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CLUTCH MECHANISM, STEERING SYSTEM, AND AUTOMOBILE 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

 

[0001] The present disclosure claims priority to Chinese Patent Application No. 

201911023715.8, filed on October 25, 2019 and entitled "CLUTCH MECHANISM, STEERING 

SYSTEM, AND AUTOMOBILE". 

 

FIELD 

[0002] The present disclosure relates to the field of automobiles, and specifically, to a 

clutch mechanism, a steering system, and an automobile. 

 

BACKGROUND 

[0003] With the advancement of science and technology, people have increasingly high 

requirements for functions of automobile game entertainment. Racing games such as Need For 

Speed and QQ Speed bring people experience of crazy driving fun, and therefore have numerous 

fans. Currently, the above game functions are generally experienced by operating a conventional 

keyboard or operating a dedicated game steering wheel on a PC side. The conventional keyboard 

cannot realistically simulate the handfeel of manipulating a steering wheel to turn during driving, 

and the dedicated game steering wheel is bulky and not cost-effective for a user to purchase for 

use. If the user goes to a relevant entertainment place to operate the dedicated game steering wheel, 

use requirements of the user cannot be satisfied anytime anywhere as a result of a limited place. 

[0004] Sitting on a seat in an automobile to directly experience the above games by 

using a steering wheel of the automobile is a desirable solution. The inventor of the present 
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disclosure found in practice that steering systems, steering wheels, and steering device end shafts 

of all automobiles currently existing on the market are in a meshed state for a long time. Even if 

the steering wheel is adjusted in four directions such as upward, downward, forward, and backward 

directions, a structure (such as splines) for transmitting torque is not disengaged. As a result, 

turning the steering wheel inevitably drives tires to axially move, resulting in repeated static 

friction between the tires and the ground. Consequently, the tires are seriously worn, and cannot 

be accepted by consumers. 

 

SUMMARY 

[0005] One of objectives of the present disclosure is to provide a clutch mechanism to 

resolve the above problems in related arts. The clutch mechanism can realize decoupling or 

coupling of a steering system, thereby facilitating implementation of solutions in an automobile 

game scenario. 

[0006] In order to achieve the above objective, a first aspect of the present disclosure 

provides a clutch mechanism. The clutch mechanism includes: 

[0007] a slidable block, accommodated in a radial spacing between a first end shaft and 

a second end shaft that are coaxially arranged and radially spaced apart from each other, and 

configured to translate along an axial direction of the first end shaft and the second end shaft to 

realize decoupling or coupling between the first end shaft and the second end shaft; and 

[0008] a driving component, configured to drive the slidable block to translate along the 

axial direction of the first end shaft and the second end shaft. 

[0009] Optionally, the first end shaft is a steering wheel end shaft, and the second end 

shaft is a steering device end shaft, and/or one of the first end shaft and the second end shaft is a 
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hollow structure, a part of the other of the first end shaft and the second end shaft in the axial 

direction extends into the hollow structure, and an outer circumferential surface of the part is 

radially spaced apart from an inner circumferential surface of the hollow structure to accommodate 

the slidable block. 

[0010] Optionally, the part of the other of the first end shaft and the second end shaft in 

the axial direction has a first axial section and a second axial section. A radial spacing between an 

outer circumferential surface of the first axial section and the inner circumferential surface of the 

hollow structure is less than a radial spacing between an outer circumferential surface of the second 

axial section and the inner circumferential surface of the hollow structure. At a coupling position, 

an outer sidewall of the slidable block is engaged with the inner circumferential surface of the 

hollow structure and an inner sidewall of the slidable block is engaged with the outer 

circumferential surface of the first axial section. 

[0011] Optionally, the slidable block is normally splined with the hollow structure, and 

is splined with the first axial section at the coupling position. 

[0012] Optionally, the slidable block is a sleeve. The sleeve is arranged coaxially with 

the first end shaft and the second end shaft. 

[0013] Optionally, the driving component is located on an outer side of the hollow 

structure. An opening is formed on a sidewall of the hollow structure to cause the driving 

component to be connected with the slidable block. 

[0014] Optionally, a bearing is coaxially disposed on the outer side of the hollow 

structure. The slidable block is fixedly connected with an inner rim of the bearing. An outer rim 

of the bearing is connected with the driving component. 

[0015] Optionally, a mounting member is formed on the outer sidewall of the slidable 
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block. The mounting member extends out of the hollow structure through the opening on the 

sidewall of the hollow structure to be connected with the driving component. A limiting structure 

respectively abutting against two end surfaces of the inner rim of the bearing is disposed on the 

mounting member. 

[0016] Optionally, the bearing is mounted in a bearing mounting ring. A connecting 

portion configured to be connected with the driving component is formed on an outer 

circumferential surface of the bearing mounting ring. A radial step configured to abut against a 

lower end surface of the outer rim of the bearing is formed on an inner circumferential surface of 

the bearing mounting ring along a circumferential direction. 

[0017] Optionally, the driving component is an electric driving component. 

[0018] The electric driving component includes: 

[0019] a power element, configured to provide a driving force; 

[0020] a screw rod, connected with an output shaft of the power element for 

synchronous rotation; and 

[0021] a helical transmission mechanism, threadedly connected with the screw rod, 

connected with the slidable block, and configured to convert rotation of the screw rod to axial 

translation of the slidable block. 

[0022] The clutch mechanism includes a clutch mechanism housing. The hollow 

structure is axially rotatably mounted in the clutch mechanism housing. The driving component is 

mounted to an outer side of the clutch mechanism housing and fixed to the clutch mechanism 

housing. 

[0023] Optionally, multiple arcuate plates spaced apart from each other along a 

circumferential direction are formed on a lower portion of the hollow structure. The part of the 
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other of first end shaft and the second end shaft in the axial direction extends into a circular space 

defined by the plurality of arcuate plates. The clutch mechanism further includes a base. Arcuate 

holes corresponding to structures of the arcuate plates are formed on the base. Bottom ends of the 

plurality of arcuate plates are inserted into the base through the arcuate holes and are fixed to the 

base. A first bearing is coaxially mounted in a radial spacing between the base and the clutch 

mechanism housing. A second bearing is coaxially mounted in a radial spacing between an upper 

portion of the hollow structure and the clutch mechanism housing. 

[0024] Optionally, connecting portions radially protruding outward are disposed at 

opposite positions on two axial sides of the clutch mechanism housing; a power element housing 

of the power element is fixedly mounted to the connecting portion on one of the axial sides of the 

clutch mechanism housing; the screw rod is axially rotatably mounted to the connecting portion 

on the other of the axial sides of the clutch mechanism housing; and/or 

[0025] an adapter configured to fix the clutch mechanism housing to a vehicle body is 

further disposed on the clutch mechanism housing. 

[0026] Based on the clutch mechanism provided in the first aspect of the present 

disclosure, a second aspect of the present disclosure provides a steering system. The steering 

system includes a first end shaft, a second end shaft, and a clutch mechanism configured to realize 

decoupling or coupling between the first end shaft and the second end shaft. The clutch mechanism 

is the clutch mechanism in the first aspect of the present disclosure. 

[0027] Optionally, the steering system further includes a torque feedback mechanism. 

The torque feedback mechanism is configured to apply a reverse feedback torque to the first end 

shaft according to a torsional torque of the first end shaft in a decoupled state, to enhance an 

operation feeling of a steering wheel connected with the first end shaft in a transmission way. 
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[0028] Optionally, the torque feedback mechanism includes: 

[0029] a torque detection element, configured to detect the torsional torque of the first 

end shaft in the decoupled state; 

[0030] a power element, configured to provide a driving force; 

[0031] a transmission mechanism, configured to transmit the driving force to the first 

end shaft to apply the reverse feedback torque to the first end shaft; and 

[0032] a controller, configured to control, according to the torsional torque detected by 

the torque detection element, the power element to provide the driving force. 

[0033] Optionally, the steering system further includes a reset mechanism. The reset 

mechanism is configured to drive the first end shaft to be reset after completion of the decoupling, 

to enable the clutch mechanism to couple the first end shaft and the second end shaft. 

