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ROTOR SYSTEM AND CONTROL METHOD THEREOF, AS WELL AS GAS TURBINE 

GENERATOR SET AND CONTROL METHOD THEREOF 

 

CROSS REFERENCE TO RELATED APPLICATION  

[0001] This application claims the priority of Chinese Patent Application No. 201810030888.1 

filed in China on January 12, 2018, which is incorporated herein by reference in its entirety.  

 

TECHNCIAL FIELD 

[0002] The present disclosure relates to the field of the rotor technology, and more particularly, 

to a rotor system and a control method thereof, as well as a gas turbine gene rator set and a control 

method thereof. 

 

BACKGROUND 

[0003] A gas turbine mainly includes three major components: an air compressor, a combustion 

chamber and a turbine. After entering the air compressor, air is compressed into high -temperature and 

high-pressure air, and then supplied to the combustion chamber to be mixed with a fuel and combusted. 

The resulting high-temperature and high-pressure gas expands and works in the turbine. When a rotor 

rotates at a high speed, the rotor will be subjected to forces in a radial direction and in an axial direction. 

In order to limit the radial and axial movements of a rotating shaft, radial bearings and thrust bearings 

need to be mounted in the rotor system. The traditional radial bearings and thrust bearings are all 

ordinary contact bearings. As the rotor speed increases, especially when the rotor speed exceeds 40,000 

rpm, the ordinary contact bearings cannot meet the requirements on a working speed in the presence of 

relatively large mechanical wear. 

[0004] With regard to a gas turbine generator set, a gas turbine rotor rotates a high speed to 

enable a generator rotor to rotate so as to generate electricity. In the prior art, a coupling is usually used 

to connect the gas turbine rotor to the generator rotor. The presence of the coup ling restricts a mounting 

position of the thrust bearing, because the axial force suffered by the rotor will further increase as the 

rotor speed increases. If the thrust bearing is placed between the air compressor and the turbine, the 

center of gravity of the entire rotor system will be biased toward the turbine side, resulting in poor 

stability of the rotor system. If the thrust bearing is arranged on one side of the coupling facing the 

generator, the axial force of the rotor all acts on the coupling, and  thus the coupling is likely to be 

damaged. 

[0005] It can be seen that there is an urgent need to provide a new rotor system to solve the 

above problems in the existing gas turbine generator set.  

 

SUMMARY 

[0006] The present disclosure provides a rotor system and a control method thereof, as well as a gas 

turbine generator set and a control method thereof, to solve the above problems in the existing gas turbine 

generator set. 

[0007] In one aspect, the present disclosure provides a rotor system, including: a rotating shaft, a 
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shaft body of the rotating shaft being of an integrated structure and the rotating shaft being horizontally 

arranged; a motor, an air compressor and a turbine which are arranged on the rotating shaft in sequence; and at 

least two radial bearings and a thrust bearing which are arranged on the rotating shaft, wherein the thrust bearing 

is arranged at a preset position on one side of the turbine close to the air compressor, and the preset position is 

such a position that the center of gravity of the rotor system can be located between two radial bearings that are 

farthest apart among the at least two radial bearings. 

[0008] Optionally, the at least two radial bearings include a first radial bearing and a second radial 

bearing, the first radial bearing being arranged on one side of the motor away from the air compressor, and the 

second radial bearing being arranged between the air compressor and the turbine, wherein the thrust bearing is 

arranged between the first radial bearing and the motor; or the thrust bearing is arranged on one side of the first 

radial bearing away from the motor; or the thrust bearing is arranged between the motor and the air compressor. 

[0009] Optionally, the at least two radial bearings further include a third radial bearing, the third 

radial bearing being arranged between the motor and the air compressor. 

[0010] Optionally, the at least two radial bearings further include a fourth radial bearing arranged on 

one side of the turbine away from the air compressor, wherein the thrust bearing is arranged between the first 

radial bearing and the motor; or the thrust bearing is arranged on one side of the first radial bearing away from 

the motor; or the thrust bearing is arranged between the motor and the air compressor; or the thrust bearing is 

arranged between the air compressor and the second radial bearing. 

[0011] Optionally, the fourth radial bearing is a hydrodynamic-hydrostatic gas hybrid radial bearing. 

[0012] Optionally, a heat insulation layer is arranged on one side of the turbine close to the second 

radial bearing. 

[0013] Optionally, the motor is a dynamic-pressure bearing motor, and a portion of the rotating shaft 

corresponding to a bearing of the motor is provided with a first dynamic pressure generating groove. 

[0014] Optionally, the motor is a starter-generator integrated motor. 

[0015] Optionally, the rotor system further includes a locking device configured to lock the rotating 

shaft when the rotating shaft is in a static state. 

[0016] Optionally, a portion of the rotating shaft where each bearing is mounted is coated with an 

anti-wear coating. 

[0017] Optionally, the thrust bearing is a gas-magnetic hybrid thrust bearing; and at least one of the at 

least two radial bearings is a gas-magnetic hybrid radial bearing or a hydrodynamic-hydrostatic gas hybrid radial 

bearing. 

[0018] Optionally, when the second radial bearing is the gas-magnetic hybrid radial bearing, a 

magnetic component of the second radial bearing is arranged in a region of the second radial bearing away from 

the turbine. 

[0019] Optionally, the gas-magnetic hybrid thrust bearing is a foil-type gas-magnetic hybrid thrust 

bearing including: a first thrust disc fixedly connected to the rotating shaft; and a first stator and a second stator 

which are arranged on the rotating shaft in a penetrating manner, and are arranged on two opposite sides of the 

first thrust disc respectively. Each of the first stator and the second stator includes a first magnetic bearing and a 

first foil bearing; a plurality of first magnetic components is arranged on each first magnetic bearing in a 

circumferential direction; and each first foil bearing is provided with a second magnetic component capable of 
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interacting with the plurality of first magnetic components and generating magnetic forces with the plurality of 

first magnetic components, wherein each first foil bearing is arranged between the corresponding first magnetic 

bearing and the first thrust disc and has a first gap with the first thrust disc, and each first foil bearing is movable 

in an axial direction of the rotating shaft under the magnetic forces between the first magnetic components and 

the second magnetic component. 

[0020] Optionally, each first foil bearing includes a first foil bearing pedestal fixedly connected to the 

first magnetic bearing pedestal, and a first foil and a second foil which are arranged on the first foil bearing 

pedestal, wherein the first foil is mounted on the first foil bearing pedestal, and the second foil is stacked on one 

side of the first foil close to the first thrust disc. 

[0021] Optionally, the second foil is a flat foil; the second magnetic component is arranged on the 

second foil, such that the second foil is movable in the axial direction of the rotating shaft under the magnetic 

forces between the first magnetic components and the second magnetic component; and the first foil is an 

elastically deformable foil that is elastically deformable as the second foil moves. 

[0022] Optionally, the gas-magnetic hybrid thrust bearing is a slot-type gas-magnetic hybrid thrust 

bearing including: a second thrust disc fixedly connected to the rotating shaft and provided with a third magnetic 

component; and a third stator and a fourth stator which are arranged on the rotating shaft in a penetrating 

manner, wherein the third stator and the fourth stator are arranged on two opposite sides of the second thrust 

disc respectively; each of the third stator and the fourth stator includes a second magnetic bearing, wherein a 

plurality of fourth magnetic components capable of generating magnetic forces with the third magnetic 

component is arranged on the second magnetic bearing in a circumferential direction; the second magnetic 

bearing has a second gap with the second thrust disc, and the second thrust disc is movable in the axial direction 

of the rotating shaft under the magnetic forces between the third magnetic component and the plurality of fourth 

magnetic components; and second dynamic pressure generating grooves are formed in an end surface of the 

second thrust disc facing the third stator and the fourth stator, or end surfaces of the third stator and the fourth 

stator facing the second thrust disc. 

[0023] Optionally, a first static-pressure intake throttle hole is formed in each of the third stator and 

the fourth stator, wherein one end of the first static-pressure intake throttle hole is communicated with the 

second gap, and the other end of the first static-pressure intake throttle hole is connected to an external gas 

source so as to convey the external gas source into the second gap. 

[0024] Optionally, the gas-magnetic hybrid radial bearing is a foil-type gas-magnetic hybrid radial 

bearing including: a third magnetic bearing arranged on the rotating shaft in a sleeving manner and provided 

with a plurality of fifth magnetic components in a circumferential direction; and a second foil bearing arranged 

on the rotating shaft in a sleeving manner, located between the third magnetic bearing and the rotating shaft, and 

provided with a sixth magnetic component capable of generating magnetic forces with the plurality of fifth 

magnetic components, wherein the second foil bearing has a third gap with the rotating shaft; and the second foil 

bearing is movable in the radial direction of the rotating shaft under the magnetic forces between the plurality of 

fifth magnetic components and the sixth magnetic component. 

[0025] Optionally, the gas-magnetic hybrid radial bearing is a foil-type gas-magnetic hybrid radial 

bearing including: a fourth magnetic bearing arranged on the rotating shaft in a sleeving manner and provided 

with a plurality of seventh magnetic components in a circumferential direction. A third dynamic pressure 



 4 

generating groove is formed in a sidewall of the fourth magnetic bearing facing the rotating shaft, or a 

circumferential surface of the rotating shaft facing the fourth magnetic bearing, wherein the fourth magnetic 

bearing has a fourth gap with the rotating shaft, and the rotating shaft is movable in the radial direction of the 

rotating shaft under the magnetic forces of the plurality of seventh magnetic components. 

[0026] Optionally, a second static-pressure intake throttle hole is further formed in the fourth 

magnetic bearing, wherein one end of the second static-pressure intake throttle hole is communicated with the 

fourth gap, and the other end of the second static-pressure intake throttle hole is connected to an external gas 

source so as to convey the external gas source into the fourth gap. 

[0027] Optionally, in the rotor system, the thrust bearing and the radial bearing adjacent to the thrust 

bearing are integrated to form an integrated bearing, the integrated bearing including: a third bearing shell which 

is a hollow rotating body and provided with a first receiving cavity and a second receiving cavity; a radial 

sub-bearing which is arranged in the first receiving cavity and disposed on the rotating shaft in a penetrating 

manner, and has a fifth radial gap with the rotating shaft; and a thrust sub-bearing which is arranged in the 

second receiving cavity and includes a third thrust disc, and a fifth stator and a sixth stator arranged on two sides 

of the thrust disc respectively, wherein the thrust disc is fixedly connected to the rotating shaft, and the fifth 

stator and the sixth stator are arranged on the rotating shaft respectively in a penetrating manner; and each of the 

fifth stator and the sixth stator has a sixth gap with the third thrust disc. 

[0028] Optionally, the radial sub-bearing includes a fifth magnetic bearing which is arranged on the 

rotating shaft in a sleeving manner and has a fifth gap with the rotating shaft, wherein a plurality of eighth 

magnetic components is arranged on the fifth magnetic bearing in a circumferential direction; the rotating shaft 

is movable in the radial direction of the rotating shaft under magnetic forces of the plurality of eighth magnetic 

components; each of the fifth stator and the sixth stator includes a sixth magnetic bearing on which a plurality of 

ninth magnetic components is arranged in a circumferential direction; a tenth magnetic component is arranged 

on the third thrust disc; and the third thrust disc is movable in the axial direction of the rotating shaft under 

magnetic forces between the plurality of ninth magnetic components and the tenth magnetic component. 

[0029] Optionally, a third static-pressure intake throttle hole is further formed in the third bearing 

shell, wherein one end of the third static-pressure intake throttle hole is connected to an external gas source, and 

the other end of the third static-pressure intake throttle hole is communicated with the fifth gap through the 

radial bearing, and/or communicated with the sixth gap through the fifth stator and the sixth stator so as to 

convey the external gas source to the fifth gap and/or the sixth gap. 

[0030] In another aspect, the present disclosure provides a rotor system control method applied to the 

rotor system as described above, the method including the following steps: powering on a static-pressure 

bearing in the radial bearing and a static-pressure bearing in the thrust bearing to enable the rotating shaft to 

move to a preset radial position, such that the thrust disc of the thrust bearing moves to a preset axial position; 

after a rotating speed of the rotating shaft is accelerated to a working speed, powering off the static-pressure 

bearing in the radial bearing and the static-pressure bearing in the thrust bearing; in the case that the rotor 

system is stopped, powering on the static-pressure bearing in the radial bearing and the static-pressure bearing in 

the thrust bearing; and after the rotating speed of the rotating shaft is reduced to zero, powering off the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing, wherein the step 

of powering on the static-pressure bearings includes: powering on a magnetic bearing in each bearing, and/or 



 5 

conveying a gas to a static-pressure intake throttle hole in the bearing; and the step of powering off the 

static-pressure bearings includes: powering off the magnetic bearing in each bearing, and/or stopping conveying 

the gas to the static-pressure intake throttle hole in the bearing. 

[0031] In yet another aspect, the present disclosure provides another rotor system control method 

applied to the rotor system as described above, the method including the following steps: powering on a 

static-pressure bearing in the radial bearing and a static-pressure bearing in the thrust bearing to enable the 

rotating shaft to move to a preset radial position, such that the thrust disc of the thrust bearing moves to a preset 

axial position; after a rotating speed of the rotating shaft is accelerated to a first preset value, powering off the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing; when the rotor 

system is accelerated to a first-order critical speed or a second-order critical speed, powering on the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing; after the rotor 

system smoothly passes the first-order critical speed or the second-order critical speed, powering off the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing; when the rotor 

system is decelerated to the first-order critical speed or the second-order critical speed, powering on the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing; after the rotor 

system smoothly passes the first-order critical speed or the second-order critical speed, powering off the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing; when the 

rotating speed of the rotating shaft is decelerated to a second preset value, powering on the static-pressure 

bearing in the radial bearing and the static-pressure bearing in the thrust bearing; and after the rotating speed of 

the rotating shaft is reduced to zero, powering off the static-pressure bearing in the radial bearing and the 

static-pressure bearing in the thrust bearing, wherein the step of powering on the static-pressure bearings 

includes: powering on a magnetic bearing in each bearing, and/or conveying a gas to a static-pressure intake 

throttle hole in the bearing; and the step of powering off the static-pressure bearings includes: powering off the 

magnetic bearing in the bearing, and/or stopping conveying the gas to the static-pressure intake throttle hole in 

the bearing. 

[0032] Optionally, the step of powering on the static-pressure bearing in the thrust bearing to enable 

the thrust disc of the thrust bearing to move to a preset axial position includes: powering on the first magnetic 

bearings in both the first stator and the second stator, and controlling the first thrust disc to move in the axial 

direction of the rotating shaft under magnetic forces of the plurality of first magnetic components, such that the 

first gap between the first thrust disc and the first foil bearing in the first stator is equal to the first gap between 

the first thrust disc and the first foil bearing in the second stator. The method further includes: when a load is 

applied to the first thrust disc, moving the first thrust disc in the axial direction of the rotating shaft under the 

applied load; and when the first gap between the first thrust disc and the first foil bearing in the first stator is not 

equal to the first gap between the first thrust disc and the first foil bearing in the second stator, powering on the 

first magnetic bearings in both the first stator and the second stator; and when the first gap between the first 

thrust disc and the first foil bearing in the first stator is equal to the first gap between the first thrust disc and the 

first foil bearing in the second stator, powering off the first magnetic bearings in both the first stator and the 

second stator. 

[0033] Optionally, the step of powering on the static-pressure bearing in the thrust bearing to enable 

the thrust disc of the thrust bearing to move to the preset axial position includes: powering on the second 
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magnetic bearings in both the third stator and the fourth stator, and controlling the second thrust disc to move in 

the axial direction of the rotating shaft under the magnetic forces between the third magnetic component and the 

plurality of fourth magnetic components, such that a difference between the second gap between the second 

thrust disc and the second magnetic bearing in the third stator and the second gap between the second thrust disc 

and the second magnetic bearing in the fourth stator is less than or equal to a predetermined value. The method 

further includes: when a load is applied to the second thrust disc, moving the second thrust disc in the axial 

direction of the rotating shaft under the applied load; and when the difference between the second gap between 

the second thrust disc and the second magnetic bearing in the third stator and the second gap between the second 

thrust disc and the second magnetic bearing in the fourth stator is greater than the predetermined value, 

powering on the second magnetic bearing in the third stator or the fourth stator; and when the difference 

between the second gap between the second thrust disc and the second magnetic bearing in the third stator and 

the second gap between the second thrust disc and the second magnetic bearing in the fourth stator is less than 

or equal to the predetermined value, powering off the second magnetic bearing in the third stator or the fourth 

stator. 

[0034] Optionally, the step of powering on the static-pressure bearing in the radial bearing to enable 

the rotating shaft to move to the preset radial position includes: powering on the third magnetic bearing, and 

controlling the rotating shaft to move in the radial direction of the rotating shaft under the magnetic forces of the 

plurality of fifth magnetic components, such that the rotating shaft moves to the preset radial position. The 

method further includes: when the third gap between the rotating shaft and the second foil bearing changes, 

powering on the third magnetic bearing, such that the second foil bearing corresponding to the side where the 

gap becomes smaller moves toward a direction close to the rotating shaft under the magnetic forces between the 

plurality of fifth magnetic components and the sixth magnetic component; and after the rotating shaft is in a 

balanced radial position, powering off the third magnetic bearing. 

[0035] Optionally, the step of powering on the static-pressure bearing in the radial bearing to enable 

the rotating shaft to move to the preset radial position includes: powering on the fourth magnetic bearing, and 

controlling the rotating shaft to move in the radial direction of the rotating shaft under the magnetic forces of the 

plurality of seventh magnetic components, such that the rotating shaft moves to the preset radial position. The 

method further includes: when the fourth gap between the rotating shaft and the fourth magnetic bearing 

changes, powering on the fourth magnetic bearing, such that the rotating shaft moves in a direction away from 

the side where the gap becomes smaller under the magnetic forces of the plurality of seventh magnetic 

components; and after the rotating shaft is in a balanced radial position, powering off the fourth magnetic 

bearing. 

[0036] Optionally, the step of powering on the static-pressure bearing in the radial bearing to enable 

the rotating shaft to move to the preset radial position includes: powering on the fourth magnetic bearing; and/or 

starting an external gas source, and conveying a gas to the fourth gap via the second static-pressure intake 

throttle hole; and controlling the rotating shaft to move in the radial direction of the rotating shaft under the 

magnetic forces of the seventh magnetic components, and/or under the pushing action of the gas, such that the 

rotating shaft moves to the preset radial position. 

[0037] In a further aspect, the present disclosure provides a gas turbine generator set, including an 

intake channel, a combustion chamber, and the rotor system, wherein the intake channel is communicated with 
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an air inlet of the air compressor, an air outlet of the air compressor is communicated with an air inlet of the 

combustion chamber, and an air outlet of the combustion chamber is communicated with an air inlet of the 

turbine. 

[0038] Optionally, the intake channel is formed by a housing of a motor and a housing of the gas 

turbine generator set. 

[0039] In yet another aspect, the present disclosure provides a gas turbine generator set control 

method applied to the gas turbine generator set as described above, the method including the following steps: 

powering on a static-pressure bearing in the radial bearing and a static-pressure bearing in the thrust bearing to 

enable the rotating shaft to move to a preset radial position, such that the thrust disc of the thrust bearing moves 

to a preset axial position; starting the gas turbine generator set, wherein air is compressed by the air compressor 

and then enters the combustion chamber to be mixed with a fuel in the combustion chamber and combusted, 

high-temperature and high-pressure gas discharged from the combustion chamber impacts a turbine wheel of the 

turbine to rotate the turbine wheel, and the turbine wheel drives the motor through the rotating shaft to generate 

electricity; after a rotating speed of the rotating shaft is accelerated to a working speed, powering off the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing; during the 

shutdown of the gas turbine generator set, powering on the static-pressure bearing in the radial bearing and the 

static-pressure bearing in the thrust bearing; after the rotating speed of the rotating shaft is reduced to zero, 

powering off the static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust 

bearing, wherein the step of powering on the static-pressure bearings includes: powering on a magnetic bearing 

in each bearing, and/or conveying a gas to a static-pressure intake throttle hole in the bearing; and the step of 

powering off the static-pressure bearings includes: powering off the magnetic bearing in each bearing, and/or 

stopping conveying the gas to the static-pressure intake throttle hole in the bearing. 

[0040] In the present disclosure, the shaft body of the rotating shaft in the rotor system is of the 

integral structure, which solves the problem of limitations on a mounting position of the thrust bearing caused 

by coupling connection. Further, by adjusting the mounting position of the thrust bearing, the center of gravity 

of the entire rotor system is located between the two radial bearings that are farthest apart. Thus, different from 

the traditional cantilever structure, the entire rotor system can maintain the structural stability during high-speed 

rotation, and meet the requirements of the gas turbine on a high speed. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] In order to describe the technical solutions in the embodiments of the present disclosure 

more clearly, the following briefly introduces the accompanying drawings required for describing the 

embodiments in the present disclosure. Apparently, the accompanying drawings in the following 

description show merely some embodiments of the present disclosure, and a person of ordinary skill in 

the art may also derive other drawings from these accompanying drawings wi thout consuming creative 

efforts. 

