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TRUSS-LIKE HYDRAULIC LIFTING APPARATUS WITH

PLUGS

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to the technical field of marine5

platform apparatuses, and in particular, to a truss-like hydraulic lifting apparatus with

plugs.

BACKGROUND

[0002] With the exploration and development of marine resources, more and more10

marine platforms are constructed. In the coastal and even medium-depth and deep-sea

areas, a jack-up platform has been widely used for its advantages such as continuous

operation, stable working and high efficiency in various sea conditions, and thus it is the

main platform in the sea areas. A platform lifting apparatus is the key to the jack-up

platform and is highly valued in design and construction. The current lifting apparatus is15

generally in the form of either a plug-type lifting apparatus or a gear-type lifting

apparatus. The truss-type leg is usually used together with a pinion-rack lifting apparatus,

but the conventional rack truss-type leg has a high manufacturing cost due to high

requirements on the quality and precision of the rack and the difficulty in welding. The

welding accuracy and quality control of the rack and the main chord tube for the leg are20

also major difficulties in the manufacturing process of the leg. Therefore, the plug-type

lifting apparatus is used more commonly.

[0003] However, inventors found in the long-term practice and research that, the power

source device of the existing plug-type lifting apparatus is fixedly mounted and is

inconvenient to be disassembled, which is not conducive to the maintenance during the25

later use. Furthermore, the power source device is extremely susceptible to extrinsic

damages, which will cause serious loss.

SUMMARY

[0004] Embodiments of the present invention provide a truss-like hydraulic lifting30

apparatus with plugs, in order to solve at least the technical problem in the

above-described technical problems that the truss-like hydraulic lifting apparatus with

plugs is inconvenient to be disassembled for maintenance.

[0005] In some embodiments of the truss-like hydraulic lifting apparatus with plugs of
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the present invention, the truss-like hydraulic lifting apparatus includes: a pile reinforcing

frame;

[0006] a truss structure extending through and mounted within the pile reinforcing

frame, wherein the truss structure includes a first number of uniformly disposed support

legs, and each of the support legs is provided with a support leg inserting hole;5

[0007] a first number of power source devices each provided with a plug corresponding

to the support leg inserting hole of each of the support legs;

[0008] a detachable mechanism for detachably fixing each of the power source devices

to the pile reinforcing frame,

[0009] wherein the detachable mechanism includes:10

[0010] a base plate laterally fixed relative to the pile reinforcing frame, which is

provided with an opening through which the support leg vertically passes and forms a

protective cap above the power source device, wherein the lateral dimension of the

protective cap is larger than the lateral dimension of the power source device.

[0011] With the truss-like hydraulic lifting apparatus with plugs in this embodiment, the15

power source device is detachably fixed to the pile reinforcing frame via the detachable

mechanism, so that the power source device may be conveniently dismounted, and thus a

power source device in malfunction may be dismounted for inspection and maintenance,

which reduces the degree of difficulty in maintenance and ensures the safety of

maintenance personnel (in view of that the apparatus of the present invention is used for20

marine platforms, and is either in sea water or much high above the sea level). On the

other hand, after a lifting task is completed, the power source device may be disassembled

and stored to prevent the power source device from being damaged by external factors,

which extends the service life of the equipment and reduces the production cost.

Alternatively, after the lifting task is completed, the power source device may be mounted25

to other truss-like hydraulic lifting apparatus with plugs that needs to perform a lifting

operation, so that the power source device is made full use through sharing, which saves

the cost of re-configuring the power source device. Alternatively, since the fixed base

plate forms the protective cap above the power source device, the power source device is

prevented from being damaged by the impact caused by the gravity acceleration of the30

object falling from above, thus protecting the power source device.

[0012] In some embodiments, the base plate may be detachably mounted on the pile

reinforcing frame via a plug structure, a mounting plug hole may be arranged on the base

plate, and the pile reinforcing frame is provided with a mounting plug corresponding to
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the mounting plug hole.

[0013] In some embodiments, a plug cylinder may be disposed on the pile reinforcing

frame for driving the mounting plug to be automatically inserted and removed.