[0034] Optionally, the reset mechanism includes: 

[0035] an angle detection element, configured to detect a steering angle of the first end 

shaft before the decoupling and a steering angle of the first end shaft after completion of the 

decoupling; 

[0036] a power element, configured to provide a driving force; 

[0037] a transmission mechanism, configured to transmit the driving force to the first 

end shaft to drive the first end shaft to be reset to the steering angle before the decoupling; and 

[0038] a controller, configured to control, according to the steering angle detected by 

the angle detection element, the power element to provide the driving force. 

[0039] Optionally, the power element is a motor. The transmission mechanism includes 

a first gear connected with an output shaft of the motor for synchronous rotation and a second gear 

connected with the first end shaft for synchronous rotation. The first gear is meshed with the 
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second gear. An external diameter of the first gear is less than an external diameter of the second 

gear. 

[0040] Optionally, the second gear is coaxially fixed to the first end shaft. A retaining 

structure respectively abutting against two axial end surfaces of the second gear is disposed on an 

outer sidewall of the first end shaft. A protrusion is formed on the outer sidewall of the first end 

shaft. A notch is formed on an edge portion of an inner rim of the second gear corresponding to 

the protrusion. The protrusion is accommodated in the notch. 

[0041] Optionally, a limiting mechanism configured to limit a range of steering angle of 

the first end shaft in the decoupled state is further disposed in the steering system. 

[0042] Optionally, the first end shaft is a hollow structure. A part of the second end shaft 

in an axial direction extends into the hollow structure. The limiting mechanism includes a limiting 

nut threadedly connected with an end of the second end shaft located in the hollow structure; 

external splines mated with splines on an inner circumferential surface of the hollow structure are 

formed on an outer circumferential surface of the limiting nut. Limiting portions configured to 

limit displacements of two axial sides of the limiting nut are further disposed on the inner 

circumferential surface of the hollow structure and/or an outer circumferential surface of the 

second end shaft. 

[0043] Optionally, the second end shaft includes a steering sleeve and a steering shaft 

that are disposed coaxially. The steering shaft extends into the steering sleeve and is connected 

with the steering sleeve for synchronous rotation. The steering sleeve is located in the hollow 

structure. External threads configured to be threadedly connected with the limiting nut and external 

splines configured to be splined with the slidable block to couple the first end shaft to the second 

end shaft are machined on an outer circumferential surface of the steering sleeve. 
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[0044] Optionally, the steering sleeve is supported in the first end shaft by using a sleeve 

bearing. A limiting structure respectively configured to abut against two end surfaces of an inner 

rim of the sleeve bearing is formed on an outer circumferential surface of the steering sleeve. An 

outer rim of the sleeve bearing is fixedly connected with the first end shaft. 

[0045] Optionally, the first end shaft is a steering wheel end shaft, and the second end 

shaft is a steering device end shaft. 

[0046] Based on the steering system provided in the second aspect of the present 

disclosure, a third aspect of the present disclosure provides an automobile. The automobile 

includes the steering system in the second aspect of the present disclosure. 

[0047] The technical solutions of the present disclosure have the following beneficial 

effects. 

[0048] According to the present disclosure, the first end shaft and the second end shaft 

are coaxially arranged and radially spaced apart from each other, the clutch mechanism includes 

the slidable block and the driving component, and the slidable block is accommodated in the radial 

spacing between the first end shaft and the second end shaft, and is configured to be driven by the 

driving component to move along the axial direction of the first end shaft and the second end shaft 

to realize decoupling or coupling between the first end shaft and the second end shaft. The clutch 

mechanism is applicable to the steering system of the automobile. In this case, the first end shaft 

may be used as the steering wheel end shaft, and the second end shaft may be used as the steering 

device end shaft. When the first end shaft and the second end shaft are coupled, the automobile 

enters a normal driving mode, and tires are driven to turn when a user operates a steering wheel. 

When the first end shaft and the second end shaft are decoupled, the automobile enters a game 

mode, and the tires are not driven to turn when the user operates the steering wheel. In this way, 
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tire wear caused by repeated static friction between the tires and the ground after the automobile 

enters the game mode can be prevented, thereby facilitating implementation of solutions in an 

automobile game scenario. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] FIG. 1 is a schematic structural diagram of a conventional automobile steering 

system. 

[0050] FIG. 2 is a schematic structural diagram of the conventional automobile steering 

system having a partial cross-sectional structure. 

[0051] FIG. 3 is a schematic structural diagram of a steering system of an automobile 

having a clutch mechanism mounted thereto according to an embodiment of the present disclosure. 

[0052] FIG. 4 is an exploded view of a clutch mechanism, a steering wheel end shaft, 

and a steering device end shaft according to an embodiment of the present disclosure. 

[0053] FIG. 5 is a longitudinal cross-sectional view of a steering system according to an 

embodiment of the present disclosure. 

[0054] FIG. 6 is another longitudinal cross-sectional view of the steering system 

according to an embodiment of the present disclosure. 

[0055] FIG. 7 is a block diagram of an automobile according to an embodiment of the 

present disclosure. 

[0056] In the drawings: 

[0057] 1-Steering wheel end shaft; 2-Second gear; 3-Limiting ring; 4-Second bearing; 

5-Second limiting ring; 6-Limiting nut; 7-Shaft pin; 11-Limiting ring; 12-Bearing; 13-Bearing 

mounting ring; 14-Slidable block; 21-First gear; 22-Intermediate adapter bracket; 23-Motor; 31-
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Motor; 32-Intermediate adapter bracket; 33-Screw rod; 34-Helical transmission mechanism; 41-

Clutch mechanism housing; 42-Adapter; 43-Bearing; 51-Limiting ring; 52-Sleeve bearing; 53-

Steering sleeve; 54-First axial section; 55-Second axial section; 61-Base; 62-First bearing; 63-First 

limiting ring; 70-Steering shaft; 100-Clutch mechanism; 200-Steering column mounting housing. 

 

DETAILED DESCRIPTION 

[0058] Specific implementations of the present disclosure are described in detail below 

with reference to the accompanying drawings. It should be understood that the specific 

implementations described herein are merely used to describe and explain the present disclosure, 

and are not used to limit the present disclosure. 

[0059] In the present disclosure, unless otherwise stated, directional terms such as "up", 

"down", "left", and "right" are generally up, down, left, and right with reference to the drawings. 

"Inside/inner side" and "outside/outer side" mean inside and outside relative to a contour of a 

component.  

[0060] An automobile steering system is configured to achieve driving connection 

between a steering wheel and wheels. When a user rotates the steering wheel, the wheels can be 

driven to deflect by using the automobile steering system, thereby controlling a traveling direction 

of an automobile. 

[0061] FIG. 1 to FIG. 2 are schematic structural diagrams of an automobile steering 

system in related arts. The automobile steering system includes a steering wheel end shaft A and 

a steering device end shaft B. The steering wheel end shaft A is a rotary shaft connected with the 

steering wheel in a transmission way. The steering device end shaft B is a rotary shaft connected 

with the wheels in a transmission way. The steering wheel end shaft A is fixedly connected with 
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the steering device end shaft B, and cannot be decoupled. In a game mode, when the user rotates 

the steering wheel, the wheels are driven to deflect, resulting in serious wear of the tires. 

[0062] Referring to FIG. 3 to FIG. 6, in order to resolve the technical problem, a first 

aspect of embodiments of the present disclosure provides a clutch mechanism 100. The clutch 

mechanism 100 is mounted between a steering wheel end shaft 1 and a steering device end shaft, 

and is configured to realize decoupling or coupling between the steering wheel end shaft 1 and the 

steering device end shaft. In order to realize decoupling or coupling between the steering wheel 

end shaft 1 and the steering device end shaft, structures of the conventional steering wheel end 

shaft A and the conventional steering device end shaft B require improvements. In an embodiment 

of the present disclosure, the steering wheel end shaft 1 and the steering device end shaft are 

coaxially arranged and radially spaced apart from each other. The clutch mechanism 100 includes 

a slidable block 14 and a driving component. The slidable block 14 is accommodated in a radial 

spacing between the steering wheel end shaft 1 and the steering device end shaft, and is configured 

to be driven by the driving component to move along the axial direction of the steering wheel end 

shaft 1 and the steering device end shaft, thereby realizing decoupling or coupling between the 

steering wheel end shaft 1 and the steering device end shaft. When the steering wheel end shaft 1 

and the steering device end shaft are coupled, an automobile enters a normal driving mode, and 

the wheels are driven to turn when a user rotates a steering wheel. When the steering wheel end 

shaft 1 and the steering device end shaft are decoupled, the automobile enters a game mode, and 

the wheels are not driven to turn when the user rotates the steering wheel. In this way, tire wear 

caused by repeated static friction between the tires and the ground after the automobile enters the 

game mode can be prevented, thereby facilitating implementation of solutions in an automobile 

game scenario. 



