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(567) Disclosed is an unmanned crane provided with
an automatic hooking-unhooking device and an operat-
ing method thereof. The unmanned crane comprises a
grid guide frame trolley, a ground assistance frame, and
a ground load transporting device. The grid guide frame
trolley can perform lateral displacement along a bridge.
The rigid guide frame trolley is connected to a hoisting
mechanism that makes a load have no horizontal dis-
placement in the process of lifting and lowering the load.

An automatic hooking-unhooking device is disposed at

the bottom end of the hoisting mechanism. The ground
assistance frame is rigidly connected to the ground. The
automatic hooking-unhooking device comprises a guide

wheel, a first guide rail matched with the guide wheel is
rigidly connected to the bottom of the guide frame trolley,
and the ground assistance frame is provided with a sec-
ond guide rail matched with the guide wheel. The auto-
matic hooking-unhooking device of the hoisting mecha-
nism, a rigid frame of the trolley and the ground assist-
ance frame working in conjunction with each other can
achieve the functions of automatically loading and un-
loading a load in the unmanned crane, such that no hor-
izontal displacement of a whole system is generated dur-
ing the process of lifting and lowering a spreader, and
thus high reliability and safety are provided.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of cranes, in particular to unmanned crane with au-
tomatic hooking-unhooking device and operating method
thereof.

BACKGROUND

[0002] With the furtherimplementation of Made in Chi-
na 2025, unmanned workshops and intelligent crane
equipment have been gradually applied in major steel
enterprises. With the development of various intelligent
crane technologies, basic technologies of cranes have
developed to the "deep end". Functions including intelli-
gent control, automatic cruise and electronic anti-sway
have beenrealized during the development of unmanned
casting cranes. However, there are technical bottlenecks
in some key technologies, especially intelligent un-
manned hook, hooking detection and other key technol-
ogies. Due to on-site harsh working environment (high-
temperature, high-dust) and the technical level of elec-
tronic sensors, there is still a bigger risk to realize un-
manned control of casting cranes based on traditional
casting cranes, especially the safety and reliability of un-
manned hooking and unhooking technologies.

[0003] The main disadvantages of the existing un-
manned hooking technology:

1. The hoisting mechanisms of existing similar
cranes are mostly flexible systems. Factors including
swaying of the spreader in the lifting and braking
process of the crane and imbalance of the center of
gravity of the spreader have a large disturbance to
the hooking action between the crane and the load,
so that it is difficult to achieve accurate hooking, es-
pecially in the unmanned state.

2. The on-site harsh environment (such as high-tem-
perature and dust) has a great influence on the scan-
ning accuracy of the existing three-dimensional
scanning system (such as laser). The scanning ac-
curacy may only reach about =30 m, which is difficult
for small and medium-sized casting cranes to meet
unmanned hooking requirements, having a high cost
and short service life.

3. Some of similar cranes adopt total stroke rigid
frame to realize unmanned hooking.

However, these cranes have large boundary dimension
and self-weight, which are difficult to machine, manufac-
ture and install.

SUMMARY OF THE INVENTION

[0004] Itis an object of the presentinvention to provide
an unmanned crane with automatic hooking-unhooking
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device and an operating method thereof. The rigid frame
of the crane trolley, a device having automatic hooking-
unhooking function and the ground frame working in con-
junction with each other can achieve the functions of au-
tomatically loading and unloading aload in the unmanned
crane, ensuring high reliability and safety at the same
time. The present disclosure adopts the following tech-
nical solutions:

An unmanned crane with automatic hooking-unhooking
device, includes a rigid guide frame trolley, a ground as-
sistance frame and a ground load transporting device.
The rigid guide frame trolley may laterally move along a
bridge and is connected to a hoisting mechanism that
makes a load have no horizontal displacement in a proc-
ess of lifting and lowering the load. An automatic hooking-
unhooking device is disposed ata bottom end of the hoist-
ing mechanism. The ground assistance frame is rigidly
connected to the ground. The automatic hooking-un-
hooking device includes a guide wheel. A first guide rail
matched with the guide wheel is rigidly connected to a
bottom of the guide frame trolley, and the ground assist-
ance frame is provided with a second guide rail matched
with the guide wheel.