[0042] FIG. 1 is a schematic structural diagram of a rotor system as provided in Embodiment 1;  

[0043] FIG. 2 is a schematic structural diagram of another rotor system as provided in 

Embodiment 1; 

[0044] FIG. 3 is a schematic structural diagram of yet another rotor system as provided in 
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Embodiment 1 

[0045] FIG. 4 is a schematic structural diagram in which a magnetic bearing is arranged on a 

second radial bearing corresponding to FIG. 1; 

[0046] FIG. 5 is a schematic structural diagram in which a magnetic bearing is arranged on a 

second radial bearing corresponding to FIG. 2; 

[0047] FIG. 6 is a schematic structural diagram in which a magnetic bearing is arranged on a 

second radial bearing corresponding to FIG. 3; 

[0048] FIG. 7 is a schematic structural diagram of a rotor system as provided in Embodiment 2; 

[0049] FIG. 8 is a schematic structural diagram of another rotor system as provided in 

Embodiment 2; 

[0050] FIG. 9 is a schematic structural diagram of yet another rotor system as provided in 

Embodiment 2; 

[0051] FIG. 10 is a schematic structural diagram of still another rotor system as provided in 

Embodiment 2; 

[0052] FIG. 11 is a schematic structural diagram in which a magnetic bearing is arranged on a 

second radial bearing corresponding to FIG. 7; 

[0053] FIG. 12 is a schematic structural diagram in which a magnetic bearing is arranged on a 

second radial bearing corresponding to FIG. 8; 

[0054] FIG. 13 is a schematic structural diagram in which a magnetic bearing is arranged on a 

second radial bearing corresponding to FIG. 9; 

[0055] FIG. 14 is a schematic structural diagram in which a magnetic bearing is arranged on a 

second radial bearing corresponding to FIG. 10; 

[0056] FIG. 15 is a schematic structural diagram of a further rotor system as provided in 

Embodiment 3; 

[0057] FIG. 16 is a schematic structural diagram in which a magnetic bearing is arranged on a 

second radial bearing corresponding to FIG. 15; 

[0058] FIG. 17 is a schematic structural diagram of yet further rotor system as provided in 

Embodiment 4; 

[0059] FIG. 18 is a schematic structural diagram in which a magnetic bearing is arranged on a 

second radial bearing corresponding to FIG. 17; 

[0060] FIG. 19 is a schematic structural diagram in which a locking device is arranged in the 

rotor system as provided in Embodiment 5; 

[0061] FIG. 20 is a schematic structural diagram in which another locking device arranged in 

the rotor system as provided in Embodiment 5; 

[0062] FIG. 21 is a schematic structural diagram in a C-C direction in FIG. 20; 

[0063] FIG. 22 is a schematic structural diagram in which an anti -wear coating is applied to a 

rotating shaft as provided in Embodiment 6; 

[0064] FIG. 23 is a schematic structural diagram of a gas turbine generator set as provided in 

Embodiment 7; 

[0065] FIG. 24 is a schematic flowchart of a control method for the gas turbine generator set as 
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provided in Embodiment 7; 

[0066] FIG. 25 is a schematic flowchart of another control method for the gas turbine generator 

set as provided in Embodiment 7; 

[0067] FIG. 26 is a schematic flowchart of a control method for a rotor system as provided in 

Embodiment 8; 

[0068] FIG. 27 is a schematic flowchart of another control method for the rotor system as 

provided in Embodiment 8; 

[0069] FIG. 28 is a sectional view of a foil-type gas-magnetic hybrid thrust bearing as provided 

in Embodiment 9; 

[0070] FIG. 29 is a schematic structural diagram of a first magnetic bearing in the foil -type 

gas-magnetic hybrid thrust bearing as provided in Embodiment 9; 

[0071] FIG. 30 is a schematic structural diagram of a first magnetic bearing pedestal in the 

foil-type gas-magnetic hybrid thrust bearing as provided in Embodiment 9;  

[0072] FIG. 31 is a schematic structural diagram of a first foil in the foil-type gas-magnetic 

hybrid thrust bearing as provided in Embodiment 9; 

[0073] FIG. 32 is a sectional view of a slot-type gas-magnetic hybrid thrust bearing as provided 

in Embodiment 10; 

[0074] FIG. 33 is a schematic structural diagram of a second magnetic bearing in the slot-type 

gas-magnetic hybrid thrust bearing as provided in Embodiment 10;  

[0075] FIG. 34 is a schematic structural diagram of a second magnetic bearing pedestal in the 

slot-type gas-magnetic hybrid thrust bearing as provided in Embodiment 10;  

[0076] FIG. 35 is one of structural schematic diagrams in which second dynamic pressure 

generating grooves are formed in a second thrust disc in the slot -type gas-magnetic hybrid thrust bearing 

as provided in Embodiment 10; 

[0077] FIG. 36 is the other structural schematic diagram in which the second dynamic pressure 

generating grooves are formed in the second thrust disc in the slot -type gas-magnetic hybrid thrust 

bearing as provided in Embodiment 10; 

[0078] FIG. 37 is one of structural schematic diagrams in which second dynamic pressure 

generating grooves are formed in a first pressure ring in the slot-type gas-magnetic hybrid thrust bearing 

as provided in Embodiment 10; 

[0079] FIG. 38 is the other structural schematic diagram in which the second dynamic pressure 

generating grooves are formed in the first pressure ring in the slot-type gas-magnetic hybrid thrust 

bearing as provided in Embodiment 10; 

[0080] FIG. 39 is a half sectional view of a slot-type gas-magnetic hybrid radial bearing as 

provided in Embodiment 11; 

[0081] FIG. 40 is a half sectional view of another slot-type gas-magnetic hybrid radial bearing 

as provided in Embodiment 11; 

[0082] FIG. 41 is an external view of the slot-type gas-magnetic hybrid radial bearing as 

provided in Embodiment 11; 

[0083] FIG. 42 is a schematic structural diagram of a fourth magnetic bearing in the slot-type 
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gas-magnetic hybrid radial bearing as provided in Embodiment 11;  

[0084] FIG. 43 is a schematic structural diagram of a fourth magnetic bearing pedestal in the 

slot-type gas-magnetic hybrid radial bearing as provided in Embodiment 11; 

[0085] FIG. 44 is one of structural schematic diagrams in which third dynamic pressure 

generating grooves are formed in a second bearing sleeve in the slot -type gas-magnetic hybrid radial 

bearing as provided in Embodiment 11; 

[0086] FIG. 45 is the other structural schematic diagram in which the third dynamic pressure 

generating grooves are formed in the second bearing sleeve in the slot -type gas-magnetic hybrid radial 

bearing as provided in Embodiment 11; 

[0087] FIG. 46 is a structural schematic diagram in which the third dynamic pressure 

generating grooves are formed in a rotating shaft in the slot -type gas-magnetic hybrid radial bearing as 

provided in Embodiment 11; 

[0088] FIGs. 47 to 62 are schematic structural diagrams of a rotor system using an integrated 

bearing corresponding to FIGs. 1 to 18; 

[0089] FIG. 63 is a sectional view of an integrated bearing as provided in Embodiment 12;  

[0090] FIG. 64 is a sectional view in an A-A direction in FIG. 63; 

[0091] FIG. 65 is a sectional view in a B-B direction in FIG. 63; 

[0092] FIG. 66 is one of structural schematic diagrams in which fifth dynamic pressure 

generating grooves are formed in a third bearing sleeve in the integrated bearing as provided in 

Embodiment 12; 

[0093] FIG. 67 is the other structural schematic diagram in which the fifth dynamic pressure 

generating grooves are formed in the third bearing sleeve in the integrated bearing as provided in 

Embodiment 12; 

[0094] FIG. 68 is a structural schematic diagram in which the fifth dynamic pressure generating 

grooves are formed in the rotating shaft in the integrated bearing as provided in Embodiment 12; 

[0095] FIG. 69 is one of structural schematic diagrams in which sixth dynamic pressure 

generating grooves are formed in a third thrust disc in the integrated bearing as provided in Embodiment 

12; and 

[0096] FIG. 70 is the other structural schematic diagram in which the sixth fifth dynamic 

pressure generating grooves are formed in the third bearing sleeve in the integrated bearing as provided 

in Embodiment 12. 

 

DETAILED DESCRIPTION 

[0097] The technical solutions in the embodiments of the present disclosure will be described 

clearly and completely with reference to the drawings in the embodiments of the present disclosure. It is 

apparent that the described embodiments are only a part of embodiments of the present disclosure, rather 

than all of the embodiments. According to the embodiments in the present disclosure, all of the other 

embodiments obtained by a person of ordinary skill in the art without consuming any creative work fall 

within the protection scope of the present disclosure.  

[0098] An embodiment of the present disclosure provides a rotor system. The rotor system 
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includes a rotating shaft, a shaft body of the rotating shaft being of an integrated structure and the rotating 

shaft being horizontally arranged; a motor, an air compressor and a turbine which are arranged on the 

rotating shaft in sequence; and two radial bearings and a thrust bearing which are arranged on the 

rotating shaft, and are all non-contact bearings. The thrust bearing is arranged at a preset position on one 

side of the turbine close to the air compressor. The preset position is such a position that the center of 

gravity of the rotor system can be located between two radial bearings that are farthest apart among the 

at least two radial bearings. 

[0099] In this embodiment of the present disclosure, the thrust bearing is configured to limit a 

movement of the rotating shaft in an axial direction, and the radial bearings are configured to limit a 

movement of the rotating shaft in a radial direction. 

[00100] With the increase of a rotor speed, ordinary electromagnetic bearings and air bearings 

have been unable to meet the needs of high-speed rotors. Therefore, in the embodiments of the present 

disclosure, in order to meet the development needs for high-speed rotation of a rotor, the thrust bearing 

and the radial bearings may be non-contact bearings. 

[00101] In this embodiment of the present disclosure, a shaft body of the rotating shaft is of an 

integrated structure. It can be understood that the shaft body of the rotating shaft is a whole shaft, or the 

shaft body of the rotating shaft is formed by rigidly connecting a plurality of shaft segments. Because the 

shaft body of the rotating shaft is of the integrated structure, the strengths of various positions of the 

shaft body on the rotating shaft are consistent, enabling the mounting position of the thrust bearing on 

the rotating shaft to be unlimited. 

[00102] Further, in order to keep the entire rotor system structurally stable during high -speed 

rotation, the center of gravity of the entire rotor system should be located between two radial bearings 

that are farthest apart among the at least two radial bearings. In this way, the entire rotor system forms a 

spindle structure, which is different from the traditional cantilever structure. According to this 

embodiment of the present disclosure, the stability of the entire rotor system is improved. Since the 

mounting position of the thrust bearing on the rotating shaft is not limited, in this embodiment of the 

present disclosure, the mounting position of the thrust bearing can be  flexibly adjusted according to 

parameters such as the number of the radial bearings among the at least two radial bearings, the 

mounting position of each radial bearing, and the mass of each component in the entire rotor system 

(including the mass of the thrust bearing itself), such that the center of gravity of the entire rotor system 

is located between the two radial bearings that are furthest apart. Preferably, the center of gravity of the 

entire rotor system is located on the air compressor.  

[00103] In this embodiment of the present disclosure, the rotating shaft is horizontally arranged. 

Therefore, it may be understood that the rotor system in this embodiment of the present disclosure is a 

horizontal rotor system, and may be applied to a horizontal unit that needs to use the horizontal rotor 

system, such as a horizontal gas turbine generator set which will be specifically described below.  

[00104] In order to better understand the overall technical solution of the rotor system according 

to the embodiments of the present disclosure, the rotor system provided by the embodiments of the 

present disclosure will be specifically described in combination with the accompanying drawings.  

[00105] Embodiment 1 
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[00106] As shown in FIGs. 1 to 3, a rotor system includes a rotating shaft 100, a shaft body of 

the rotating shaft being of an integrated structure and the rotating shaft being horizontally arranged; a motor 

200, an air compressor 300 and a turbine 400 which are arranged on the rotating shaft 100 in sequence; 

and a thrust bearing 500, a first radial bearing 600 and a second radial bearing 700 which are arranged on 

the rotating shaft 100. The first radial bearing 600 is arranged on one side of the motor 200 away from 

the air compressor 300. The second radial bearing 700 is arranged between the a ir compressor 300 and 

the turbine 400. 

[00107] The thrust bearing 500 is arranged between the first radial bearing 600 and the motor 

200, as shown in FIG. 1; or the thrust bearing 500 is arranged on one side of the first radial bearing 600 

away from the motor 200, as shown in FIG. 2; or the thrust bearing 500 is arranged between the motor 

200 and the air compressor 300, as shown in FIG. 3. 

[00108] When the mass of the turbine 400 is relatively large, for example, the turbine 400 is 

made of a metallic material, in order to make the center of gravity of the entire rotor system located 

between the first radial bearing 600 and the second radial bearing 700, an implementation manner shown 

in FIG. 1 or FIG. 2 may be adopted. 

[00109] When the mass of the turbine 400 is relatively small, for example, the turbine 400 is 

made of a ceramic material or a ceramic fiber composite material, in order to enable the center of gravity 

of the entire rotor system to be located between the first radial bearing 600 and the second radial bearing 

700, an implementation manner shown in FIG. 3 may be adopted. 

[00110] It should be noted that, for the implementation manner shown in FIG. 3, since the thrust 

bearing 500 is arranged between the motor 200 and the air compressor 300, in order to prevent a thrust 

disc of the thrust bearing 500 from blocking an air inlet of the air compressor 300, the implementation 

manner shown in FIG. 3 is applicable to the thrust bearing 500 having the thrust disc of a relatively small 

diameter. 

[00111] At present, non-contact bearings generally include electromagnetic bearings and air 

bearings. However, the electromagnetic bearings reveal the problems such as excessive energy 

consumption and heat generation after long-term operation. When a surface linear velocity of the air 

bearing approaches or exceeds the velocity of sound, the air bearing will generate shock waves, thereby 

resulting in instability of the bearing and even catastrophic consequences such as collision with the shaft. 

[00112] Therefore, in consideration of development requirements of a gas turbine or a gas 

turbine generator set on a high speed, in order to improve the working performances of the thrust bearing 

and the radial bearings, in this embodiment of the present disclosure, the thrust bearing 500 may be a 

gas-magnetic hybrid thrust bearing, and the first radial bearing 600 may be a gas-magnetic hybrid radial 

bearing or a hydrodynamic-hydrostatic gas hybrid radial bearing. 

[00113] In addition, since the second radial bearing 700 is close to the turbine 400, in 

consideration of the fact that a magnetic component in a magnetic bearing cannot withstand a high 

temperature transmitted from the turbine 400, the second radial bearing 700 may be the 

hydrodynamic-hydrostatic gas hybrid radial bearing. 

[00114] As another implementation manner, the second radial bearing 700 may also be a 

gas-magnetic hybrid radial bearing. In this manner, a magnetic component of the second radial bearing 
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700 is arranged in a region of the second radial bearing 700 away from the turbine 400. That is, no 

magnetic component is arranged in a region of the second radial bearing 700 close to the turbine 400.  

[00115] The magnetic component on the second radial bearing 700 can be protected by reducing 

the thermal energy radiated from the turbine 400 to the second radial bearing 700. Specifically, a he at 

insulation layer (not shown in drawings) is arranged on one side of the turbine 400 close to the second 

radial bearing 700. Here, the material of the heat insulation layer may be aerogel or other materials with 

a good heat insulation performance. 

[00116] FIGs. 4 to 6 are schematic diagrams respectively showing that the magnetic component 

is arranged in the region on the second radial bearing 700 away from the turbine 400 in FIGS. 1 to 3.  

[00117] In this embodiment of the present disclosure, the air compressor 300 may be  a 

centrifugal air compressor 300. A turbine wheel of the turbine 400 may be a centrifugal turbine wheel. 

The motor 200 may be a dynamic-pressure bearing motor. First dynamic pressure generating grooves 201 

may be formed in a portion of the rotating shaft 100 corresponding to the bearing of the motor 200. 

[00118] Further, the motor 200 may also be a starter-generator integrated motor. 

[00119] In this way, at the initial start-up time of the rotor system, the motor 200 may be 

powered on in a start-up mode to rotate the rotor system. After the rotating speed of the rotor system is 

increased to a preset rotating speed, a working mode of the motor 200 may be switched to a power 

generation mode. 

[00120] Embodiment 2 

[00121] As shown in FIGs. 7 to 10, a rotor system includes: a rotating shaft 100, a shaft body of 

the rotating shaft being of an integrated structure and the rotating shaft horizontally arranged; a motor 200, 

an air compressor 300 and a turbine 400 which are arranged on the rotating shaft 100 in sequence; and a 

thrust bearing 500, a first radial bearing 600, a second radial bearing 700 and a third radial bearing 800 

which are arranged on the rotating shaft 100. The first radial bearing 600 is arranged on one side of the 

motor 200 away from the air compressor 300. The second radial bearing 700 is arranged between the air 

compressor 300 and the turbine 400. The third radial bearing 800 is arranged between the motor 200 and 

the air compressor 300. 

[00122] The thrust bearing 500 is arranged between the first radial bearing 600 and the motor 

200, as shown in FIG. 7; or the thrust bearing 500 is arranged on one side of the first radial bearing 600 

away from the motor 200, as shown in FIG. 8; or the thrust bearing 500 is arranged between the motor 

200 and the air compressor 300, as shown in FIG. 9 or 10. 

[00123] Since the third radial bearing 800 is provided additionally, in this embodiment of the 

present disclosure, when the thrust bearing 500 is arranged between the motor 200 and the air 

compressor 300, the thrust bearing 500 may be arranged between the moto r 200 and the third radial 

bearing 800, as shown in FIG. 9, or may be arranged between the third radial bearing 800 and the air 

compressor 300, as shown in FIG. 10. 

[00124] Compared with Embodiment 1, in this embodiment of the present disclosure, the third 

radial bearing 800 is provided additionally between the motor 200 and the air compressor 300, so that the 

stability of the entire rotor system is further improved. 

[00125] In this embodiment of the present disclosure, the thrust bearing 500 may be a 
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gas-magnetic hybrid thrust bearing. The first radial bearing 600 may be a gas-magnetic hybrid radial 

bearing or a hydrodynamic-hydrostatic gas hybrid radial bearing. Since the second radial bearing 700 is 

close to the turbine 400, in consideration of the fact that the magnetic component included in the 

magnetic bearing cannot withstand a high temperature transmitted by the turbine 400, the second radial 

bearing 700 may be the hydrodynamic-hydrostatic gas hybrid radial bearing. 

[00126] As another implementation manner, the second radial bearing 700 may also be the 

gas-magnetic hybrid radial bearing. In this manner, a magnetic component of the second radial bearing 

700 is arranged in a region of the second radial bearing 700 away from the turbine 400. That is, no 

magnetic component is arranged in a region of the second radial bearing 700 close to the turbine 400.  

[00127] The magnetic component on the second radial bearing 700 can be protected by reducing 

the thermal energy radiated from the turbine 400 to the second radial bearing 700. Specificall y, a heat 

insulation layer (not shown in drawings) is arranged on one side of the turbine 400 close to the second 

radial bearing 700. Here, the heat insulation layer may be made of aerogel or other materials.  

[00128] FIGs. 11 to 14 are schematic diagrams respectively showing that the magnetic 

component is arranged in the region of the second radial bearing 700 away from the turbine 400 in FIGs. 

7 to 10. 

[00129] The remaining portions may refer to the related description in Embodiment 1, and the 

same technical effect can be achieved. To avoid repetition, details will not be described in this 

embodiment of the present disclosure. 

[00130] Embodiment 3 

[00131] As shown in FIG.15, a rotor system includes: a rotating shaft 100 , a shaft body of the 

rotating shaft being of an integrated structure and the rotating shaft being horizontally arranged; a motor 

200, an air compressor 300 and a turbine 400 which are arranged on the rotating shaft 100 in sequence; 

and a thrust bearing 500, a first radial bearing 600, a second radial bearing 700 and a fourt h radial 

bearing 900 which are arranged on the rotating shaft 100. The first radial bearing 600 is arranged on one 

side of the motor 200 away from the air compressor 300. The second radial bearing 700 is arranged 

between the air compressor 300 and the turbine 400. The fourth radial bearing 900 is arranged on one 

side of the turbine 400 away from the air compressor, and the thrust bearing 500 is arranged between the 

air compressor 300 and the second radial bearing 700. 

[00132] This embodiment of the present disclosure may be applied to a case where the mass of 

the motor 200 is excessively large. When the mass of the motor 200 is excessively large, in order to 

maintain the stability of the rotor system, radial bearings (i.e., the first radial bearing 600 and the fourt h 

radial bearing 900) need to be arranged at both ends of the rotor system, respectively. Meanwhile, the 

thrust bearing 500 needs to move toward one side of the turbine 400.  

[00133] In consideration of the fact that the temperature of the turbine 400 is relatively  high, 

when the thrust bearing 500 is a gas-magnetic hybrid thrust bearing, since a magnetic component in a 

magnetic bearing cannot withstand a high temperature transmitted by the turbine 400, the thrust bearing 

500 may be arranged between the air compressor 300 and the second radial bearing 700. 

Correspondingly, the second radial bearing 700 may be a hydrodynamic-hydrostatic gas hybrid radial 

bearing. 
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[00134] Generally, the temperature on one side of the turbine 400 close to the fourth radial 

bearing 900 is higher than the temperature on one side of the turbine 400 close to the second radial 

bearing 700. Therefore, the fourth radial bearing 900 is preferably a hydrodynamic -hydrostatic gas 

hybrid radial bearing. 

[00135] As another implementation manner, the second radial bearing 700 may also be a 

gas-magnetic hybrid radial bearing. In this manner, a magnetic component of the second radial bearing 

700 is arranged in a region of the second radial bearing 700 away from the turbine 400. That is,  no 

magnetic component is arranged in a region of the second radial bearing 700 close to the turbine 400.  

[00136] The magnetic component on the second radial bearing 700 can be protected by reducing 

the thermal energy radiated from the turbine 400 to the second radial bearing 700. Specifically, a heat 

insulation layer (not shown in drawings) is arranged on one side of the turbine 400 close to the second 

radial bearing 700. Here, the heat insulation layer may be made of aerogel or other materials.  

[00137] FIG. 16 is a schematic diagram showing that the magnetic component is arranged in the 

region of the second radial bearing 700 away from the turbine 400 in FIG. 15.  

[00138] It should be noted that when the mass of the motor 200 is not too large, the thrust 

bearing 500 may be arranged between the first radial bearing 600 and the motor 200; or the thrust 

bearing 500 may be arranged on one side of the first radial bearing 600 away from the motor 200; or the 

thrust bearing 500 may be arranged between the motor 200 and the air compressor 300. Detailed will not 

be described as this is easy to understand. 

[00139] The remaining portions may refer to the related description in Embodiment 1, and the 

same technical effect can be achieved. To avoid repetition, detailed will not be described in this 

embodiment of the present disclosure. 

