-lift mast and set according to a range. A maximum tension of F, is controlled to be less than Fy;,
by erecting or lowering the super-lift mast in a case that an angle between the super-lift mast and the front is less than
86°. In a case that the super-lift mast is turned over vertically (that is, the angle between the super-lift mast and the
front is between 86° and 94°), when the super-lift mast is erected, it is necessary to maintain the super-lift mast and
the stay plate of the main boom tensioned to prevent the super-lift mast from falling freely when the super-lift mast is
turned over 90°. Thus, a minimum tension of F, is controlled to be greater than F,.,, and less than the maximum
tension F, ., when the main boom is pulled up. When the super-lift mast is lowered, the main boom is pulled by the
super-lift mast to control F, to be equal to F,;,. The maximum tension of F, is controlled to be greater than F,;, and
less than F,,,, by erecting or lowering the super-lift mast in a case that the angle between the super-lift mast and the
front is greater than 94°.

[0059] According to the above technical solution, the linear speed relation between the main luffing winch wire rope
and the super-lift luffing winch wire rope is acquired to determine the initial main luffing winch control current and the
initial super-lift luffing winch control current; the movement of the main luffing winch is controlled according to the initial
main luffing winch control current, and the movement of the super-lift luffing winch is controlled according to the initial
super-lift luffing winch control current; the tension of the super-lift mast is acquired in real time during the movement of
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the super-lift luffing winch; and the main luffing winch control current and the super-lift luffing winch control current are
adjusted according to the tension of the super-lift mast until the super-lift mast moves to the target position. Thus, a
mechanism can be automatically controlled to act, operation difficulty during erecting and lowering of the super-lift
mast is reduced, and operation precision and efficiency are improved.

[0060] A machine-readable storage medium is further provided in an embodiment of the present disclosure. The
machine-readable storage medium stores an instruction, and the instruction is configured to cause a machine to
perform the control method for a super-lift mast according to the above.

[0061] Those skilled in the art should understand that the embodiments of the present disclosure can be provided as
methods, systems, or computer program products. Thus, the forms of full hardware embodiments, full software
embodiments, or software and hardware combined embodiments can be used in the present disclosure. Moreover,
the form of a computer program product implemented on one or more computer usable storage media (including, but
not limited to, disk memories, compact disc read-only memories (CD-ROMSs), optical memories, etc.) including com-
puter usable program codes can be used in the present disclosure.

[0062] The present disclosure is described with reference to flowcharts and/or block diagrams of methods, devices
(systems), and computer program products according to the embodiments of the present disclosure. It should be
understood that each flow and/or block in the flowcharts and/or block diagrams and combinations of the flows and/or
blocks in the flowcharts and/or block diagrams can be implemented by computer program instructions. These compu-
ter program instructions can be provided for a general-purpose computer, a special-purpose computer, an embedded
processor, or a controller of another programmable data processing device to generate a machine, such that an
apparatus for implementing a specific function in one or more flows in the flowcharts and/or in one or more blocks in
the block diagrams is generated by the instructions executed by the computer or the controller of another program-
mable data processing device.

[0063] These computer program instructions may be stored in a computer-readable memory that can instruct the
computer or another programmable data processing device to work in a specific manner, such that an artifact that
includes an instruction apparatus is generated by the instructions stored in the computer-readable memory. A specific
function in one or more flows in the flowcharts and/or in one or more blocks in the block diagrams is implemented by
the instruction apparatus.

[0064] These computer program instructions may be loaded onto a computer or another programmable data proces-
sing device, such that a series of operation steps are performed on the computer or the another programmable device
to generate computer-implemented processing. Thus, steps for implementing a specific function in one or more flows
in the flowcharts and/or in one or more blocks in the block diagrams are provided by the instructions executed on the
computer or the another programmable device.

[0065] In a typical configuration, a computing device includes one or more central processing units (CPUs), an
input/output interface, a network interface, and a memory.