[0005] Further, the hoisting mechanism includes a
transmission mechanism, a drum, steel wire ropes and
pulley lifting mechanisms. The transmission mechanism
is connected to the drum, the steel wire rope is wound
on the drum, and both ends of the steel wire rope are
respectively fixed after winding different pulley lifting
mechanisms to form two suspension points by winding.
[0006] Further, four multiple suspension points hoist-
ing systems with n multiples are formed by winding with
the steel wire rope of the hosting mechanism.

[0007] Further, the pulley lifting mechanism includes
at least two fixed pulleys and movable pulleys matched
with the number of the fixed pulleys. The fixed pulleys
are fixed on the upper surface of the trolley, and tail ends
of the steel wire rope winding the pulley lifting mechanism
are fixedly connected to balancing arms of the hoisting
mechanism.

[0008] Further, the transmission mechanism includes
a motor, a brake and a reducer connected successively.
The motor is connected to the brake through a transmis-
sion shaft and a high-speed shaft coupling, the brake is
connected to the reducer through a brake coupling, and
the reduceris connected to the drumthrough alow-speed
shaft coupling.

[0009] Further, the automatic hooking-unhooking de-
vice includes a support structure hinged with the movable
pulley. The supportstructure is provided with a plate hook
and a plate hook open-close device connected with the
plate hook for controlling opening and closing thereof,
and the guide wheel is arranged on the support structure.
[0010] Further, the first guide rail at the bottom of the
guide frame trolley is supported by its external frame,
and the second guide rail is supported by its external
ground assistance frame.

[0011] It's another object of the present invention to
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provide a method for operating the unmanned crane with
automatic unhooking and hooking device, including:

accepting a load hoisting instruction, the unmanned
crane running to a designated position above the
ground assistance frame with an aid of a positioning
system;

lowering the automatic unhooking and hooking de-
vice to the ground assistance frame, lowering the
guide wheel along the second guide rail to a desig-
nated heightand then stopping it, and the open-close
device of the automatic hooking-unhooking device
running to open the plate hook for standby;

the load transporting device transporting a load to
the ground assistance frame and accurately stop-
ping and locking the load at a designated position
through a positioning device between the two;

the open-close device of the automatic hooking-un-
hooking device running to close the plate hook so
as to hook the load;

lifting a spreader to the rigid guide frame of the un-
manned crane, and lifting the guide wheel along the
firstguide rail to the designated height and then stop-
ping it; and

the rigid guide frame trolley moving along the bridge
to transport the load to the designated position.

[0012] The present disclosure may achieve functions
of automatically loading and unloading a load in the un-
manned crane through combined action of the automatic
hooking-unhooking device of the hoisting mechanism,
the rigid frame of the trolley and the ground assistance
frame. The whole system has no horizontal displacement
in the process of hoisting and lowering the load of the
spreader, having higher reliability and safety. The
present invention realizes unmanned and automatic op-
eration for crane to lift liquid metal and other high dan-
gerous load. At the same time, the equipment is simple
in structure, light in self-weight and large in operation
range.

DETAILED DESCRIPTION OF DRAWINGS

[0013] In order to more clearly illustrate technical so-
lutions in the embodiments of the present disclosure or
in the prior art, a brief introduction to the accompanying
drawings required for the description of the embodiments
or the prior art will be provided below. Obviously, the
accompanying drawings in the following description are
some of the embodiments of the present disclosure, and
those ordinary skilled in the art would also be able to
derive other drawings from these drawings without mak-
ing creative efforts.

FIG. 1is a schematic diagram of a whole unmanned
crane in the present invention.

FIG. 2 is a schematic diagram of the hoisting mech-
anism of the crane in the present invention, where
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FIG. 2a is the main view, FIG. 2b is the side view,
and FIG. 2c is the top view.