[00140] Embodiment 4 

[00141] As shown in FIG.17, a rotor system includes: a rotating shaft 100 , a shaft body of the 

rotating shaft being of an integrated structure and the rotating shaft being horizontally arranged; a motor 

200, an air compressor 300 and a turbine 400 which are arranged on the rotating shaft 100 in sequence; 

and a thrust bearing 500, a radial bearing 600, a second radial bearing 700, a third radial bearing 800 and 

a fourth radial bearing 900 which are arranged on the rotating shaft 100. The first radial bea ring 600 is 

arranged on one side of the motor 200 away from the air compressor 300. The second radial bearing 700 

is arranged between the air compressor 300 and the turbine 400. The third radial bearing 800 is arranged 

between the motor 200 and the air compressor 300. The fourth radial bearing 900 is arranged on one side 

of the turbine 400 away from the air compressor 300. The thrust bearing 500 is arranged between the air 

compressor 300 and the second radial bearing 700. 

[00142] In this embodiment of the present disclosure, in order to further improve the stability of 

the entire rotor system, based on Embodiment 3, the third radial bearing 800 is provided additionally 

between the motor 200 and the air compressor 300. 

[00143] In this embodiment of the present disclosure, the thrust bearing 500 may be a 

gas-magnetic hybrid thrust bearing, and the second radial bearing 700 and the fourth radial bearing 900 

may each be a hydrodynamic-hydrostatic gas hybrid radial bearing. 

[00144] As another implementation manner, the second radial bearing 700 may also be a 
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gas-magnetic hybrid radial bearing. In this manner, a magnetic component of the second radial bearing 

700 is arranged in a region of the second radial bearing 700 away from the turbine 400. That is, no 

magnetic component is arranged in a region of the second radial bearing 700 close to the turbine 400.  

[00145] The magnetic component on the second radial bearing 700 can be protected by reducing 

the thermal energy radiated from the turbine 400 to the second radial bearing 700. Specifically, a he at 

insulation layer (not shown in drawings) is arranged on one side of the turbine 400 close to the second 

radial bearing 700. Here, the heat insulation layer may be made of aerogel or other materials.  

[00146] FIG. 18 is a schematic diagram showing that the magnetic component is arranged in the 

region of the second radial bearing 700 away from the turbine 400 in FIG. 17.  

[00147] The remaining portions may refer to the related description in Embodiment 3, and the 

same technical effect can be achieved. To avoid repetition, detailed will not be described in this 

embodiment of the present disclosure. 

[00148] Embodiment 5 

[00149] When the rotor system of the present disclosure is used in a mobile device, such as an 

extended-range electromobile, a rotating shaft is in direct contact with a bearing when the rotor system is 

not working. As the electromobile drives, the rotating shaft is moved radially or axially relative to the 

bearing due to bumps or vibrations, thereby causing wear between the rotating shaft and the bearing, and 

further adversely affecting the accuracy and the service life of the bearing. 

[00150] Therefore, in order to solve the above problems, based on other embodiments of the 

present disclosure, the rotor system in this embodiment of the present disclosure is provided with a 

locking device. The locking device is configured to lock the rotating shaft when the rotor system is not 

working. 

[00151] In this embodiment of the present disclosure, the structural form and the mounting 

manner of the locking device are not unique. For the sake of understanding, the following two 

implementation manners will be described specifically in detail with reference to the accompanying 

drawings. 

[00152] In one implementation manner, as shown in FIG. 19, the locking device 110 includes a 

telescopic jacking unit 111, a connecting rod 112, and a fixing component 113. One end of the 

connecting rod 112 is connected to the fixing component 113, and the other end of the connecting rod 

112 is connected to the telescopic jacking unit 111. The telescopic jacking unit 111 rightly faces the end 

surface of one end of the rotating shaft 100 away from the turbine 400. The other end of the fixing 

component 113 is fixedly connected to a housing where the rotor system of the present disclosure is 

mounted. 

[00153] In the case that the rotor system is stopped, the telescopic jacking unit 111 of the 

locking device 110 actuates and pushes the rotating shaft 100 in an axial direction of the rotating shaft 

100, such that a stator of a thrust bearing 500 contacts a thrust disc, thereby fixing the rotating shaf t 100 

in the axial direction. Meanwhile, the rotating shaft 100 is radially fixed by using a friction force 

between the stator of the thrust bearing 500 and the thrust disc.  

[00154] Further, the telescopic jacking unit 111 is provided with a tip portion (not shown  in 

drawings), and the end surface of one end of the rotating shaft 100 away from the turbine 400 is provided 
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with a tip hole (not shown in drawings). In a locked state, the tip portion is pushed into the tip hole of the 

rotating shaft 100, such that the rotating shaft 100 can be fixed better, thereby preventing the abrasion 

and damage to the rotating shaft 100 and the bearing during the running of the electromobile.  

[00155] In another implementation manner, as shown in FIGs. 20 and 21, the locking device 120 

may also be provided as a locking device of a ferrule structure. Specifically, the locking device 120 

includes a telescopic unit 121 and a ferrule 122. The ferrule 122 is connected to a telescopic end of the 

telescopic unit 122. The ferrule 122 may be a semi-circular ferrule, the radius of which is equal to or 

slightly larger than the radius of the rotating shaft 100 and the axis of which is parallel to the axis of the 

rotating shaft 100. The telescopic unit 121 is mounted at a substantially axially intermediate position of 

the rotating shaft 100 and is fixedly connected to a housing where the rotor system of the present 

disclosure is mounted. 

[00156] In the case that the rotor system is stopped, the telescopic unit 121 stretches out , such 

that the rotating shaft 100 is stuck by the ferrule 122, and is pushed to be in contact with a radial bearing, 

thereby radially fixing the rotating shaft 100. Meanwhile, the rotating shaft 100 is axially fixed by a 

friction force between the radial bearing and the rotating shaft 100.  

[00157] Further, a component such as a piston-type cylinder or a hydraulic cylinder that can 

implement telescopic control may be selected as the telescopic unit 121.  

[00158] In this implementation manner, the mounting position of the locking device 120 on the 

rotating shaft 100 may not be limited. Preferably, the locking device 120 is arranged between two radial 

bearings that are furthest apart in the rotor system. 

[00159] It should be noted that the locking devices in FIGs. 19 and 20 are both arranged based 

on the rotor system shown in FIG. 1. The locking devices provided in the rotor systems in other 

embodiments of the present disclosure will not be described here one by one.  

[00160] In this embodiment of the present disclosure, the locking device can be provided to lock 

the rotating shaft when the rotor system is not working. In this way, the radial or axial movement of the 

rotating shaft relative to the bearings can be prevented, thereby improving the accuracy of the bearing 

and prolonging the life of the bearing. 

[00161] Embodiment 6 

[00162] When a rotor system of the present disclosure is used in a mobile device, such as an 

extended-range electromobile, a rotating shaft is in direct contact with a bearing when the rotor system is 

not working. As the electromobile drives, the rotating shaft is moved radially or axially relative to the 

bearing due to bumps or vibrations, thereby causing wear between the rotating shaft and the bearing, and 

further adversely affecting the accuracy and service life of the bearing. 

[00163] Therefore, in order to solve the above-mentioned problems, based on other 

embodiments of the present disclosure, according to the rotor system in this embodiment of the present 

disclosure, a portion of the rotating shaft 100 where the bearing is mounted is coated with an anti -wear 

coating 101, as shown in FIG. 22. 

[00164] The portion of the rotating shaft 100 where the bearing is mounted is coated with the 

anti-wear coating 101, which can effectively prevent the rotating shaft 100 and the bearing from being 

worn. The anti-wear coating 101 is preferably selected from a material with chemical stability, corrosion 
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resistance, high lubricity and non-stickiness, and good resistance to aging, such as 

polytetrafluoroethylene. 

[00165] Any of the rotor systems in Embodiments 1 to 6 may be applicable to a horizontal gas 

turbine generator set, and particularly applicable to a horizontal micro gas turbine generator set. In the 

following, a detailed description will be made by taking the rotor system applied to the horizontal gas 

turbine generator set as an example. 

[00166] Embodiment 7 

[00167] As shown in FIG. 23, this embodiment of the present disclosure provides a gas turbine 

generator set, which includes a housing 310, an intake channel 320, a combustion chamber 330, and any 

one of the rotor systems in Embodiments 1 to 6. The rotor system includes a rotating shaft 100, a motor 

200, an air compressor 300, a turbine 400, and a thrust bearing and a radial bearing (not shown in 

drawings) that are arranged on the rotating shaft 100. The intake channel 320 is communicated with an 

air inlet of the air compressor 300. An air outlet of the air compressor 300 is communicated with an air 

inlet of the combustion chamber 300. An air outlet of the combustion chamber 330 is communicated with 

an air inlet of the turbine 400. 

[00168] The air compressor 300 may be a centrifugal air compressor 300. A turbine wheel of the 

turbine 400 may be a centrifugal turbine wheel. A bearing of the motor 200 may be a fluid dynamic 

pressure bearing. First dynamic pressure generating grooves 201 may be formed in a portion of the 

rotating shaft 100 corresponding to the bearing of the motor 200. The combustion chamber 300 may be 

an annular combustion chamber. 

[00169] Optionally, the intake channel 320 is formed by a housing of the motor 200 and the 

housing 310 of the gas turbine generator set. In this way, when air enters the air compressor 300 through 

the intake channel 320, the air flows through the housing of the motor 200 and can function to cool the 

motor 200. 

[00170] Optionally, the motor 200 may be a starter-generator integrated motor. 

[00171] The working process of the gas turbine generator set will be specifically described 

below. 

[00172] As shown above, the thrust bearing in the rotor system may be a gas-magnetic hybrid 

thrust bearing, and the radial bearing may be a gas-magnetic hybrid thrust bearing or a 

hydrodynamic-hydrostatic gas hybrid radial bearing. For the sake of description, a bearing that can play 

a lubrication role without rotating the rotating shaft 100 is defined as a static -pressure bearing, and a 

bearing that can work only when the rotating shaft 100 rotates to a certain speed is defined as a dynamic 

pressure bearing. According to this logic, a magnetic bearing and a static -pressure gas bearing in the 

gas-magnetic hybrid thrust bearing, and a static-pressure gas bearing in the hydrodynamic-hydrostatic 

gas hybrid radial bearing may all be referred to as static-pressure bearings, while a dynamic-pressure gas 

bearing in the gas-magnetic hybrid thrust bearing and a dynamic-pressure gas bearing in the 

hydrodynamic-hydrostatic gas hybrid radial bearing may both be referred to as dynamic pressure 

bearings. 

[00173] As shown in FIG. 24, this embodiment of the present disclosure provides a control 

method of a gas turbine generator set. The control method includes the following steps.  
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[00174] In S11, a static-pressure bearing in the radial bearing and a static-pressure bearing in the 

thrust bearing are powered on, such that the rotating shaft moves to a preset radial position, and a thrust 

disc of the thrust bearing moves to a preset axial position.  

[00175] The step of powering on the static-pressure bearings includes: powering on a magnetic 

bearing in the corresponding bearing, and/or conveying a gas to a static-pressure intake throttle hole in 

the bearing. 

[00176] In S12, the gas turbine generator set is powered on, wherein air is compressed by the air 

compressor and enters the combustion chamber to be mixed with a fuel in the combustion chamber and 

combusted, and high-temperature and high-pressure gas discharged from the combustion chamber 

impacts a turbine wheel of the turbine to rotate the turbine wheel, such that the turbine wheel drives the 

motor through the rotating shaft to generate electricity.  

[00177] Taking the motor being a starter-generator integrated motor as an example, a starting 

process of the gas turbine generator set is specifically described as follows. 

[00178] After receiving a start signal, an electronic control unit (ECU) for a gas turbine sends a 

motor drive mode command to a data processing center (DPC)  of a motor power controller. The DPC is 

switched to a motor drive mode. The DPC performs frequency conversion on a direct current of a battery 

built in a gas turbine to drive the motor to work, and the motor drives the gas turbine to increase a 

rotating speed. 

[00179] After the rotating speed of the gas turbine is increased to an ignition speed, a fuel valve 

is opened to enter an ignition program. Air enters the air compressor via the intake channel to be 

compressed, then enters a heat regenerator, and is preheated by a high-temperature gas discharged from 

the turbine wheel. The preheated compressed air enters the combustion chamber to be mixed with a fuel 

and combusted. The high-temperature and high-pressure gas that is sufficiently combusted in the 

combustion chamber enters the turbine to impact the turbine wheel, such that the turbine wheel of the 

turbine rotates. The exhaust gas from the turbine wheel enters the heat regenerator and pre -heats the cold 

compressed air prior to entering the combustion chamber and then is discharged from an exhaust pipe. 

Because the turbine is connected to the air compressor and the motor through the rotating shaft, the 

turbine wheel of the turbine rotate to drive the air compressor to rotate together to a self -sustained speed. 

[00180] After the gas turbine reaches its self-sustained speed, the DPC suspends. The motor is in 

an idle state, a throttle is continued to be stepped on, and the turbine wheel continues to increase its 

power, such that the rotating speed is increased to a working speed. The ECU sends a generator mode 

command to the DPC. The DPC is switched to a generator mode, and outputs an electric current with a 

voltage required by a user after an AC output from the motor is rectified and transformed.  

[00181] The air compressor is a centrifugal air compressor. The centrifugal air compressor 

includes movable blades and stationary blades arranged in a circumferential direction, wherein the 

stationary blades are diffusers. In this way, the specific process of air entering the air compressor from 

the intake channel to be compressed may be as follows: after entering the movable blade s of the 

centrifugal air compressor to be compressed, air enters the diffusers (i.e., the stationary blades) arranged 

in the circumferential direction to continue to be compressed.  

[00182] The turbine wheel of the turbine is a centrifugal turbine wheel provided wi th the 
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movable blades. The stationary blades are arranged at an outlet of the combustion chamber in the 

circumferential direction, wherein the stationary blades are nozzles. In this way, a specifically process in 

which the high-temperature and high-pressure gas that is sufficiently combusted in the combustion 

chamber enters the turbine to work, such that the turbine wheel of the turbine rotates may be as follows: 

the high-temperature and high-pressure gas that is sufficiently combusted in the combustion chamber is 

expanded and accelerated by the nozzles (namely, the stationary blades) arranged at the outlet of the 

combustion chamber in the circumferential direction to impact the movable blades of the turbine wheel, 

such that the turbine wheel rotates. 

[00183] In S13, after a rotating speed of the rotating shaft is accelerated to a working speed, the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered off. 

[00184] The step of powering off the static-pressure bearings includes: powering off a magnetic 

bearing in the corresponding bearing, and/or stopping conveying a gas to a static-pressure intake throttle 

hole in the bearing. 

[00185] In S14, in the case that the gas turbine generator set is stopped, the static -pressure 

bearing in the radial bearing and the static-pressure bearing in the thrust bearing are powered on. 

[00186] In S15, after the rotating speed of the rotating shaft is decelerated to zero, the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered off. 

[00187] In the above process, the bearings in the rotor system are controlled, such that the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

always powered on until the rotating speed of the rotating shaft reaches the working speed.  

[00188] In the case that the gas turbine generator set is stopped, the bearings in the rotor system 

are controlled, such that the static-pressure bearing in the radial bearing and the static-pressure bearing 

in the thrust bearings are always powered on until the rotating speed of the rotating shaft is zero.  

[00189] As shown in FIG. 25, this embodiment of the present disclosure provides a nother 

control method of the gas turbine generator set. The control method includes the following steps. 

[00190] In S21, a static-pressure bearing in the radial bearing and a static-pressure bearing in the 

thrust bearing are powered on to enable the rotating shaft to move to a preset radial position, such that 

the thrust disc of the thrust bearing moves to a preset axial position. 

[00191] The step of powering on the static-pressure bearings includes: turning on a magnetic 

bearing in the corresponding bearing, and/or conveying a gas to a static-pressure intake throttle hole in 

the bearing. 

[00192] In S22, the gas turbine generator set is powered on, wherein air is compressed by the air 

compressor and enters the combustion chamber to be mixed with a fuel in the combustion chamber and 

combusted, wherein high-temperature and high-pressure gas discharged from the combustion chamber 

impacts a turbine wheel of the turbine to rotate the turbine wheel, such that the turbine wheel drives the 

motor through the rotating shaft to generate electricity.  

[00193] In S23, after a rotating speed of the rotating shaft is accelerated to a first preset value, 

the static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 
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powered off. 

[00194] The first preset value may be 5% to 30% of a rated rotating speed.  

[00195] The step of powering off the static-pressure bearings includes: powering off a magnetic 

bearing in the corresponding bearing, and/or stopping conveying the gas to the static -pressure intake 

throttle hole in the bearing. 

[00196] In S24, when the rotor system is accelerated to a first -order critical speed or a 

second-order critical speed, the static-pressure bearing in the radial bearing and the static-pressure 

bearing in the thrust bearing are powered on. 

[00197] In S25, after the rotor system smoothly passes the first -order critical speed or the 

second-order critical speed, the static-pressure bearing in the radial bearing and the static-pressure 

bearing in the thrust bearing are powered off. 

[00198] In S26, during the shutdown of the gas turbine generator set, when the rotor system is 

decelerated to the first-order critical speed or the second-order critical speed, the static-pressure bearing 

in the radial bearing and the static-pressure bearing in the thrust bearing are powered on. 

[00199] In S27, after the rotor system smoothly passes the first -order critical speed or the 

second-order critical speed, the static-pressure bearing in the radial bearing and the static-pressure 

bearing in the thrust bearing are powered off. 

[00200] In S28, when the rotating speed of the rotating shaft is decelerated to a second preset 

value, the static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust 

bearing are powered on. 

[00201] The second preset value may be equal to or different from the first preset value, and the 

second preset value may be 5% to 30% of the rated rotating speed. 

[00202] In S29, after the rotating speed of the rotating shaft is decelerated to zero, the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered off. 

[00203] In the above process, before the gas turbine generator set is started, the bearings in the 

rotor system are controlled, such that the static-pressure bearing in the radial bearing and the 

static-pressure bearing in the thrust bearing are powered on. In this way, the rotating shaft is lifted to a 

preset radial position by means of the static-pressure bearing in the radial bearing. The thrust disc is 

pushed to a preset axial position by means of the static-pressure bearing in the thrust bearing. 

[00204] After the gas turbine generator set is started, the rotating speed of the rotating shaft 

gradually increases. When the rotating speed of the rotating shaft reaches the first preset value, for 

example, 5% to 30% of the rated rotating speed, the bearings in the rotor system are controlled, such that 

the static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing stop 

working. When the rotating speed of the rotating shaft reaches the first -order critical speed or the 

second-order critical speed, the bearings in the rotor system are cont rolled, such that the static-pressure 

bearing in the radial bearing and the static-pressure bearing in the thrust bearing are powered on again. 

After the rotating speed of the rotating shaft smoothly passes the first -order critical speed or the 

second-order critical speed, the bearings in the rotor system are controlled, such that the static -pressure 

bearing in the radial bearing and the static-pressure bearing in the thrust bearing stop working again.  
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[00205] During the shutdown of the gas turbine generator set, the rotating speed of the rotating 

shaft gradually decreases. When the rotating speed of the rotating shaft reaches the second -order critical 

speed or the first-order critical speed, the bearings in the rotor system are controlled, such that the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered on again. After the rotating speed of the rotating shaft smoothly passes the second -order critical 

speed or the first-order critical speed, the bearings in the rotor system are controlled, such that the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing stop 

working again. When the rotating speed of the rotating shaft drops to a predetermined value, for 

example, 5% to 30% of the rated rotating speed, the bearings in the rotor system are controlled, such that 

the static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered on again until the speed drops to zero. Then, the bearings in the rotor system are controlled, 

such that the static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust 

bearing stop working again. 

[00206] The control method of the rotor system will be specifically described below based on 

the control method of the gas turbine generator set.  

[00207] Embodiment 8 

[00208] As shown in FIG. 26, an embodiment of the present disclosure provides a control 

method of a rotor system. The method includes the following steps.  

[00209] In S101, a static-pressure bearing in the radial bearing and a static-pressure bearing in 

the thrust bearing are powered on to enable the rotating shaft to move to a preset radial position, such 

that the thrust disc of the thrust bearing moves to a preset axial position.  

[00210] The step of powering on the static-pressure bearings includes: powering on a magnetic 

bearing in the corresponding bearing, and/or conveying a gas to a static-pressure intake throttle hole in 

the bearing. 

[00211] In S102, after a rotating speed of the rotating shaft is accelerated to a working speed, the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered off. 

[00212] The step of powering off the static-pressure bearings includes: powering off the 

magnetic bearing in the corresponding bearing, and/or stopping conveying the gas to the static -pressure 

intake throttle hole. 

[00213] In S103, in the case that the rotor system is stopped, the static -pressure bearing in the 

radial bearing and the static-pressure bearing in the thrust bearing are powered on. 

[00214] In S104, after the rotating speed of the rotating shaft is decelerated to zero, the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered off. 

[00215] In the above process, before the rotor system is started, the bearings in the rotor system 

are controlled, such that the static-pressure bearing in the radial bearing and the static-pressure bearing 

in the thrust bearing are powered on. In this way, the rotating shaft is lifted to a preset  radial position by 

means of the static-pressure bearing in the radial bearing. The thrust disc is pushed to a preset axial 

position by means of the static-pressure bearing in the thrust bearing. The static-pressure bearing in the 
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radial bearing and the static-pressure bearing in the thrust bearing are always powered on until the 

rotating speed of the rotating shaft reaches the working speed.  

[00216] In the case that the rotor system is stopped, the bearings in the rotor system are 

controlled, such that the static-pressure bearing in the radial bearing and the static-pressure bearing in 

the thrust bearing are powered on until the rotating speed of the rotating shaft is zero.  

[00217] As shown in FIG. 27, this embodiment of the present disclosure provides yet another 

control method of the rotor system. The control method includes the following steps.  

