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Bond Graph Model Based Fault Detection and
Isolation for Locomotive Brake

NIU Gang, ZHAO Yajun
(Institute of Rail Transit, Tongji University, Shanghai 201804,
China)

Abstract; The train locomotive brake pneumatic equalizer
control (PEC) unit was analyzed using the bond graph
dynamic modeling. The created fault bond graph was utilized
to deduce analytical redundancy relations (ARRs). The whole
fault signature matrix (FSM) was extracted. Besides, online
monitoring using sequential probability ratio test (SPRT) was
exerted to check the anomaly occurrence of the unit
components. When any alert was triggered, the generated
synthesized non-null coherence vector was matched with the
FSM to detect and isolate the possible faulty components. A
simulation experiment was conducted to illustrate the

feasibility of the proposed methodology.

Key words: brake system; fault detection and isolation; bond
graph; sequential probability ratio test
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Fig.1 Scheme diagram of system fault detection and

isolation
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Fig.2 Pneumatic equalizer control{ PEC) unit and
function flow
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Tab.1 Parameters of PEC unit
T FE ] /kPa T R
SR DRI O 750 R
gk 500 R
B R R 480 R
VAT I8 55 600 Rs
258YV HLHE MR 580 Ry
263YV BB 550 Rs
153 M, 28 #4601 500 Rs
BRE 800 C
265YV B 800 G
264YV B 800 G
253YV B 800 G
255YV B R 800 Cs
R IRZ 258YV E ik 600 Gs
L DRI DT R 3 v 0 R 750 Gs
v 2k B8 2 37 24 R R 500 G
g 500 G
BaE 480 G
TR 1 480 Cuo
TR 2 480 Cn
M 480 Ciz
VIR 55 B 258YV &S B 600 Cis
258YV Bl 263YV & i 580 Cu
¥ AL 500 Cis
263YV 2l 153 H 25 R i 550 Cis
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Fig.3 Bond graph of PEC unit
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Fig.4 Bond graph of PEC unit
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Tab.2 Fault signature matrix of PEC unit

1 el r2 r3 Ty s e re rs ry rio m 12 s Mb I b
R 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1
Ry 0 0 0 1 0 1 0 1 0 1 0 0 0 1 1
R, 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
R; 1 0 1 0 1 0 0 0 0 0 0 0 0 1 1
R, 0 0 0 0 1 0 1 0 1 0 0 0 0 1 1
R;s 0 0 0 0 0 0 0 0 1 0 1 0 1 1 1
R 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
C 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1
Cs 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1
G 0 0 0 0 0 1 0 1 0 1 0 0 0 1 1
Cs 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
Cis 0 0 1 0 1 0 1 0 0 0 0 0 0 1 1
Cu 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1
Cis 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
Cig 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
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