 

12 

[0063] It is to be noted that, the clutch mechanism provided in this embodiment of the 

present disclosure is further applicable to other occasions that require decoupling or coupling, and 

is not limited to the steering system of the automobile. That is to say, the clutch mechanism may 

be configured to decouple or couple any first end shaft and second end shaft that require decoupling 

or coupling. In the following embodiments of the present disclosure, specific structures and 

working principles of the clutch mechanism and the steering system are described by using the 

first end shaft being the steering wheel end shaft and the second end shaft being the steering device 

end shaft as an example. 

[0064] Specifically, one of the steering wheel end shaft 1 and the steering device end 

shaft is a hollow structure. A part of the other of the steering wheel end shaft and the steering 

device end shaft in the axial direction extends into the hollow structure. An outer circumferential 

surface of the axial part and an inner circumferential surface of the hollow structure are radially 

spaced apart from each other to accommodate the slidable block 14. The part of the other of the 

steering wheel end shaft and the steering device end shaft in the axial direction has a first axial 

section 54 and a second axial section 55. A radial spacing between an outer circumferential surface 

of the first axial section 54 and the inner circumferential surface of the hollow structure is different 

from a radial spacing between an outer circumferential surface of the second axial section 55 and 

the inner circumferential surface of the hollow structure. 

[0065] For example, the radial spacing between the outer circumferential surface of the 

first axial section 54 and the inner circumferential surface of the hollow structure is less than the 

radial spacing between the outer circumferential surface of the second axial section 55 and the 

inner circumferential surface of the hollow structure. When the slidable block 14 is moved to a 

radial spacing between the first axial section 54 and the hollow structure along the axial direction 
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of the steering wheel end shaft 1 and the steering device end shaft, an inner sidewall of the slidable 

block 14 is engaged with the outer circumferential surface of the first axial section 54, and an outer 

sidewall of the slidable block 14 is engaged with the inner circumferential surface of the hollow 

structure. In this way, the steering wheel end shaft 1 and the steering device end shaft are coupled, 

and the automobile enters the normal driving mode. When the slidable block 14 is moved to a 

radial spacing between the second axial section 55 and the hollow structure along the axial 

direction of the steering wheel end shaft 1 and the steering device end shaft, the slidable block is 

engaged with only one of the second axial section 55 and the hollow structure and is separated 

from the other of the second axial section 55 and the hollow structure. In this way, the steering 

wheel end shaft 1 and the steering device end shaft are decoupled, and the automobile enters the 

game mode. 

[0066] The slidable block 14 may be engaged with the hollow structure, the first axial 

section 54, or the second axial section 55 in many manners, for example, by means of mating 

between a groove and a protrusion or by spline. In an optional embodiment, the slidable block 14 

is splined with the hollow structure, the first axial section 54, or the second axial section 55. 

[0067] Specifically, for example, a radial dimension of the first axial section 54 is 

greater than a radial dimension of the second axial section 55. The radial spacing between the 

hollow structure and the first axial section 54 is less than the radial spacing between the hollow 

structure and the second axial section 55. When the slidable block 14 is moved to the radial spacing 

between the first axial section 54 and the hollow structure, the outer sidewall of the slidable block 

14 is splined with the inner circumferential surface of the hollow structure, and the inner sidewall 

of the slidable block 14 is splined with the outer circumferential surface of the first axial section 

54. In this case, the steering wheel end shaft 1 and the steering device end shaft are in a coupled 
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state. When the slidable block 14 is moved to the radial spacing between the second axial section 

55 and the hollow structure, the inner sidewall of the slidable block 14 is spaced apart from the 

outer circumferential surface of the second axial section 55, i.e. the inner sidewall of the slidable 

block and the outer circumferential surface of the second axial section are in a separated state, and 

the outer sidewall of slidable block 14 is splined with the inner circumferential surface of the 

hollow structure. In this case, the steering wheel end shaft 1 and the steering device end shaft are 

in the decoupled state, and a rotational torque of the steering wheel is not transmitted to the steering 

device end shaft. That is to say, the outer sidewall of the slidable block 14 is normally engaged 

with the inner circumferential surface of the hollow structure by using the splines, and the inner 

sidewall of the slidable block 14 is splined with the outer circumferential surface of the first axial 

section 54 only in the coupled state. 

[0068] In order to implement the above functions, the splines are formed on both the 

outer sidewall and the inner sidewall of the slidable block 14. The splines are further formed on 

the inner circumferential surface of the hollow structure and the outer circumferential surface of 

the first axial section 54. It is to be noted that, the inner sidewall of the slidable block 14 is a 

sidewall of a side of the slidable block 14 facing the steering device end shaft, and the outer 

sidewall of the slidable block is a sidewall of a side of the slidable block 14 facing the hollow 

structure. 

[0069] A structure of the slidable block 14 may vary. For example, the hollow structure 

is a hollow cylinder, and the first axial section 54 and the second axial section 55 are both cylinder 

axes. The slidable block 14 may be a sleeve. The sleeve is arranged coaxially with the steering 

wheel end shaft 1 and the steering device end shaft. That is to say, the sleeve is sleeved outside the 

first axial section 54 and the second axial section 55. The splines are formed on an inner 
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circumferential surface and an outer circumferential surface of the sleeve. External splines are 

formed on the outer circumferential surface of the first axial section 54 corresponding to the splines 

on the inner circumferential surface of the sleeve. Internal splines are formed on the inner 

circumferential surface of the hollow cylinder corresponding to the splines on the outer 

circumferential surface of the sleeve. In this way, during axial translation, the sleeve may be 

splined with or separated from the first axial section 54 to realize the coupling or the decoupling 

between the steering wheel end shaft 1 and the steering device end shaft. 

[0070] The driving component is connected with the slidable block 14, and is configured 

to drive the slidable block 14 to axially translate. Optionally, the driving component is mounted to 

an outer side of the hollow structure. In order to realize the connection between the driving 

component and the slidable block, an opening is formed on the outer sidewall of the hollow 

structure. A mounting member protruding out of the hollow structure through the opening is 

formed on the slidable block 14. The mounting member is configured to be connected with the 

driving component. 

[0071] When the steering wheel end shaft 1 and the steering device end shaft are 

coupled, the slidable block 14 rotates synchronously with the steering wheel end shaft 1. For 

example, the driving component is an electric driving component as an example. The driving 

component is required to be electronically connected with a controller. If the driving component 

also rotates with the slidable block, a clock spring is usually required to be mounted to prevent an 

electric wire connected with the driving component from being broken. In this case, mounting 

difficulty and costs of the clutch mechanism are both increased. 

[0072] It is to be noted that, the clock spring is also referred to as a rotary connector, an 

airbag hairspring, or a spiral cable, which is a spiral harness. The clock spring is constructed as a 
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harness having a specific length, and is in a winding arrangement. During rotation with the steering 

wheel end shaft 1, the harness can be adaptively loosened reversely or wound more tightly, and is 

not broken when the steering wheel end shaft 1 is completely turned left or right. The clock spring 

is a harness frequently used on a vehicle, which is not described in detail herein. 

[0073] In order to resolve the technical problem, in some embodiments of the present 

disclosure, a bearing 12 is coaxially disposed on the outer side of the hollow structure. The slidable 

block 14 is fixedly connected with an inner rim of the bearing 12. An outer rim of the bearing 12 

is connected with the driving component. In this way, the driving component may drive the bearing 

12 to translate along an axial direction of the hollow structure to drive the slidable block 14 to 

translate along the axial direction of the hollow structure, thereby realizing the coupling or the 

decoupling between the steering wheel end shaft 1 and the steering device end shaft. In addition, 

when the slidable block 14 synchronously rotates with the hollow structure, the inner rim of the 

bearing 12 rotates with the slidable block 14, and the outer rim of the bearing 12 is not affected. 

