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LIFTING VEHICLE FRAME, AERIAL TRANSPORTATION VEHICLE AND AERIAL 

RAIL CONTAINER TRANSPORTATION METHOD 

 

CROSS-REFERENCE OF RELATED ART 

[0001] The present application claims the priority of Chinese patent application No. 201911417527.3, 

filed on December 31, 2019 and entitled "lifting vehicle frame and aerial transportation vehicle", 

which is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

[0002] The disclosure relates to the field of logistics and transportation, and in particular, to a lifting 

vehicle frame, an aerial transportation vehicle, and an aerial rail container transportation method. 

BACKGROUND OF THE INVENTION 

[0003] At present, China's port collection and distribution system mainly relies on road transportation 

(up to 84%). However, the road transportation involves high pollution to environment, high 

transportation cost, and especially the connection for the last kilometer to the container port has 

become a primary problem in the development of comprehensive transportation system in China. 

[0004] In order to solve the above technical problems, aerial rail transportation equipment applied to 

port container logistics has appeared. The aerial rail transportation line may span road, river, factory, 

etc. to solve the problem of the last kilometer transportation of containers. 

[0005] In the process of implementing the disclosure, the applicant found that there are at least the 

following shortages in the existing aerial rail transportation of containers. 

[0006] In the prior art, the container is firstly lifted through a ground jacking device to connect and 

assemble to a vehicle body of an aerial transportation vehicle, which requires an external jacking 

device to achieve the connection and assembly of the container and the vehicle body. In operation, a 

jacking device needs to be moved to a fixed position for connection to the vehicle body. Then the 

container is hoisted to the jacking device, and then the jacking device is operated to connect and 

assemble the container to the vehicle body. After the connection and assembly of all the containers to 

the vehicle body are completed, it is necessary to remove the jacking device. The operating process is 

very cumbersome. 

[0007] Therefore, there is a need to improve the prior art to provide a lifting vehicle frame and an 

aerial transportation vehicle as well as an aerial rail container transportation method so as to solve the 

problem in the prior art that the operating process for assembling and connecting a container and the 

vehicle body of an aerial transportation vehicle is cumbersome. 
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SUMMARY OF THE INVENTION 

[0008] To address the problems in the prior art, the disclosure provides a lifting vehicle frame, an 

aerial transportation vehicle and an aerial rail container transportation method to solve the problem in 

the prior art that the operating process for assembling and connecting a container and the vehicle body 

of an aerial transportation vehicle is cumbersome. 

[0009]  In one aspect of the disclosure, a lifting vehicle frame is provided, which may include: an 

upper vehicle frame; a lower vehicle frame; and a lifting assembly. The upper vehicle frame and the 

lower vehicle frame may be connected through the lifting assembly. At least two lifting assemblies 

may be provided in a first direction. The lower vehicle frame and the upper vehicle frame may be 

moved close to or away from each other by operating the at least two lifting assemblies, and each 

lifting assembly may include a lifting motor, a wire rope, and a movable pulley, wherein two lifting 

motors may be provided opposite to each other in a second direction, and the two lifting motors may 

be fixed to the upper vehicle frame. The second direction and the first direction may be perpendicular. 

The movable pulley and the lifting motor may be provided correspondingly in one-to-one relation, 

and the two movable pulleys may be rotatably disposed on the lower vehicle frame in the second 

direction. The wire rope, the lifting motor and the movable pulley may be provided correspondingly 

in one-to-one relation, and the wire rope may have a first end and a second end opposite to each other. 

The first end and the second end of the wire rope may both be wound around an output end of a 

corresponding lifting motor, and the movable pulley may be disposed in the middle of a corresponding 

wire rope. The lifting vehicle frame also includes a locking device disposed on the lower vehicle 

frame. The lower vehicle frame and the upper vehicle frame can be locked together by operating the 

locking device when the lower vehicle frame and the upper vehicle frame are close to each other. 

[0010] In some embodiments of the disclosure, each lifting assembly may be provided with a tension 

sensor. 

[0011] In some embodiments of the disclosure, an output shaft of each lifting motor may be fixedly 

provided with a reel, and the first end and the second end of the wire rope may be wound on the reel 

of a corresponding lifting motor. 

[0012] Further, in some embodiments of the disclosure, a brake member may also be provided on the 

lifting motor. The brake member and the reel may be provided correspondingly in one-to-one relation, 

and an output end of the brake member may operably act on the reel. 

[0013] In some embodiments of the disclosure, the locking device may include: a rotary pin; a locking 

head, the locking head is able to be fixedly provided at the head of the rotary pin; a rotary handle 

fixedly disposed at the bottom of the rotary pin, the rotary handle may be formed with a first limit 
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face and a second limit face on its periphery; a lifting pin, a central axis of the lifting pin and a central 

axis of the rotary pin may be parallel with each other, the lifting pin operably moves up and down 

along the central axis of the lifting pin, and the lifting pin may be provided with a support protrusion; 

a limit block, the limit block may be fixedly provided at the bottom of the lifting pin, and the limit 

block may be operably engaged with the first limit face or the second limit face; a reset spring, the 

reset spring may be fitted on the lifting pin, and the reset spring may be disposed between the support 

protrusion and the limit block; a driving mechanism, an output end of the driving mechanism can be 

connected to the rotary handle, and the rotary handle can be rotated by operating the driving 

mechanism. The upper vehicle frame may be formed with a lock hole corresponding to the locking 

device at its bottom, and the locking head of the locking device is rotatable within a corresponding 

lock hole. The top and bottom of the lower vehicle frame may both be formed with a first through 

hole corresponding to the rotary pin of the locking device, and the rotary pin may fixedly pass through 

corresponding first through holes at the top and bottom of the lower vehicle frame, and the rotary 

handle may be located below the bottom of the lower vehicle frame. The top and bottom of the lower 

vehicle frame may both be formed with a second through hole corresponding to the lifting pin of the 

locking device, and the lifting pin may be extendable and retractable inside the second through holes 

at the top and bottom of the lower vehicle frame, and the reset spring may be disposed between the 

support projection and the partition. 

