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Handling stability and parameter optimization of centre axle trailer train
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Highway of Ministry of Transport, Beijing 100088, China)

Abstract: To improve the handling stability of centre axle trailer train, the relationships among
yaw motion, roll motion, longitudinal and lateral motion were analyzed. The 4-degree of freedom
(DOF) dynamics simulation model was established by using MATLAB/Simulink based on the
theory of vehicle dynamics. The multi-DOF complex nonlinearity simulation model of the train
was established by using TruckSim. The handling stability testing system of the train was
constructed through VBOX data acquisition system and RT gyroscope. According to the related
standard, single lane change tests were carried out in real vehicle test condition and simulation

test condition, and the comparative analysis between test result and simulation result was carried
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out. Comprehensive evaluation score model of the train was proposed based on the rearward

amplification(RA) of yaw rate, articulation rate, rearward amplification of lateral acceleration,
load transfer ratio(LTR). Through virtual prototyping technology, the related parameters that
have significant impacts on the handling stability of the train were optimized based on the theory
of uniform test and multiple linear regression analysis. Optimization result shows that the related
parameters of tractor and centre axle trailer improve in varying degrees after the optimization.
The maximum yaw rates of tractor and centre axle trailer decrease from 0. 107 2 and 0. 140 8 rad » s
to 0. 092 5 and 0.103 7 rad « s~ ', respectively, and the rearward amplification of yaw rate of
centre axle trailer train reduces by 15.15%. The maximum lateral accelerations of tractor and
centre axle trailer decrease from 0.21g and 0.27g to 0.19g and 0. 20g, respectively, and the
rearward amplification of lateral acceleration of centre axle trailer train reduces by 12.10%. The
maximum articulation rate and maximum load transfer ratio of centre axle trailer train reduce by
23.01% and 29.41%, respectively. The comprchensive evaluation score of centre axle trailer
train increases from 86.66 to 109.02, so the comprehensive performance improves. 6 tabs,
19 figs, 26 refs.

Key words: automotive engineering; centre axle trailer train; handling stability; parameter
optimization; simulation analysis; uniform test
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Fig. 1 Coordinate system of centre axle trailer train
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Fig. 2 Dynamics model of centre axle trailer train
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Fig. 3 Rolling motion model of tractor
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Fig. 4 Simulation model of centre axle trailer train in TruckSim

®1 hEHEEINEFAESH

Tab.1 Simulation parameters of centre axle trailer train
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Tab.2 Selected parameters and levels

7K [/m c/m f/m | Hy/m | Hi/m| K/(kN *« mm 1)
1 5.30 0. 80 1.1 1.55 1.55 1.50
2 5.50 0.93 1.0 1.73 1.73 1. 69
3 5.70 1. 06 0.9 1.91 1.91 1. 88
4 5.90 1.19 0.8 2.09 2.09 2.07
5 6. 10 1.22 0.7 2.27 2.27 2.26
6 6.30 1.45 0.6 2.49 2.49 2.45
7 6.50 1.58 0.5 2.63 2.63 2.64
8 5.70 1.71 0.4 2.81 2.81 2.83
9 6.90 1. 84 0.3 2.99 2.99 3.02

10 7.10 1.97 0.2 3.17 3.17 3.21
11 7.30 2.10 0.1 3.35 3.35 3.40
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Tab.3 Result of uniform test

A s AWM E5 [ s ZA WM E5r

1 90. 21 7 84.77
2 74.28 8 94. 62
3 74.03 9 89. 67
4 84. 29 10 79.52
5 91.91 1 61.19
6 78. 69
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Tab.4 Variance analysis result

5 22K W -5 H T
mpS| 958.71 6
% 7% 10. 67 4
Mt 969. 38 10

AT 57 9 22 JU R A 01 UR 05 2 5K (16) S H AR B
B AT AR IS BT o ABURE HE 78 28 BT A T4 4 b |
J7 VIR O 18, 75 mu A2 5] R i A b
A5 B SOBU A A R AN A . IR
LA A AP S ROE il Ay B o FRAED) (GB 1589 —
2016) FRRF B 4o JEE A LR BT TR B ZE R A D
20 mL FEFEREARN# A 12 m, 3% )5 55 2 AT
2 F R ER B AN/ T 3mSR 2T A2

31+ e<<8.37

an
1< 7.48
20 Hlk MR Z R R 5.
x5 SHMAURESER
Tab.5 Parameter optimization limits and results

SR TR EmR wmafh | fefkdE
{/m 5.00 7.48 5.46 7.48
¢/m 0. 80 2.10 1.41 0. 80
f/m 0. 00 1.10 0.42 1.10
H;/m 1. 50 3.35 1.55 1.50
Hi/m 1. 50 3.35 1.71 1.50
K/(kN +« mm~ 1) 2.00 3.50 2.50 3.50
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Tab. 6 Optimization results of indicators
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Fig. 16 Time-domain response curves of yaw rate
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