[0014] In some embodiments, the base plate is detachably mounted on the pile

reinforcing frame via a tenon-mortise structure, a tenon is provided on each of two ends of5

the base plate connected with the pile reinforcing frame, and the pile reinforcing frame is

provided with a mortise corresponding to the tenon.

[0015] In some embodiments, the power source device may comprise an upper cylinder

assembly and a lower cylinder assembly which are mounted on the base plate,

respectively. The upper cylinder assembly may comprise a first upper cylinder and a10

second upper cylinder whose upper ends are connected to the base plate, and an upper

slider which is connected to the lower ends of the first upper cylinder and the second

upper cylinder. The lower cylinder assembly may comprise a first lower cylinder and a

second lower cylinder whose upper ends are connected to the base plate, and a lower slider

which is connected to the lower ends of the first lower cylinder and the second lower15

cylinder.

[0016] In some embodiments, the upper ends of the first upper cylinder and the second

upper cylinder may be first type T-shaped ends, with first type T-shaped end joint ports

corresponding to the first type T-shaped ends being arranged on the base plate, and the

first upper cylinder and the second upper cylinder are respectively mounted on the first20

type T-shaped end joint ports of the base plate via the upper ends of the first type

T-shaped ends. The upper ends of the first lower cylinder and the second lower cylinder

are second type T-shaped ends, with second type T-shaped end joint ports corresponding

to the second type T-shaped ends being arranged on the base plate, and the first lower

cylinder and the second lower cylinder are respectively mounted on the second type25

T-shaped end joint ports of the base plate via the upper ends of the second type T-shaped

ends.

[0017] In some embodiments, the first upper cylinder and the second upper cylinder are

symmetrically distributed on two sides of the corresponding support leg, and the first

lower cylinder and the second lower cylinder are symmetrically placed on two sides of the30

corresponding support leg. U-shaped openings are arranged respectively on the upper

slider and the lower slider for receiving the corresponding support leg, and the upper slider

and the lower slider are respectively provided with the plug.

[0018] In some embodiments, the pile reinforcing frame may further comprise limiting
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members symmetrically provided on two sides of the support leg, wherein the limiting

member is parallel to the extending direction of the support leg, and a limiting hole is

arranged on the limiting member which is in one-to-one correspondence with the support

leg inserting hole on the support leg for limiting the pile reinforcing frame when a limiting

plug is inserted into the limiting hole and the corresponding support leg inserting hole, and5

for carrying the pile reinforcing frame.

[0019] In some embodiments, the distance between the limiting members is less than

the opening width of the U-shaped opening.

[0020] In some embodiments, the truss structure is a triangular truss structure, the first

number of support legs comprises three support legs, and the first number of power source10

devices comprises three power source devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In order to more clearly illustrate the embodiments of the present invention or

prior art, figures to be used in the embodiments or prior art will be briefly introduced in15

the following. Apparently, figures in the following description are some embodiments of

the present invention, and other figures can be obtained by those skilled in the art based on

these figures without inventive efforts.

[0022] Fig. 1 is a schematic structural view of one embodiment of the truss-like

hydraulic lifting apparatus with plugs according to the present invention;20

[0023] Fig. 2 is a schematic structural view of one embodiment of the mounting mode

of the detachable mechanism and the power source device in the truss-like hydraulic

lifting apparatus with plugs according to the present invention;

[0024] Fig. 3 is a schematic structural view showing the connection between the

detachable mechanism and the power source device in the truss-like hydraulic lifting25

apparatus with plugs according to the present invention.

DETAILED DESCRIPTION

[0025] To make the objectives, technical solutions, and advantages of the embodiments

of the disclosure more clear, the following will clearly and completely describe the30

embodiments of the disclosure with reference to the drawings. Obviously, the described

embodiments are merely part of the embodiments of the disclosure, but do not encompass

all possible embodiments. Other embodiments obtained by the ordinary skill in the art

based on the description provided in the disclosure fall within the scope of the disclosure.
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[0026] It should also be noted that, embodiments of the present application and the

technical features involved therein may be combined with each other in case they are not

conflict with each other. The present invention will now be illustrated with reference to

the accompanied figures in conjunction with various embodiments.