[0014] In some embodiments of the disclosure, the rotary pin may also be provided with a locking 

seat and a carrying table. The locking seat and the carrying table may be sequentially disposed between 

the locking head and the rotary handle, and a first gap may be formed between the locking head and 

the locking seat. The top of the lower vehicle frame may be clamped in the first gap, and a second gap 

may be formed between the carrying table and the rotary handle. The bottom of the lower vehicle 

frame may be clamped in the second gap. 

[0015] In some embodiments of the disclosure, the locking seat and the carrying table may fit with 

each other with spherical surfaces. 

[0016]  In some embodiments of the disclosure, the bottom of the upper vehicle frame may be formed 

with a third through hole fitted with the locking device, and the third through hole may be passed by 

a head portion of the lifting pin of a corresponding locking device.  

[0017]  In some embodiments of the disclosure, the locking device may further include a sleeve, and 

the sleeve may be fixedly provided below the bottom of the lower vehicle frame. The lifting pin may 

be extendable and retractable in the sleeve, and the limit block may be located below the sleeve. 
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[0018] In another aspect of the disclosure, an aerial transportation vehicle is provided, and the vehicle 

can include a lifting vehicle frame of the disclosure. 

[0019]  In yet another aspect of the disclosure, an aerial rail container transportation method is 

provided. The method is implemented by using the aerial transportation vehicle described in the 

disclosure. The aerial transportation vehicle may include a lifting vehicle frame. The lifting vehicle 

frame may include an upper vehicle frame; a lower vehicle frame; a lifting assembly; and a locking 

device. The lower vehicle frame and the upper vehicle frame can be moved close to or away from 

each other by operating the lifting assembly. The lower vehicle frame and the upper vehicle frame 

close to each other can be locked with each other by operating the locking device. The aerial rail 

container transportation method comprises: the aerial transportation vehicle being free of load and 

running into position and stopping, so that the container is located directly below the aerial 

transportation vehicle; operating the lifting assembly to separate the upper vehicle frame from the 

lower vehicle frame; operating the lifting assembly to lower the lower vehicle frame; opening a 

container anti-falling device on the lower vehicle frame; completing the locking of the lower vehicle 

frame and the container by operating the locking device therebetween; operating the lifting assembly, 

so that the lower vehicle frame and the container rise as a whole; the container anti-falling device on 

the lower vehicle frame being shrunk so that the container anti-falling device holds the container; 

operating the lifting assembly and the locking device so that the lower vehicle frame and the upper 

vehicle frame are locked with each other; the aerial transportation vehicle being started for 

transportation after the container assembly process is completed. 

[0020]  The beneficial effects of the disclosure include at least the following: 

[0021] First, an aerial transportation vehicle provided by the disclosure includes a lifting vehicle 

frame, and an upper vehicle frame of the lifting vehicle frame can be hung on an aerial rail by a bogie, 

and a lower vehicle frame is used for assembly of the container. The lower vehicle frame and the 

upper vehicle frame can move close to or away from each other by operating at least two lifting 

assemblies. Firstly, the lower vehicle frame and the upper vehicle frame are operated to be separated 

from each other, at which time the container is hoisted to the lower vehicle frame. Then the lower 

vehicle frame and the upper vehicle frame are operated to be close to each other, and the locking 

device is operated to lock the lower vehicle frame and the upper vehicle frame together. Thereby the 

assembly and connection of the container with the aerial transportation vehicle for container can be 

achieved. If the container is to be unloaded, opposite operations may be conducted. Therefore, the 

problem in the prior art that the operating process for assembling and connecting a container and the 

vehicle body of an aerial transportation vehicle is cumbersome are solved.  
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[0022] Secondly, with the aerial transportation vehicle and the aerial rail container transportation 

method of the disclosure, the assembly and connection of the aerial transportation vehicle and the 

container can be done by the devices of the vehicle itself, which is simple in operation, and has a high 

degree of automation and good practicality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] In order to more clearly illustrate the technical solutions in embodiments of the disclosure, the 

drawings to be used in the description of the embodiments will be briefly introduced below. It will be 

apparent that the drawings in the following description are merely some embodiments of the 

disclosure, and those of ordinary skill in the art may also obtain other drawings according to these 

drawings without creative labor. 

[0024] FIG. 1 is a schematic structural diagram of a lifting vehicle frame in an aerial transportation 

vehicle in accordance with an embodiment of the disclosure; 

[0025] FIG. 2 is a schematic structural diagram of an upper vehicle frame in FIG. 1; 

[0026] FIG. 3 is a schematic structural diagram of a lower vehicle frame in FIG. 1; 

[0027] FIG. 4 is a schematic structural diagram of a lifting assembly in accordance with an 

embodiment of the disclosure; and  

[0028] FIG. 5 is a schematic structural diagram of a locking device in FIG. 1. 