[0066] The memory probably includes a non-permanent memory, a random access memory (RAM) and/or a non-
volatile memory (such as a read-only memory (ROM) or a flash memory (flash RAM)) and so on of a computer-
readable medium. The memory is an example of a computer-readable medium.

[0067] The computer-readable medium includes permanent and non-permanent, movable and non-movable media
and may store information through any method or technology. The information can be modules of computer-readable
instructions, data structures and programs, or other data. Examples of a computer storage medium include, but are
not limited to, a phase-change random access memory (PRAM), a static random access memory (SRAM), a dynamic
random access memory (DRAM), other types of random access memories (RAMs), a read-only memory (ROM), an
electrically erasable programmable read-only memory (EEPROM), a flash memory or other memory technologies, a
compact disc read-only memory (CD-ROM), a digital versatile disc (DVD) or other optical storage, a cassette tape,
tape or disk storage or other magnetic storage devices, or any other non-transmission media that may be configured
to store information capable of being accessed by a computing device. As defined herein, the computer-readable
medium does not include transitory media, such as modulated data signals and carrier waves.

[0068] It should be noted that the terms "comprise”, "include", "contain", or any other variations thereof are intended
to cover non-exclusive inclusions, such that a process, a method, a commodity, or a device that includes a series of
elements not only includes those elements, but also includes other elements that are not explicitly listed, or further
includes inherent elements of the process, the method, the commodity, or the device. Without more restrictions, the
elements defined by the sentence "include a..." or "comprise a..." do not exclude the existence of other identical
elements during the process, the method, the commodity, or the device that includes the elements.

[0069] What are described above are merely embodiments of the present disclosure and are not configured to limit
the present disclosure. Those skilled in the art can make various modifications and variations to the present disclo-
sure. Any modifications, equivalent substitutions, improvements, etc. made within the spirit and principle of the present
disclosure should fall within the scope of the claims of the present disclosure.
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Claims

1.

A control method for a super-lift mast, characterized by being applied to a controller, and comprising:

acquiring a linear speed relation between a main luffing winch wire rope and a super-lift luffing winch wire
rope;

determining an initial main luffing winch control current and an initial super-lift luffing winch control current
according to the linear speed relation between the main luffing winch wire rope and the super-lift luffing winch
wire rope;

controlling movement of a main luffing winch according to the initial main luffing winch control current, and
controlling movement of a super-lift luffing winch according to the initial super-lift luffing winch control current;
acquiring a tension of the super-lift mast in real time during the movement of the super-lift luffing winch; and
adjusting a main luffing winch control current and a super-lift luffing winch control current according to the
tension of the super-lift mast until the super-lift mast moves to a target position.

2. The control method according to claim 1, characterized in that the determining an initial main luffing winch

control current and an initial super-lift luffing winch control current according to the linear speed relation between
the main luffing winch wire rope and the super-lift luffing winch wire rope comprises:

determining a corresponding relation between main luffing pump unit displacement and super-lift pump unit
displacement according to the linear speed relation between the main luffing winch wire rope and the super-lift
luffing winch wire rope; and

determining the initial main luffing winch control current and the initial super-lift luffing winch control current
according to the corresponding relation between the main luffing pump unit displacement and the super-lift
pump unit displacement.

The control method according to claim 2, characterized in that the linear speed relation between the main luffing
winch wire rope and the super-lift luffing winch wire rope satisfies Formula (1):

\\//—Z: r, X Lw X sinf3 /(r; X Lm X cosy) (1),

wherein

Vw is a linear speed of the super-lift luffing winch wire rope, Ve is a linear speed of the main luffing winch wire
rope, r, is a reeving ratio of a super-lift luffing pulley block, Lw is a length of the super-lift mast, B is an angle
between the main luffing winch wire rope and a main luffing mast, r, is a reeving ratio of a main luffing pulley block,
Lm is a length of the main luffing mast, and vy is an included angle between the super-lift pulley block and a tangent
line of a trajectory circle of the super-lift mast.