Since the driving component is connected with the outer rim of the bearing 12, the driving 

component is not affected by the rotation of the slidable block 14. That is to say, by means of the 

bearing 12, the axial rotation of the slidable block 14 is not transferred to the driving component. 

In this way, the driving component can be prevented from being driven by the slidable block 14 to 

rotate. Therefore, the driving component may be mounted to other relatively stationary 

components in the automobile, and the clock spring (which may alternatively be referred to as a 

spiral cable) connected with the driving component is not required to be provided. In this way, the 

mounting difficulty, design difficulty, and the costs of the clutch mechanism 100 are reduced. 

[0074] In order to fixedly connect the slidable block 14 with the inner rim of the bearing 

12, a mounting member is formed on the outer sidewall of the slidable block 14. The mounting 
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member extends out of the hollow structure through the opening on the sidewall of the hollow 

structure. A Retaining structure respectively abutting against two end surfaces of the inner rim of 

the bearing 12 is disposed on the mounting member. Specifically, a limiting surface abutting 

against a lower end surface of the inner rim of the bearing is formed on a side of the mounting 

member facing the inner rim of the bearing. In addition, a groove is further formed on the side of 

the mounting member facing the inner rim of the bearing. A limiting ring 11 is inserted in the 

groove. The limiting ring 11 abuts against an upper end surface of the inner rim of the bearing 12. 

In this way, the inner rim of the bearing 12 can be fixed to the slidable block 14, and axial 

displacement of the bearing 12 relative to the slidable block 14 can be prevented. 

[0075] The bearing 12 is connected with the driving component. In order to reduce 

difficulty of the connection between the bearing 12 and the driving component, the bearing 12 is 

mounted in a bearing mounting ring 13, and is connected with the driving component by using the 

bearing mounting ring 13. Specifically, a connecting portion radially protruding out is formed on 

an outer circumferential surface of the bearing mounting ring 13. The connecting portion may be 

provided with a through hole. An engagement member mated with the connecting portion is 

formed on the driving component corresponding to the connecting portion. A mounting hole is 

formed on the engagement member. In this way, the bearing and the driving component are fixed 

together by using a connecting member such as a bolt extending through the through hole and the 

mounting hole. 

[0076] The bearing 12 may be assembled in the bearing mounting ring 13 by means of 

interference fitting. In some optional embodiments, a radial step may be formed on an inner 

circumferential surface of the bearing mounting ring 13. The radial step abuts against a lower end 

surface of the outer rim of the bearing 12. In this way, mounting stability of the bearing 12 in the 
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bearing mounting ring 13 can be enhanced. 

[0077] The driving component may be a manual driving component, or may be an 

electric driving component. In order to improve an automation level of the clutch mechanism, in 

some embodiments of the present disclosure, the driving component is the electric driving 

component. Specifically, the electric driving component includes: a power element, configured to 

provide a driving force; a screw rod 33, connected with an output shaft of the power element for 

synchronous rotation; and a helical transmission mechanism 34, threadedly connected with the 

screw rod 33, connected with the slidable block 14, and configured to convert rotation of the screw 

rod 33 to axial translation of the slidable block 14. 

[0078] More specifically, the power element may be a motor 31. The screw rod 33 may 

be coaxially fixed with an output shaft of the motor 31. For example, a mounting groove is formed 

on an end of the screw rod 33 close to the output shaft of the motor. The output shaft of the motor 

31 is inserted and fixed in the mounting groove. The helical transmission mechanism 34 may be a 

screw nut. The screw nut is threadedly mounted to the screw rod 33, and is fixedly connected with 

the slidable block 14. Optionally, the screw nut may be fixedly connected with the connecting 

portion on the bearing mounting ring 13. 

[0079] An axial direction of the screw rod 33 is parallel to the axial direction of the 

steering wheel end shaft 1 and the steering device end shaft. The motor 31 is connected with a 

controller of the automobile. The controller of the automobile is configured to receive a signal of 

an electrical component on the automobile, and may transmit a control command to the electrical 

component, to cause the electrical component to perform a corresponding action. Specifically, the 

controller can receive a decoupling or coupling signal and control, according to the decoupling or 

coupling signal, the motor 31 to rotate. When the motor 31 is rotated, the screw rod 33 rotates 
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synchronously with the motor, and drives the screw nut 34 to translate along an axial direction of 

the screw rod 33. When the screw nut 34 translates axially, the slidable block 14 is driven to axially 

translate, thereby realizing decoupling or coupling between the steering wheel end shaft 1 and the 

steering device end shaft. 

[0080] In order to conveniently mount the driving component, in an optional 

embodiment, the clutch mechanism further includes a clutch mechanism housing 41. The hollow 

structure is axially rotatably mounted in the clutch mechanism housing 41. The driving component 

is mounted to an outer side of the clutch mechanism housing 41. 

[0081] Specifically, the clutch mechanism housing may be a hollow cylinder structure. 

Connecting portions radially protruding outward are disposed on two axial sides of the clutch 

mechanism housing 41. A power element housing of the power element is fixedly mounted to the 

connecting portion on one of the axial sides of the hollow cylinder structure. The screw rod 33 is 

axially rotatably mounted to the connecting portion on the other of the other axial sides of the 

hollow cylinder structure. 

[0082] Referring to FIG. 4, a first mounting block is disposed on an outer 

circumferential edge portion on an upper end of the clutch mechanism housing, and a second 

mounting block is disposed on an outer side of a lower end of the clutch mechanism housing. In 

some optional embodiments of the present disclosure, the first mounting block and the second 

mounting block may have different structures, and may be opposite to each other in a vertical 

direction. 

[0083] The first mounting block is provided with a first through hole. The power 

element housing of the power element such as the motor 31 is fixed to the first mounting block by 

using an intermediate adapter bracket 32. Specifically, referring to FIG. 4, the intermediate adapter 
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bracket 32 may substantially be in a cuboid shape. A relatively large mounting hole is formed in 

the middle of the intermediate adapter bracket along a thickness direction. An output shaft of the 

motor 31 extends through the mounting hole and is fixedly connected with an upper end of the 

screw rod 33. Multiple relatively small positioning holes are further formed around the mounting 

hole. Connecting members such as screws are caused to extend through the positioning holes to 

be threadedly connected with the power element housing of the motor 31, thereby fixedly 

connecting the power element housing of the motor 31 with the intermediate adapter bracket 32. 

A second through hole is formed on a sidewall of the intermediate adapter bracket 32 

corresponding to the first through hole on the first mounting block. The intermediate adapter 

bracket 32 may be fixedly connected with the first mounting block by using a connecting member 

such as a bolt extending through the first through hole and the second through hole. 

[0084] A through hole is formed on the second mounting block. A rotary bearing 43 is 

fixed in the through hole. A lower end of the screw rod 33 is inserted and fixed in the rotary bearing 

43. In this way, when the output shaft of the motor 31 rotates, the screw rod 33 can rotates 

synchronously with the output shaft, but does not drive the clutch mechanism housing 41 to rotate. 

[0085] During specific implementation, the clutch mechanism housing 41 is fixed to 

other stationary components in the automobile, such as a steering column mounting housing 200. 

In order to facilitate connection between the clutch mechanism housing 41 and the other 

components, an adapter 42 is further formed on the clutch mechanism housing. The clutch 

mechanism housing 41 may be connected with the other stationary components by using the 

adapter 42. 

[0086] Regardless of whether the automobile is in the normal driving mode or the game 

mode, the clutch mechanism housing 41 is stationary relative to the automobile. However, the 
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steering wheel end shaft 1 and the steering device end shaft may be in a rotating state. Therefore, 

the hollow structure is required to be axially rotatably mounted in the clutch mechanism housing 

41. In order to implement the function, bearings are respectively disposed on upper and lower sides 

of a part of the hollow structure extending into the clutch mechanism housing 41, the hollow 

structure is fixedly connected with inner rims of the bearings, and outer rims of the bearings are 

fixedly connected with the clutch mechanism housing. 