 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] The technical solutions in the embodiments of the disclosure will be clearly and completely 

described in conjunction with the drawings in the embodiments of the disclosure. Obviously, the 

described embodiments are merely some of the embodiments of the disclosure, not all of the 

embodiments. Other embodiments obtained by one of ordinary skill in the art without inventive labor 

based on the embodiments in the disclosure are all within the scope of protection of the disclosure. 

[0030] The aerial transportation vehicle provided by the disclosure can realize the assembly and 

connection of an aerial container transportation vehicle with a container, thereby solving the problem 

in the prior art that the operation of assembly and connection of a container with a vehicle body of an 

aerial container transportation vehicle is cumbersome. 

[0031] In some embodiments of the disclosure, the lifting vehicle frame may include a vehicle frame, 

a bogie, and a coupler buffer device. There may be several vehicle frames in order, and each vehicle 

frame may be equipped with at least two bogies, and two adjacent vehicle frames may be connected 

by the coupler buffer device. The bogie may travel on an aerial rail, which in turn can drive multiple 

vehicle frames to travel on the aerial rail. 
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[0032] In some embodiments of the disclosure, the bogie may be a non-power bogie, which can reduce 

a weight of the vehicle without affecting the traveling of the vehicle frame in comparison with a bogie 

having a driving function. 

[0033] FIG. 1 is a schematic structural diagram of a lifting vehicle frame in an aerial transportation 

vehicle in accordance with an embodiment of the disclosure. As shown in FIG. 1, the lifting vehicle 

frame may primarily include an upper vehicle frame 1, a lower vehicle frame 2, a lifting assembly a, 

and a locking device b. When the vehicle frame is traveling on the aerial rail, the upper vehicle frame 

1 and the lower vehicle frame 2 can be locked relative to each other. When the vehicle frame needs to 

be assembled with a container, the upper vehicle frame 3 and the lower vehicle frame 4 may be 

operated to be separated. 

[0034] FIG. 2 is a schematic diagram showing the structure of the upper vehicle frame in FIG. 1. As 

shown in FIG. 2, in some embodiments of the disclosure, the upper vehicle frame 1 may be hung on 

the aerial rail by at least two bogies 1, and may include a first longitudinal beam 1.1, two first cross 

beams 1.2 and two second cross beams 1.3. The two first cross beams 1.2 may be disposed opposite 

to each other on the first longitudinal beam 1.1 along a length direction of a container. The two second 

cross beams 1.3 may be disposed opposite to each other on the first longitudinal beam 1.1 along the 

length direction of the container, and the two second cross beams 1.3 may be disposed between the 

two first cross beams 1.2.  

[0035] FIG. 3 is a schematic diagram of the structure of the lower vehicle frame of FIG. 1. As shown 

in FIG. 3, in some embodiments of the disclosure, the lower vehicle frame 2 may include a second 

longitudinal beam 2.1, two third cross beams 2.2, and two fourth cross beams. The second longitudinal 

beam 2.1 may be located directly below the first longitudinal beam 1.1, and the two third cross beams 

2.2 may be disposed opposite to each other on the second longitudinal beam 2.1 along the longitudinal 

direction of the container. The two fourth cross beams 2.3 may be disposed opposite to each other on 

the second longitudinal beam 2.1 in the longitudinal direction of the container, and the two fourth 

cross beams 2.3 are located between the two third cross beams 2.2. The two third cross beams 2.2 may 

be located directly below the two first cross beams 1.1, respectively, and the two fourth cross beams 

2.3 may be located directly below the two second cross beams 2.1, respectively. 

[0036] As shown in FIG. 1, in some embodiments of the disclosure, the vehicle frame may also 

include a lifting assembly a. The upper vehicle frame 1 and the lower vehicle frame 2 are connected 

by the lifting assembly a, and at least two lifting assemblies are provided opposite to each other in a 

first direction. The lower vehicle frame 2 and the upper vehicle frame 1 can move close to or away 

from each other by operating the at least two lifting assemblies a.  
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[0037] In some embodiments of the disclosure, the first direction may be the length direction of the 

container. 

[0038] Fig. 4 is a schematic structural diagram of the lifting assembly a in FIG. 1. In connection with 

FIGS. 1 and 4, in some embodiments of the disclosure, each lifting assembly may include a lifting 

motor 5, a wire rope 6, and a movable pulley 7. There may be two lifting motors 5 disposed opposite 

to each other in a second direction, and both lifting motors 5 may be fixed to the upper vehicle frame 

1, and the second direction and the first direction may be perpendicular. The movable pulley 7 and 

the lifting motor 5 may be provided correspondingly in one-to-one relation, and the two movable 

pulleys 7 may be rotatably disposed on the lower vehicle frame 2 in the second direction. The wire 

rope 6 and the lifting motor 5 as well as the movable pulley 7 may be provided correspondingly in 

one-to-one relation, and the wire rope 6 can have a first end and a second end opposite to each other. 

The first end and the second end of the wire rope 6 may both be wound on an output end of a 

corresponding lifting motor 5, and the movable pulley 7 may be disposed in the middle of a 

corresponding wire rope 6. 

[0039] In some embodiments of the disclosure, the second direction may be in a width direction of 

the container, and there may be two lifting assemblies a opposite to each other. 