[00218] In S201, a static-pressure bearing in the radial bearing and a static-pressure bearing in 

the thrust bearing are powered on to enable the rotating shaft to move to a preset radial  position, such 

that the thrust disc of the thrust bearing moves to a preset axial position.  

[00219] The step of powering on the static-pressure bearings includes: powering on a magnetic 

bearing in the corresponding bearing, and/or conveying a gas to a static-pressure intake throttle hole in 

the bearing. 

[00220] In S202, after a rotating speed of the rotating shaft is accelerated to a first preset value, 

the static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered off. 

[00221] The first preset value may be 5% to 30% of a rated rotating speed.  

[00222] The step of powering off the static-pressure bearings includes: powering off a magnetic 

bearing in the corresponding bearing, and/or stopping conveying a gas to the static -pressure intake 

throttle hole in the bearing. 

[00223] In S203, when the rotor system is accelerated to a first -order critical speed or a 

second-order critical speed, the static-pressure bearing in the radial bearing and the static-pressure 

bearing in the thrust bearing are powered on. 

[00224] In S204, after the rotor system smoothly passes the first -order critical speed or the 

second-order critical speed, the static-pressure bearing in the radial bearing and the static-pressure 

bearing in the thrust bearing are powered off. 

[00225] In S205, when the rotor system is decelerated to the first-order critical speed or the 

second-order critical speed, the static-pressure bearing in the radial bearing and the static-pressure 

bearing in the thrust bearing are powered on. 

[00226] In S206, after the rotor system smoothly passes the first-order critical speed or the 

second-order critical speed, the static-pressure bearing in the radial bearing and the static-pressure 

bearing in the thrust bearing are powered off. 

[00227] In S207, when the rotating speed of the rotating shaft  is decelerated to a second preset 

value, the static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust 

bearing are powered on. 

[00228] The second preset value may be equal to or different from the first preset value, and the 

second preset value may be 5% to 30% of the rated rotating speed.  

[00229] In S208, after the rotating speed of the rotating shaft is decelerated to zero, the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered off. 
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[00230] In the above process, before the rotor system is started, the bearings in the rotor system 

are controlled, such that the static-pressure bearing in the radial bearing and the static-pressure bearing 

in the thrust bearing are powered on. In this way,  the rotating shaft is lifted to a preset radial position by 

means of the static-pressure bearing in the radial bearing. The thrust disc is pushed to a preset axial 

position by means of the static-pressure bearing in the thrust bearing. 

[00231] After the rotor system is started, the rotating speed of the rotating shaft gradually 

increases. When the rotating speed of the rotating shaft reaches the first preset value, for example, 5% to 

30% of the rated rotating speed, the bearings in the rotor system are controlled,  such that the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing stop 

working. When the rotating speed of the rotating shaft reaches the first -order critical speed or the 

second-order critical speed, the bearings in the rotor system are controlled, such that the static -pressure 

bearing in the radial bearing and the static-pressure bearing in the thrust bearing are powered on again. 

After the rotating speed of the rotating shaft smoothly passes the first -order critical speed or the 

second-order critical speed, the bearings in the rotor system are controlled, such that the static -pressure 

bearing in the radial bearing and the static-pressure bearing in the thrust bearing stop working again.  

[00232] During the shutdown of the rotor system, the rotating speed of the rotating shaft 

gradually decreases. When the rotating speed of the rotating shaft reaches the second -order critical speed 

or the first-order critical speed, the bearings in the rotor system are controlled, such that the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered on again. After the rotating speed of the rotating shaft smoothly passes the second -order critical 

speed or the first-order critical speed, the bearings in the rotor system are controlled, such that the 

static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing stop 

working again. When the rotating speed of the rotating shaft drops to a predetermined value, for 

example, 5% to 30% of the rated rotating speed, the bearings in the rotor system are controlled, such that 

the static-pressure bearing in the radial bearing and the static-pressure bearing in the thrust bearing are 

powered on again until the rotating speed drops to zero. Then, the bearings in the rotor system are 

controlled, such that the static-pressure bearing in the radial bearing and the static-pressure bearing in 

the thrust bearing stop working again. 

[00233] In combination with the above content, the overall structure of the rotor system, the 

overall structure of the gas turbine generator set using the above-mentioned rotor system, the control 

method of the gas turbine generator set, and the control method of the rotor system as provided in thi s 

embodiment of the present disclosure will be understood clearly.  

[00234] It should be noted that the thrust bearing and the radial bearing in the rotor system can 

adopt various structural forms. For a gas-magnetic hybrid thrust bearing, it may include a foil -type 

gas-magnetic hybrid thrust bearing or a slot-type gas-magnetic hybrid thrust bearing. For a gas-magnetic 

hybrid radial bearing, it may include a foil-type gas-magnetic hybrid radial bearing or a slot-type 

gas-magnetic hybrid radial bearing. 

[00235] Various specific structural forms of the thrust bearings and the radial bearings in the 

rotor system and the specific control processes of the thrust bearings and the radial bearings in the entire 

rotor system control will be described in detail below with reference to  the accompanying drawings. 
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[00236] Embodiment 9 

[00237] FIGs. 28 to 31 are schematic structural diagrams of a foil-type gas-magnetic hybrid 

thrust bearing provided by this embodiment of the present disclosure.  

[00238] As shown in FIGs. 28 to 31, the foil-type gas-magnetic hybrid thrust bearing 5100 

includes: a first thrust disc 5101 which is fixedly connected to the rotating shaft 100; and a first stator 

5102 and a second stator 5103 which are disposed on the rotating shaft 100 in a penetrating manner, and 

are arranged on two opposite sides of the first thrust disc 5101 respectively. Each of the first stator 5102 

and the second stator 5103 includes a first magnetic bearing 5104 and a first foil bearing 5105. A 

plurality of first magnetic components is arranged on each first magnet ic bearing 5104 in a 

circumferential direction. Each first foil bearing 5105 is provided with a second magnetic component 

capable of generating magnetic forces with the plurality of first magnetic components 5104. Each first 

foil bearing 5105 is arranged between the corresponding first magnetic bearing 5104 and the first thrust 

disc 5101 and has a first gap 5106 with the first thrust disc 5101. Each first foil bearing 5105 is movable 

in an axial direction of the rotating shaft 100 under the magnetic forces between the first magnetic 

components and the second magnetic component. 

[00239] In this embodiment of the present disclosure, the first gap 5106 and the first magnetic 

bearing 5104 are arranged in the thrust bearing 5100, so that the thrust bearing 5100 forms a 

gas-magnetic hybrid thrust bearing. 

[00240] When working, a gas bearing in the thrust bearing 5100 can cooperate with the first 

magnetic bearing 5104. When the thrust bearing 5100 is in a stable working state, it is supported by the 

gas bearing. When the thrust bearing 5100 is in an unstable working state, the first magnetic bearing 

5104 is used to control and respond to the thrust bearing 5100 in a timely manner.  

[00241] It can be seen that this embodiment of the present disclosure can improve the dynamic 

performance and stability of the thrust bearing, especially under high-speed operating conditions, and the 

thrust bearing has a strong anti-disturbance capability, thereby improving the bearing capability of the 

thrust bearing. The thrust bearing in this embodiment of the present disclosure can meet the requirements 

of a high-speed rotor system, for example, a gas turbine or a gas-turbine-combined generator set. 

[00242] In this embodiment of the present disclosure, the outer diameters of the first thrust disc 

5101, the first stator 5102, and the second stator 5103 may be the same. In addition, the structures of the 

first stator 5102 and the second stator 5103 may be completely the same.  

[00243] When the rotor system in this embodiment of the present disclosure is applied to the gas 

turbine or the gas-turbine-combined generator set, the first stator 5102 and the second stator 5103 may be 

connected to a housing of the gas turbine through a connection member.  

[00244] Optionally, the plurality of first magnetic components includes a plurality of first 

permanent magnets arranged on the first magnetic bearing 5104 in a circumferential direction. 

Alternatively, the plurality of first magnetic components includes a plurality of first electromagnets 

arranged on the first magnetic bearing 5104 in a circumferential direction. Each of the plurality of first 

electromagnets includes a first magnetic core 51041 arranged on the first magnetic bearing 5104, and a 

first coil 51042 wound on the first magnetic core. 

[00245] In this embodiment of the present disclosure, when the foil-type gas-magnetic hybrid 
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thrust bearing 5100 only requires the magnetic components to provide magnetic forces without the need 

for magnetic control, the first magnetic components are preferably first permanent magnets. When the 

foil-type gas-magnetic hybrid thrust bearing 5100 requires both magnetic forces and magnetic control, 

the first magnetic components are preferably first electromagnets.  

[00246] When the first magnetic components are the first electromagnets, an electric current is 

introduced to the first coil 51042, such that the first magnetic core 51041 can generate a magnetic force. 

When electric currents in different intensities are introduced into the first coil 51042, the intensities of 

the magnetic forces generated by the first magnetic core 51041 are different accordingly. When electric 

currents in different directions are introduced into the first coil 51042, magnetic poles of the first 

magnetic core 51041 are different accordingly.  

[00247] Since a silicon steel sheet or a coiled silicon steel sheet has physical characteristics such 

as high magnetic permeability and low eddy current loss, in a preferred embodiment of the present 

disclosure, the first magnetic core 51041 is formed by laminating a plurality of silicon steel sheets or 

coiled silicon steel sheets. 

[00248] Optionally, the first magnetic bearing 5104 includes a first magnetic bearing pedestal 

51043 and a first end cover 51045. The first magnetic bearing pedestal 51043 is arranged opposite to the 

first thrust disc 5101. The first magnetic bearing pedestal 51043 is provided with a plurality of first 

receiving grooves 51044 in a circumferential direction. A plurality of first magnetic components is 

arranged in the plurality of first receiving grooves 51044, and magnetic poles of the plurality of first 

magnetic components face a side where the first foil bearing 5105 is located. The first end cover 51045 is 

arranged on one side of the first magnetic bearing pedestal 51043 away from the first foil bearing 5105, 

and cooperates with the first foil bearing 5105 to fix the first magnetic components on the first magnetic 

bearing pedestal 51043. Since the silicon steel sheet or the coiled silicon steel sheet has physical 

characteristics such as high magnetic permeability and low eddy current loss, in a preferred embo diment 

of the present disclosure, the first magnetic bearing pedestal 51043 is formed by laminating a plurality of 

silicon steel sheets or coiled silicon steel sheets. The number of the first receiving grooves 51044 may 

be, but is not limited to, six or eight, and the first receiving grooves 51044 are uniformly formed in a 

circumferential direction of the first magnetic bearing pedestal 51043. In this way, the magnetic forces 

between the first magnetic bearing pedestal 51043 and the first foil bearing 5105 can be more uniform 

and stable. It should be noted that the plurality of first magnetic components may also be arranged on the 

first magnetic bearing pedestal 51043 in other manners, which will not be limited herein. The first end 

cover 51045 may be made of a non-magnetic material, preferably a hard aluminum material.  

[00249] Optionally, the first foil bearing 5105 includes: a first foil bearing pedestal 51051 

fixedly connected to the first magnetic bearing pedestal 51043; and a first foil 51052 and a second foil 

51053 arranged on the first foil bearing pedestal 51051. The first foil 51052 is mounted on the first foil 

bearing pedestal 51051. The second foil 51053 is stacked on one side of the first foil 51052 close to the 

first thrust disc 5101. The second foil 51053 is a flat foil. The second magnetic component is arranged on 

the second foil 51053, so that the second foil 51053 is movable in an axial direction of the rotating shaft 

100 by means of the magnetic forces between the first magnetic components and the second magnetic 

component. The first foil 51052 is an elastically deformable foil that is elastically deformable as the 
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second foil 51053 moves. 

[00250] The first foil bearing pedestal 51051 may be made of a non-magnetic material, and 

preferably a hard aluminum material. The first foil 51052 is an elastically deformable foil. In 

consideration of the fact that the magnetically conductive material is hard and brittle in nature, it is not 

suitable for being used as an elastically deformable foil. Therefore, the first foi l 51052 is preferably a 

non-magnetic-conducting stainless steel strip. 

[00251] In this embodiment of the present disclosure, the second foil 51053 is provided as a flat 

foil, which facilitates controlling a distance between the second foil 51053 and the first thru st disc 5101, 

or controlling the size of the first gap 5106. An elastically deformable foil is adopted as the first foil 

51052, and has functions of: on the one hand, connecting the second foil 51053 and the first foil bearing 

pedestal 51051, and on the other hand, ensuring that the second foil 51053 is movable in the axial 

direction of the rotating shaft 100 relative to the first foil bearing pedestal 51051.  

[00252] Optionally, the first foil 51052 is a wave-shaped elastically deformable foil. The first 

foil 51052 is an open loop with an opening. One end of the opening is a fixed end which is fixed on the 

first foil bearing pedestal 51051, and the other end of the opening is a movable end.  

[00253] When the second foil 51053 moves in the axial direction of the rotating shaf t 100, the 

waves on the first foil 51052 stretch or contract. The movable end moves in a circular circumferential 

direction. 

[00254] In this embodiment of the present disclosure, the first foil 51052 is provided as a 

wave-shaped elastically deformable foil, which facilitates pushing the second foil 51053 to move in the 

axial direction of the rotating shaft 100 by using the stretching or contraction characteristic of the waves.  

[00255] It should be noted that the shape of the first foil 51052 in this embodiment of the prese nt 

disclosure is not limited to the wavy shape, and other shapes that can generate elastic deformation may 

also be applied to the first foil 51052 in this embodiment of the present disclosure.  

[00256] Optionally, the second magnetic component includes a first magnetic material arranged 

on a side surface of the second foil 51053 close to the first magnetic bearing 5104.  

[00257] The first magnetic material is distributed in strips on the second foil 51053 to form a 

plurality of strip-shaped magnetic portions. The plurality of strip-shaped magnetic portions is distributed 

radially or annularly. 

[00258] Alternatively, the first magnetic components are distributed in dots on the second foil 

51053. 

[00259] The second foil 51053 is preferably made of a non-magnetic-conducting material. After 

the first magnetic material is sprayed to the surface of the second foil 51053 in a masked manner, the 

first magnetic material may be covered with a ceramic coating. The second foil 51053 may be made by 

sintering ceramic nanometer powder prepared from 40% of z irconia, 30% of ɑ alumina, and 30% of 

magnesium aluminate spinel. 

[00260] If the surface of the second foil 51053 is completely covered with the first magnetic 

material, the magnetic forces generated between the first magnetic material and the first magnetic 

components will be greatly increased, thereby likely causing the deformation of the second foil 51053. In 

view of this, in this embodiment of the present disclosure, by spraying the first magnetic material on the 
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surface of the second foil 51053 in a masked manner, the first magnetic material is distributed in stripes 

or dots on the second foil 51053. The magnetic forces generated between the first magnetic material and 

the first magnetic components can be controlled within a reasonable range, thereby preventing  the 

second foil 51053 from being deformed due to excessive magnetic forces.  

[00261] Optionally, the foil-type gas-magnetic hybrid thrust bearing 5100 further includes a first 

sensor 5107. A sensor probe of the first sensor 5107 is arranged in the first gap 5106.  

[00262] In this embodiment of the present disclosure, by providing the first sensor 5107, 

parameters at the first gap 5106, such as an air film pressure at the first gap 5106, can be detected in real 

time. In this way, the first magnetic bearing 5104 can actively control the thrust bearing 5100 according 

to the detection result of the first sensor 5107, and can achieve a higher control accuracy.  

[00263] Optionally, the first sensor 5107 includes a first sensor cover 51071 and a first sensor 

probe 51072. A first end of the first sensor probe 51072 is connected to the first sensor cover 51071. The 

first sensor cover 51071 is fixed on the first magnetic bearing 5104. Each of the first magnetic bearing 

5104 and the first foil bearing 5105 is provided with a through hole for the first sensor probe 51072 to 

pass through. A second end of the first sensor probe 51072 passes through the through hole in the first 

magnetic bearing 5104 and the through hole in the first foil bearing 5105 and extends to the first gap 

5106. In addition, the second end of the first sensor probe 51072 is flush with one side of the first foil 

bearing 5105 close to the first thrust disc 5101. 

[00264] In this embodiment of the present disclosure, the first sensor 5107 can be more stably 

arranged on the first magnetic bearing 5104 by means of the structural form and the mounting manner of 

the first sensor 5107. The second end of the first sensor probe 51072 is flush with the side of the first foil 

bearing 5105 close to the first thrust disc 5101. Therefore, on the one hand, the first sensor probe 51072 

can be prevented from being touched by the first thrust disc 5101, thereby facilitating the protection of 

the first sensor probe 51072. On the other hand, an air film in the first gap 5106 will not be affected, 

without any disturbance. 

[00265] Optionally, the first sensor 5107 is arranged between two adjacent first magnetic 

components. 

[00266] In this embodiment of the present disclosure, each stator should be provided with at 

least one first sensor 5107, preferably one first sensor 5107. The first sensor 5107 is preferably arranged 

between two adjacent first magnetic components. 

[00267] Optionally, the first sensor 5107 is any one or a combination of more of the followings:  

[00268] a displacement sensor configured to detect a position of the first thrust d isc 5101; 

[00269] a pressure sensor configured to detect an air film pressure at the first gap 5106;  

[00270] a speed sensor configured to detect a rotating speed of the first thrust disc 5101; and  

[00271] an acceleration sensor configured to detect a rotational acceleration of the first thrust 

disc 5101. 

[00272] The specific control method when the foil-type gas-magnetic hybrid thrust bearing in 

this embodiment of the present disclosure (wherein, the first magnetic components in the first magnetic 

bearing are electromagnets) participates in the control process of the rotor system will be described in 

detail. 
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[00273] This embodiment of the present disclosure provides a control method of a foil -type 

gas-magnetic hybrid thrust bearing. The control method includes the following steps.  

[00274] In S511, the first magnetic bearings in both the first stator and the second stator are 

powered on, and the first thrust disc is controlled to move in the axial direction of the rotating shaft 

under the magnetic forces of the plurality of first magnetic components, such t hat a first gap between the 

first thrust disc and the first foil bearing in the first stator is equal to a first gap between the first thrust 

disc and the first foil bearing in the second stator.  

[00275] In S512, after a rotating speed of the rotating shaft is accelerated to a working speed, the 

first magnetic bearings in both the first stator and the second stator are powered off.  

[00276] In S513, in the case that the rotor system is stopped, the first magnetic bearings in both 

the first stator and the second stator are powered on. 

[00277] In S514, after the rotating speed of the rotating shaft is decelerated to zero, the first 

magnetic bearings in both the first stator and the second stator are powered off.  

[00278] In the above process, after the first magnetic bearings are powered on, t he first thrust 

disc reaches a predetermined position between the first stator and the second stator under the action of 

the first magnetic bearings. The first thrust disc has a first gap with each of the end surfaces of the first 

stator and the second stator. 

[00279] As the rotating shaft rotates, the first thrust disc starts to rotate relative to the first stator 

and the second stator under the condition of being lubricated by airflow in the first gap to prevent wear. 

The specific process of powering on the first magnetic bearings is as follows: an electric current signal of 

a predetermined value is input to a first coil, and the first thrust disc reaches a predetermined position 

between the first stator and the second stator under the action of the first magnetic  bearings. 

[00280] As the rotating speed of the rotating shaft is increasing, the rotating speed of the first 

thrust disc accordingly increases synchronously. When the rotating speed of the rotating shaft reaches a 

working speed, an air film pressure generated by a dynamic-pressure gas bearing of the thrust bearing 

(the first gaps are formed between the first thrust disc and the first and second stators, that is, the 

dynamic-pressure gas bearing of the thrust bearing is formed) can stabilize the first thrust disc, and in 

this case, the first magnetic bearings can be powered off.  

[00281] In the case that the rotor system is stopped, the first thrust disc decelerates as the 

rotating shaft decelerates. In order to keep the rotating shaft stable during the entire shutdown proce ss of 

the rotor system, the first magnetic bearings are powered on when the rotor system is powered off, and 

the first magnetic bearing can be powered off after the first thrust disc is completely stopped.  

[00282] This embodiment of the present disclosure further provides another control method of 

the foil-type gas-magnetic hybrid thrust bearing. The control method includes the following steps.  

[00283] In S521, the first magnetic bearings in both the first stator and the second stator are 

powered on, and the first thrust disc is controlled to move in the axial direction of the rotating shaft 

under the magnetic forces of the plurality of first magnetic components, such that a first gap between the 

first thrust disc and the first foil bearing in the first stator is equal to a  first gap between the first thrust 

disc and the first foil bearing in the second stator.  

[00284] In S522, after the rotating speed of the rotating shaft is accelerated to a first preset 
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value, the first magnetic bearings in both the first stator and the second stator are powered off. 

[00285] In S523, when the rotating speed of the rotating shaft is decelerated to a second preset 

value, the first magnetic bearings in both the first stator and the second stator are powered on. 

[00286] In S524, after the rotating speed of the rotating shaft is decelerated to zero, the first 

magnetic bearings in both the first stator and the second stator are powered off.  

[00287] In the above process, after the first magnetic bearings are powered on, the first thrust 

disc reaches a predetermined position between the first stator and the second stator under the action of 

the first magnetic bearings. The first thrust disc has a first gap with each of the end surfaces of the first 

stator and the second stator. 

[00288] As the rotating shaft rotates, the first thrust disc starts to rotate relative to the first stator 

and the second stator under the condition of being lubricated by airflow in the first gap to prevent wear. 

The specific process of powering on the first magnetic bearing is as follows: an electric current signa l of 

a predetermined value is input to a first coil, and the first thrust disc reaches the predetermined position 

between the first stator and the second stator under the action of the first magnetic bearings.  

[00289] As the rotating speed of the rotating shaft is increasing, the rotating speed of the first 

thrust disc accordingly increases synchronously. When the rotating speed of the rotating shaft reaches a 

first preset value, such as 5% to 30% of the rated rotating speed, an air film pressure generated by a 

dynamic-pressure gas bearing of the thrust bearing (the first gaps are formed between the first thrust disc 

and the first and second stators, that is, the dynamic-pressure gas bearing of the foil type gas-magnetic 

hybrid thrust bearing is formed) can stabilize the first thrust disc, and in this case, the first magnetic 

bearings can be powered off. 