[0087] In a specific embodiment, multiple arcuate plates spaced apart from each other 

along a circumferential direction are formed on a lower portion of the hollow structure. The part 

of the other of the steering wheel end shaft and the steering device end shaft in the axial direction 

extends into a circular space defined by the plurality of arcuate plates. 

[0088] For ease of description, the hollow structure is the steering wheel end shaft 1, 

and the other of the steering wheel end shaft and the steering device end shaft is the steering device 

end shaft, for example. 

[0089] Specifically, the slidable block 14 is accommodated between inner sidewalls of 

the arcuate plates and the outer circumferential surface of the steering device end shaft. The 

mounting member on the slidable block 14 protrudes out of the hollow structure through a spacing 

between the adjacent two arcuate plates, so as to be connected with the driving component on the 

outer side of the hollow structure. 

[0090] Internal splines configured to be splined with the slidable block are formed on 

the inner sidewalls of the arcuate plates. A radial dimension of a lower portion of a part of the 

steering device end shaft located in the hollow structure is greater than a radial dimension of an 

upper portion of a part of the steering device end shaft. External splines configured to be splined 

with the slidable block are formed on an outer circumferential surface of the lower portion. 
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[0091] Bottom ends of the plurality of arcuate plates are inserted into and fixed to a base 

61. A first bearing 62 is coaxially mounted in a radial spacing between the base 61 and the clutch 

mechanism housing 41. A second bearing 4 is coaxially mounted in a radial spacing between the 

upper portion of the hollow structure and the clutch mechanism housing 41. Specifically, the base 

61 may be, for example, a cylindrical structure. Arcuate holes are formed on an upper end plate of 

the cylindrical structure corresponding to the arcuate plates. The arcuate plates may be inserted 

into the base 61 through the arcuate holes. Through holes are further formed on lower ends of the 

arcuate plates. Mounting holes corresponding to the through holes are formed on a sidewall of the 

cylindrical structure. After the arcuate plates are inserted into the cylindrical structure, the arcuate 

plates may be attached to an inner sidewall of the cylindrical structure. In this case, the through 

holes on the arcuate plates are brought into communication with the mounting holes on the sidewall 

of the cylindrical structure. Therefore, the arcuate plates may be fixed with the base by using, for 

example, screws. 

[0092] The first bearing 62 is mounted to an outer circumferential surface of the base 

61. Specifically, the first bearing 62 may be, for example, assembled on the outer circumferential 

surface of the base 61 by means of interference fitting. Further, in order to improve mounting 

stability of the first bearing 62, a first limiting structure respectively abutting against two end 

surfaces of an inner rim of the first bearing 62 may be formed on the outer circumferential surface 

of the base 61. 

[0093] As shown in FIG. 5 to FIG. 6, specifically, the first limiting structure includes a 

first limiting surface formed on the outer circumferential surface of the base 61. The first limiting 

surface is configured to abut against an upper end surface of the inner rim of the first bearing 62. 

Further, the first limiting structure includes a first limiting ring 63 mounted to an outer sidewall of 
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the base 61. The first limiting ring 63 abuts against a lower end surface of the inner rim of the first 

bearing 62. 

[0094] In order to mount the first limiting ring 63, a groove is formed on the outer 

circumferential surface of the base 61 along a circumferential direction. The first limiting ring 63 

may be mounted in the groove. 

[0095] Likewise, in order to stably mount the second bearing 4 on the upper portion of 

the hollow structure, a second limiting structure respectively abutting against two end surfaces of 

an inner rim of the second bearing 4 may be formed on the outer circumferential surface of the 

upper portion of the hollow structure. Specifically, the second limiting structure includes a second 

limiting surface formed on the outer circumferential surface of the hollow structure. The second 

limiting surface is configured to abut against an upper end surface of the inner rim of the second 

bearing 4. Further, the second limiting structure includes a second limiting ring 5 mounted to the 

outer sidewall of the hollow structure. The second limiting ring 5 abuts against a lower end surface 

of the inner rim of the second bearing 4. 

[0096] In order to mount the second limiting ring 5, a groove is formed on the outer 

circumferential surface of the hollow structure along the circumferential direction. The second 

limiting ring 5 may be mounted in the groove. 

[0097] The outer rims of the first bearing 62 and the second bearing 4 are both fixedly 

connected with the clutch mechanism housing 41. 

[0098] Based on the clutch mechanism provided in the first aspect of the embodiments 

of the present disclosure, a second aspect of the embodiments of the present disclosure provides a 

steering system. The steering system includes a steering wheel end shaft 1, a steering device end 

shaft, and a clutch mechanism 100 configured to realize decoupling or coupling between the 
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steering wheel end shaft 1 and the steering device end shaft. The clutch mechanism 100 is the 

clutch mechanism in the first aspect of the embodiments of the present disclosure. 

[0099] After the steering wheel end shaft 1 and the steering device end shaft are 

decoupled by means of the above clutch mechanism, an automobile enters a game mode. In the 

game mode, the user is not subjected to resistance when operating the steering wheel, which affects 

the operation feeling of the steering wheel and degrades entertainment experience of the user. 

[0100] In order to resolve the technical problem, the embodiments of the present 

disclosure further improve the steering system. Specifically, the steering system further includes a 

torque feedback mechanism. The torque feedback mechanism is configured to apply a reverse 

feedback torque to the steering wheel end shaft 1 according to a torsional torque of the steering 

wheel end shaft 1 in a decoupled state, to prevent the steering wheel end shaft 1 from rotating, 

thereby enhancing the operation feeling of the steering wheel. 

[0101] The reverse feedback torque is applied to the steering wheel by using the torque 

feedback mechanism according to the torsional torque. In this way, when the user operates the 

steering wheel to turn, a specific resistance is applied to the steering wheel, and a user has a 

"heavy" feeling when operating the steering wheel to turn in the game mode, which is equivalent 

to driving on a real road, thereby improving the operation experience of the user when using the 

automobile for game entertainment. 

[0102] A correspondence between the feedback torque and a detected torsional torque 

is established by using an experiment and is prestored in a controller. The controller controls, 

according to the detected torsional torque, a magnitude of the feedback torque outputted by the 

torque feedback mechanism. In this way, optimal game experience can be provided for the user. 

[0103] A structure of the torque feedback mechanism may vary. In an optional 
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embodiment, the torque feedback mechanism includes: a torque detection element, configured to 

detect the torsional torque of the steering wheel end shaft 1 in the decoupled state; a power element, 

configured to provide a driving force; a transmission mechanism, configured to transmit the 

driving force to the steering wheel end shaft 1 to apply the reverse feedback torque to the steering 

wheel end shaft 1; and a controller, configured to control, according to the torsional torque detected 

by the torque detection element, the power element to provide the driving force. 

[0104] Specifically, the torque detection element may be, for example, a torque sensor. 

The power element may be, for example, a motor 23. The controller may be, for example, a single-

chip microcomputer, a programmable logic controller, or the like. The controller may control an 

input current of the motor according to the magnitude of the detected torsional torque, thereby 

changing a driving force outputted by the motor 23. 

[0105] The above motor 23 applies the reverse feedback torque to the steering wheel 

end shaft 1 by operating in a motor mode. Optionally, the motor 23 may alternatively be controlled 

in the generator mode to apply the reverse feedback torque to the steering wheel end shaft 1. 

Specifically, when the user rotates the steering wheel, the steering wheel end shaft 1 is driven to 

rotate, and is connected with a rotor of the motor 23 in a transmission way. In this way, the rotor 

of the motor 23 is driven to rotate, thereby causing the motor 23 to be in the generator mode. 

[0106] The driving force is transmitted to the steering wheel end shaft 1 by the 

transmission mechanism. The transmission mechanism may be, for example, a conveyor belt. For 

example, a first roller may be mounted to the output shaft of the motor, and a second roller may 

be mounted to the steering wheel end shaft 1. The first roller and the second roller are connected 

with each other in a transmission way by the conveyor belt mounted to the first roller and the 

second roller. 
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[0107] In an optional embodiment, in order to reduce a size of the torque feedback 

mechanism to conveniently mount the torque feedback mechanism, the transmission mechanism 

includes a first gear 21 connected with the output shaft of the motor for synchronous rotation and 

a second gear 2 connected with the steering wheel end shaft 1 for synchronous rotation. The first 

gear 21 is meshed with the second gear 2. The first gear 21 may be coaxially fixed to the output 

shaft of the motor 23. The second gear 2 may be coaxially fixed to the steering wheel end shaft 1. 