[0040]   In some embodiments of the disclosure, the lower vehicle frame 2 and the upper vehicle 

frame 1 may be fixedly connected to or separated from each other by operating at least two lifting 

assemblies a, and thereby the assembly and connection of the vehicle body of the aerial rail container 

transportation equipment and a container is realized. The specific operations include: 

[0041] The output end of the lifting motor 5 is controlled to rotate, so that the wire rope 6 of the same 

group is elongated, thereby the movable pulley 7 of the same group is lowered, and the lower vehicle 

frame 2 is lowered to a preset height. After the assembly of the container and the lower vehicle frame 

2 is completed, the output end of the lifting motor 5 is controlled to rotate in a opposite direction, so 

that wire rope 6 of the same group rises, thereby the movable pulley 7 of the same group rises, and 

the lower vehicle frame 2 assembled with the container rises. After the locking of the upper vehicle 

frame 1 and the lower vehicle frame 2 is completed, the assembly and connection of the container 

with the vehicle frame are completed accordingly. For unloading the container, only contrary 

operations are needed.  

[0042] In some embodiments of the disclosure, each lifting assembly may be provided with a tension 

sensor. The tension sensor can monitor an abnormal state, such as overloading, etc. to ensure the 

reliability of the assembly and connection of the container with the vehicle body. 
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[0043] In conjunction with FIGS. 1 and 4, in some embodiments of the disclosure, the output shaft of 

each lifting motor 5 may be fixedly provided with a reel 10, and the first end and second end of the 

wire rope 6 may be wound on the reel of a corresponding lifting motor. The lifting motor 5 can drive 

the rotation of the reel 10, and thus it is possible to realize the winding and unwinding of the wire rope 

6 on the reel 10. 

[0044] In some embodiments of the disclosure, the reel 10 can have a reduction box therein, which 

can reduce the speed of the reel 10, so that the lifting speed of the lower vehicle frame 2 can be reduced 

to improve the stability in lifting the lower vehicle frame 2. 

[0045] In conjunction with FIGS. 1 and 4, in some embodiments of the disclosure, the upper vehicle 

frame 1 may be provided with a reel holder 11 corresponding to the reel 10 in one-to-one relation, and 

the reel 10 is rotatably disposed on a corresponding reel holder 11. 

[0046]  In conjunction with FIGS. 1 and 4, in some embodiments of the disclosure, the reel holder 11 

may include two opposing support plates 11.1 and a connection plate 11.2, and the same sides of the 

two support plates 11.1 may be connected by the connection plate 11.2, so that the reel holder 11 has 

a U-shape in its entirety. The reel 10 may be rotatably disposed on the two support plates 11.1, and 

the connection plate 11.2 may be connected to the upper vehicle frame by bolts so as to achieve the 

assembly of the reel holder 11 on the upper vehicle frame 1. 

[0047] As shown in FIG. 4, in some embodiments of the disclosure, a plurality of reinforcing plates 

11.3 may also be provided on the connection plate 11.2, and the plurality of reinforcing plates 11.3 

may be parallelly disposed between the two support plates 11.1. Each reinforcing plate 11.3 can have 

a slot of a semi-arc shape, and a connection cylinder 11.4 may be fixedly disposed in the slots of the 

plurality of reinforcing plates 11.3. The two ends of the connection cylinder 11.4 in an axial direction 

can be fixedly connected to the two support plates 11.1, and the connection cylinder 11.4 may have a 

semi-circular shape. The reel 10 may be rotatably disposed in the connection cylinder 11.4, and the 

connection cylinder 11.4 and the plurality of reinforcing plates 11.3 can reinforce the strength of the 

reel holder 11. The semi-circular connection cylinder 11.4 will not interfere with the installation of 

the reel. 

[0048] In some embodiments of the disclosure, two support plates 11.1 and one connection plate 11.2 

constituting the reel holder 11 may be integrally formed to improve the strength of the reel holder 11. 

[0049] In conjunction with FIG. 1 and FIG. 3, in some embodiments of the disclosure, a brake member 

may also be provided on the lifting motor 5, and the brake member and the reel 10 can be provided 

correspondingly in one-to-one relation. An output end of the brake member operably acts on the reel 

10. When the lifting motor 5 stops working, the output end of the brake member 6 can act on the reel 
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10 to prevent the reel 10 from operating again due to the factors such as the gravity of the container, 

thus improving safety. 

[0050] In some embodiments of the disclosure, the brake member may also be disposed on the upper 

vehicle frame 1. The brake member may be a brake motor. In some embodiments of the disclosure, 

the brake member may be selected from other types of braking devices, and the disclosure does not 

limit this. 

[0051] In some embodiments of the disclosure, the reel holder 11 may be connected to a side of the 

first longitudinal beam 1.1, and the two movable pulleys 7 of each lifting assembly a can be rotatably 

disposed on a side of the second longitudinal beam 2.1 through a corresponding bracket 8. 

[0052] In some embodiments of the disclosure, the lifting vehicle frame may further include a locking 

device b. The locking device b may be disposed on the lower vehicle frame 2. When the lower vehicle 

frame 2 and the upper vehicle frame 1 are close to each other, the lower vehicle frame 2 and the upper 

vehicle frame 1 can be locked with each other by operating the locking device b. 