[0027] As shown in Fig. 1, in some embodiments of the present invention, the truss-like5

hydraulic lifting apparatus with plugs includes a pile reinforcing frame 1, and a truss

structure 2 extending through and mounted within the pile reinforcing frame 1. The truss

structure 2 includes a first number of uniformly disposed support legs 21. Each of the

support legs 21 is provided with a support leg inserting hole 211.

[0028] The truss-like hydraulic lifting apparatus further includes a first number of10

power source devices 3 each provided with a plug 31 corresponding to the support leg

inserting hole 211 of each of the support legs 21, and a detachable mechanism for

detachably fixing each of the power source devices 3 to the pile reinforcing frame 1. The

detachable mechanism includes a base plate 4 which is laterally fixed relative to the pile

reinforcing frame 1. An opening 41 through which the support leg vertically passes is15

provided on the base plate 4 that forms a protective cap above the power source device 3.

The lateral dimension of the protective cap is larger than the lateral dimension of the

power source device 3.

[0029] With respect to the truss-like hydraulic lifting apparatus with plugs in this

embodiment, the power source device 3 is detachably fixed to the pile reinforcing frame 120

via the detachable mechanism, so that the power source device 3 may be conveniently

detached, and thus when the power source device 3 fails, it may be dismounted for

inspection and maintenance, which reduces the degree of difficulty in maintenance and

ensures the safety of maintenance personnel (considering that the apparatus of the present

invention is used for marine platforms, which is either in sea water or much high above the25

sea level). On the other hand, after a lifting task is completed, the power source device 3

may be dismounted and stored to prevent the power source device 3 from being damaged

by external factors, which prolong the service life of the power source device and reduces

the production cost. Alternatively, after the lifting task is completed, the power source

device may be mounted to other truss-like hydraulic lifting apparatus with plugs that needs30

to perform a lifting operation, so that the power source device 3 is fully utilized by

sharing, which saves the cost of re-configuring the power source device 3. Moreover,

since the fixed base plate 4 forms the protective cap above the power source device 3, the

power source device 3 is prevented from being damaged by the impact caused by the
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gravity acceleration of the object falling from above, thus protecting the power source

device 3.

[0030] In some embodiments, the base plate 4 is detachably mounted on the pile

reinforcing frame 1 via a plug structure, a mounting plug hole is arranged on the base plate

4, and the pile reinforcing frame 1 is provided with a mounting plug 42 corresponding to5

the mounting plug hole. A plug cylinder is disposed on the pile reinforcing frame 1 for

driving the mounting plug 42 to be automatically inserted and removed. In this

embodiment, the detachable mounting of the base plate 4 and the pile reinforcing frame 1

is realized by the plug structure, and the automatic disassembly and assembly of the base

plate 4 is realized through cooperating with the plug cylinder, thereby reducing the10

participation of personnel and reducing the operation burden.

[0031] In some embodiments, the base plate 4 is detachably mounted on the pile

reinforcing frame via a tenon-mortise structure, a tenon is provided on each of two ends of

the base plate connected with the pile reinforcing frame, and the pile reinforcing frame 1

is provided with a mortise corresponding to the tenon. In this embodiment, the detachable15

mounting of the base plate 4 and the pile reinforcing frame 1 is realized by the

tenon-mortise structure, which simplifies the structure by not requiring separate provision

of any components for mounting and connection. It is only necessary to provide a tenon on

the joint portion of the base plate 4 and to provide a mortise in the corresponding portion

of the pile reinforcing frame 1.20

[0032] As shown in Fig. 2, in some embodiments, the power source device 3 includes an

upper cylinder assembly and a lower cylinder assembly which are mounted on the base

plate 4, respectively. The upper cylinder assembly includes a first upper cylinder 321 and

a second upper cylinder 322 whose upper ends are connected to the base plate 4, and an

upper slider 341 which is connected to the lower ends of the first upper cylinder 321 and25

the second upper cylinder 322. The upper ends of the first upper cylinder 321 and the

second upper cylinder 322 may be directly welded to the lower surface of the base plate 4.