The output shaft of the motor 23 is parallel to the steering wheel end shaft 1. The driving force 

outputted by the motor 23 may be transmitted to the steering wheel end shaft 1 by means of the 

first gear 21 and the second gear 2, thereby applying the feedback torque to the steering wheel end 

shaft 1. 

[0108] Optionally, a diameter of the first gear 21 is less than a diameter of the second 

gear 2. By means of the transmission by the transmission mechanism, a speed can be reduced and 

a torque can be increased. That is to say, the transmission mechanism reduces a rotation speed 

output and increases a torque output. In this way, a relatively small motor 23 may be selected to 

feed back a relatively large torque. Therefore, an occupation space and a size of the torque 

feedback mechanism can be reduced. 

[0109] In an optional embodiment, the second gear 2 is coaxially fixed to the steering 

wheel end shaft 1 in the following manner. Specifically, the second gear 2 is an annular gear ring. 

The annular ring gear is sleeved outside the steering wheel end shaft 1. A retaining structure that 

can respectively abut against two axial end surfaces of the second gear 2 is disposed on the outer 

sidewall of the steering wheel end shaft 1. 

[0110] Referring to FIG. 5 to FIG. 6, more specifically, the retaining structure includes 

a retaining surface formed on the outer circumferential surface of the steering wheel end shaft 1. 
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The retaining surface abuts against an upper end surface of the second gear 2, to avoid an axial 

upward displacement of the second gear 2 relative to the steering wheel end shaft 1. Further, the 

retaining structure further includes a retaining ring 3 coaxially mounted to the outer sidewall of 

the steering wheel end shaft 1. The retaining ring 3 abuts against a lower end surface of the second 

gear 2, to avoid an axial downward displacement of the second gear 2 relative to the steering wheel 

end shaft 1. In order to mount the retaining ring 3, a groove is formed on the outer sidewall of the 

steering wheel end shaft 1 along a circumferential direction. The retaining ring 3 is inserted and 

tightly fixed in the groove. 

[0111] As described above, the second gear 2 is connected with the steering wheel end 

shaft 1 for synchronous rotation. In order to achieve the function, a protrusion is formed on the 

outer sidewall of the steering wheel end shaft 1, and a notch is formed on an edge portion of an 

inner rim of the second gear 2 corresponding to the protrusion. The protrusion is accommodated 

in the notch. In this way, the second gear 2 can be prevented from circumferentially displacing 

relative to the steering wheel end shaft 1. 

[0112] After completion of the automobile game mode, the steering wheel end shaft 1 

and the steering device end shaft are required to be coupled to cause the automobile to enter the 

normal driving mode. During coupling between the steering wheel end shaft 1 and the steering 

device end shaft by using the clutch mechanism, the steering wheel end shaft 1 and the steering 

device end shaft are required to be aligned to each other. For example, the clutch mechanism is 

splined with the steering wheel end shaft 1 and the steering device end shaft. When protruding 

portions of internal splines of the sleeve 14 are opposite to recessed portions of external splines of 

the steering device end shaft, the movement of the sleeve 14 can realize the coupling between the 

steering wheel end shaft 1 and the steering device end shaft. Otherwise, the sleeve 14 cannot realize 
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the coupling between the steering wheel end shaft 1 and the steering device end shaft. 

[0113] However, after the steering wheel end shaft 1 and the steering device end shaft 

are decoupled, since the user operates the steering wheel to turn during a game, after completion 

of the game, the steering wheel may no longer be located at a steering angle before the decoupling. 

The deflection of the steering wheel causes the steering wheel end shaft 1 to deflect. When the 

steering wheel end shaft 1 and the steering device end shaft are no longer aligned to each other, 

the steering wheel end shaft 1 and the steering device end shaft cannot realize re-coupling after the 

game, which affects normal use of the automobile. 

[0114] In order to resolve the technical problem, in some embodiments of the present 

disclosure, the steering system further includes a reset mechanism. The reset mechanism is 

configured to drive the steering wheel end shaft 1 to be reset after completion of the game mode, 

to enable the clutch mechanism to realize coupling between the steering wheel end shaft 1 and the 

steering device end shaft. The resetting of the steering wheel end shaft 1 means that the steering 

wheel end shaft 1 is reset to the steering angle before the decoupling, and before the decoupling of 

the steering wheel end shaft 1, the steering wheel end shaft 1 and the steering device end shaft are 

aligned to each other. 

[0115] Specifically, the reset mechanism includes: an angle detection element, 

configured to detect a steering angle of the steering wheel end shaft 1 before completion of the 

game mode and a steering angle of the steering wheel end shaft 1 after completion of the game 

mode; a power element, configured to provide a driving force; a transmission mechanism, 

configured to transmit the driving force to the steering wheel end shaft 1 to drive the steering wheel 

end shaft 1 to be reset to the steering angle before the decoupling; and a controller, configured to 

control, according to the steering angle detected by the angle detection element, the power element 
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to provide the driving force. 

[0116] More specifically, the angle detection element may be an angle sensor. The angle 

sensor may be integrated with the torque sensor described above. That is to say, the torsional torque 

of the steering wheel end shaft 1 and the steering angle of the steering wheel end shaft 1 may be 

detected by using the torque-angle sensor. In this way, an overall size of the torque feedback 

mechanism is reduced, thereby facilitating mounting of the system. The torque-angle sensor may 

be mounted to the steering wheel end shaft 1, or may be integrated in the motor 23. The torsional 

torque and the steering angle of the steering wheel end shaft 1 are indirectly detected by detecting 

a torsional torque and a steering angle of the output shaft of the motor 23. The controller precisely 

controls an output rotation speed and a rotation quantity of the motor 23 to cause the steering wheel 

end shaft 1 to be reset to an initial angle before the decoupling after completion of the game. 

[0117] The corresponding output rotation speed and rotation quantity of the motor 23 

causing the steering wheel end shaft 1 to be reset to the initial angle before the decoupling may be 

obtained according to the steering angle detected by the angle detection element. When the 

controller controls the power element to provide the corresponding driving force, the driving force 

is calculated according to the output rotation speed and the rotation quantity of the motor 23. 

[0118] A hardware structure of the reset mechanism may be same as a hardware 

structure of the torque feedback mechanism described above, except that magnitudes of the 

outputted driving forces are different. The driving force outputted by the torque feedback 

mechanism is generally relatively small, and is merely used for improving operation experience of 

a user. The driving force outputted by the reset mechanism is generally relatively large, and is 

intended to drive the steering wheel end shaft 1 to be turned and reset after completion of the game. 

[0119] The power element in the reset mechanism or the torque feedback mechanism 
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may be fixed to the clutch mechanism housing of the clutch mechanism. 

[0120] Referring to FIG. 3 to FIG. 4, in an optional embodiment of the present 

disclosure, the power element of the reset mechanism or the torque feedback mechanism may be 

fixed to the first mounting block of the clutch mechanism housing. Specifically, a mounting hole 

is formed on the first mounting block corresponding to the power element of the reset mechanism 

or the torque feedback mechanism. Generally, the power element is the motor 23. The power 

element housing of the motor 23 is mounted to the first mounting block by using the intermediate 

adapter bracket 22. 

[0121] As shown in FIG. 4, the intermediate adapter bracket 22 is in a plate structure. A 

relatively large through hole is formed on the plate structure. The output shaft of the motor 23 

extends through the through hole. Multiple small positioning holes are formed around the through 

hole. Multiple mounting holes are formed on an end portion of the power element housing of the 

motor 23 corresponding to the positioning holes. The power element housing of the motor 23 is 

fixed to the intermediate adapter bracket 22 by using connecting members such as screws 

extending through the positioning holes and the mounting holes. In addition, multiple small holes 

are further formed on the intermediate adapter bracket 22 corresponding to the mounting holes on 

the first mounting block. The intermediate adapter bracket 22 is fixed to the first mounting block 

by using connecting members such as bolts extending through the small holes and the mounting 

holes. 

