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Control method of suspension system of variable-gauge train

based on double sliding surfaces approach

LIU Yu-mei', CHEN Hong-peng',ZHUANG Jiao-jiao”, CHEN Rong', WANG Meng-yu'
(1. College of Transportation, Jilin University, Changchun 130022, China; 2. School of Mechanical and Vehicle
Engineering, Linyi University, Linyi 276000, China)

Abstract: To enhance the operational performance of high—speed variable—gauge trains on different gauge
lines, a semi—active control method based on double sliding surfaces was used to adjust the damping force of
air springs and magnetorheological (MR) dampers in the secondary suspension. Based on double sliding
surfaces , a quarter—vehicle fractional-order skyhook damping control reference model was established , and
a double sliding surface controller was designed. The semi—active controller was applied to secondary air
springs and transverse magnetorheological dampers. Finally, a joint simulation model of the whole vehicle
for the variable-gauge train suspension system was constructed. The response performance to track
irregularity excitation on 1 435 mm/1 520 mm gauges is analyzed to verify the effectiveness of the semi—
active control method on whole vehicle.
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Fig.1 Model of two degree of freedom semi—active

suspension system of quarter—vehicle
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Fig. 3 Quarter—vehicle semi-active suspension system model for rail vehicles
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Fig.4 Sliding mode semi-active control model based on double sliding surfaces
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Fig. 6 Stability index of high—speed variable gauge train under different control modes
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Fig.7 Vibration acceleration of vehicle body under different speed classes (1 435 mm gauge)
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Table 1 Comparison of running quality indexes under different speed classes (1 435 mm gauge)
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Table 2 Comparison of running quality indexes under different speed classes (1 520 mm gauge)
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Table 3 Comparison of running stability indexes under different speed classes (1 435 mm gauge)

BT E / (kmeh ™)

BAT VR T A 16 A Pty 2l e 38

250 300 350 400

B sl 2.270 2.467 2.559 2.648

B A T 42 2.103 2.254 2.321 2.427

e [0 T FA PR FE AR LR A THT 9 547 o] 2.043 2.166 2.269 2.348
A X B 4 ) Bl 32/ Y6 10.0 12.2 11.3 11.3
A X A 4 o e 2/ O 4.9 3.9 2.2 3.3

Bl gl 45 il 2.105 2.260 2.350 2.661

B A T 4 1.935 2.127 2.228 2.489

R 1] P AR PR 4R B X A T I A 42 1.857 2.065 2.167 2.425
A X W 42 ) B 22/ % 11.8 8.6 7.8 8.9
AFL X P A5 TR 45 ] 3 R/ 0 4.0 2.9 2.7 2.6
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Table 4 Comparison of running stability indexes under different speed classes (1 520 mm gauge)

B T/ (kmeh ™)

BT R T 8 A i 7 = a3 %
250 300 350 400
B sh il 2.247 2.395 2.488 2.603
YR A T 7 7] 2.124 2.287 2.379 2.463
R (6] V- FR PG AR XL A5 T 9 A5 422 2.056 2.207 2.314 2.403
AN o 2l 42 ol ke 2 %/ %% 8.5 7.9 7.0 7.7
AFGT B A5 T 42 11 2 R/ 26 3.2 3.5 2.7 2.4
Bl 2l 45 il 2.156 2.341 2.501 2.609
YRR T 7 2.058 2.243 2.355 2.467
R 1] PR 4 B XL A T A 42 1.994 2.174 2.272 2.393
AF X B 42 e 22/ 6 7.5 7.1 9.2 8.3
A XA A v 4 o e 2/ 3.1 3.1 3.5 3.0
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