[00290] During the shutdown process of the rotor system, the first thrust disc decelerates as the 

rotating shaft decelerates. When the rotating speed of the rotating shaft i s less than a second preset value, 

such as 5% to 30% of the rated rotating speed, the air film pressure generated by the dynamic -pressure 

gas bearing of the thrust bearing also decreases as the first thrust disc decelerates. Therefore, the first 

magnetic bearings need to be powered on to keep the first thrust disc stable, and the first magnetic 

bearings can be powered off until the first thrust disc is completely stopped.  

[00291] Optionally, the method further includes: when a load is applied to the first thrust di sc, 

moving the first thrust disc in the axial direction of the rotating shaft under the applied load, and when 

the first gap between the first thrust disc and the first foil bearing in the first stator is not equal to the 

first gap between the first thrust disc and the first foil bearing in the second stator, powering on the first 

magnetic bearings in both the first stator and the second stator; and when the first gap between the first 

thrust disc and the first foil bearing in the first stator is equal to t he first gap between the first thrust disc 

and the first foil bearing in the second stator, powering off the first magnetic bearings in both the first 

stator and the second stator. 

[00292] When the load is applied to the first thrust disc such that the first gap between the first 

thrust disc and the first foil bearing in the first stator or the second stator becomes smaller and 

approaches the first foil bearing on that side, a first sensor (the first sensor here is preferably a pressure 

sensor) obtains a signal that an air pressure increases. In this case, the first magnetic bearings need to be 

involved. The first magnetic bearings do not completely directly apply a magnetic force to the first thrust 
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disc to move the first thrust disc to the first foil bearing on the other side, but use the magnetic force to 

move the first foil bearing on the other side in a direction away from the first thrust disc, so that the first 

gap between the first thrust disc and the first foil bearing on the other side is increased, thereby  

increasing the pressure on the side where the first gap becomes smaller . Thus, the weight of the load on 

the first thrust disc is adapted, and the airflow on the two first gaps is automatically redistributed. When 

the first thrust disc reaches a new balanced position, the first magnetic bearings stop working.  

[00293] Specifically, if the first gap between the first thrust disc and the first foil bearing in the 

first stator is smaller than the first gap between the first thrust disc and the first foil bearing in th e second 

stator, the first foil bearing in the second stator is controlled to move in the axial direction of the rotating 

shaft in a direction away from the first thrust disc under the magnetic forces between the plurality of first 

magnetic components and the second magnetic component. 

[00294] If the first gap between the first thrust disc and the first foil bearing in the second stator 

is smaller than the first gap between the first thrust disc and the first foil bearing in the first stator, the 

first foil bearing in the first stator is controlled to move in the axial direction of the rotating shaft in a 

direction away from the first thrust disc under the magnetic forces between the plurality of first magnetic 

components and the second magnetic component. 

[00295] Optionally, the step of, when the load is applied to the first thrust disc, moving the first 

thrust disc in the axial direction of the rotating shaft under the applied load, and when the first gap 

between the first thrust disc and the first foil bearing in the firs t stator is not equal to the first gap 

between the first thrust disc and the first foil bearing in the second stator, powering on the first magnetic 

bearings in both the first stator and the second stator, includes: 

[00296] when a load is applied to the first thrust disc, moving the first thrust disc in the axial 

direction of the rotating shaft under the applied load, and when the first gap between the first thrust disc 

and the first foil bearing in the first stator is not equal to the first gap between the first t hrust disc and the 

first foil bearing in the second stator, controlling the first magnetic bearings in both the first stator and 

the second stator to be powered on at a maximum power; or  

[00297] when a load is applied to the first thrust disc, moving the first thrust disc in the axial 

direction of the rotating shaft under the applied load, and when the first gap between the first thrust disc 

and the first foil bearing in the first stator is not equal to the first gap between the first thrust disc and the 

first foil bearing in the second stator, controlling the first magnetic bearings in both the first stator and 

the second stator to be powered on in a stroboscopic manner according to a preset frequency.  

[00298] When an external impact disturbance occurs, the first thrust di sc may quickly approach 

the first foil bearing on one side, possibly causing the first gap on that side to be excessively small 

instantly, such that the local gas velocity at the first gap on that side approaches or even reaches the 

velocity of sound, thereby causing the shock waves to generate an air hammer self-excitation 

phenomenon. The generation of shock waves will cause disturbances and chaos in the local gas flow. 

When the velocity of a fluid changes from a sonic speed to a subsonic speed, the pressu re of the fluid 

drops significantly in steps. In this case, the first foil bearing on that side needs to actively “avoid” the 

first thrust disc, so that the first gap on that side is increased to maintain the airflow velocity within the 

subsonic range as much as possible, thereby maintaining its normal fluid pressure. Specifically, the first 
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magnetic bearings in both the first stator and the second stator need to be controlled at the same time, so 

that the magnetic poles of the first magnetic bearings are excited with the same polarity. That is, a 

suction generated on a side where the first gap is reduced is configured to suck back the first foil bearing 

on that side, and a suction generated on a side where the first gap is increased is configured to pull back 

the first thrust disc. In this way, a magnetic force difference is generated by using the difference in the 

acting distances of the magnetic forces on both sides, so as to pull the first thrust disc to restore the first 

gaps between the first thrust disc and the first foil bearings on both sides to normal. Therefore, the first 

thrust disc returns to a balanced state again. 

[00299] In the above process, by using the advantage that the first magnetic bearings are 

conveniently controlled in real time, the factors causing excessive offset of the first thrust disc caused by 

the unbalanced mass of the first thrust disc or the vortex of the first thrust disc are balanced actively, 

such that the first thrust disc is fixed within a certain extremely small range in the axi al direction of the 

rotating shaft. In addition, during the acceleration of the first thrust disc, the position where the shock 

waves are generated (i.e., a portion where the linear velocity exceeds the velocity of sound) can be 

accurately positioned. By controlling the intensity and direction of the electric current of the first 

magnetic bearings, the first magnetic bearings generate opposite forces to balance the shock wave effect. 

After the shock waves are stable, the control strategy for the first magne tic bearings is adjusted again to 

fix the first thrust disc within an extremely small range in a most energy-saving manner. 

[00300] In summary, this embodiment of the present disclosure has the following beneficial 

effects. 

[00301] 1. The electromagnetic bearings and the gas bearings cooperate with each other to 

improve the dynamic performance and stability of the bearings under high-speed running conditions and 

achieve a strong anti-disturbance capability, thereby improving the bearing capability of the bearings. 

Meanwhile, the electromagnetic bearings and the gas bearings adopt a parallel structure, thereby 

simplifying the structures, achieving a high degree of integration, being easy to machine, manufacture 

and operate, and improving the overall performance of the bearings. When the rotor system is started or 

stopped, the thrust disc of each bearing and the corresponding stator can be rotated in a gap between the 

bearings by using the electromagnetic bearings, thereby improving the low-speed performance of the 

bearings, prolonging the service life of the bearings, and improving the safety and reliability of the 

bearings and the entire system. 

[00302] 2. Compared with the conventional hydrodynamic-hydrostatic gas hybrid thrust bearing 

in which a static-pressure gas bearing and a dynamic-pressure gas bearing are combined, the foil-type 

gas-magnetic hybrid thrust bearing in this embodiment of the present disclosure has the advantage of fast 

response speed. 

[00303] 3. By providing the magnetic material on the foil, the foil can be appropriatel y deformed 

by the attraction of the magnetic poles of the electromagnetic bearings, thereby improving the maximum 

pressure on one side of a lubricating air film in the bearing, preventing the leakage of the lubricating 

airflow, improving the ability of the thrust disc to resist eccentric collision with the wall, and further 

improving the bearing capability of the bearings. 

[00304] 4. A lower-cost pressure sensor is used to collect changes in the air film pressure. The 
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deformation of the foil is controlled by a simple control method to provide higher rotor damping, thereby 

improving the rotor stability. In addition, because the control method is simple, the machining accuracy 

of the bearings is not high. 

[00305] Embodiment 10 

[00306] FIGs. 32 to 38 are schematic structural diagrams of a slot-type gas-magnetic hybrid 

thrust bearing provided by this embodiment of the present disclosure.  

[00307] As shown in FIGs. 32 to 38, the slot-type gas-magnetic hybrid thrust bearing 5200 

includes: a second thrust disc 5201 fixedly connected to the rotating  shaft 100 and provided with a third 

magnetic component; and a third stator 5202 and a fourth stator 5203 which are disposed on the rotating 

shaft 100 in a penetrating manner, and are arranged on two opposite sides of the second thrust disc 5201 

respectively. Each of the third stator 5202 and the fourth stator 5203 includes a second magnetic bearing 

5204. A plurality of fourth magnetic components capable of generating magnetic forces with the third 

magnetic component is arranged on each second magnetic bear ing 5204 in a circumferential direction. 

Each second magnetic bearing 5204 has a second gap 5206 with the second thrust disc 5201. The second 

thrust disc 5201 is movable in the axial direction of the rotating shaft 100 under the magnetic forces 

between the third magnetic component and the plurality of fourth magnetic components. Second dynamic 

pressure generating grooves 5205 are formed in an end surface of the second thrust disc 5201 facing the 

third stator 5202 and the fourth stator 5203, or end surfaces of the third stator 5202 and the fourth stator 

5203 facing the second thrust disc 5201. 

[00308] In this embodiment of the present disclosure, the thrust bearing 5200 is provided with 

the second gap 5206 and the second magnetic bearings 5204, so that the thrust bearing 5200 forms a 

gas-magnetic hybrid thrust bearing. 

[00309] When working, a gas bearing in the thrust bearing 5100 cooperates with the second 

magnetic bearings 5204. When the thrust bearing 5200 is in a stable working state, it is supported by the 

gas bearing. When the thrust bearing 5200 is in an unstable working state, the second magnetic bearings 

5204 are used to control and respond to the thrust bearing 5200 in a timely manner.  

[00310] It can be seen that this embodiment of the present disclosure can improve the dyna mic 

performance and stability of the thrust bearing, especially under high-speed running conditions; and the 

thrust bearing has a strong anti-disturbance capability, thereby improving the bearing capability of the 

thrust bearing. The thrust bearing in this embodiment of the present disclosure can meet the requirements 

of a high-speed rotor system, for example, a gas turbine or a gas-turbine-combined generator set. 

[00311] In this embodiment of the present disclosure, the outer diameters of the second thrust 

disc 5201, the third stator 5202, and the fourth stator 5203 may be the same. In addition, the structures of 

the third stator 5202 and the fourth stator 5203 may be completely the same.  

[00312] When the rotor system in this embodiment of the present disclosure is applied  to a gas 

turbine, the third stator 5202 and the fourth stator 5203 may be connected to a housing of the gas turbine 

through a connection member. 

[00313] In this embodiment of the present disclosure, as the second thrust disc 5201 rotates, the 

flowing gas existing in the second gap 5206 is pressed into the second dynamic pressure generating 

grooves 5205, thereby generating a pressure for maintaining the second thrust disc 5201 in an axial 
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direction in a non-contact manner. The intensity of the pressure generated by the second dynamic 

pressure generating grooves 5205 varies with angles, groove widths, groove lengths, groove depths, the 

number of grooves, and the flatness of the second dynamic pressure generating grooves 5205. In 

addition, the intensity of the pressure generated by the second dynamic pressure generating grooves 5205 

is related to a rotating speed of the second thrust disc 5201 and the second gap 5206. The parameters of 

the second dynamic pressure generating grooves 5205 can be designed according to act ual working 

conditions. The second dynamic pressure generating grooves 5205 may be formed on the third stator 

5202 and the fourth stator 5203 by means of forging, rolling, etching or stamping. Alternatively, the 

second dynamic pressure generating grooves 5205 may be formed on the second thrust disc 5201 by 

means of forging, rolling, etching, or stamping. 

[00314] Optionally, the plurality of fourth magnetic components includes a plurality of second 

permanent magnets which is arranged on the second magnetic bearing 5204 in a circumferential 

direction. Alternatively, the plurality of fourth magnetic components include s a plurality of second 

electromagnets which is arranged on the second magnetic bearing 5204 in a circumferential direction. 

Each of the plurality of second electromagnets includes a second magnetic core 52041 arranged on the 

second magnetic bearing 5204 and a second coil 52022 wound on the second magnetic core 52041.  

[00315] In this embodiment of the present disclosure, when the slot-type gas-magnetic hybrid 

thrust bearing 5200 only needs the magnetic components to provide magnetic forces without the need for 

magnetic control, the fourth magnetic components are preferably second permanent magnets. When the 

slot-type gas-magnetic hybrid thrust bearing 5200 needs both magnetic forces and magnetic control, the 

fourth magnetic components are preferably second electromagnets.  

[00316] When the fourth magnetic components are second electromagnets, an electric current is 

introduced to the second coil 52042, such that the second magnetic core 52041 can generate a magnetic 

force. When electric currents in different intensities are introduced into the second coil 52042, the 

magnitudes of the magnetic force generated by the second magnetic core 52041 are different 

accordingly. When electric currents in different directions are introduced into the second coil 52042, 

magnetic poles of the second magnetic core 52041 are different  accordingly. 

[00317] Since a silicon steel sheet or coiled silicon steel sheet has physical characteristics such 

as high magnetic permeability and low eddy current loss, in a preferred embodiment of the present 

disclosure, the second magnetic core 52041 may be formed by laminating a plurality of silicon steel 

sheets or coiled silicon steel sheets. 

[00318] Optionally, the second magnetic bearing 5204 includes a second magnetic bearing 

pedestal 52043, a second end cover 52045 and a first pressure ring 52046. The second magnetic bearing 

pedestal 52043 is arranged opposite to the second thrust plate 5201. The second magnetic bearing 

pedestal 52043 is provided with a plurality of second receiving grooves 52044 in a circumferential 

direction. A plurality of fourth magnetic components is provided in the plurality of second receiving 

grooves 52044. Magnetic poles of the plurality of fourth magnetic components face a side where the 

second thrust disc 5201 is located. The second end cover 52045 is arranged on one side of the second 

magnetic bearing pedestal 52043 away from the second thrust disc 5201. The first pressure ring 52046 is 

arranged on one side of the second magnetic bearing pedestal 52043 close to the second thrust disc 5201. 



 35 

The second end cover 52045 cooperates with the first pressure ring 52046 to fix the plurality of fourth 

magnetic components on the second magnetic bearing pedestal 52043. 

[00319] Since the silicon steel sheet or coiled silicon steel sheet has physical characteristics such 

as high magnetic permeability and low eddy current loss, in a preferred embodiment of the present 

disclosure, the second magnetic bearing pedestal 52043 may be formed by laminating a plurality of 

silicon steel sheets or coiled silicon steel sheets. The number of the second receiving grooves 52044 may 

be, but is not limited to, six or eight, and the second receiving grooves 52044 are uniformly formed in a 

circumferential direction of the second magnetic bearing pedestal 52043. In this way, the magnetic 

forces between the second magnetic bearing 5204 and the second thrust disc 5201 can be more uniform 

and stable. It should be noted that the plurality of four th magnetic components may also be arranged on 

the second magnetic bearing pedestal 52043 in other manners, which will not be limited herein. The 

second end cover 52045 may be made of a non-magnetic material, preferably a hard aluminum material. 

The first pressing ring 52046 may be made of a non-magnetic material, preferably the hard aluminum 

material. 

[00320] In this embodiment of the present disclosure, second dynamic pressure generating 

grooves 5205 may be formed in the first pressure ring 52046. To facilitate t he machining of the second 

dynamic pressure generating grooves 5205, the first pressure ring 52046 may be made of stainless steel.  

[00321] Optionally, the third magnetic component includes a second magnetic material (not 

shown in drawings) provided on the end surface of the second thrust disc 5201 facing the third stator 

5202 and the fourth stator 5203. The second magnetic material is distributed in strips on the second 

thrust disc 5201 to form a plurality of strip-shaped magnetic portions which is distributed radially or 

annularly. Alternatively, the second magnetic components are distributed in dots on the second thrust 

disc 5201. 

[00322] In this embodiment of the present disclosure, the second magnetic material is distributed 

in strips or dots on the second thrust disc 5201, such that the magnetic forces generated between the 

second magnetic material and the fourth magnetic components can be controlled within a reasonable 

range. 

[00323] Optionally, the second dynamic pressure generating grooves 5205 are arranged in a 

radial or concentric circle shape. In this way, an air film is more evenly distributed in the second gap 

5206. 

[00324] Optionally, each second dynamic pressure generating groove 5205 includes a first spiral 

groove 52051 and a second spiral groove 52052. The first spiral groove 52051 surrounds the second 

spiral groove 52052. The spiral directions of the first spiral groove 52051 and the second spiral groove 

52052 are opposite. One end of the first spiral groove 52051 close to the second spiral groove 52052 is 

connected to or disconnected from one end of the second spiral groove 52052 close to the first spiral 

groove 52051. 

[00325] A distance between one end of the first spiral groove 52051 close to the second spiral 

groove 52052 and the axis of the rotating shaft 100 is equal to a distance between one end of the first 

spiral groove 52051 close to the second spiral groove 52052 and a peripheral edge of the third stator 

5202 or the fourth stator 5203 or the second thrust disc 5201. Alternatively, a distance between one end 
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of the second spiral groove 52052 close to the first spiral groove 52051 and the axis of the rotating shaft 

100 is equal to a distance between one end of the second spiral groove 52052 close to the first spiral 

groove 52051 and a peripheral edge of the third stator 5202 or the fourth stator 5203 or the second thrust 

disc 5201. 

[00326] In this embodiment of the present disclosure, by means of the arrangement manner of 

the second dynamic pressure generating grooves 5205 as described above, the second thrust disc 5201 

can be held by a non-contact way in a desired manner in the case that the rotating shaft 100 rotates 

forward or backward. Therefore, the rotating shaft 100 has the advantages of high load capacity and good 

stability. 

[00327] Optionally, each of the third stator 5202 and the four th stator 5203 is further provided 

with first static-pressure intake throttle holes 5208. One end of each first static -pressure intake throttle 

hole 5208 is communicated with the second gap 5206, and the other end of the first static -pressure intake 

throttle hole 5208 is connected to an external gas source so as to convey the external gas source into the 

second gap 5206. 

[00328] In this embodiment of the present disclosure, a static-pressure gas bearing can be 

formed by providing the first static-pressure intake throttle holes 5208, and thus the thrust bearing 5200 

can form a hydrodynamic-hydrostatic gas and magnetic hybrid thrust bearing. A flow diameter of each 

first static-pressure intake throttle hole 5208 may be adjusted according to the actual working conditio ns 

such as the demand for air volume. 

[00329] Optionally, each of the third stator 5202 and the fourth stator 5203 is provided with a 

plurality of first static-pressure intake throttle holes 5208. The plurality of first static -pressure intake 

throttle holes 5208 is arranged at intervals in a circumferential direction of each stator.  

[00330] In this embodiment of the present disclosure, the plurality of first static -pressure intake 

throttle holes 5208 is arranged at intervals in the circumferential direction of each stator,  and is 

preferably arranged at even intervals in the circumferential direction of the stator. In this way, the air 

film pressure in the second gap 5206 is more uniform.  

[00331] Optionally, in the third stator 5202 and the fourth stator 5203, a distance between eac h 

first static-pressure intake throttle hole 5208 and the axis of the rotating shaft 100 is greater than or equal 

to a distance between the first static-pressure intake throttle hole 5208 and the peripheral edge of each 

stator. 

[00332] In this embodiment of the present disclosure, by means of the arrangement manner of 

the first static-pressure intake throttle holes 5208 as described above, the static -pressure gas bearing is 

more stable. If the static-pressure intake throttle holes are excessively close to the axis of the rotating 

shaft 100, an air film cannot be distributed over the entire end surface of the second thrust disc 5201 in a 

timely and effective manner, such that the rotation of the second thrust disc 5201 is not stable enough. 

Preferably, the distance between each first static-pressure intake throttle hole 5208 and the axis of the 

rotating shaft 100 is equal to the distance between the first static -pressure intake throttle hole 5208 and 

the peripheral edge of each stator. 

[00333] Optionally, the slot-type gas-magnetic hybrid thrust bearing 5200 further includes a 

second sensor 5207. A sensor probe of the second sensor 5207 is arranged in the second gap 5206.  
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[00334] In this embodiment of the present disclosure, by providing the second sensor 5207, 

parameters at the second gap 5206, such as an air film pressure at the second gap 5206 can be detected in 

real time. In this way, the second magnetic bearing 5204 can actively control the thrust bearing 5200 

according to the detection result of the second sensor 5207, and can achieve a higher control accuracy. 

[00335] Optionally, the second sensor 5207 includes a second sensor cover 52071 and a second 

sensor probe 52072. A first end of the second sensor probe 52072 is connected to the second sensor 

cover 52071. The second sensor cover 52071 is fixed on the second magnetic bearing 5204. The second 

magnetic bearing 5204 is provided with a through hole allowing the second sensor probe 52072 to pass 

through. A second end of the second sensor probe 52072 passes through the through hole in the second 

magnetic bearing 5204 and extends to the second gap 5206. In addition, the second end of the second 

sensor probe 52072 is flush with the side of the second magnetic bearing 5204 close to the second thrust 

disc 5201. 

[00336] In this embodiment of the present disclosure, the second sensor 5207 can be more stably 

arranged on the second magnetic bearing 5204 by means of the structural form and the mounting manner 

of the second sensor 5207. Moreover, the second end of the second sensor probe 52072 is flush with the 

side of the second magnetic bearing 5204 close to the second thrust disc 5201. Therefore, on the one 

hand, the second sensor probe 52072 can be prevented from being touched by the second thrust disc 

5201, thereby protecting the second sensor probe 52072. On the other hand, the air film in the second gap 

5206 will not be affected, without any disturbance. 

[00337] Optionally, the second sensor 5207 is arranged between two adjacent fourth magnetic 

components. 