[0122] After the steering wheel end shaft 1 and the steering device end shaft are 

decoupled by using the clutch mechanism 100, the steering wheel cannot be turned in one direction 

infinitely, which, otherwise, does not correspond to an actual situation, resulting in poor driving 

experience. More importantly, a clock spring in the steering wheel may be broken, resulting in a 
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failure of many electronic buttons on the steering wheel. Therefore, after the decoupling, limiting 

is usually required. 

[0123] In order to realize the function, in some embodiments of the present disclosure, 

a limiting mechanism configured to limit a range of steering angle of the steering wheel end shaft 

1 in the decoupled state is further disposed in the steering system. 

[0124] Specifically, the steering wheel end shaft 1 is a hollow structure. A part of the 

steering device end shaft in an axial direction extends into the hollow structure. The limiting 

mechanism includes a limiting nut 6 threadedly connected with an end 56 of the steering device 

end shaft located in the hollow structure. External splines mated with splines on an inner 

circumferential surface of the hollow structure are formed on an outer circumferential surface of 

the limiting nut 6. Limiting portions configured to limit displacements on two axial sides of the 

limiting nut are disposed on the inner circumferential surface of the hollow structure and/or an 

outer circumferential surface of the steering device end shaft. 

[0125] More specifically, for example, inner trapezoidal threads are machined on an 

inner circumferential surface of the limiting nut 6, and outer trapezoidal threads are machined on 

an outer circumferential surface of an upper end portion of the steering device end shaft. The inner 

trapezoidal threads are mated with the outer trapezoidal threads. Outer rectangular splines are 

machined on the outer circumferential surface of the limiting nut 6, and inner rectangular splines 

are correspondingly machined on an inner circumferential surface of the steering wheel end shaft 

1. The outer rectangular splines are mated with the inner rectangular splines. The limiting portions 

configured to limit the displacements on the two axial sides of the limiting nut 6 may be, for 

example, limiting posts. 

[0126] After the steering wheel end shaft 1 and the steering device end shaft are 
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decoupled, that is, the automobile enters the game mode, when the steering wheel is turned to drive 

the steering wheel end shaft 1 to rotate, the limiting nut 6 converts the rotation to linear movement 

to translate up or down along an axial direction. A top dead center may depend on a corresponding 

structure of the steering wheel end shaft 1. A bottom dead center may depend on a corresponding 

structure of the steering device end shaft. Since the steering wheel end shaft 1 and the steering 

device end shaft are not axially moved, positions of the top dead center and the bottom dead center 

are accurate and reliable. Leads of the inner trapezoidal transmission threads are adjusted 

according to a stroke of the limiting nut 6, so as to precisely control an extreme rotation angle of 

the steering wheel. It may be understood that, the top dead center and the bottom dead center may 

alternatively be formed on either the steering wheel end shaft 1 or the steering device end shaft. 

Alternatively, the top dead center is formed on the steering device end shaft, and the bottom dead 

center is formed on the steering wheel end shaft 1. The top dead center and the bottom dead center 

herein are positions of the above limiting posts. 

[0127] During actual mounting of the limiting nut 6, generally, the limiting nut 6 is first 

required to be positioned in the steering wheel end shaft 1, and then the steering device end shaft 

is inserted into and threadedly connected with the limiting nut 6. In order to facilitate the 

positioning of the limiting nut 6 during the mounting of the limiting nut 6, a through hole is formed 

on a sidewall of the nut 6. During the mounting, a shaft pin 7 is first caused to extend through the 

through hole to position the limiting nut 6 in the steering wheel end shaft 1, then the steering device 

end shaft is threadedly connected with the limiting nut 6, and then the shaft pin is removed. 

[0128] Referring to FIG. 4 to FIG. 6, in an optional embodiment, in order to reduce 

mounting and manufacturing difficulty of the steering device end shaft, the steering device end 

shaft includes a steering sleeve 53 and a steering shaft 70 that are disposed coaxially. The steering 
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shaft 70 extends into the steering sleeve 53 and is splined with the steering sleeve 53. The steering 

sleeve 53 is located on an inner side of the steering wheel end shaft 1. External splines that can be 

splined with the slidable block 14 are machined on an outer circumferential surface of a lower 

portion of the steering sleeve. Outer threads that can be threadedly connected with the limiting nut 

are machined on an outer circumferential surface of an upper end of the steering sleeve. Internal 

splines splined with the steering shaft are machined on an inner circumferential surface of the 

steering sleeve. 

[0129] Further, in order to improve mounting stability of the steering device end shaft 

in the steering wheel end shaft 1, the upper end of the steering sleeve 53 is supported in the steering 

wheel end shaft 1 by using a sleeve bearing 52. Specifically, the inner circumferential surface of 

the steering wheel end shaft 1 is tightly mated with an outer rim of the sleeve bearing 52, and an 

inner rim of the sleeve bearing 52 is tightly mated with an outer circumferential surface of the 

steering sleeve 53. In this way, the steering device end shaft can be stably mounted in the steering 

wheel end shaft 1. 

[0130] Optionally, in order to improve mounting stability of the sleeve bearing 52 on 

the steering sleeve 53, a limiting structure that can respectively abut against upper and lower end 

surfaces of the inner rim of the sleeve bearing 52 is formed on the outer circumferential surface of 

the steering sleeve 53. The limiting structure includes a limiting surface that is formed on the outer 

circumferential surface of the steering sleeve 53 and can abut against the lower end surface of the 

bearing and a limiting ring 51 mounted to the outer circumferential surface of the steering sleeve 

53. The limiting ring 51 abuts against the upper end surface of the sleeve bearing 52. 

[0131] In order to mount the limiting ring 51, a groove configured to mount the limiting 

ring 51 may be machined on the outer circumferential surface of the steering sleeve 53. 
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[0132] Referring to FIG. 7, based on the steering system provided in the second aspect 

of the embodiments of the present disclosure, a third aspect of the embodiments of the present 

disclosure provides an automobile. The automobile includes the steering system in the second 

aspect of the embodiments of the present disclosure. 

[0133] The optional implementations of the present disclosure are described in detail 

above with reference to the accompanying drawings, but the present disclosure is not limited 

thereto. Various simple modifications may be made to the technical solutions of the present 

disclosure within the scope of the technical concept of the present disclosure, including any proper 

combination of the specific technical features. In order to avoid unnecessary repetition, various 

possible combinations are not further described in the present disclosure. However, these simple 

modifications and combinations should also be regarded as content disclosed in the present 

disclosure, and all fall within the protection scope of the present disclosure. 
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WHAT IS CLAIMED IS: 

1. A clutch mechanism, comprising: 

 a slidable block (14), accommodated in a radial spacing between a first end shaft (1) and a 

second end shaft that are coaxially arranged and radially spaced apart from each other, and 

configured to translate along an axial direction of the first end shaft (1) and the second end shaft 

to realize decoupling or coupling between the first end shaft (1) and the second end shaft; and 

 a driving component, configured to drive the slidable block (14) to translate along the axial 

direction of the first end shaft (1) and the second end shaft. 

 

2. The clutch mechanism according to claim 1, wherein one of the first end shaft and the second 

end shaft is a hollow structure; a part of the other of the first end shaft and the second end shaft in 

the axial direction extends into the hollow structure; and an outer circumferential surface of the 

part is radially spaced apart from an inner circumferential surface of the hollow structure to 

accommodate the slidable block (14). 

 

3. The clutch mechanism according to claim 2, wherein the part of the other of the first end shaft 

and the second end shaft in the axial direction has a first axial section (54) and a second axial 

section (55); a radial spacing between an outer circumferential surface of the first axial section 

(54) and the inner circumferential surface of the hollow structure is less than a radial spacing 

between an outer circumferential surface of the second axial section (55) and the inner 

circumferential surface of the hollow structure; and at a coupling position, an outer sidewall of the 

slidable block (14) is engaged with the inner circumferential surface of the hollow structure and 

an inner sidewall of the slidable block (14) is engaged with the outer circumferential surface of the 
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first axial section (54). 

