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Figure 1 One-dimensional linear worktable structure diagram
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Figure 2 Sliding block spring equivalent model and

mechanical model
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Figure 3 Position parameters of fixed end of

equivalent spring
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Figure 4 Force model of worktable and slider
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Figure 5 Guide rail-slider elastic constraint model
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Figure 6 Worktable-slider elastic constraint model
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Figure 7 Guide rail parallelism error
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Figure 8 Guide rail parallelism error mapping model
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Figure 9 Worktable error when No. 2 guide rail only has 8,
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Figure 17 Five guide rail errors affecting straightness and angular errors
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Influence Law of Parallelism Error in Linear Guide Rail on Motion Error of Worktable

LI Haitao, GENG Ruilin, WANG Yawen, CHEN Jinglin

(College of Mechanical and Electrical Engineering, Shaanxi University of Science and Technology, Xi’ an 710021, China)

Abstract; Most of the existing studies took the entire linear worktable as the research target, and merely obtained
the local influence laws of different errors on the one-dimensional linear worktable and failed to fully disclosed the
coupling mechanisms among different types of errors as well as the influence laws on the overall motion error of the
worktable. In response to this deficiency, in this study, the linear worktable with double guide rails and four sliders
was taken as the research target. By means of the equivalent stiffness of the dynamic interface, the constraint stiff-
ness matrix of the sliders was solved. Then, combined with the position and posture state of the worktable after the
coordinated deformation of the sliders with the double constraints of the guide rails and the worktable, the error cou-
pling model of the one-dimensional linear worktable was established. Based on the error coupling model, multiple
parallelism errors were mapped onto the initial errors of the sliders through homogeneous transformation, and ulti-
mately, the mapping model from the parallelism error of guide rail installation to the motion error of the worktable
was established. Based on the mapping model, the influence laws of parallelism errors on the motion error of the
worktable were simulated and analyzed, and the consistency of the results was verified through finite element simu-
lation and experiments. The maximum error between the parallelism error mapping model and the finite element
model did not exceed 9. 8%. This study indicated that different types of parallelism errors had significantly different
degrees of influence on the linear worktable. By reducing the parallelism errors of yaw and pitch, the overall error
of the worktable could be greatly reduced. The proposed method provided a powerful theoretical support for the error
compensation and precision design of linear worktables.

Keywords: linear worktable; parallelism error; error coupling; mapping model; motion error
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Research on Vehicle Yaw Stability Analysis Method Based on State Estimation

KOU Farong, CHANG Hangtao, WANG Qianlei, FANG Bo

(School of Mechanical Engineering, Xi” an University of Science and Technology, Xi’an 710054, China)

Abstract: Aimed at the problem that the state parameters were difficult to obtain and the analysis results were sin-
gle in the process of vehicle yaw stability analysis, a two-degree-of-freedom vehicle model was established as a ref-
erence model for yaw stability analysis and state estimation. The phase plane was constructed by using the sideslip
angle and its angular velocity to analyze the yaw stability of the vehicle, and the adaptive phase plane stability do-
main based on multi-layer perceptron (MLP) was designed. According to the real-time state of the vehicle and the
phase plane stability region, the yaw stability evaluation index was constructed. A vehicle state estimation algorithm
based on extended Kalman filter ( EKF) was designed, and a vehicle yaw stability analysis method based on state
estimation was proposed. In order to verify the effectiveness and practicability of the proposed yaw stability analysis
method, simulation tests at 100 km/h and real vehicle tests at 30 km/h were conducted in double lane change con-
ditions. The simulation and real vehicle test results showed that the average error of sideslip angle estimation based
on state estimation was less than 0.1°, and the average error of longitudinal velocity estimation was less than
0. 03 m/s. This method could quantify the yaw stability from O to 1 based on the estimated vehicle state parameter
input, reflecting the dynamic changes in vehicle yaw stability.

Keywords: yaw stability; vehicle state estimation; phase plane method; extended Kalman filtering; multi-

layer perceptron