FIG. 3 is a schematic diagram of winding the steel
wire rope of the hoisting mechanism of the crane in
the present invention.

FIG. 4 is a schematic diagram of the rigid guide frame
in the present invention.

FIG. 5is a schematic diagram of the automatic hook-
ing-unhooking device in the present invention.

FIG. 6 is a schematic diagram of the plate hook open-
close device of the automatic hooking-unhooking de-
vice in the present invention.

FIG. 7 is a schematic diagram of the method for op-
erating the unmanned crane in the presentinvention,
where FIG. 7a shows the state of the crane in place,
FIG. 7b shows the state of the spreader in place,
FIG. 7c shows the state of the load in place, FIG. 7d
shows the state of load lifting, and FIG. 7e shows
the state of load moving.

[0014] In the figures, 1. rigid guide frame trolley; 2.
bridge; 3. crane running mechanism; 4. hooking-unhook-
ing mechanism; 5. ground assistance frame; 6. ground
load transporting device; 7. motor; 8. high-speed shaft
coupling; 9. transmission shaft; 10. brake; 11. brake
wheel coupling; 12. reducer; 13. low-speed shaft cou-
pling; 14. drum; 15. fixed pulley; 16. balance arm; 17.
steel wire rope; 18. automatic hooking-unhooking device;
19. frame; 20. first guide rail; 21. movable pulley; 22.
shaft |; 23. plate hook open-close device; 24. guide
wheel; 25. beam; 26. plate hook; 27. power source; 28.
shaft Il; and 29. shaft lll.

DETAILED DESCRIPTION OF PREFERRED EMODI-
MENTS

[0015] To make the objectives, technical solutions and
advantages of embodiments of the present disclosure
more obvious, the technical solutions of the present dis-
closure will be clearly and completely described below
in conjunction with the accompanying drawings in the
embodiments of the present disclosure, and obviously,
the described embodiments are some, rather than all of
the embodiments of the present disclosure. Based on
the embodiments of the present disclosure, all other em-
bodiments acquired by those of ordinary skilled in the art
without making creative efforts fall within the scope of
protection of the present disclosure.

[0016] As shown in FIG. 1, the embodiment discloses
an unmanned crane with an automatic hooking-unhook-
ing device, including a rigid guide frame trolley 1, a
ground assistance frame 5 and a ground load transport-
ing device 6. The girder of a bridge 2 adopts a bias-rail
box girder. A crane running mechanism 3 is provided with
horizontal guide wheels. The rigid guide frame trolley
may laterally move along the bridge 2 and is connected
with a hoisting mechanism that makes a load have no
horizontal displacement in process of raising and lower-



5 EP 4 242 161 A1 6

ing the load. A hooking-unhooking mechanism 4 is dis-
posed at the bottom end of the hoisting mechanism. The
ground assistance frame is rigidly connected to the
ground. The hooking-unhooking mechanism includes a
guide wheel 24. A first guide rail 20 matched with the
guide wheel is rigidly connected to the bottom of the guide
frame trolley, and the ground assistance frame is provid-
ed with a second guide rail matched with the guide wheel.
A ground assistance frame 5 is used for assistance po-
sitioning of the crane when hoisting the ground load. A
ground load transporting device 6 may be electric rail flat
carriage, automatic guided vehicle (AGV), etc., which can
horizontally transport the load to a designated position
on the ground.

[0017] As shown in FIG. 3, the hoisting mechanism
includes a transmission mechanism, a drum, steel wire
ropes and pulley lifting mechanisms. The transmission
mechanismis connected to the drum, the steel wire ropes
17 are wound on the drum, and both ends of the steel
wire ropes are respectively fixed after winding different
pulley lifting mechanisms to form two suspension points
by winding. It can be seen from FIG. 3 that two steel wire
ropes 17 from drum14 wind the corresponding movable
pulleys 21 on the automatic hooking-unhooking device
18 respectively, then wind the fixed pulleys 15 followed
by directly going down to wind the movable pulleys 21,
and finally are connect to the balancing arms 16. The two
steel wire rope winding systems forming the suspension
points are symmetrical, so that the automatic hooking-
unhooking device 4 does not horizontally move in the
lifting and lowering process.