[0053] FIG. 5 is a schematic structural diagram of a locking device of FIG. 1. In conjunction with 

FIGS. 1 and 5, in some embodiments of the disclosure, the locking device b can primarily comprise a 

rotary pin assembly, a fixed pin assembly, and a driving assembly. 

[0054] In conjunction with FIGS. 1 and 5, in some embodiments of the disclosure, the rotary pin 

assembly may include a rotary pin 13, a locking head 14, and a rotary handle 15. The top of the lower 

vehicle frame 2 and the bottom of the lower vehicle frame 2 may be formed with first through holes 

32 corresponding to the rotary pin 13, and the rotary pin 13 can fixedly pass through the first through 

holes at the top of the lower vehicle frame 2 and the bottom of the lower vehicle frame 2 corresponding 

to it. The locking head 14 may be fixedly provided on the head of the rotary pin 13, and the locking 

head 14 is rotatable within a corresponding lock hole. The lock hole may be disposed at the bottom of 

the upper vehicle frame 1. The rotary handle 15 may be fixedly provided at the bottom of the rotary 

pin 13, and the rotary handle 15 may be provided with a first limit face and a second limit face spaced 

part from each other on its periphery. The rotary handle 15 may be located below the bottom of the 

lower vehicle frame 2. 

[0055] In conjunction with FIG. 1 and FIG. 5, in some embodiments of the disclosure, the rotary pin 

assembly may include a lifting pin 16, a limit block 17, and a reset spring 18. A central axis of the 

lifting pin 16 and a central axis of the rotary pin 13 can be parallel with each other. The top of the 

lower vehicle frame 2 and the bottom of the lower vehicle frame 2 may both be formed with second 

through holes corresponding to the lifting pin 16. The lifting pin 16 can be extendable and retractable 

in the second through holes at the top of the lower vehicle frame 2 and the bottom of the lower vehicle 
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frame 2; that is, the lifting pin 16 can be operably lifted and lowered along the central axis of the 

lifting pin 16. The lifting pin 16 may have a support protrusion 19 thereon, and the limit block 17 may 

be fixedly disposed at the bottom of the lifting pin 16, and the limit block 17 may be located below 

the bottom of the lower vehicle frame 2. The limit block 17 can operably engage the first limit face or 

a second limit face to lock the rotary handle 15. The reset spring 18 can be fitted on the lifting pin 16, 

and the reset spring 18 may be disposed between the support projection 19 and the limit block 17. In 

some embodiments of the disclosure, in particular in the lower vehicle frame, the reset spring 18 can 

be disposed between the support projection 19 and the bottom of the lower vehicle frame 2; that is, 

the upper end of the reset spring 18 can be connected to the support projection 19, and the lower end 

of the reset spring 18 can be disposed on the bottom of the lower vehicle frame. 

[0056] In some embodiments of the disclosure, the driving assembly may primarily comprise a 

driving mechanism. An output of the driving mechanism can be connected to the rotary handle 15, 

and the rotary handle 15 can be driven to rotate by operating the driving mechanism. 

[0057] In some embodiments of the disclosure, when the upper vehicle frame 1 and the lower vehicle 

frame 2 are needed to be locked, the lower vehicle frame 2 can be controlled to rise by the lifting 

assembly a, so that the locking head 14 of the rotary pin 13 on the lower vehicle frame 2 can pass 

through a corresponding lock hole on the upper vehicle frame 1; at this time, the lifting pin 16 is 

pressed by the upper vehicle frame 1, and the limit block 17 is pressed synchronously, so that the 

rotary handle 15 on the lower vehicle frame 2 is unlocked. At this time, the reset spring 18 is in a 

compressed state. The driving mechanism is operated to drive the rotary handle 15 to rotate a certain 

angle. In turn, the locking head 14 also rotates a certain angle, so that the locking head 14 cannot drop 

off from the lock hole of the upper vehicle frame 1. Then the lower vehicle frame 2 is controlled by 

the lifting assembly a to be lowered by a small height, and the reset spring 18 is reset, thereby driving 

the lifting pin 16 and the limit block 17 to be reset. At this time, the limit block 17 may engage the 

rotary handle 15 so that the rotary handle 15 is mechanically caught by the limit block 17, and the 

upper vehicle frame 1 and the lower vehicle frame 2 are firmly locked. Only contrary operations are 

needed to separate the upper vehicle frame 1 from the lower vehicle frame 2. 

[0058] As shown in FIG. 5, in some embodiments of the disclosure, the locking head 14 may be 

provided with two cutting faces 20 opposite to each other on its periphery, and the locking head 14 

may be provided with two limit projections 21 opposite to each other on its periphery. The limit 

projection 21 may be located between the two cutting faces 20. A distance between the two cutting 

faces 20 may be less than the width of the lock hole, and a distance between the two limit projections 

21 may be larger than the width of the lock hole and smaller than the length of the lock hole. When 
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the rotary pin 13 is in an unlocked state, the locking head 14 can movably extend or retract in the lock 

hole. When the rotary pin 13 is in a locked state, the two limit projections 21 may be hung on a first 

cover plate and cannot movably extend or retract in the lock hole so as to ensure a reliable locking. 