[00338] In this embodiment of the present disclosure, each stator should be provided with at 

least one second sensor 5207, and preferably one second sensor 5207. The second sensor 5207 is 

preferably arranged between two adjacent fourth magnetic components.  

[00339] Optionally, the second sensor 5207 is any one or a combination of more of the 

followings: 

[00340] a displacement sensor configured to detect a position of the second thrust disc 5201;  

[00341] a pressure sensor configured to detect an air film pressure at the second gap 5206;  

[00342] a speed sensor configured to detect a rotating speed of the  second thrust disc 5201; and 

[00343] an acceleration sensor configured to detect a rotational acceleration of the second thrust 

disc 5201. 

[00344] The specific control method when the slot-type gas-magnetic hybrid thrust bearing in 

this embodiment of the present disclosure (in which the fourth magnetic components in the second 

magnetic bearing are electromagnets) participates in the control process of the rotor system will be 

described below in detail. 

[00345] This embodiment of the present disclosure further provides a control method of a 

slot-type gas-magnetic hybrid thrust bearing. The control method includes the following steps.  

[00346] In S531, the second magnetic bearings in both the third stator and the fourth stator are 

powered on, and the second thrust disc is controlled to move in the axial direction of the rotating shaft 

under the magnetic forces between the third magnetic component and the plurality of fourth magnetic 
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components, such that a difference between a second gap between the second thrust disc and the second 

magnetic bearing in the third stator and a second gap between the second thrust disc and the second 

magnetic bearing in the fourth stator is less than or equal to a predetermined value.  

[00347] In S532, after a rotating speed of the rotating shaft is accelerated to a worki ng speed, the 

second magnetic bearings in both the third stator and the fourth stator are powered off.  

[00348] In S533, in the case that the rotor system is stopped, the second magnetic bearings in the 

third stator and the second stator are powered on. 

[00349] In S534, after the rotating speed of the rotating shaft is decelerated to zero, the second 

magnetic bearings in both the third stator and the fourth stator are powered off.  

[00350] In the above process, after the second magnetic bearings are powered on, the second 

thrust disc reaches a predetermined position between the third stator and the fourth stator under the 

action of the second magnetic bearings. The second thrust disc has a second gap with each of the end 

faces of the third stator and the fourth stator. 

[00351] As the rotating shaft rotates, the second thrust disc starts to rotate relative to the third 

stator and the fourth stator under the condition of being lubricated by airflow in the second gap to 

prevent wear. The specific process of powering on the second magnetic bearings is as follows: an electric 

current signal of a predetermined value is input to a second coil, and the second thrust disc reaches the 

predetermined position between the third stator and the fourth stator under the action of the second 

magnetic bearings. 

[00352] As the rotating speed of the rotating shaft is increasing, the rotating speed of the second 

thrust disc also increases synchronously. When the rotating speed of the rotating shaft reaches a working 

speed, an air film pressure generated by a dynamic-pressure gas bearing in the thrust bearing (the second 

gaps are formed between the second thrust disc and the third and fourth stators, that is, the 

dynamic-pressure gas bearing in the thrust bearing is formed) can stabilize the second thrust disc, and in 

this case, the second magnetic bearing can be powered off.  

[00353] In the case that the rotor system is stopped, the second thrust disc decelerates as the 

rotating shaft decelerates. In order to keep the rotating shaft stable during the entire shutdown process of 

the rotor system, the second magnetic bearings are powered on when the rotor system is powered off, and 

the second magnetic bearings can be powered off after the second thrust disc is completely stopped.  

[00354] This embodiment of the present disclosure further provides a control method of another 

slot-type gas-magnetic hybrid thrust bearing. The method includes the following steps.  

[00355] In S541, the second magnetic bearings in both the third stator and the fourth stator are 

powered on, and the second thrust disc is controlled to move in the axial direction of the rotating shaft 

under the magnetic forces between the third magnetic component and the plurality of fourth magnetic 

components, such that a difference between a second gap between the second thrust disc and the second 

magnetic bearing in the third stator and a second gap between the second thrust disc and the second 

magnetic bearing in the fourth stator is less than or equal to a predetermined value.  

[00356] In S542, after a rotating speed of the rotating shaft is accelerated to a first preset value, 

the second magnetic bearings in both the third stator and the fourth stator are powered off.  

[00357] In S543, when the rotating speed of the rotating shaft is decelerated to a second preset 
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value, the second magnetic bearings in both the third stator and the fourth stator are powered on. 

[00358] In S544, after the rotating speed of the rotating shaft is decelerated to zero, the second 

magnetic bearings in both the third stator and the fourth stator are powered off.  

[00359] In the above process, after the second magnetic bearings are powered on, the second 

thrust disc reaches a predetermined position between the third stator and the fourth stator under the 

action of the second magnetic bearings. The second thrust disc has a second gap with each of the end 

faces of the third stator and the fourth stator. As the rotating shaft rotates, the second thrust disc starts to 

rotate relative to the third stator and the fourth stator under the condition of being lubricated by airflow 

in the second gap to prevent wear. The specific process of powering on the second magnetic bearings is 

as follows: an electric current signal of a predetermined value is input to a second coil, and the second 

thrust disc reaches the predetermined position between the third stator and the four th stator under the 

action of the second magnetic bearings. 

[00360] As the rotating speed of the rotating shaft is increasing, the rotating speed of the second 

thrust disc accordingly increases synchronously. When the rotating speed of the rotating shaft reaches a  

second preset value, such as 5% to 30% of the rated rotating speed, an air film pressure generated by a 

dynamic-pressure gas bearing in the thrust bearing (the second gaps are formed between the second 

thrust disc and the third and fourth stators, that is, the dynamic-pressure gas bearing in the foil-type 

gas-magnetic hybrid thrust bearing is formed) can stabilize the second thrust disc, and in this case, the 

second magnetic bearings can be powered off. 

[00361] During the shutdown process of the rotor system, the second thrust disc decelerates as 

the rotating shaft decelerates. When the rotating speed of the rotating shaft is less than a second preset 

value, such as 5% to 30% of the rated rotating speed, the air film pressure generated by the 

dynamic-pressure gas bearing in the thrust bearing also decreases as the second thrust disc decelerates. 

Therefore, the second magnetic bearings need to be powered on to keep the second thrust disc stable, and 

the second magnetic bearings can be powered off until the second thrust disc is completely stopped. 

[00362] Optionally, the method further includes: 

[00363] when a load is applied to the second thrust disc, moving the second thrust disc in the 

axial direction of the rotating shaft under the applied load, and when a difference between the second gap 

between the second thrust disc and the second magnetic bearing in the third stator and the second gap 

between the second thrust disc and the second magnetic bearing in the fourth stator is greater than a 

predetermined value, powering on the second magnetic bearing in the third stator or the fourth stator; and 

[00364] when the difference between the second gap between the second thrust disc and the 

second magnetic bearing in the third stator and the second gap between the second thrust disc and the 

second magnetic bearing in the fourth stator is less than or equal to the predetermined value, powering 

off the second magnetic bearing in the third stator or the fourth stator.  

[00365] When the load is applied to the second thrust disc such that the second gap between the 

second thrust disc and the second magnetic bearing in the third stator or the fourth stator becomes 

smaller and approaches the second magnetic bearing on that side, a second sensor (the second sensor 

here is preferably a pressure sensor) obtains a signal that an air pressure increases. At this time, the 

second magnetic bearings need to be involved. The second magnetic bearing applies a magnetic force to 
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the second thrust disc to move the second thrust disc to the second magnetic bearing on the other sid e. 

When the second thrust disc reaches a new balanced position, the second magnetic bearing stops 

working. 

[00366] Specifically, if the second gap between the second thrust disc and the second magnetic 

bearing in the third stator is smaller than the second gap between the second thrust disc and the second 

magnetic bearing in the fourth stator, and the difference between the second gap between the second 

thrust disc and the second magnetic bearing in the third stator and the second gap between the second 

thrust disc and the second magnetic bearing in the fourth stator is greater than the predetermined value, 

the second magnetic bearing in the fourth stator is controlled to move in the axial direction of the 

rotating shaft in a direction away from the fourth stator under the magnetic forces between the third 

magnetic component and the plurality of fourth magnetic components.  

[00367] If the second gap between the second thrust disc and the second magnetic bearing in the 

fourth stator is smaller than the second gap between the second thrust disc and the second magnetic 

bearing in the third stator, and the difference between the second gap between the second thrust disc and 

the second magnetic bearing in the third stator and the second gap between the second thrust disc and the 

second magnetic bearing in the fourth stator is greater than the predetermined value, the second magnetic 

bearing in the third stator is controlled to move the second thrust disc in the axial direction of the 

rotating shaft in a direction away from the third stator under the magnetic forces between the third 

magnetic component and the plurality of fourth magnetic components.  

[00368] Optionally, the step of, when the load is applied to the second thrust disc, moving the 

second thrust disc in the axial direction of the rotating shaft under the applied load, and when the 

difference between the second gap between the second thrust disc and the second magnetic bearing in the 

third stator and the second gap between the second thrust disc and the second magnetic bearing in t he 

fourth stator is greater than the predetermined value, powering on the second magnetic bearing in the 

third stator or the fourth stator, includes: 

[00369] when a load is applied to the second thrust disc, moving the second thrust disc in the 

axial direction of the rotating shaft under the applied load, and when the difference between the second 

gap between the second thrust disc and the second magnetic bearing in the third stator and the second 

gap between the second thrust disc and the second magnetic bearing in the fourth stator is greater than 

the predetermined value, controlling the second magnetic bearing in the third stator or the fourth stator to 

be powered on at a maximum power; or 

[00370] when a load is applied to the second thrust disc, moving the second thrust  disc in the 

axial direction of the rotating shaft under the applied load, and when the difference between the second 

gap between the second thrust disc and the second magnetic bearing in the third stator and the second 

gap between the second thrust disc and the second magnetic bearing in the fourth stator is greater than 

the predetermined value, controlling the second magnetic bearing in the third stator or the fourth stator to 

be powered on in a stroboscopic manner. 

[00371] When an external impact disturbance occurs, the second thrust disc may quickly 

approach the second foil bearing on one side, possibly causing the second gap on that side to be 

excessively small instantly. As a result, the local gas velocity at the second gap on that side approaches 
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or even reaches the velocity of sound, thereby causing the shock waves to generate an air hammer 

self-excitation phenomenon. The generation of shock waves will cause disturbances and chaos in the 

local gas flow. When the velocity of a fluid changes from a sonic speed to a subsonic speed, the pressure 

of the fluid drops significantly in steps. In this case, it is necessary to control the second magnetic 

bearing in the third stator or the fourth stator to be powered on at a maximum power, or control the 

second magnetic bearing in the third stator or the fourth stator to be powered on in turn in a stroboscopic 

manner according to a preset frequency to provide a damping effect on the disturbance, thereby 

effectively suppressing the external disturbance. When the second thrust disc returns to the balanced 

state again, the second magnetic bearing stops working. 

[00372] It should be noted that, in this embodiment of the present disclosure, in the case that an 

electromagnetic bearing (the fourth magnetic components in each second magnet ic bearing are 

electromagnets, that is, the electromagnetic bearing is formed) and a static-pressure gas bearing (first 

static-pressure intake throttle holes are formed in the third stator and the fourth stator, that is, the 

static-pressure gas bearing is formed) are provided at the same time, the electromagnetic bearing and the 

static-pressure gas bearing can back up each other. In the event that one of them breaks down, or has a 

fault, or cannot meet the powering-on conditions, the other can serve as a backup bearing to play the 

same role. For example, when it is detected that the electromagnetic bearing breaks down, the external 

gas source is controlled to be opened to perform corresponding actions instead of the electromagnetic 

bearing, thereby improving the safety and reliability of the bearings. 

[00373] In this embodiment of the present disclosure, the step of “powering on the 

static-pressure bearings in the thrust bearing to move the thrust disc of the thrust bearing to a preset axial 

position” in the case that the electromagnetic bearing and the static-pressure gas bearing are provided at 

the same time may include the following implementations manners:  

[00374] powering on the second magnetic bearings in both the third stator and the fourth stator; 

and/or starting an external gas source, and conveying a gas to the second gap via the first static -pressure 

intake throttle holes; and 

[00375] controlling the second thrust disc to move in the axial direction of the rotating shaft 

under the magnetic forces between the third magnetic component and the fourth magnetic components, 

and/or under the pushing action of the gas, such that the difference between the second gap between the 

second thrust disc and the second magnetic bearing in the third stator and the second gap between the 

second thrust disc and the second magnetic bearing in the fourth stator is less than or equal to a 

predetermined value. 

[00376] In the above process, by using the advantage that the second magnetic bearings are 

conveniently controlled in real time, the factors causing excessive offset of the second thrust disc caused 

by the unbalanced mass of the second thrust disc or the vortex of the second thrust disc are balanced 

actively, such that the second thrust disc is fixed within a certain extremely small range in the axial  

direction of the rotating shaft. In addition, during the acceleration process of the second thrust disc, the 

position where the shock waves are generated (that is, a portion where the linear velocity exceeds the 

velocity of sound) can be accurately positioned. By controlling the magnitude and direction of the 

electric current of the second magnetic bearings, the second magnetic bearings generate opposite forces 



 42 

to balance the shock wave effect. After the shock waves are stable, the control strategy of the second 

magnetic bearings is adjusted again to fix the second thrust disc within an extremely small range in a 

most energy-saving manner. 

[00377] In summary, this embodiment of the present disclosure has the following beneficial 

effects. 

[00378] 1. The electromagnetic bearing and the gas bearing cooperate with each other to 

improve the dynamic performance and stability of the bearings under high-speed running conditions. 

Meanwhile, the electromagnetic bearing and the gas bearing adopt a parallel structure, thereby 

simplifying the structures, achieving a high degree of integration, being easy to machine, manufacture 

and operate, and improving the overall performance of the bearings. When the rotor system is started or 

stopped, the thrust disc of the bearing and the stator can be rotated in the second gap between the 

bearings by using the electromagnetic bearing, thereby improving the low-speed performance of the 

bearings, prolonging the service life of the bearings, and improving the safety and reliability of the 

bearings and the entire system. 

[00379] 2. Compared with the conventional hydrodynamic-hydrostatic gas hybrid thrust bearing 

in which the static-pressure gas bearing and the dynamic-pressure gas bearing are combined, the 

slot-type gas-magnetic hybrid thrust bearing in this embodiment of the present disclosure has the 

advantage of fast response speed. 

[00380] 3. The static-pressure gas bearing is provided additionally to form the slot -type 

hydrodynamic-hydrostatic gas and magnetic hybrid thrust bearing. In the case that the electromagnetic 

bearing and the static-pressure gas bearing are provided at the same time, the bearing capability of the 

bearings is further increased. The electromagnetic bearing and the static -pressure gas bearing can back 

up each other. In the event that one of them beaks down, or has a fault, or cannot meet the powering-on 

conditions, the other can serve as a backup bearing to play the same role. For example, when it is 

detected that the electromagnetic bearing breaks down, the static-pressure gas bearing is controlled to be 

powered on by a control system to perform corresponding actions instead of the electromagnetic bearing, 

thereby improving the safety and reliability of the bearings.  

[00381] Embodiment 11 

[00382] FIGs. 39 to 46 are schematic structural diagrams of a slot-type gas-magnetic hybrid 

radial bearing provided by this embodiment of the present disclosure.  

[00383] As shown in FIGs. 39 to 46, the slot-type gas-magnetic hybrid radial bearing 6200 

includes: a fourth magnetic bearing 6201 arranged on the rotating shaft 100 in a slee ving manner and 

provided with a plurality of seventh magnetic components in a circumferential direction. Third dynamic 

pressure generating grooves 6202 are formed in a sidewall of the fourth magnetic bearing 6201 facing 

the rotating shaft 100, or a circumferential surface of the rotating shaft 100 facing the fourth magnetic 

bearing 6201. The fourth magnetic bearing 6201 has a fourth gap 6203 with the rotating shaft 100, and 

the rotating shaft 100 is movable in the radial direction of the rotating shaft 100 under magnetic forces of 

the plurality of seventh magnetic components. 

[00384] In this embodiment of the present disclosure, the radial bearing 6200 is provided with 

the fourth gap 6203 and the fourth magnetic bearing 6201 inside, so that the radial bearing 6200 f orms a 
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gas-magnetic hybrid radial bearing. 

[00385] When working, a gas bearing in the radial bearing 6200 cooperate with the fourth 

magnetic bearing 6201. When the radial bearing 6200 is in a stable working state, it is supported by the 

gas bearing. When the radial bearing 6200 is in an unstable working state, the fourth magnetic bearing 

6201 is used to control and respond to the radial bearing 6200 in a timely manner.  

[00386] It can be seen that this embodiment of the present disclosure can improve the dynamic 

performance and stability of the radial bearing, especially under high-speed running conditions; and the 

radial bearing has a strong anti-disturbance capability, thereby improving the bearing capability of the 

radial bearing. The radial bearing in this embodiment of the present disclosure can meet the requirements 

of a high-speed rotor system, for example, a gas turbine or a gas-turbine-combined generator set. 

[00387] In this embodiment of the present disclosure, since a silicon steel sheet or a coiled 

silicon steel sheet has physical characteristics such as high magnetic permeability and low eddy current 

loss, the rotating shaft 100 may be formed by laminating a plurality of silicon steel sheets or coiled 

silicon steel sheets. 

[00388] In this embodiment of the present disclosure, as the rotating shaft 100 rotates, a flowing 

gas existing in the fourth gap 6203 is pressed into the third dynamic pressure generating grooves 6202 to 

generate a pressure, such that the rotating shaft 100 floats up to maintain the rotating shaft 100 by a 

non-contact way in a radial direction. The intensity of the pressure generated by the third dynamic 

pressure generating grooves 6202 varies with angles, groove widths, groove lengths, groove depths, the 

number of grooves, and the flatness of the third dynamic pressure generating grooves 6202. In addition, 

the intensity of the pressure generated by the third dynamic pressure generating grooves 6202 is related 

to a rotating speed of the rotating shaft 100 and the fourth gap 6203. The parameters of the third dynam ic 

pressure generating grooves 6202 can be designed according to actual working conditions. The third 

dynamic pressure generating grooves 6202 may be formed on the fourth stator 6202 or the rotating shaft 

by means of forging, rolling, etching or stamping. 

[00389] Optionally, the plurality of seventh magnetic components includes a plurality of fourth 

permanent magnets arranged on the fourth magnetic bearing 6201 in a circumferential direction. 

Alternatively, the plurality of seventh magnetic components includes a plurality of fourth electromagnets 

arranged on the fourth magnetic bearing 6201 in a circumferential direction. Each of the plurality of 

fourth electromagnets includes a fourth magnetic core 62011 arranged on the fourth magnetic bearing 

6201 and a fourth coil 62012 wound on the fourth magnetic core 62011. 

[00390] In this embodiment of the present disclosure, when the slot-type gas-magnetic hybrid 

radial bearing 6200 only needs the magnetic components to provide magnetic forces without the need for 

magnetic control, the seventh magnetic components are preferably fourth permanent magnets. When the 

foil-type gas-magnetic hybrid thrust bearing needs both magnetic forces and magnetic control, the 

seventh magnetic components are preferably fourth electromagnets.  

[00391] When the seventh magnetic components are the fourth electromagnets, an electric 

current is introduced to the fourth coil 62012, such that the fourth magnetic core 62011 can generate a 

magnetic force. When electric currents in different intensities are introduced into the fourth coil 62012, 

the magnitudes of the magnetic force generated by the fourth magnetic core 62011 are different 
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accordingly. When electric currents in different directions are introduced into the fourth coil 62012, 

magnetic poles of the fourth magnetic core 62011 are different accordingly. 

[00392] Since the silicon steel sheet or coiled silicon steel sheet has physical characteristics such 

as high magnetic permeability and low eddy current loss, in a preferred embodiment of the present 

disclosure, the fourth magnetic core 62011 is formed by laminating a plurality of silicon steel sheets or 

coiled silicon steel sheets. 

[00393] Optionally, the fourth magnetic bearing 6201 includes: a fourth magnetic bearing 

pedestal 62013, a second bearing shell 62015, a second bearing sleeve 62016, a fifth end cover 62017 

and a sixth end cover 62018. The fourth magnetic bearing pedestal 62013 is arranged on the rotating 

shaft 100 in a sleeving manner. The fourth magnetic bearing pedestal 62013 is provided with a plurality 

of fourth receiving grooves 62014 in a circumferential direction. The plurality of seventh magnetic 

components is arranged in the plurality of fourth receiving grooves 62014. In addition, the magnetic 

poles of the plurality of seventh magnetic components face the rotat ing shaft 100. The second bearing 

shell 62015 is arranged outside the fourth magnetic bearing shell 62013 in a sleeving manner. The 

second bearing sleeve 62016 is arranged between the fourth magnetic bearing pedestal 62013 and the 

rotating shaft 100 in a sleeving manner. The fifth end cover 62017 and the sixth end cover 62018 are 

respectively arranged at both ends of the second bearing shell 62015. The second bearing sleeve 62016, 

the fifth end cover 62017 and the sixth end cover 62018 cooperate to fix the plurality of seventh 

magnetic components on the fourth magnetic bearing pedestal 62013.  

[00394] In this embodiment of the present disclosure, the gap between the fourth magnetic core 

62011 and the fourth coil 62012 can be sealed by the second bearing sleeve 62016,  thereby forming a 

stable and uniform air film pressure between the second bearing sleeve 62016 and the rotating shaft 100. 

In addition, the sizes of the fourth gap 6203 can be adjusted and controlled conveniently by providing the 

second bearing sleeves 62016 with different radial thicknesses. 

[00395] The width of the fourth gap 6203 between the second bearing sleeve 62016 and the 

rotating shaft 100 may be 5 μm to 12 μm, and preferably 8 μm to 10 μm.  