[0018] Four multiple suspension points hoisting sys-
tems with n multiples are formed by winding the steel
wire rope of the hoisting mechanism.

[0019] The pulley lifting mechanism includes at least
two fixed pulleys 15 and movable pulleys 21 matched
with the number of the fixed pulleys. The fixed pulleys
are fixed on the upper surface of the trolley, and the tail
ends of the steel wire rope winding the pulley lifting mech-
anism are fixedly connected to the balancing arms 16 of
the hoisting mechanism.

[0020] As shown in FIG. 2a, FIG. 2b and FIG. 2c, the
transmission mechanism includes a motor 7, a brake 10
and a reducer 12 connected successively. The motor is
connected to the brake through a transmission shaft 9
and a high-speed shaft coupling 8. The brake is connect-
ed to the reducer through a brake coupling 11, and the
reducer is connected to the drum through a low-speed
shaft coupling 13.

[0021] Asshownin FIG. 5, the hooking-unhooking de-
vice includes a support structure hinged with the movable
pulley. The support structure is provided with a plate hook
26 and a plate hook open-close device 23 connected with
the plate hook for controlling opening and closing thereof,
and the guide wheel is arranged on the support structure.
The hooking-unhooking device is an automatic hooking-
unhooking device 18 which may automatically perform
hooking or unhooking action. As shown in FIG. 6, every
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two movable pulleys form a movable pulley block that is
hinged with a beam 25 through a shaft | 22, a power
source 27 is installed on the beam 25 and connected to
the plate hook 26 through a shaft Il 28, and the plate hook
26 is connected to the beam 25 through a shaft Il 29.
[0022] The ground assistance frame is rigidly connect-
ed to the plant ground, and is rigidly connected with a
spreader through the guide wheel and the guide rail, en-
suring that the spreader does not shake and has no hor-
izontal displacement during the load hooking or releasing
process. Aload transporting device is arranged to realize
horizontal transportation of the load and accurately trans-
port the load to the ground frame designated position. A
positioning device is arranged between the load trans-
porting device and the ground assistance frame to ensure
thatthe load carried by the load transporting device stops
at the designated position. In this embodiment, the struc-
ture of the first guide rail is the same as that of the second
guide rail, but their installation method and position are
different. The positioning device adopts the prior art such
as encoder or photoelectric sensor. When the encoder
or photoelectric sensor detects a signal, an electric con-
trol system controls the load transporting device to stop.
[0023] As shown in FIG. 4, the first guide rail at the
bottom of the guide frame trolley is supported by an ex-
ternal frame 19, and the second guide rail is supported
by its external ground assistance frame.

[0024] As shown in FIG. 7a to FIG. 7e, a method for
operating the unmanned crane with automatic hooking-
unhooking device includes the following steps:

Accepting a load hoisting instruction, the unmanned
craneruns to a designated position above the ground
assistance frame with aid of the positioning system;
The automatic hooking-unhooking device 18 is low-
eredto the ground assistance frame, the guide wheel
is lowered along the second guide rail to a designat-
ed height and then is stopped, and the open-close
device of the automatic hooking-unhooking device
runs to open the plate hook for standby;

The load transporting device transports a load to the
ground assistance frame and accurately stops and
locks the load at a designated position through a
positioning device between the two;

The open-close device of the automatic hooking-un-
hooking device runs to close the plate hook so as to
hook the load;

The spreader is lifted to the rigid guide frame of the
unmanned crane, and the guide wheel is lifted along
the first guide rail to the designated height and then
is stopped;

The rigid guide frame trolley moves along the bridge
to transport the load to a designated position.

