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Figure 1 Schematic diagram of the structure of

the main bearing of CT machine
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Figure 3 Influence of each parameter on the vibration acceleration of the bearing
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Modeling and Vibration Characteristics Analysis of Double-row

Angular Contact Ball Turntable Bearings in CT Machine

YUAN Feng', LIU Lingzhong', QIN Dongchen', CHEN Jiangyi', XIE Xinghui’

(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Luoyang LYC Bearing Co. ,

Lid. ,

Luoyang 471039, China)

Abstract; In order to improve the running characteristics of the main bearing of the CT machine and ensure the sta-

bility of the medical imaging of the CT machine, the double-row angular contact ball turntable bearing developed by
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Luoyang LYC Bearing Co. , Ltd. was used as the research object for modeling and vibration characteristic analysis.
Firstly, based on Hertz's contact theory, the mechanical model of the bearing with the action of composite load was
established. Then the nonlinear dynamic differential equation of the bearing outer ring with 3 degrees of freedom
was established in combination with Newton’s law of motion. Finally the differential equation system was solved by
the fourth-order Runge-Kutta method to obtain the vibration characteristics of the bearing outer ring. On this basis,
by analyzing the factors affecting the vibration characteristics of the bearing, such as the radius coefficient of curva-
ture of the groove in the inner and outer rings of the bearing, the number of rolling elements, the clearance, the
preload, etc. , the optimal structural parameters to meet the low vibration of the main bearing of the CT machine
were determined. The results show that the vibration amplitude of the bearing decreases first and then increases with
the increase of the radius coefficient of curvature of the inner and outer ring grooves, which were controlled at
0.515 to 0.525, respectively. The range of 0. 510 to 0. 525 was more conducive to reducing the vibration of the
bearing. With the increase of the number of rolling elements, the vibration amplitude of the bearing also increases,
but the change was stable, so the vibration of the bearing can be reduced by reducing the number of rolling ele-
ments under the premise of satisfying the design conditions. With the increase of the bearing clearance, the vibra-
tion amplitude of the bearing decreases first and then increases sharply, and the vibration reaches the minimum at
18 wm. Appropriate axial load can effectively reduce the vibration amplitude of the bearing.

Keywords: CT machine; mechanical model; vibration model; structural parameter; vibration acceleration
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Adaptive Variable Gain Transmission Ratio Design for Automotive Steer-by-wire Systems

KOU Farong, FANG Bo, ZHANG Xinqgian, CHANG Hangtao
(School of Mechanical Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: The variable steering transmission ratio was a crucial factor affecting the active safety and handling sta-
bility of vehicles. In order to enhance the steering characteristics of steering-by-wire vehicles on low-adhesion coef-
ficient road surfaces, a variable gain transmission ratio that adapts to changes in road adhesion coefficient and vehi-
cle speed was designed. A 2 DOF model was established for the vehicle, to analyze the factors influencing the yaw
rate gain, and to obtain the data relationship between the influencing factors and the gain through simulation. The
Min-Max normalization method was utilized to preprocess the data between the influencing factors and the yaw rate
gain, constructing a neural network dataset. Design a Snake Optimizer Backpropagation Neural Network (SO-BP)
was desighed and train to use the preprocessed dataset to dynamically acquire the variable yaw rate gain. A strategy
was employed to combines the variable yaw rate gain with the lateral acceleration gain in proportion to design the
variable gain transmission ratio for electronic control steering. Simulink-CarSim was used to build a steer-by-wire
steering whole vehicle model. Compare and analyze the designed variable gain transmission ratio was analized and
compared with a traditional fixed gain transmission ratio under conditions of both high-adhesion coefficient road sur-
faces with a double lane change scenario and low-adhesion coefficient road surfaces with a step input scenario. Re-
sults indicated that with high-adhesion coefficient road conditions, the trajectory error of the two transmission ratio
vehicles remained within 3% , while the variable gain transmission ratio vehicle reduced the peak steering wheel an-
gle by 9. 1%. With low-adhesion coefficient road conditions, the variable gain transmission ratio vehicle showed a
22.3% reduction in steady-state yaw rate at low to moderate speeds and a 24. 6% reduction in peak yaw rate. At
moderate to high speeds, the steady-state yaw rate decreased by 6.6%, and the peak yaw rate decreased by
10. 8% . The variable gain transmission ratio not only enhanced steering sensitivity on high-adhesion coefficient road
surfaces, but also improved safety and maneuverability when driving on low-adhesion coefficient road surfaces.

Keywords: steer-by-wire; yaw rate gain; variable transmission ratio; SO-BP neural network ; friction coefficient