In particular, an ear plate is welded to the lower surface of the base plate 4, and the upper

ends of the first upper cylinder 321 and the second upper cylinder 322 are fixedly

connected to the base plate 4 via the ear plate. The upper ends of the first upper cylinder30

321 and the second upper cylinder 322 are detachably mounted on the base plate 4. The

upper ends of the first upper cylinder 321 and the second upper cylinder 322 are movably

connected to the base plate 4 via a tenon-mortise structure or a plug structure. For

example, the tenon-mortise structure is configured such that the upper ends of the first
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upper cylinder 321 and the second upper cylinder 322 are respectively provided with a

tenon, and a corresponding mortise is provided on the base plate 4.

[0033] The lower cylinder assembly includes a first lower cylinder 331 and a second

lower cylinder 332 whose upper ends are connected to the base plate 4, and a lower slider

342 which is connected to the lower ends of the first lower cylinder 331 and the second5

lower cylinder 332. The upper ends of the first lower cylinder 331 and the second lower

cylinder 332 may be directly welded to the lower surface of the base plate 4. An ear plate

is welded to the lower surface of the base plate 4, and upper ends of the first lower

cylinder 331 and the second lower cylinder 332 are fixedly connected to the base plate 4

via the ear plate. The upper ends of the first lower cylinder 331 and the second lower10

cylinder 332 are detachably mounted on the base plate 4. The upper ends of the first lower

cylinder 331 and the second lower cylinder 332 are movably connected to the base plate 4

via a tenon-mortise structure or a plug structure. For example, the tenon-mortise structure

is configured such that the upper ends of the first lower cylinder 331 and the second lower

cylinder 332 are respectively provided with a tenon, and a corresponding mortise is15

provided on the base plate 4.

[0034] As shown in Fig. 3, in some embodiments, the tenon-mortise structure between

the upper ends of the first upper cylinder 321 and the second upper cylinder 322 and the

base plate 4 may be configured such that the upper ends of the first upper cylinder and the

second upper cylinder are first type T-shaped ends 351, 352. First type T-shaped end joint20

ports 421, 422 corresponding to the first type T-shaped ends are arranged on the base

plate. The first upper cylinder and the second upper cylinder are respectively mounted on

the first type T-shaped end joint ports 421, 422 of the base plate via the upper ends of the

first type T-shaped ends 351, 352.

[0035] In some embodiments, the tenon-mortise structure between the upper ends of the25

first lower cylinder 331 and the second lower cylinder 332 and the base plate 4 may be

configured such that the upper ends of the first lower cylinder 331 and the second lower

cylinder 332 are second type T-shaped ends 361, 362. Second type T-shaped end joint

ports 431, 432 corresponding to the second type T-shaped ends are arranged on the base

plate. The first lower cylinder 331 and the second lower cylinder 332 are respectively30

mounted on the second type T-shaped end joint ports 431, 432 of the base plate via the

upper ends of the second type T-shaped ends 361, 362.

[0036] In the above embodiments, the flexibility of maintaining the power source

device is increased by providing the detachable mounting between the upper cylinder
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assembly and the lower cylinder assembly and the base plate 4. For example, when only

one of the upper cylinder assembly and the lower cylinder assembly fails, it is only

necessary to separately dismount the failed assembly for inspection and maintenance,

without dismounting the entire power source device, which avoids unnecessary

duplication of work, and also avoids unnecessary wear and even damage to the cylinder5

assembly during disassembly.

[0037] In some embodiments, the first upper cylinder 321 and the second upper cylinder

322 are symmetrically distributed on two sides of the corresponding support leg 21, and

the first lower cylinder 331 and the second lower cylinder 332 are symmetrically

distributed on two sides of the corresponding support leg 21. A U-shaped opening is10

respectively arranged on the upper slider 341 and the lower slider 342 for receiving the

corresponding support leg 21. The upper slider 341 and the lower slider 342 are

respectively provided with plugs 31 (including an upper plug and a lower plug). In some

embodiments, the truss structure is a triangular truss structure, the first number of support

legs includes three support legs, and the first number of power source devices includes15

three power source devices.