The control method according to claim 2, characterized in that the corresponding relation between the main
luffing pump unit displacement and the super-lift pump unit displacement satisfies Formula (2):

Vgw__ TzxLw=sin Bx(req +(ne—1)*de*sing)

),

Vge rp*Lmxcosyx (rw0+(nw—1)*dw*sing)

wherein

ng is the super-lift pump unit displacement, Vge is the main luffing pump unit displacement, r, is a reeving ratio of
a super-lift luffing pulley block, Lw is a length of the super-lift mast, B is an angle between the main luffing winch
wire rope and a main luffing mast, r, is a reeving ratio of a main luffing pulley block, Lm is a length of the main
luffing mast, y is an included angle between the super-lift pulley block and a tangent line of a trajectory circle of the
super-lift mast, d is a diameter of the wire rope, and n is a number of layers of the wire rope.

The control method according to claim 1, characterized in that the adjusting a main luffing winch control current
and a super-lift luffing winch control current according to the tension of the super-lift mast until the super-lift mast
moves to a target position comprises:

determining whether the tension of the super-lift mast satisfies a preset value;
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updating the initial main luffing winch control current and the initial super-lift luffing winch control current
separately according to the tension of the super-lift mast, a target value of the tension of the super-lift mast,
and a movement state of the super-lift mast in a case that the tension of the super-lift mast does not satisfy
the preset value; and

controlling the super-lift mast to move to the target position in a case that the tension of the super-lift mast
satisfies the preset value.

The control method according to claim 5, characterized in that the updating the main luffing winch control current
and the super-lift luffing winch control current separately according to the tension of the super-lift mast, a target
value of the tension of the super-lift mast, and a movement state of the super-lift mast in a case that the tension of
the super-lift mast does not satisfy the preset value comprises:

determining a difference between the tension of the super-lift mast and the target value of the tension of the
super-lift mast;

determining a difference between the initial main luffing winch control current and an adjusting current as an
updated main luffing winch control current and determining the sum of the initial super-lift luffing winch control
current and the adjusting current as an updated super-lift luffing winch control current in a case that the
movement state of the super-lift mast is an erected state and the difference is greater than zero;

determining the sum of the initial main luffing winch control current and an adjusting current as an updated
main luffing winch control current and determining a difference between the initial super-lift luffing winch
control current and the adjusting current as an updated super-lift luffing winch control current in a case that
the movement state of the super-lift mast is an erected state and the difference is less than zero;

determining the sum of the initial main luffing winch control current and an adjusting current as an updated
main luffing winch control current and determining a difference between the initial super-lift luffing winch
control current and the adjusting current as an updated super-lift luffing winch control current in a case that
the movement state of the super-lift mast is a lowered state and the difference is greater than zero; and
determining a difference between the initial main luffing winch control current and an adjusting current as an
updated main luffing winch control current and determining the sum of the initial super-lift luffing winch control
current and the adjusting current as an updated super-lift luffing winch control current in a case that the
movement state of the super-lift mast is a lowered state and the difference is less than zero.

The control method according to claim 1, characterized in that the controller communicates with a tension
collection device, and the acquiring a tension of the super-lift mast in real time during the movement of the super-
lift luffing winch comprises:

receiving the tension of the super-lift mast sent by the tension collection device.

A controller, characterized by comprising:
a memory configured to store an instruction; and
a processor configured to invoke the instruction from the memory and implement, when executing the instruc-
tion, the control method for a super-lift mast according to any one of claims 1-7.
A control system for a super-lift mast, characterized by comprising:
the controller according to claim 8; and
a tension collection device communicating with the controller and configured to acquire a tension of the super-

lift mast.

A machine-readable storage medium, characterized by storing an instruction, wherein the instruction is config-
ured to cause a machine to perform the control method for a super-lift mast according to any one of claims 1-7.
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