 

4. The clutch mechanism according to claim 3, wherein the slidable block (14) is normally splined 

with the hollow structure, and is splined with the first axial section (54) at the coupling position. 

 

5. The clutch mechanism according to claim 3 or 4, wherein the slidable block (14) is a sleeve; 

and the sleeve is arranged coaxially with the first end shaft (1) and the second end shaft. 

 

6. The clutch mechanism according to any of claims 3 to 5, wherein the driving component is 

located on an outer side of the hollow structure; and an opening is formed on a sidewall of the 

hollow structure to cause the driving component to be connected with the slidable block (14). 

 

7. The clutch mechanism according to claim 6, wherein a bearing (12) is coaxially disposed on the 

outer side of the hollow structure; the slidable block (14) is fixedly connected with an inner rim of 

the bearing (12); and an outer rim of the bearing (12) is connected with the driving component. 

 

8. The clutch mechanism according to claim 7, wherein a mounting member is formed on the outer 

sidewall of the slidable block (14); the mounting member extends out of the hollow structure 

through the opening on the sidewall of the hollow structure to be connected with the driving 

component; and a limiting structure respectively abutting against two end surfaces of the inner rim 

of the bearing (12) is disposed on the mounting member. 

 

9. The clutch mechanism according to claim 7, wherein the bearing (12) is mounted in a bearing 
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mounting ring (13); a connecting portion configured to be connected with the driving component 

is formed on an outer circumferential surface of the bearing mounting ring (13); and a radial step 

configured to abut against a lower end surface of the outer rim of the bearing (12) is formed on an 

inner circumferential surface of the bearing mounting ring (13) along a circumferential direction. 

 

10. The clutch mechanism according to any of claims 2 to 9, wherein the driving component is an 

electric driving component; and 

 the electric driving component comprises: 

 a power element, configured to provide a driving force; 

 a screw rod (33), connected with an output shaft of the power element for synchronous 

rotation; and 

 a helical transmission mechanism (34), threadedly connected with the screw rod (33), 

connected with the slidable block (14), and configured to convert rotation of the screw rod (33) to 

axial translation of the slidable block (14). 

 

11. The clutch mechanism according to claim 10, further comprising a clutch mechanism housing 

(41), wherein the hollow structure is axially rotatably mounted in the clutch mechanism housing 

(41); and the driving component is mounted to an outer side of the clutch mechanism housing (41) 

and fixed to the clutch mechanism housing (41). 

 

12. The clutch mechanism according to claim 11, wherein a plurality of arcuate plates spaced apart 

from each other along a circumferential direction are formed on a lower portion of the hollow 

structure, and the part of the other of first end shaft and the second end shaft in the axial direction 
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extends into a circular space defined by the plurality of arcuate plates; the clutch mechanism 

further comprises a base (61); arcuate holes corresponding to structures of the arcuate plates are 

formed on the base (61); bottom ends of the plurality of arcuate plates are inserted into the base 

(61) through the arcuate holes and are fixed to the base (61); a first bearing (62) is coaxially 

mounted in a radial spacing between the base (61) and the clutch mechanism housing (41); and a 

second bearing (4) is coaxially mounted in a radial spacing between an upper portion of the hollow 

structure and the clutch mechanism housing (41). 

 

13. The clutch mechanism according to claim 11 or 12, wherein connecting portions radially 

protruding outward are disposed at opposite positions on two axial sides of the clutch mechanism 

housing (41); a power element housing of the power element is fixedly mounted to the connecting 

portion on one of the axial sides of the clutch mechanism housing (41); and the screw rod (33) is 

axially rotatably mounted to the connecting portion on the other of the axial sides of the clutch 

mechanism housing (41). 

 

14. The clutch mechanism according to any of claims 11 to 13, wherein an adapter (42) configured 

to fix the clutch mechanism housing (41) to a vehicle body is further disposed on the clutch 

mechanism housing (41). 

 

15. A steering system, comprising a first end shaft (1), a second end shaft, and a clutch mechanism 

(100) configured to realize decoupling or coupling between the first end shaft (1) and the second 

end shaft, wherein the clutch mechanism (100) is the clutch mechanism according to any of claims 

1 to 14. 
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16. The steering system according to claim 15, further comprising a torque feedback mechanism, 

wherein the torque feedback mechanism is configured to apply a reverse feedback torque to the 

first end shaft (1) according to a torsional torque of the first end shaft (1) in a decoupled state, to 

enhance an operation feeling of a steering wheel that is connected with the first end shaft (1) in a 

transmission way. 

 

17. The steering system according to claim 16, wherein the torque feedback mechanism comprises: 

 a torque detection element, configured to detect the torsional torque of the first end shaft in 

the decoupled state; 

 a power element, configured to provide a driving force; 

 a transmission mechanism, configured to transmit the driving force to the first end shaft to 

apply the reverse feedback torque to the first end shaft; and 

 a controller, configured to control, according to the torsional torque detected by the torque 

detection element, the power element to provide the driving force. 

 

18. The steering system according to any of claims 15 to 17, further comprising a reset mechanism, 

wherein the reset mechanism is configured to drive the first end shaft to be reset after completion 

of the decoupling, to enable the clutch mechanism to couple the first end shaft and the second end 

shaft. 

 

19. The steering system according to claim 18, wherein the reset mechanism comprises: 

 an angle detection element, configured to detect a steering angle of the first end shaft before 
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the decoupling and a steering angle of the first end shaft after completion of the decoupling; 

 a power element, configured to provide a driving force; 

 a transmission mechanism, configured to transmit the driving force to the first end shaft to 

drive the first end shaft to be reset to the steering angle before the decoupling; and 

 a controller, configured to control, according to the steering angle detected by the angle 

detection element, the power element to provide the driving force. 

 

20. The steering system according to claim 17 or 19, wherein the power element is a motor (23); 

the transmission mechanism comprises a first gear (21) connected with an output shaft of the motor 

(23) for synchronous rotation and a second gear (2) connected with the first end shaft (1) for 

synchronous rotation, the first gear (21) is meshed with the second gear (2); and an external 

diameter of the first gear (21) is less than an external diameter of the second gear (2). 

 

21. The steering system according to claim 20, wherein the second gear (2) is coaxially fixed to 

the first end shaft (1); a retaining structure respectively abutting against two axial end surfaces of 

the second gear (2) is disposed on an outer sidewall of the first end shaft (1); a protrusion is formed 

on the outer sidewall of the first end shaft (1); a notch is formed on an edge portion of an inner rim 

of the second gear (2) corresponding to the protrusion, and the protrusion is accommodated in the 

notch. 

 

22. The steering system according to any of claims 15 to 21, wherein a limiting mechanism 

configured to limit a range of steering angle of the first end shaft in the decoupled state is further 

disposed in the steering system. 
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23. The steering system according to claim 22, wherein the first end shaft (1) is a hollow structure; 

a part of the second end shaft in an axial direction extends into the hollow structure; the limiting 

mechanism comprises a limiting nut (6) threadedly connected with an end (56) of the second end 

shaft located in the hollow structure; external splines mated with splines on an inner 

circumferential surface of the hollow structure are formed on an outer circumferential surface of 

the limiting nut (6); and a limiting portion configured to limit displacements of two axial sides of 

the limiting nut (6) is further disposed on the inner circumferential surface of the hollow structure 

and/or an outer circumferential surface of the second end shaft. 

 

24. The steering system according to claim 23, wherein the second end shaft comprises a steering 

sleeve (53) and a steering shaft (70) that are disposed coaxially; the steering shaft (70) extends into 

the steering sleeve (53) and is connected with the steering sleeve (53) for synchronous rotation; 

the steering sleeve (53) is located in the hollow structure; and external threads configured to be 

threadedly connected with the limiting nut (6) and external splines configured to be splined with 

the slidable block to couple the first end shaft to the second end shaft are machined on an outer 

circumferential surface of the steering sleeve (53). 

 

25. The steering system according to any of claims 15 to 24, wherein the first end shaft is a steering 

wheel end shaft, and the second end shaft is a steering device end shaft. 

 

26. An automobile, comprising the steering system according to any of claims 15 to 25. 


