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Control Algorithm Optimization of
Clamping Force Based on Train
Electro-mechanical Braking System

WU Mengling', LEI Chi', CHEN Maolin’
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Abstract: A precise control method of clamping force is
proposed for train electro-mechanical brake system
(EMB). Firstly, the open-loop control characteristics of
EMB were studied. Due to the influence of motor-loss ,
machining and assembly accuracy of mechanical
transmission device, internal resistance, there is an error
in the force transmission, resulting in poor response on
EMB open-loop. Based on the PID control, the closed-
loop response characteristics of the system were studied,
and the clamping force optimized algorithm was designed
by adding buffer process and tracking-differential. Finally,
the control accuracy and tracking effect of the clamping
force optimized algorithm were verified by hardware-in-
loop meanwhile, the

experiments, frequency

characteristics of the EMB clamping force and the brake
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cylinder pressure of an electro-pneumatic braking system

were contrastive analyzed.

Key words: electro-mechanical brake system; clamping

force; precise control; optimized algorithm
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Fig.1 Electro-mechanical braking device
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Fig.2 Schematic diagram of electro-mechanical

braking device
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Fig.3 Hardware-in-loop test bench
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Fig.4 Step-stage response curve on open loop
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Fig.5 Slope response curve on open loop
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Fig.6 Step response curve on PI
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Fig.7 Step-stage response curve on PI
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Tab.1 Transient performance index of rising stage

on PI
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t/s 0.12 0.09 0.08 0.09 0.08
M,/kN 0.45 0.58 0.99 0.78 0.51
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Tab.2 Transient performance index of phase

decline on PI

BRI & S1/kN 8 6 4 2 0

t/s 0.08 0.09 1.12 0.09 0.12
M,/kN 0.92 1.09 0 1. 38 1.75
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Fig.8 Block diagram of clamping force optimized
algorithm (OA)
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Fig.10 Step-stage response curve on OA
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Tab.3 Transient performance index of rising stage

on OA
Btrde B J1/kN 2 4 6 8 10
/s 0.12  0.10 0.62  0.09 0.09
M,/kN 0.70 0 0 0 0
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Tab.4 Transient performance index of phase

decline on OA

Birk EH1/kN 8 6 4 2 0
/s 0.86  0.42 0.10 0.27  0.13
M,/kN 0 0 0.75 0 0
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Fig.11 Frequency response curves
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Fig.13 Frequency response characteristic curve of

one elctro-pneumatic brake system(Bode)
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