H42% Ham A M & il Vol. 42 No. 4
2021 44 H Chinese Journal of Scientific Instrument Apr. 2021

DOI: 10. 19650/j. cnki. ¢jsi. J2006164

I B0 5 Ze B I FE R 1R I B 1 A ER R I T R

LR Fo X% @ A
(TR P POE ST ESGEM ke B 201804)

Y|

o OE AR A A TS U IR AT S R Sl R AR A (Al R 4 — A R ST i 3 )
PSR 2, FEFNZEas AT F3GE |35 S B B A A BN a2 47 H AR R 488 I B 4 2 B Ab 5 S 30 S Bl 2 T 25 S5 80k
G B A Byt A 9T 52 BB Bl LA AR el B RN ) SRR T SRR SRR A B A T O S A sh e TR . AR RSl
BOAETHE XS ZE 0 Bl o 45t B AR EA T AR 208 1F LA SE BRI 4 ) Bl ) PSRl Ry (58~ SR il 3h 22 8 F F-1f sl 4 il SR o
AT SRR WG IR R R VAT T B Uk . O ORI A PR 4 SR R I S BT TR AR A YR E S sh AR SR B E AT A
T AGTTHE S WCSGE B 5 Ak BB IEAR S S RO T | 205 WSGH B T il 30 0 P 204 ) 30k i g 42
1o 8) 2 ST o Wl e B T L ) R P, 214 3 T 3 22 T 57 b L S o RS 4 2R 5 ) il 72 A B B B o ) i 22
FFIRETEY 0. 36 m/s> FRZE 0. 08 m/s”, I H 24 st e v e AR W A7 A, B v s i 55 000 0 0 PR ERa RE B I 3 25, W AT Tl B
il BT 7 B B 22 52 Bl 85 1) 28 Tt K TR

SRR B s v B SR W B R A WL &

FE 4 %S U270.35 TH-39 MXEFRIREE: A EXREFRISEKRE: 580.30

Deceleration-feedback braking force closed-loop
control method for urban rail train

Ma Tianhe, Wu Mengling, Tian Chun

(Institute of Rail Transit, Tongji University, Shanghai 201804, China)

Abstract: Aiming at the problem that the accuracy of the actual braking deceleration of the urban rail train is low under current
theoretical deceleration open-loop control mode, a closed-loop braking control method is proposed based on parameter estimation. The
actual braking force deviations caused by the additional running resistance when the train is running on ramps and curves and the change
of friction coefficient of friction pair are taken as an equivalent total disturbance suffered by the train during braking. Then, taking the
train deceleration and braking cylinder pressure as the inputs, the gradient estimation approach is adopted to solve the total disturbance.
According to the estimated value of the total disturbance, the control target of train braking force is modified online to realize the closed-
loop control of the urban rail train braking force. In order to facilitate the programming in the actual electronic braking control unit of the
braking system, the above control algorithm is discretized. The simulation and hardware-in-the-loop test results show that the parameter
estimation algorithm can estimate both constant disturbance and variable disturbance, and the convergence rate of the estimated value is
positively correlated with the estimator coefficient. However, when the coefficient increases to greater than 1, the convergence rate tends
to saturation. This braking force closed-loop control algorithm can improve the tracking performance of the actual train deceleration to the
target value. When the slope of the ramp changes according to sinusoidal law and at the same time the actual friction coefficient changes
with the velocity, the deceleration deviation of the closed-loop control decreases from 0. 36 m/s” to 0. 08 m/s”. Moreover, when sliding
occurs during braking, anti-skid control and braking force closed-loop control still can be compatible well, and the changes of the sliding
axle speed, brake cylinder pressure and actual train deceleration meet the expectations.
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