[0059] As shown in FIG. 5, in some embodiments of the disclosure, a locking seat 22 and a carrying 

table 23 may also be provided separately on the rotary pin 13, and the locking seat 22 and the carrying 

table 23 may be sequentially disposed between the locking head 14 and the rotary handle 15. The 

locking head 14 and the locking seat 22 may have a first gap therebetween, and the top of the lower 

vehicle frame 2 can be clamped in the first gap. The carrying table 23 and the rotary handle 15 can 

have a second gap therebetween, and the bottom of the lower vehicle frame 2 can be clamped in the 

second gap. 

[0060] In some embodiments of the disclosure, the locking seat 22 and the carrying table 23 have 

spherical fit therebetween, that is, the rotary pin 13 is divided into two portions. A first portion is 

above the locking seat 22 and the carrying table 23 is the second portion. The first portion can have a 

first gap between the locking head 14 and the locking seat 22, and the first portion can be connected 

with the top of the lower vehicle frame 2. The second portion can have a second gap between the 

carrying table 23 and the rotary handle 15, and the second portion can be connected with the bottom 

of the lower vehicle frame 2. At the same time, the locking seat 22 and the carrying table 23 can have 

spherical fit therebetween, that is, the first portion and the second portion can have spherical fit, so 

that the first portion can float relative to the second portion to adapt to the impact generated when the 

upper vehicle frame and the lower vehicle frame are locked, which has good practicability. 

[0061] In some embodiments of the disclosure, the bottom of the locking seat 22 may have a spherical 

concave surface, and the top of the carrying table 23 may have a spherical convex surface. In other 

embodiments of the disclosure, the bottom of the locking seat 22 may have a spherical convex surface, 

and the top of the carrying table 23 may have a spherical concave surface. This is not limited in the 

disclosure. 

[0062] In some embodiments of the disclosure, the first through hole on the top of the lower vehicle 

frame 2 for passing the rotary pin 13 may be a waist shape hole to enable the first portion to have a 

conical swing in the first through hole. 

[0063]  As shown in FIG. 5, in some embodiments of the disclosure, the rotary pin 13 may also be 

provided with a first positioning block 24, and the first positioning block 24 may be fixedly disposed 

at the bottom of the rotary pin 13. The first positioning block 24 may be disposed against the rotary 

handle 15, so that the rotary handle 15 can be locked to ensure a reliable connection of the rotary 

handle 15. 
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[0064]  In some embodiments of the disclosure, the first positioning block 24 may take the form of a 

transverse bolt or cotter pin, etc.. The disclosure is not limited to this. 

[0065] In some embodiments of the disclosure, the first limit face and the second limit spaced apart 

from each other on the periphery of the rotary handle 15 may be in the form of a groove. When the 

limit block 17 is located in the groove, the rotary handle 17 can be restricted from rotation. 

[0066] In some embodiments of the disclosure, the bottom of the upper vehicle frame 1 may also be 

formed with a third through hole for passing the head of the lifting pin and thus guiding the movement 

of the lifting pin 16.  

[0067] In conjunction with FIGS. 1 and 5, in some embodiments of the disclosure, a lifting pin 

assembly may also comprise a sleeve 25, and the sleeve 25 may be fixedly provided at the bottom of 

the partition 17. The lifting pin 16 may be extended and retracted in the sleeve 25, and the limit block 

17 may be located below the sleeve 25. When the reset spring is reset, the limit block 17 may rest 

against the bottom of the sleeve 25; that is: the sleeve 25 has a limiting effect to keep the limit block 

17 at a predetermined locking position, so as to ensure a reliable locking. 

[0068] As shown in FIG. 5, in some embodiments of the disclosure, the lifting pin 16 may also be 

provided with a second positioning block 26, and the second positioning block 26 may be fixedly 

disposed on the bottom of the lifting pin 16. The second positioning block 26 may be disposed against 

the limit block 17, so that the limit block 17 can be locked, so as to ensure a reliable connection of the 

limit block 17. 

[0069] In some embodiments of the disclosure, the second positioning block 26 may take the form of 

a transverse bolt or cotter pin, etc., and the disclosure is not limited to this. 

[0070] In some embodiments of the disclosure, the driving mechanism can drive the rotary handle 15 

to rotate by an angle of 90°. In some embodiments of the disclosure, the angle may be set to other 

angles, which is not limited in the disclosure. 

[0071] In conjunction with FIG. 5, in some embodiments of the disclosure, the driving mechanism 

may include a driving member 27, a first link 28 and a second link 29. An output end of the driving 

member 27 can make a linear reciprocating movement, and the first link 28 may be L-shaped. The 

output end of the driving member 27 may be rotatably connected to one end of the first link 28, and 

the other end of the first link 28 is rotatably connected to one end of the second link 29. The other end 

of the second link 29 is rotatably connected to the rotary handle 15. In this way, the rotary handle 15 

can be rotated by controlling the operation of the output end of the driving member 27. 

[0072] In conjunction with FIG. 5, in some embodiments of the disclosure, the driving mechanism 

may further comprise a third link 30 and a fourth link 31, and one end of the third link 30 can be 
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connected at a corner of the first link 28. The other end of the third link 30 can be extended away from 

the second link 29, and the other end of the third link 30 is rotatably connected to one end of the fourth 

link 31. The fourth link 31 is rotatably connected to another rotary handle 15. In this way, only one 

driving member 27 is needed to rotate two rotary handles 15, and thus drive two locking devices. 

[0073] In some embodiments of the disclosure, the lifting vehicle frame may further comprise two 

guide plates 12, which are fixedly disposed and opposite to each other, and the third link 30 can 

movably pass through the two guide plates 12, so that the third link 30 can make a linear motion, and 

thus the fourth link 31 and second link 22 can be miniaturized to optimize the configuration of the 

lower vehicle frame. 