[00396] Since the silicon steel sheet or coiled silicon steel sheet has physical characteristics such 

as high magnetic permeability and low eddy current loss, in a preferred embodiment of the present 

disclosure, the fourth magnetic bearing pedestal 62013 may be formed by laminating a plurality of 

silicon steel sheets or coiled silicon steel sheets. The number of the  fourth receiving grooves 62014 may 

be, but is not limited to, six or eight, and the fourth receiving grooves 62013 are uniformly arranged in 

the circumferential direction of the fourth magnetic bearing pedestal 62013. In this way, the magnetic 

forces between the fourth magnetic bearing 6201 and the rotating shaft 100 can be more uniform and 

stable. It should be noted that the plurality of seventh magnetic components may also be arranged on the 

fourth magnetic bearing pedestal 52043 in other manners, which will not be limited herein. The fifth end 

cover 62017 and the sixth end cover 62018 may be made of a non-magnetic material, preferably a hard 

aluminum material. The second bearing sleeve 62016 may be made of a non-magnetic material, 

preferably a hard aluminum material. The second bearing shell 62015 may be made of a non-magnetic 

material, preferably a hard aluminum material.  

[00397] Preferably, each of the fifth end cover 62017 and the sixth end cover 62018 is provided 
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with a boss having the same outer diameter as the inner diameter of the second bearing shell 62015. The 

bosses on the fifth end cover 62017 and the sixth end cover 62018 are used for fixing and pressing the 

silicon steel sheets or the coiled silicon steel sheets constituting the fourth magnetic bearin g pedestal 

62013 from both ends. 

[00398] In this embodiment of the present disclosure, third dynamic pressure generating grooves 

6202 may be formed in the second bearing sleeve 62016. To facilitate the machining of the third dynamic 

pressure generating grooves 6202, the second bearing sleeve 62016 may be made of stainless steel. 

Specifically, the third dynamic pressure generating grooves 6202 may be formed in the middle portion of 

the rotating shaft 100 corresponding to the circumferential surface of the second bea ring sleeve 62016, or 

may be provided as two parts of mutually independent third dynamic pressure generating grooves 6202 

that are symmetrically distributed on both sides of the middle portion. The third dynamic pressure 

generating grooves 6202 may also be formed in the middle portion on the inner wall of the second 

bearing sleeve 62016, or may be provided as two parts of mutually independent third dynamic pressure 

generating grooves 6202 that are symmetrically distributed on both ends of the inner wall of the second 

bearing sleeve 62016. 

[00399] Optionally, the third dynamic pressure generating grooves 6202 are arranged in a 

matrix. In this way, an air film is more evenly distributed in the fourth gap 6203.  

[00400] Optionally, the third dynamic pressure generating grooves 6202 are V-shaped grooves 

provided continuously or at intervals. 

[00401] In this embodiment of the present disclosure, by means of the arrangement manner of 

the third dynamic pressure generating grooves 6202 as described above, the rotating shaft can be held 

non-contactably in a desired manner in the case where the rotating shaft 100 rotates forward or 

backward. Therefore, the rotating shaft 100 has the advantages of high load capacity and good stability. 

The third dynamic pressure generating grooves 6202 may be provided as herringbone-shaped grooves or 

other-shaped grooves except for V-shaped grooves. 

[00402] Optionally, the fourth magnetic bearing 6201 is further provided with second 

static-pressure intake throttle holes 6205. One end of each second static -pressure intake throttle hole 

6205 is communicated with the fourth gap 6203, and the other end of the second static -pressure intake 

throttle hole 6205 is connected to an external gas source so as to convey the external gas source into the 

fourth gap 6203. 

[00403] In this embodiment of the present disclosure, a static-pressure gas bearing may be 

formed by providing the second static-pressure intake throttle holes 6205, and thus the slot-type 

gas-magnetic hybrid radial bearing 6200 can form a slot-type hydrodynamic-hydrostatic gas and 

magnetic hybrid radial bearing. A flow diameter of each second static -pressure intake throttle hole 6205 

may be adjusted according to the actual working conditions such as the demand for air volume.  

[00404] Optionally, each second static-pressure intake throttle hole 6205 is divided into at least 

two branches in the fourth magnetic bearing 6201, the at least two branches being communicated into the 

fourth gap 6203. 

[00405] In this embodiment of the present disclosure, each second static -pressure intake throttle 

hole 6205 may pass through the fifth end cover 62017 or the sixth end cover 62018, the fourth magnetic 
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bearing 6201 and the second bearing sleeve 62016 in sequence to communicate the external gas source 

with the fourth gap 6203. Further, each second static-pressure intake throttle hole 6205 may be divided 

into two or more branches to be communicated to the fourth gap 6203, so that an air film pressure in the 

fourth gap 6203 is more uniform. Further, each of the fifth end cover 62017 or the sixth end cover 62018 

may be provided with an annular groove. A plurality of second static -pressure intake throttle holes 6205 

may be formed in an annular region of the fourth magnetic bearing 6201 corresponding to the annular 

groove. For example, the second static-pressure intake throttle holes 6205 may be formed in each fourth 

magnetic core 62011 or in two adjacent fourth magnetic cores 62011. Flow diameters of the second 

static-pressure intake throttles 6205 and the branches thereof can be adjusted according to the actual 

working conditions such as the demand for air volume. 

[00406] Optionally, the slot-type gas-magnetic hybrid radial bearing 6200 further includes a 

plurality of fourth sensors 6204 disposed at intervals in a circumferential direction of the fourth magnetic 

bearing 6201. A sensor probe of each of the fourth sensors 6204 is arranged in the fourth gap 6203.  

[00407] In this embodiment of the present disclosure, by providing the fourth sensors 6204, 

parameters at the fourth gap 6203, such as an air film pressure at the fourth gap 620 3 can be detected in 

real time. In this way, the fourth magnetic bearing 6201 can actively control the radial bearing 6200 

according to the detection result of the fourth sensors 6201, and can achieve a higher control accuracy.  

[00408] Optionally, each of the fourth sensors 6204 includes a fourth sensor cover 62041 and a 

fourth sensor probe 62042. A first end of each fourth sensor probe 62042 is connected to the 

corresponding fourth sensor cover 62041. The fourth sensor cover 62041 is fixed on the fourth magnetic 

bearing 6201. The fourth magnetic bearing 6201 is provided with a through hole allowing each fourth 

sensor probe 62042 to pass through. A second end of the fourth sensor probe 62042 passes through the 

through hole in the fourth magnetic bearing 6201 and extends to the fourth gap 6203. In addition, the 

second end of the fourth sensor probe 62040 is flush with one side of the fourth magnetic bearing 6201 

close to the rotating shaft 100. 

[00409] In this embodiment of the present disclosure, the fourth sensors 6204 can be more stably 

arranged on the fourth magnetic bearing 6201 by means of the structural form and the mounting manner 

of the fourth sensor 6204. Moreover, the second end of each fourth sensor probe 62042 is flush with the 

side of the fourth magnetic bearing 6201 close to the rotating shaft 100. Therefore, on the one hand, the 

fourth sensor probes 62042 can be prevented from being touched by the rotating shaft 100, thereby 

protecting the fourth sensor probes 62042. On the other hand, the air film in the fourth  gap 6203 will not 

be affected, without any disturbance. 

[00410] In this embodiment of the present disclosure, the number of the fourth sensors 6204 may 

be the same as the number of the seventh magnetic components. Each of the fourth sensors 6204 may be 

arranged between every two adjacent seventh magnetic components, or may pass through the seventh 

magnetic components, which will not be limited in this embodiment of the present disclosure. Each 

fourth sensor 6204 is preferably arranged in the middle of the fourth magnetic bearing 6201. 

[00411] Optionally, the plurality of fourth sensors 6204 may be any one or a combination of 

more of the followings: 

[00412] a displacement sensor configured to detect a position of the rotating shaft 100;  
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[00413] a pressure sensor configured to detect an air  film pressure at the fourth gap 6203; 

[00414] a speed sensor configured to detect a rotating speed of the rotating shaft 100; and  

[00415] an acceleration sensor configured to detect a rotational acceleration of the rotating shaft 

100. 

[00416] The specific control method when the slot-type gas-magnetic hybrid radial bearing in 

this embodiment of the present disclosure (in which the seventh magnetic components in the fourth 

magnetic bearing are electromagnets) participates in the control process of the rotor system will be 

described below in detail. 

[00417] This embodiment of the present disclosure further provides a control method of a 

slot-type gas-magnetic hybrid radial bearing. The control method includes the following steps.  

[00418] In S631, the fourth magnetic bearing is powered on, and the rotating shaft is controlled 

to move in the radial direction of the rotating shaft under the magnetic forces of the plurality of seventh 

magnetic components to push the rotating shaft to a preset radial position.  

[00419] In S632, after a rotating speed of the rotating shaft is accelerated to a working speed, the 

fourth magnetic bearing is powered off. 

[00420] In S633, in the case that the rotor system is stopped, the fourth magnetic bearing is 

powered on. 

[00421] In S634, after the rotating speed of the rotating shaft is decelerated to zero, the fourth 

magnetic bearing is powered off. 

[00422] In the above process, after the fourth magnetic bearing is powered on, the rotating shaft 

is lifted up by the fourth magnetic bearing and reaches the preset radial position. The fourth magnetic 

bearing has a fourth gap with the rotating shaft. 

[00423] As the rotating shaft rotates, the rotating shaft starts to rotate under the condition of 

being lubricated by airflow in the fourth gap to prevent wear. The specific process of powering on the 

fourth magnetic bearing is as follows: an electric current signal of a predetermined value is input to a 

fourth coil, and the rotating shaft is lifted up by the fourth magnetic bearing and reaches the preset radial 

position. 

[00424] As the rotating speed of the rotating shaft is increasing, when the rotating speed of the 

rotating shaft reaches a working speed, an air film pressure generated by a dynamic -pressure gas bearing 

in this radial bearing (the fourth gap is formed between the fourth thrust disc and the rotating shaft, that 

is, the dynamic-pressure gas bearing in the radial bearing is formed) can stabilize the rotating shaft, and 

in this case, the fourth magnetic bearing can be powered off.  

[00425] When the rotor system stops, the rotating shaft decelerates. In order to keep the rotatin g 

shaft stable during the entire shutdown process of the rotor system, the fourth magnetic bearing is 

powered on when the rotor system is stopped, and the fourth magnetic bearing can be powered off after 

the rotating shaft is completely stopped. 

[00426] An embodiment of the present disclosure further provides another slot-type 

gas-magnetic hybrid radial bearing control method. The method includes the following steps.  

[00427] In S641, the fourth magnetic bearing is started, and the rotating shaft is controlled to 

move in the radial direction of the rotating shaft under the magnetic forces of the plurality of seventh 
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magnetic components to push the rotating shaft to a preset radial position.  

[00428] In S642, after a rotating speed of the rotating shaft is accelerated to a first prese t value, 

the fourth magnetic bearing is powered off. 

[00429] In S643, when the rotating speed of the rotating shaft is accelerated to a first -order 

critical speed or a second-order critical speed, the fourth magnetic bearing is powered on.  

[00430] Specifically, when the gas flow velocity at the fourth gap between the rotating shaft and 

the fourth magnetic bearing reaches the first-order critical speed or the second-order critical speed, the 

fourth magnetic bearing is powered on until the rotating shaft returns to a balanced radial position. 

[00431] Optionally, the step of, when the rotating speed of the rotating shaft is accelerated to the 

first-order critical speed or the second-order critical speed, powering on the fourth magnetic bearing, 

includes: 

[00432] when the rotating speed of the rotating shaft is accelerated to the first-order critical 

speed or the second-order critical speed, controlling the fourth magnetic bearing to be powered on at a 

maximum power; or 

[00433] when the rotating speed of the rotating shaft is accelerated to the first -order critical 

speed or the second-order critical speed, controlling the fourth magnetic bearing to be powered on in a 

stroboscopic manner according to a preset frequency.  

[00434] In S644, after the rotor system smoothly passes the first -order critical speed or the 

second-order critical speed, the fourth magnetic bearing is powered off.  

[00435] In S645, during the shutdown process of the rotor system, when the rotor system 

decelerates to the first-order critical speed or the second-order critical speed, the fourth magnetic bearing 

is powered on. 

[00436] Specifically, when the gas flow velocity at the fourth gap between the rotating shaft and 

the fourth magnetic bearing decelerates to the first-order critical speed or the second-order critical speed, 

the fourth magnetic bearing is powered on until the rotating shaft returns to a balanced radial position.  

[00437] Optionally, the step of, when the rotating speed of the rotating shaft decelerates to the 

first-order critical speed or the second-order critical speed, powering on the fourth magnetic bearing, 

includes: 

[00438] when the rotating speed of the rotating shaft is decelerated to the first -order critical 

speed or the second-order critical speed, controlling the fourth magnetic bearing to be powered on at a 

maximum power; or 

[00439] when the rotating speed of the rotating shaft is decelerated to the first-order critical 

speed or the second-order critical speed, controlling the fourth magnetic bearing to be powered on in a 

stroboscopic manner according to a preset frequency.  

[00440] In S646, after the rotor system smoothly passes the first-order critical speed or the 

second-order critical speed, the fourth magnetic bearing is powered off.  

[00441] In S647, when the rotating speed of the rotating shaft is decelerated to a second preset 

value, the fourth magnetic bearing is powered on. 

[00442] In S648, after the rotating speed of the rotating shaft is decelerated to zero, the fourth 

magnetic bearing is powered off. 
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[00443] In the above process, after the fourth magnetic bearing is powered on, the rotating shaft 

is lifted up by the fourth magnetic bearing and reaches a preset radial position. The fourth magnetic 

bearing has a fourth gap with the rotating shaft.  

[00444] As the rotating shaft rotates, the rotating shaft starts to rotate under the condition of 

being lubricated by airflow in the fourth gap to prevent wear. The specific process of powering on the 

fourth magnetic bearing is as follows: an electric current signal of a predetermined value is input to a 

fourth coil, and the rotating shaft is lifted up by the fourth magnetic bearing and reaches the preset radial 

position. 

[00445] As the rotating speed of the rotating shaft is increasing, when the rotating speed of the 

rotating shaft reaches a first preset value, such as 5% to 30% of the rated rotating speed, an air film 

pressure generated by a dynamic-pressure gas bearing in the radial bearing (the fourth gap is formed 

between the fourth magnetic bearing and the rotating shaft, that is, the dynamic-pressure gas bearing in 

the radial bearing is formed) can stabilize the rotating shaft, and in this case, the fo urth magnetic bearing 

can be powered off. 

[00446] During the shutdown process of the rotor system, the rotating shaft decelerates. When 

the rotating speed of the rotating shaft drops to the second preset value, for example, 5% to 30% of the 

rated rotating speed, the fourth magnetic bearing is powered on, and the fourth magnetic bearing can be 

powered off until the rotating shaft is completely stopped.  

[00447] Optionally, the method further includes: 

[00448] when the fourth gap between the rotating shaft and the fourth magnetic bea ring changes, 

powering on the fourth magnetic bearing, such that the rotating shaft moves in a direction away from a 

side where the gap becomes smaller under the magnetic forces of the plurality of seventh magnetic 

components; and 

[00449] after the rotating shaft is in a balanced radial position, powering off the fourth magnetic 

bearing. 

[00450] When a load is applied to the rotating shaft such that the rotating shaft gradually 

descends and approaches the fourth magnetic bearing below, a fourth sensor (the fourth sensor he re is 

preferably a pressure sensor) obtains a signal that an air pressure increases. At this time, the fourth 

magnetic bearing needs to be involved. The fourth magnetic bearing applies a magnetic force to the 

rotating shaft to move the rotating shaft to suspend upwards. When the rotating shaft reaches a new 

balanced position, the fourth magnetic bearing stops working.  

[00451] When an external impact disturbance occurs, the rotating shaft may quickly approach 

the fourth magnetic bearing, possibly casing the gap between the rotating shaft and the fourth magnetic 

bearing to be excessively small instantly. As a result, the local gas velocity at the reduced gap 

approaches or even reaches the velocity of sound, thereby causing the shock waves to generate an air 

hammer self-excitation phenomenon. The generation of shock waves will cause disturbances and chaos 

in the local gas flow. When the velocity of a fluid changes from a sonic speed to a subsonic speed, the 

pressure of the fluid drops significantly in steps. In this case, it is necessary to control the seventh 

magnetic components of the fourth magnetic bearing to be powered on in turn at a preset frequency to 

provide a damping effect on the disturbance, thereby effectively suppressing the external disturbance. 
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When the rotating shaft returns to a new balanced radial position, the fourth magnetic bearing stops 

working. 

[00452] It should be noted that, in this embodiment of the present disclosure, in the case that an 

electromagnetic bearing (the seventh magnetic components in the fourth magnetic bearing are 

electromagnets, that is, the electromagnetic bearing is formed) and a static-pressure gas bearing (the 

second static-pressure intake throttle holes are formed in the fourth magnetic bearing, that is, the 

static-pressure gas bearing is formed) are provided at the same time, the electromagnetic bearing and the 

static-pressure gas bearing can back up each other. In the event that one of them breaks down, or has a 

fault, or cannot meet the powering-on conditions, the other can serve as a backup bearing to play the 

same role. For example, when it is detected that the electromagnetic bearing breaks down, the external 

gas source is controlled to be opened to perform corresponding actions instead of the electromagnetic 

bearing, thereby improving the safety and reliability of the bearings. 

[00453] In this embodiment of the present disclosure, the step of “powering on the 

static-pressure bearing in the radial bearing to move the rotating shaft to the preset axial position” in the 

case that the electromagnetic bearing and the static-pressure gas bearing are provided at the same time 

may include the following implementations manners: 

[00454] powering on the fourth magnetic bearing; and/or starting an external gas source, and 

conveying a gas to the fourth gap via the second static intake throttle holes; and 

[00455] controlling the rotating shaft to move in the radial direction of the rotating shaft under 

the magnetic forces of the plurality of seventh magnetic components and/or under the pushing force of 

the gas to move the rotating shaft to the preset radial position. 

[00456] In the above process, by using the advantage that the fourth magnetic bearing is 

conveniently controlled in real time, the factors causing excessive offset of the rotating shaft caused by 

the unbalanced mass of the rotating shaft or the vortex of the rotating shaft are balanced actively, such 

that the rotating shaft is fixed within an extremely small range in the axial direction of the rotating shaft. 

In addition, during the acceleration process of the rotat ing shaft, the position where the shock waves are 

generated (i.e., the linear velocity exceeds the velocity of sound) can be accurately positioned. By 

controlling the intensity and direction of the electric current of the fourth magnetic bearing, the fourt h 

magnetic bearing generates opposite forces to balance the shock wave effect. After the shock waves are 

stable, the control strategy for the fourth magnetic bearing is adjusted again to fix the rotating shaft 

within a certain extremely small range in a most energy-saving manner. 

[00457] In summary, this embodiment of the present disclosure has the following beneficial 

effects. 

[00458] 1. The electromagnetic bearing and the gas bearing cooperate with each other to 

improve the dynamic performance and stability of the bearings under high-speed running conditions, and 

the bearings have a strong anti-disturbance capability, thereby further improving the bearing capability 

of the bearings. Meanwhile, the electromagnetic bearing and the gas bearing adopt a nested structure, 

thereby simplifying the structures, achieving a high degree of integration, being easy to machine, 

manufacture and operate, and improving the overall performance of the bearings. When the rotor system 

is started or stopped, the thrust disc of the bearing and the stator can be rotated in the first gap between 
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the bearings by using the electromagnetic bearing, thereby improving the low-speed performance of the 

bearings, prolonging the service life of the bearings, and improving the safety and reliability of the 

bearings and the entire system. 

[00459] 2. Compared with the conventional hydrodynamic-hydrostatic gas hybrid thrust bearing 

in which the static-pressure gas bearing and the dynamic-pressure gas bearing are combined, the 

slot-type gas-magnetic hybrid radial bearing in this embodiment of the present disclosure has the 

advantage of fast response speed. 

[00460] 3. The static-pressure gas bearing is provided additionally to form the slot -type 

hydrodynamic-hydrostatic gas and magnetic hybrid thrust bearing. In the case that the electromagnetic 

bearing and the static-pressure gas bearing are provided at the same time, the bearing capability of the 

bearings is further increased. The electromagnetic bearing and the static -pressure gas bearing can back 

up each other. In the event that one of them breaks down, or has a fault, or cannot meet the powering-on 

conditions, the other can serve as a backup bearing to play the same role. For example, when it is 

detected that the electromagnetic bearing breaks down, the static-pressure gas bearing is controlled by 

the control system to be opened to perform corresponding actions instead of the electromagnetic bearing, 

thereby improving the safety and reliability of the bearings.  

[00461] Embodiment 12 

[00462] In a rotor system, a thrust bearing and a radial bearing adjacent to the thrust bearing can 

be integrated to form an integrated bearing. Corresponding to the rotor system shown in FIG s. 1 to 18, 

respectively, FIGs. 47 to 62 show schematic structural diagrams in which a thrust bearing and a radial 

bearing adjacent to the thrust bearing are integrated into an integrated bearing 1000.  

[00463] FIGs. 63 to 70 are schematic structural diagrams of the integrated bearing provided by 

this embodiment of the present disclosure. 

[00464] As shown in FIGs. 63 to 70, the integrated bearing 1000 includes: a third bearing shell 

1001, a radial sub-bearing 1002, and a thrust sub-bearing 1003. The third bearing shell 1001 is a hollow 

rotating body, and is provided with a first receiving cavity and a second receiving cavity. The radial 

sub-bearing 1002 is arranged in the first receiving cavity and disposed on a rotating shaft 100 in a 

penetrating manner, and has a fifth gap 1004 with the rotating shaft 100. The thrust sub -bearing 1003 is 

arranged in the second receiving cavity. The thrust sub-bearing 1003 includes a third thrust disc 10031, 

and a fifth stator 10032 and a sixth stator 10033 respectively arranged on both sides of the third thrust 

disc 10031. The third thrust disc 10031 is fixedly connected to the rotating shaft 100. The fifth stator 

10032 and the sixth stator 10033 are both arranged on the rotating shaft 100 in a penetrating manner. 

Each of the fifth stator 10032 and the sixth stator 10033 has a sixth gap 1005 with the third thrust disc 

10031. 