[0025] Atlast, it should be noted that the above various
embodiments are merely intended to illustrate the tech-
nical solution of the present disclosure and not to limit
the same. Although the present disclosure has been de-
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scribed in detail with reference to the foregoing embod-
iments, it should be understood by those ordinary skilled
in the art that the technical solutions described in the
foregoing embodiments may be modified or equivalents
may be substituted for some or all of the technical fea-
tures thereof; and the modification or substitution does
not make the essence of the corresponding technical so-
lution deviate from the scope of the technical solution of
each embodiment of the present disclosure.

Claims

1. An unmanned crane with automatic hooking-un-
hooking device, comprising a rigid guide frame trol-
ley, a ground assistance frame and a ground load
transporting device, wherein the rigid guide frame
trolley may laterally move along a bridge and is con-
nected to a hoisting mechanism that makes a load
have no horizontal displacement in process of lifting
and lowering the load, an automatic hooking-un-
hooking device is disposed at a bottom end of the
hoisting mechanism, the ground assistance frame is
rigidly connected to the ground, wherein the auto-
matic hooking-unhooking device comprises a guide
wheel, afirst guide rail matched with the guide wheel
is rigidly connected to a bottom of the guide frame
trolley, and the ground assistance frame is provided
with a second guide rail matched with the guide
wheel.

2. The unmanned crane with automatic hooking-un-
hooking device according to claim 1, wherein the
hoisting mechanism comprises a transmission
mechanism, a drum, steel wire ropes and pulley lift-
ing mechanisms, the transmission mechanism is
connected to the drum, the steel wire rope is wound
on the drum, and both ends of the steel wire rope
are respectively fixed after winding different pulley
lifting mechanisms to form two suspension points by
winding.

3. The unmanned crane with automatic hooking-un-
hooking device according to claim 2, wherein four
multiple suspension points hoisting systems with n
multiples are formed by winding the steel wire rope
of the hoisting mechanism.

4. The unmanned crane with automatic hooking-un-
hooking device according to claim 2, wherein the pul-
ley lifting mechanism comprises at least two fixed
pulleys and movable pulleys matched with the
number of the fixed pulleys, the fixed pulleys are fixed
on the upper surface of the trolley, and tail ends of
the steel wire rope winding the pulley lifting mecha-
nism are fixedly connected to balancing arms of the
hoisting mechanism.
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The unmanned crane with automatic hooking-un-
hooking device according to claim 2, wherein the
transmission mechanism comprises a motor, a
brake and a reducer connected successively, the
motor is connected to the brake through a transmis-
sion shaft and a high-speed shaft coupling, the brake
is connected to the reducerthrough a brake coupling,
and the reducer is connected to the drum through a
low-speed shaft coupling.

The unmanned crane with automatic unhooking-un-
hooking device according to claim 4, wherein the au-
tomatic hooking-unhooking device comprises a sup-
port structure hinged with the movable pulley, the
support structure is provided with a plate hook and
a plate hook open-lose device connected with the
plate hook for controlling opening and closing there-
of, and the guide wheel is arranged on the support
structure.

The unmanned crane with automatic hooking-un-
hooking device according to claim 1, wherein the first
guide rail at the bottom of the guide frame trolley is
supported by its external frame, and the second
guide rail is supported by its external ground assist-
ance frame.

An method for operating the unmanned crane with
automatic hooking-unhooking device according to
any claims of 1 to 7, comprising:

accepting a load hoisting instruction, the un-
manned crane running to a designated position
above the ground assistance frame with aid of
a positioning system;

lowering the automatic hooking-unhooking de-
vice to the ground assistance frame, lowering
the guide wheel along the second guide rail to
a designated height and then stopping it, and
the open-close device of the automatic hooking-
unhooking device running to open the plate hook
for standby;

the load transporting device transporting a load
to the ground assistance frame and accurately
stopping and locking the load at a designated
position through a positioning device between
the two;

the open-close device of the automatic hooking-
unhooking device running to close the plate
hook so as to hook the load;

lifting a spreader to the rigid guide frame of the
unmanned crane, and lifting the guide wheel
along the first guide rail to the designated height
and then stopping it; and

the rigid guide frame trolley moving along the
bridge to transport the load to a designated po-
sition.
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