[0074] In some embodiments of the disclosure, the guide plate 12 may be fixed between the top and 

the bottom of the lower vehicle frame 2, and the driving member 27 may also be fixed on a fixed base 

9, and the fixed base 9 may be fixedly disposed between the top and the bottom of the lower vehicle 

frame 2. 

[0075] In some embodiments of the disclosure, the driving member can use a servo linear actuator, or 

other mechanism, such as a hydraulic cylinder, the disclosure is not limited to this. 

[0076] In some embodiments of the disclosure, the lower vehicle frame 2 may also be provided with 

a position sensor 22 corresponding to the limit block 17 in one to one relation. When the limit block 

17 is lowered to a pre-set position, it can be controlled by a position sensor corresponding to it, and 

thus the limit block 17 can control the driving member to start work, thereby realizing automatic 

operation.  

[0077] In some embodiments of the disclosure, each third cross beam 2.2 and each fourth cross beam 

2.3 may be provided with a locking device therein, and the driving member of the locking device can 

extend and retract in a transverse direction.  

[0078]  In some embodiments of the disclosure, the lower vehicle frame and the container can be 

assembled and connected by a locking assembly. The locking assembly is the same as that used when 

a container is connected to an aerial vehicle by jacking equipment in the prior art, which is not limited 

in the disclosure. 

[0079]  As shown in FIG. 1, in some embodiments of the disclosure, a container anti-falling device 3 

may be provided at both ends of the third cross beam 4.3. After the lower vehicle frame and the 

container are assembled, the container anti-falling device will hold the container, so as to improve the 

safety during container transportation. 
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[0080] In some embodiments of the disclosure, the specific structure of the container anti-falling 

device may be the same as that disclosed in the Chinese Application No. "201811638159.0", entitled 

"Container anti-falling Device", which will not be described in the disclosure. 

[0081]  In some embodiments of the disclosure, the aerial rail container transportation method may 

be implemented by the aerial transportation vehicle described in this disclosure. The aerial 

transportation vehicle includes a lifting vehicle frame, which includes an upper vehicle frame, a lower 

vehicle frame, a lifting assembly, and a locking device. The lower vehicle frame and the upper vehicle 

frame can move close to or away from each other by operating the lifting assembly. The lower vehicle 

frame and the upper vehicle frame close to each other can be locked together by operating the locking 

device. The method includes: the aerial transportation vehicle free of load running into position and 

stopping so that the container is located directly below the aerial transportation vehicle; operating the 

lifting assembly to separate the upper vehicle frame and the lower vehicle frame, and lower the lower 

vehicle frame to a preset height; completing the locking of the lower vehicle frame and the container; 

operating the lifting assembly, so that the lower vehicle frame and the container rise as a whole; 

operating  the locking device to lock the upper vehicle frame and the lower vehicle frame together; 

and the aerial transportation vehicle being started for transportation after the container assembly 

process is completed. 

[0082]  In some embodiments of the disclosure, the specific steps of lifting a container by the aerial 

transportation vehicle provided by the disclosure may comprise: 

[0083] the non-loaded aerial transportation vehicle free of load running into position and stopping, at 

which time the container is located directly below the vehicle → operating the lifting assembly so that 

the upper vehicle frame and the lower vehicle frame are separated → operating the lifting assembly, 

so that the lower vehicle frame is lowered down → opening the container anti-falling device on the 

lower vehicle frame → operating the locking device between the lower vehicle frame and the container 

to complete the locking of the lower vehicle frame and the container → operating the lifting assembly 

so that the lower vehicle frame and the container rise as a whole → the container anti-falling device 

on the lower container being shrunk to hold the container → operating the lifting assembly and the 

locking device, so that the upper vehicle frame and the lower vehicle frame are locked → the aerial 

transportation vehicle being started for transportation after the assembly of the container is completed. 

For the unloading process, contrary operations will be done.  

[0084] In summary, the aerial transportation vehicle provided by the disclosure can achieve assembly 

and connection of the aerial transportation vehicle with the container through its own devices, which 

is simple in operation, and has high automation level and good practicability. 
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[0085] The embodiments described above are preferred embodiments of the disclosure, which are 

only used to facilitate the description of the disclosure rather than limiting the disclosure in any form. 

Any equivalent embodiments obtained by those of ordinary skill in the art by partially modifying or 

changing the embodiments of the disclosure based on the content of the disclosure without departing 

from the technical features of the disclosure all fall within the scope of the disclosure. 
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CLAIMS 

 

1. A lifting vehicle frame, comprising:  

an upper vehicle frame;  

a lower vehicle frame;  

a lifting assembly, the upper vehicle frame and the lower vehicle frame being connected 

through the lifting assembly, at least two lifting assemblies being provided in a first direction; the 

lower vehicle frame and the upper vehicle frame being able to move close to or away from each other 

by operating the at least two lifting assemblies, and each lifting assembly including a lifting motor, a 

wire rope, and a movable pulley, wherein,  

two lifting motors are provided opposite to each other in a second direction, and the 

two lifting motors are fixed to the upper vehicle frame; the second direction and the first direction are 

perpendicular to each other;  

the movable pulley and the lifting motor are provided correspondingly in one-to-one 

relation, and two movable pulleys are rotatably disposed on the lower vehicle frame in the second 

direction; and 

the wire rope, the lifting motor and the movable pulley are provided correspondingly 

in one-to-one relation, and the wire rope has a first end and a second end opposite to each other; the 

first end and the second end of the wire rope both are wound on an output end of a corresponding 

lifting motor, and the movable pulley is disposed in the middle of a corresponding wire rope; and  

a locking device, the locking device is disposed on the lower vehicle frame; the lower vehicle 

frame and the upper vehicle frame are locked with each other by operating the locking device when 

the lower vehicle frame and the upper vehicle frame are close to each other. 