[00465] In this embodiment of the present disclosure, the radial sub-bearing 1002 and the thrust 

sub-bearing 1003 are integrated in a bearing shell, which is easy to machine and mount, has the 

characteristics of simplified structure and high degree of integration, and can effectively ensure the 

coaxiality requirements of the radial sub-bearing 1002 and the thrust sub-bearing 1003 during machining 

and mounting. In addition, the fifth gap 1004 is formed in the radial sub -bearing 1002, and the sixth gap 

1005 is formed in the thrust sub-bearing 1003, so that the bearings of the present disclosure are 
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non-contact bearings, which can meet the requirement of high-speed rotation of the rotor. 

[00466] The third bearing housing 1001 may be made of a non-magnetic material, preferably a 

hard aluminum material. 

[00467] The fifth stator 10032 and the third bearing shell 1001 may be integrally formed, and 

the sixth stator 10033 and the third bearing shell 1001 may be detachably connected.  

[00468] When the rotor system in this embodiment of the present disclosure is applied to a gas 

turbine or a gas-turbine-combined generator set, the third bearing shell 1001 may be connected to a 

housing of the gas turbine through a connecting member.  

[00469] In this embodiment of the present disclosure, each of the radial sub -bearing 1002 and 

the thrust sub-bearing 1003 may include a magnetic bearing. The structural form of the magnetic bearing 

in the radial sub-bearing 1002 is as follows: the radial sub-bearing 1002 includes a fifth magnetic bearing 

10021 arranged on the rotating shaft 100 in a sleeving manner; the fifth magnetic bearing 10021 is 

detachably mounted in the first receiving cavity; and a plurality of eighth magnetic components is 

arranged on the fifth magnetic bearing 10021 in a circumferential direction. The rotating shaft 100 is 

movable in the radial direction of the rotating shaft 100 under magnetic forces of the plurality of eighth 

magnetic components. 

[00470] Further, the fifth magnetic bearing 10021 includes a fifth magnetic bearing pedestal and 

a third bearing sleeve 10022. The fifth magnetic bearing pedestal i s arranged on the rotating shaft 100 in 

a sleeving manner, and provided with a plurality of fifth receiving grooves in a circumferential direction. 

The plurality of eighth magnetic components is formed in the plurality of fifth receiving grooves, and the 

magnetic poles of the plurality of eighth magnetic members face the rotating shaft 100. The third bearing 

sleeve 10022 is arranged between the fifth magnetic bearing pedestal and the rotating shaft 100 in a 

sleeving manner and cooperates with the fifth magnetic bearing pedestal to fix the plurality of eighth 

magnetic components on the fifth magnetic bearing pedestal.  

[00471] Other specific implementation manners of the magnetic bearing in the radial 

sub-bearing 1002 described above may refer to the related description in Embodiment 10, and can 

achieve the same beneficial effects. To avoid repetition, details will not be described herein.  

[00472] In this embodiment of the present disclosure, the integrated bearing 1000 may further 

include a seventh end cover 1006. The seventh end cover 1006 is arranged at an end of the third bearing 

shell 1001 close to the first receiving cavity, and props against the fifth magnetic bearing pedestal for 

fixing the radial sub-bearing 1002 inside the first receiving cavity.  

[00473] In this embodiment of the present disclosure, each of the radial sub-bearing 1002 and 

the thrust sub-bearing 1003 may include a magnetic bearing. The structural form of the magnetic bearing 

in the thrust sub-bearing 1003 is as follows. 

[00474] Each of the fifth stator 10032 and the sixth stator 10033 includes a sixth magnetic 

bearing 10034 on which a plurality of ninth magnetic components is arranged in a circumferential 

direction. 

[00475] A tenth magnetic component is arranged on the third thrust disc 10031, and the third 

thrust disc 10031 is movable in the axial direction of the rotating shaft 100 under the magnetic forces 

between the plurality of ninth magnetic components and the tenth magnetic component.  
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[00476] Further, the sixth magnetic bearing 10034 includes a sixth magnetic bearing pedestal 

and a second pressure ring. The sixth magnetic bearing pedestal is disposed opposite to the third thrust 

disc 10031 and is provided with a plurality of sixth receiving grooves in a circumferential direction. A 

plurality of ninth magnetic components is arranged in the plurality of sixth receiving grooves, and 

magnetic poles of the plurality of ninth magnetic components face a side where the third thrust disc 

10031 is located. The second pressure ring is arranged on a side of the sixth magnetic bearing pedestal  

close to the third thrust disc 10031, and cooperates with the sixth magnetic bearing pedestal to fix the 

plurality of ninth magnetic components on the sixth magnetic bearing pedestal.  

[00477] Other specific implementation manners of the magnetic bearing in the th rust 

sub-bearing 1003 described above may refer to the related description in Embodiment 10, and can 

achieve the same beneficial effects. To avoid repetition, details will not be described herein.  

[00478] In this embodiment of the present disclosure, by providing the magnetic bearing, 

especially an electromagnetic bearing (the eighth magnetic components in the fifth magnetic bearing 

10021 are electromagnets, and the ninth magnetic component in the sixth magnetic bearing 10034 is the 

electromagnet) in the integrated bearing 1000, when the rotor system is started or stopped, the thrust disc 

and the stators in the integrated bearing 100, and the rotating shaft and the bearing sleeve can rotate 

within the gap by using the electromagnetic bearing, thereby improving the low-speed performance of 

the integrated bearing 1000, prolonging the service life of the integrated bearing 1000 and improving the 

safety and reliability of the integrated bearing 1000 and the entire rotor system.  

[00479] In this embodiment of the present disclosure, the fifth stator 10032 and the third bearing 

shell 1001 may be integrally formed, and the sixth stator 10033 and the third bearing shell 1001 may be 

detachably connected. 

[00480] In this embodiment of the present disclosure, each of the radial sub -bearing 1002 and 

the thrust sub-bearing 1003 may be provided with dynamic pressure generating grooves. The structural 

form of the dynamic pressure generating grooves in the radial sub-bearing 1002 is as follows. 

[00481] Fourth dynamic pressure generating grooves 10023 are formed in a sidewall of the 

radial sub-bearing 1002 facing the rotating shaft 100, or a circumferential surface of the rotating shaft 

100 facing the radial sub-bearing 1002. 

[00482] Further, the fourth dynamic pressure generating grooves 10023 are arranged in a matrix . 

[00483] Further, the fourth dynamic pressure generating grooves 6202 are V-shaped grooves 

provided continuously or at intervals. 

[00484] Other specific implementation manners of the dynamic pressure generating grooves in 

the radial sub-bearing 1002 described above may refer to the related description in Embodiment 11, and 

can achieve the same beneficial effects. To avoid repetition, details will not be repeated herein.  

[00485] In this embodiment of the present disclosure, each of the radial sub -bearing 1002 and 

the thrust sub-bearing 1003 may be provided with dynamic pressure generating grooves. The structural 

form of the dynamic pressure generating grooves in the thrust sub-bearing 1003 is as follows. 

[00486] Fifth dynamic pressure generating grooves 10035 are formed in an end surface o f the 

third thrust disc 10031 facing the fifth stator 10032 and the sixth stator 10033, or end surfaces of the fifth 

stator 10032 and the sixth stator 10033 facing the third thrust disc 10031.  
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[00487] Further, the fifth dynamic pressure generating grooves 10035 are arranged radially or 

concentrically. 

[00488] Further, the fifth dynamic pressure generating grooves 10035 include a first spiral 

groove and a second spiral groove. The first spiral groove surrounds the second spiral groove. The first 

spiral groove and the second spiral groove have opposite spiral directions. One end of the first spiral 

groove close to the second spiral groove is connected to or disconnected from one end of the second 

spiral groove close to the first spiral groove. 

[00489] Other specific implementation manners of the dynamic pressure generating groove in 

the thrust sub-bearing 1003 described above may refer to the related description in Embodiment 10, and 

can achieve the same beneficial effects. To avoid repetition, details will not be described herein.  

[00490] In this embodiment of the present disclosure, the integrated bearing 1000 includes the 

dynamic-pressure gas bearing by providing the dynamic pressure generating grooves in the integrated 

bearing 1000. In the case that an electromagnetic bearing and the dynamic-pressure gas bearing are 

provided at the same time, the dynamic performance and stability of the integrated bearing 1000 under 

high-speed running conditions are improved, and the anti-disturbance capability is strong, thereby 

improving the bearing capability of the bearings. Meanwhile, the electromagnetic bearing and the 

dynamic-pressure gas bearing adopt a nested parallel structure, so that the structure is simplified, the 

degree of integration is high, machining, manufacturing and operating are easy, and the comprehensive 

performance of the integrated bearing 1000 is improved. 

[00491] In this embodiment of the present disclosure, the integrated bearing 1000 may further be 

provided with static-pressure intake throttle holes. The structural form of the static -pressure intake 

throttle holes is as follows. 

[00492] The third bearing shell 1001 is further provided with third static-pressure intake throttle 

holes 1007, wherein one end of each third static-pressure intake throttle hole 1007 is connected to an 

external gas source, and the other end of the third static-pressure intake throttle hole 1007 is 

communicated with the fifth gap 1004 via the radial sub-bearing 1002, and/or communicated with the 

sixth gap 1005 via the fifth stator 10032 and the sixth stator 10033 so as to convey the external gas 

source to the fifth gap 1004 and/or the sixth gap 1005. 

[00493] In this embodiment of the present disclosure, the integrated bearing 1000 may further be 

provided with the static-pressure intake throttle holes, so that the integrated bearing 1000 includes a 

static-pressure gas bearing. In the case that the electromagnetic bearing and the static -pressure gas 

bearing are provided at the same time, the bearing capability of the integrated bearing 1000 is further 

increased. Moreover, the electromagnetic bearing and the static-pressure gas bearing can back up. In the 

event that one of them breaks down, or has a fault, or cannot meet the powering-on conditions, the other 

can serve as a backup bearing to play the same role. For example, when it is detected that the 

electromagnetic bearing breaks down, the static-pressure gas bearing is controlled to be powered on to 

perform corresponding actions instead of the electromagnetic bearing, thereby improving the safety and 

reliability of the integrated bearing 1000. 

[00494] Other specific implementations of the static-pressure intake throttle holes in the 

integrated bearing 1000 described above may refer to the related description in Embodiment 10 and 
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Embodiment 11, and can achieve the same beneficial effects. To avoid repetition, details will not be 

repeated herein. 

[00495] In this embodiment of the present disclosure, each of the radial sub -bearing 1002 and 

the thrust sub-bearing 1003 may be provided with a sensor. The structural forms of the sensors are as 

follows respectively. 

[00496] Fifth sensors (not shown in drawings) are arranged on the radial sub -bearing 1002, and a 

sensor probe of each fifth sensor is arranged in the fifth gap 1004.  

[00497] In this embodiment of the present disclosure, parameters at the fifth gap 1004, such as 

an air film pressure at the fifth gap 1004, can be detected in real time. In this way, the fifth magnetic 

bearing 10021 can actively control the radial sub-bearing 102 according to the detection result of the 

fifth sensor, and can achieve a higher control accuracy. 

[00498] Optionally, each of the fifth sensors includes a first sensor cover and a fifth sensor 

probe. A first end of each fifth sensor probe is connected to the corresponding fifth sensor cover. The 

fifth sensor cover is fixed on the fifth magnetic bearing 10021. The fifth magnetic bearing 10021 is 

provided with a through hole allowing each fifth sensor probe to pass through. A second end of the fifth 

sensor probe passes through the through hole in the fifth magnetic bearing 10021 and extends to the fifth 

gap 1004. In addition, the second end of the fifth sensor probe is flush with the side of the fifth magnetic 

bearing 10021 close to the rotating shaft 100. 

[00499] In this way, the fifth sensors 5107 can be more stably arranged on the fifth magnetic 

bearing 10021. Moreover, the second end of each sensor probe is flush with one side of the fifth 

magnetic bearing 10021 close to the rotating shaft 100. Therefore, on the one hand, the sensor probes can 

be prevented from being touched by the rotating shaft 100, thereby protecting the sensor probes. On the 

other hand, the air film in the fifth gap 1004 will not be affected, without any disturbance.  

[00500] Sixth sensors (not shown in drawings) are arranged on the thrust sub-bearing 1003, 

wherein a sensor probe of each sixth sensor is arranged in the sixth gap 1005. 

[00501] In this way, parameters at the sixth gap 1005, such as an air film pressure at the sixth 

gap 1005, can be detected in real time. In this way, the sixth magnetic bearing 10034 can actively control 

the thrust sub-bearing 103 according to the detection result of the sixth sensors, and can achieve a higher 

control accuracy. 

[00502] Optionally, each sixth sensor includes a sixth sensor cover and a sixth sensor probe. A 

first end of the sixth sensor probe is connected to the sixth sensor cover. The sixth sensor cover is fixed 

on the sixth magnetic bearing 10034. The sixth magnetic bearing 10034 is provided with a through hole 

allowing each sixth sensor probe to pass through. A second end of the sixth sensor probe passes through 

the through hole in the sixth magnetic bearing 10034 and extends to the sixth gap 1005. In addition, the 

second end of the sixth sensor probe is flush with one side of the sixth magnetic bearing 10034 close to 

the third thrust disc 10031. 

[00503] In this way, the sixth sensors can be more stably arranged on the sixth magnetic bearing 

10034. Moreover, the second end of the sixth sensor probe is flush with the side of the sixth magnetic 

bearing 10034 close to the third thrust disc 10031. Therefore, on the one hand, the sixth sensor probes 

can be prevented from being touched by the third thrust disc 10031, thereby protecting the sixth sensor 
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probes. On the other hand, the air film in the sixth gap 1005 will not be affected, without any 

disturbance. 

[00504] Other specific implementation manners of the sensors in the radial bearing and the 

thrust bearing described above may refer to the related description in Embodiment 11 and Embodiment 

10, and can achieve the same beneficial effects. To avoid repetition, details will not be described he rein. 

[00505] It should be noted that the related technical solutions in Embodiments 9 to 11 are also 

applicable to the embodiments of the present disclosure and can achieve the same beneficial effects. To 

avoid repetition, details will not be described herein.  

[00506] The specific control method when the integrated bearing in this embodiment of the 

present disclosure (in which the eighth magnetic components in the fifth magnetic bearing are 

electromagnets, and the ninth magnetic component in the sixth magnetic bearing is the electromagnet) 

participates in the control process of the rotor system may be refer to the related descriptions in 

Embodiment 11 and Embodiment 10, and can achieve the same beneficial effect. To avoid repetition, 

details will not be repeated herein. 

[00507] The above description is only the specific embodiments of the present disclosure, but 

the protection scope of the present disclosure is not limited thereto. Any changes or replacements easily 

conceivable by a person skilled in the art within the technical scope of the present disclosure should be 

included within the protection scope of the present disclosure. Therefore, the protection scope of the 

present disclosure should be subjected to the protection scope of the claims.
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CLAIMS 

 

1. A rotor system, comprising: 

a rotating shaft (100), a shaft body of the rotating shaft being of an integrated structure and the rotating shaft 

being horizontally arranged; 

a motor (200), an air compressor (300) and a turbine (400) which are arranged on the rotating shaft in 

sequence; and 

at least two radial bearings (600, 700) and a thrust bearing (500) which are arranged on the rotating shaft (100) 

and are all non-contact bearings,  

wherein 

the at least two radial bearings (600, 700) comprise a first radial bearing (600) and a second radial bearing 

(700), the first radial bearing being (600) arranged on one side of the motor (200) away from the air compressor 

(300), and the second radial bearing (700) being arranged between the air compressor (300) and the turbine (400),      

wherein  

the thrust bearing (500) is arranged between the first radial bearing (600) and the motor (200); or  

the thrust bearing (500) is arranged on one side of the first radial bearing (600) away from the motor (200); or  

the thrust bearing (500) is arranged between the motor (200) and the air compressor (300); 

 

characterized in that  

the thrust bearing (500) is a gas-magnetic hybrid thrust bearing, and at least one of the at least two radial 

bearings (600, 700) is a gas-magnetic hybrid radial bearing or a hydrodynamic-hydrostatic gas hybrid radial bearing; 

wherein the gas-magnetic hybrid thrust bearing is a foil-type gas-magnetic hybrid thrust bearing (5100) 

comprising: 

a first thrust disc (5101) fixedly connected to the rotating shaft (100); and 

a first stator (5102) and a second stator (5103) which are disposed on the rotating shaft (100) in a penetrating 

manner, and are arranged on two opposite sides of the first thrust disc (5101) respectively, wherein 

each of the first stator (5102) and the second stator (5103) comprises a first magnetic bearing (5104) and a first 

foil bearing (5105); a plurality of first magnetic components is arranged on each first magnetic bearing (5104) in a 

circumferential direction; each first foil bearing (5105) is provided with a second magnetic component capable of 

interacting with the plurality of first magnetic components and generating magnetic forces with the plurality of first 

magnetic components, wherein 

each first foil bearing (5105) is arranged between the corresponding first magnetic bearing (5104) and the first 

thrust disc (5101) and has a first gap (5106) with the first thrust disc (5101), and each first foil bearing (5105) is 

movable in an axial direction of the rotating shaft under the magnetic forces between the first magnetic components 

and the second magnetic component. 

 

2. The rotor system according to claim 1, wherein 

the at least two radial bearings further comprise a third radial bearing (800) arranged between the motor (200) 

and the air compressor (300). 

 

3. The rotor system according to claim 1 or 2, wherein 

the at least two radial bearings further comprise a fourth radial bearing (900) arranged on one side of the 
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turbine (400) away from the air compressor (300), wherein 

the thrust bearing (500) is arranged between the first radial bearing (600) and the motor (200); or 

the thrust bearing (500) is arranged on one side of the first radial bearing (600) away from the motor (200); or 

the thrust bearing (500) is arranged between the motor (200) and the air compressor (300); or 

the thrust bearing (500) is arranged between the air compressor (300) and the second radial bearing (700). 

 

4. The rotor system according to claim 3, wherein 

the fourth radial bearing (900) is a hydrodynamic-hydrostatic gas hybrid radial bearing. 

 

5. The rotor system according to claim 1, wherein 

a heat insulation layer is arranged on one side of the turbine (400) close to the second radial bearing (700). 

 

6. The rotor system according to claim 1, wherein the motor (200) is a dynamic-pressure bearing motor, and a 

portion of the rotating shaft corresponding to a bearing of the motor is provided with a first dynamic pressure 

generating groove (201). 

 

7. The rotor system according to claim 1, wherein the motor (200) is a starter-generator integrated motor. 

 

8. The rotor system according to claim 1, wherein 

the rotor system further comprises a locking device (120) configured to lock the rotating shaft when the 

rotating shaft is in a static state. 

 

9. The rotor system according to claim 1, wherein 

a portion of the rotating shaft where each bearing is mounted is coated with an anti-wear coating (101). 

 

10. A rotor system control method applied to the rotor system according to claim 1, the method comprising the 

following steps: 

powering on a static-pressure bearing in the radial bearing and a static-pressure bearing in the thrust bearing to 

enable the rotating shaft to move to a preset radial position, such that the thrust disc of the thrust bearing moves to a 

preset axial position (S101); 

after a rotating speed of the rotating shaft is accelerated to a working speed, powering off the static-pressure 

bearing in the radial bearing and the static-pressure bearing in the thrust bearing (S102); 

in the case that the rotor system is stopped, powering on the static-pressure bearing in the radial bearing and the 

static-pressure bearing in the thrust bearing (S103); and 

after the rotating speed of the rotating shaft is reduced to zero, powering off the static-pressure bearing in the 

radial bearing and the static-pressure bearing in the thrust bearing (S104), wherein 

powering on the static-pressure bearings comprises: powering on a magnetic bearing in the corresponding 

bearing, and/or conveying a gas to a static-pressure intake throttle hole in the bearing; and 

powering off the static-pressure bearings comprises: powering off the magnetic bearing in the corresponding 

bearing, and/or stopping conveying the gas to the static-pressure intake throttle hole in the bearing. 

 

11. A gas turbine generator set, comprising an intake channel (320), a combustion chamber (330), and the rotor  
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system according to any one of claims 1 to 9, wherein the intake channel (320) is communicated with an air inlet of 

the air compressor (300), an air outlet of the air compressor (300) is communicated with an air inlet of the 

combustion chamber (330), and an air outlet of the combustion chamber (330) is communicated with an air inlet of 

the turbine (400). 

 

12. A gas turbine generator set control method applied to the gas turbine generator set according to claim 11, 

the method comprising the following steps: 

powering on a static-pressure bearing in the radial bearing and a static-pressure bearing in the thrust bearing to 

enable the rotating shaft to move to a preset radial position, such that the thrust disc of the thrust bearing moves to a 

preset axial position (S11); 

starting the gas turbine generator set, wherein air is compressed by the air compressor and enters the 

combustion chamber to be mixed with a fuel in the combustion chamber and combusted, and high-temperature and 

high-pressure gas discharged from the combustion chamber impacts a turbine wheel of the turbine to rotate the 

turbine wheel, such that the turbine wheel drives the motor to rotate through the rotating shaft to generate electricity 

(S12); 

after a rotating speed of the rotating shaft is accelerated to a working speed, powering off the static-pressure 

bearing in the radial bearing and the static-pressure bearing in the thrust bearing (S13); 

in the case of the shutdown of the gas turbine generator set, powering on the static-pressure bearing in the 

radial bearing and the static-pressure bearing in the thrust bearing (S14); and 

after the rotating speed of the rotating shaft is reduced to zero, powering off the static-pressure bearing in the 

radial bearing and the static-pressure bearing in the thrust bearing (S15), wherein 

powering on the static-pressure bearings comprises: powering on a magnetic bearing in the corresponding 

bearing, and/or conveying a gas to a static-pressure intake throttle hole in the bearing; and 

powering off the static-pressure bearings comprises: powering off the magnetic bearing in the corresponding 

bearing, and/or stopping conveying the gas to the static-pressure intake throttle hole in the bearing. 

 