[0038] Thus, three upper sliders 341 are connected to the pile reinforcing frame 1 via

six upper cylinders, and three lower sliders 342 are connected to the pile reinforcing frame

1 via six lower cylinders. When the platform is raised, the upper cylinders are in the

shortest stroke state. The upper plug is inserted into the support leg inserting hole 211, and20

the lower plug is extracted from the support leg inserting hole 211. The cylinders are

raised to retract to the shortest stroke, and the lower plug is inserted and the upper plug is

extracted. The lower slider is raised and the cylinders are extended, and thus the platform

is raised. After completing one pitch (the distance between two adjacent support leg

inserting holes 211), the upper plug is inserted and the lower plug is extracted, the25

cylinder is retracted to the shortest stroke. The above operations are repeated to reach the

goal of raising the platform. When the platform is lowered, the lower plug is inserted into

the support leg inserting hole 211, and the upper plug is extracted from the support leg

inserting hole 211. After the cylinders are extended to one support leg pitch, the lower

plug is inserted into the support leg inserting hole 211, and the upper plug is extracted30

from the support leg inserting hole 211. The above operations are repeated to reach the

goal of lowering the platform. By pre-pressing, the pile pulling can be achieved by

synchronously lifting and retracting the upper and lower cylinders, and pile impacting and

pulling can be achieved by synchronously compressing the upper and lower cylinders.
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[0039] In some embodiments, the upper slider is connected to the pile reinforcing frame

via six cylinders, and six sets of plug devices are provided on the upper slider and the

lower slider. When ready for lifting the platform by releasing the pile, the upper and lower

cylinders are in a protruding state. During operation, the upper plug is extracted and the

cylinders are retracted to the shortest stroke without load. At the same time, the lower5

cylinders protrude, and the leg is lowered by the plug until the lower cylinders protrude to

the longest state. At this point, the upper plug is inserted and the lower plug is extracted,

and the upper cylinders drive the leg to finish one pitch, and the cylinders are retracted

without load to finish one pitch. The above operations are repeated in this way to realize

continuous self-raising of the platform. When the platform is lowered, the operations take10

place reversely.

[0040] In some embodiments, the pile reinforcing frame 1 further includes limiting

members symmetrically provided on two sides of the support leg 21. The limiting member

is parallel to the extending direction of the support leg 21, and a limiting hole is arranged

on the limiting member, which is in one-to-one correspondence with the support leg15

inserting hole on the support leg 21 for limiting the pile reinforcing frame 1 when a

limiting plug is inserted into the limiting hole and the corresponding support leg inserting

hole, and for carrying the pile reinforcing frame 1.

[0041] In this embodiment, the limiting member may be provided to limit the pile

reinforcing frame in any raising position (the power source device realizes the elevating of20

the pile reinforcing frame), and to release the power source device so that the power

source device can be arbitrarily dismounted. For example, after the truss-like hydraulic

lifting apparatus with plugs in the embodiment of the present invention is raised to a target

height through the pushing action of the power source device, a limiting plug can be

inserted into the support leg inserting hole corresponding to the limiting hole to limit the25

pile reinforcing frame and to control the cylinder assemblies of the power source device to

extend to a natural state (a state in which it is not subjected to a pressure, thereby

transferring all of the pressure to the limiting plug and the limiting member), so that the

power source device can be freely dismounted, which facilitates maintenance and

repairing of the power source device. Furthermore, even when the power source device is30

not required to be dismounted, the power source device may be in a natural state in which

it is not subjected to an external force by the action of the limiting member, thereby

obtaining the beneficial effects of reducing the working intensity, reducing wear,

prolonging the life of the power source device, reducing the cost of equipment
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maintenance and repair, and reducing the cost of equipment.

[0042] Finally, it should be noted that, the above embodiments are merely provided for

describing the technical solutions of the present invention, but not intended as a limitation.

Although the present invention has been described in detail with reference to the

embodiments, those skilled in the art will appreciate that the technical solutions described5

in the foregoing various embodiments can still be modified, or some technical features

therein can be equivalently replaced. Such modifications or replacements do not make the

essence of corresponding technical solutions depart from the spirit and scope of technical

solutions embodiments of the present invention.
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CLAIMS

1. A truss-like hydraulic lifting apparatus with plugs, comprising:

a pile reinforcing frame;

a truss structure extending through and mounted within the pile reinforcing frame,5

wherein the truss structure comprises a first number of uniformly disposed support legs, and

each of the support legs is provided with a support leg inserting hole;

a first number of power source devices each provided with a plug corresponding to a

support leg inserting hole of each of the support legs;

a detachable mechanism for detachably fixing each of the power source devices to10

the pile reinforcing frame,

wherein the detachable mechanism comprises:

a base plate which is laterally fixed relative to the pile reinforcing frame, is provided

with an opening through which the support leg vertically passes, and forms a protective cap

above the power source device, wherein the lateral dimension of the protective cap is larger15

than the lateral dimension of the power source device.