2. The lifting vehicle frame according to claim 1, wherein each lifting assembly is provided 

with a tension sensor. 

3. The lifting vehicle frame according to claim 2, wherein an output shaft of each lifting motor 

is fixedly provided with a reel, and the first end and second end of the wire rope are wound on the reel 

of a corresponding lifting motor. 

4. The lifting vehicle frame according to claim 3, wherein a brake member is provided on the 

lifting motor; 

the brake member and the reel are provided correspondingly in one-to-one relation, and an 

output end of the brake member operably acts on the reel. 

5. The lifting vehicle frame according to claim 1, wherein the locking device comprises: 
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a rotary pin;  

a locking head, fixedly disposed at the head of the rotary pin;  

a rotary handle fixedly disposed at the bottom of the rotary pin, the rotary handle is formed 

with a first limit face and a second limit face on its periphery;   

a lifting pin, a central axis of the lifting pin and a central axis of the rotary pin are parallel with 

each other; the lifting pin operably moves up and down along the central axis of the lifting pin, and 

the lifting pin is provided with a support protrusion;  

a limit block, the limit block is fixedly disposed at the bottom of the lifting pin, and the limit 

block is operably engaged with the first limit face or the second limit face;  

a reset spring, the reset spring is fitted on the lifting pin, and the reset spring is disposed 

between the support protrusion and the limit block;  

a driving mechanism, an output end of the driving mechanism is connected to the rotary 

handle, and the rotary handle is rotated by operating the driving mechanism; and 

wherein the upper vehicle frame is formed with a lock hole corresponding to the locking device 

at its bottom, and the locking head of the locking device is rotatable within a corresponding lock hole;  

the top and bottom of the lower vehicle frame both are formed with a first through hole 

corresponding to the rotary pin of the locking device; 

the rotary pin fixedly passes through corresponding first through holes at the top and bottom 

of the lower vehicle frame, and the rotary handle is located below the bottom of the lower vehicle 

frame;  

the top and bottom of the lower vehicle frame both are formed with a second through hole 

corresponding to the lifting pin of the locking device, and the lifting pin is extendable and retractable 

inside the second through holes at the top and bottom of the lower vehicle frame; and 

the reset spring is disposed between the support projection and the partition. 

6. The lifting vehicle frame according to claim 5, wherein the rotary pin is provided with a 

locking seat and a carrying table spaced apart from each other, and the locking seat and the carrying 

table are sequentially disposed between the locking head and the rotary handle; 

a first gap is formed between the locking head and the locking seat, and the top of the lower 

vehicle frame is clamped in the first gap; and 

a second gap is formed between the carrying table and the rotary handle, and the bottom of the 

lower vehicle frame is clamped in the second gap. 

7. The lifting vehicle frame according to claim 6, wherein the locking seat and the carrying 

table fit with each other with spherical surfaces. 
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8. The lifting vehicle frame according to claim 5, wherein the bottom of the upper vehicle 

frame is formed with a third through hole fitted with the locking device, and the third through hole is 

passed by a head portion of the lifting pin of a corresponding locking device.  

9. The lifting vehicle frame according to claim 5, wherein the locking device further includes 

a sleeve,  

the sleeve is fixedly disposed below the bottom of the lower vehicle frame;  

the lifting pin is extendable and retractable in the sleeve, and the limit block is located below 

the sleeve. 

10. An aerial transportation vehicle including a lifting vehicle frame of claim 1. 

11. An aerial rail container transportation method implemented by using the aerial 

transportation vehicle of claim 10, and wherein the aerial transportation vehicle includes a lifting 

vehicle frame, and the lifting vehicle frame includes an upper vehicle frame, a lower vehicle frame, a 

lifting assembly and a locking device; the lower vehicle frame and the upper vehicle frame is able to 

move close to or away from each other by operating the lifting assembly; the lower vehicle frame and 

the upper vehicle frame close to each other is able to be locked with each other by operating the 

locking device; 

and the method comprises: 

the aerial transportation vehicle being free of load and running into position and stopping, so 

that a container is located directly below the aerial transportation vehicle;  

operating the lifting assembly to separate the upper vehicle frame from the lower vehicle 

frame;  

operating the lifting assembly to lower the lower vehicle frame;  

opening a container anti-falling device on the lower vehicle frame;  

completing a locking of the lower vehicle frame and the container by operating the locking 

device therebetween; 

operating the lifting assembly, so that the lower vehicle frame and the container rise as a whole;  

the container anti-falling device on the lower vehicle frame being shrunk so that the container 

anti-falling device holds the container; 

operating the lifting assembly and the locking device so that the lower vehicle frame and the 

upper vehicle frame are locked with each other; and 

the aerial transportation vehicle being started for transportation after a container assembly 

process is completed. 

 