2. The truss-like hydraulic lifting apparatus with plugs according to claim 1, wherein

the base plate is detachably mounted on the pile reinforcing frame via a plug structure, with

a mounting plug hole being arranged on the base plate, and the pile reinforcing frame is20

provided with a mounting plug corresponding to the mounting plug hole.

3. The truss-like hydraulic lifting apparatus with plugs according to claim 2, wherein

a plug cylinder is disposed on the pile reinforcing frame for driving the mounting plug to be

automatically inserted and removed.25

4. The truss-like hydraulic lifting apparatus with plugs according to claim 1, wherein

the base plate is detachably mounted on the pile reinforcing frame via a tenon-mortise

structure in which a tenon is provided on each of two ends of the base plate connected with

the pile reinforcing frame, and a mortise corresponding to the tenon is provided on the pile30

reinforcing frame.

5. The truss-like hydraulic lifting apparatus with plugs according to any of claims 1

to 4, wherein the power source device comprises an upper cylinder assembly and a lower
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cylinder assembly which are mounted on the base plate, respectively, wherein

the upper cylinder assembly comprises a first upper cylinder and a second upper

cylinder whose upper ends are connected to the base plate, and an upper slider which is

connected to the lower ends of the first upper cylinder and the second upper cylinder; and

the lower cylinder assembly comprises a first lower cylinder and a second lower5

cylinder whose upper ends are connected to the base plate, and a lower slider which is

connected to the lower ends of the first lower cylinder and the second lower cylinder.

6. The truss-like hydraulic lifting apparatus with plugs according to claim 5, wherein

the upper ends of the first upper cylinder and the second upper cylinder are first type10

T-shaped ends, first type T-shaped end joint ports corresponding to the first type T-shaped

ends are arranged on the base plate, and the first upper cylinder and the second upper

cylinder are respectively mounted on the first type T-shaped end joint ports of the base plate

via the upper ends of the first type T-shaped ends;

the upper ends of the first lower cylinder and the second lower cylinder are second15

type T-shaped ends, second type T-shaped end joint ports corresponding to the second type

T-shaped ends are arranged on the base plate, and the first lower cylinder and the second

lower cylinder are respectively mounted on the second type T-shaped end joint ports of the

base plate via the upper ends of the second type T-shaped ends.

20

7. The truss-like hydraulic lifting apparatus with plugs according to claim 2, wherein

the first upper cylinder and the second upper cylinder are symmetrically distributed on two

sides of the corresponding support leg, and the first lower cylinder and the second lower

cylinder are symmetrically distributed on two sides of the corresponding support leg; a

U-shaped opening is arranged respectively on the upper slider and the lower slider for25

receiving the corresponding support leg, and the upper slider and the lower slider are

respectively provided with the plug.

8. The truss-like hydraulic lifting apparatus with plugs according to claim 7, wherein

the pile reinforcing frame further comprises limiting members symmetrically provided on30

two sides of the support leg, wherein the limiting member is parallel to the extending

direction of the support leg, and a limiting hole is arranged on the limiting member which is

in one-to-one correspondence with the support leg inserting hole on the support leg for

limiting the pile reinforcing frame and carrying the pile reinforcing frame when a limiting
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plug is inserted into the limiting hole and the corresponding support leg inserting hole.

9. The truss-like hydraulic lifting apparatus with plugs according to claim 8, wherein

the distance between the limiting members is smaller than the opening width of the

U-shaped opening.5

10. The truss-like hydraulic lifting apparatus with plugs according to any of claims 1

to 4, wherein the truss structure is a triangular truss structure, in which the first number of

support legs comprises three support legs, and the first number of power source devices

comprises three power source devices.10


