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A fault-detection-and-isolation system for railway vehicles
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To detect suspension faults and changes in the wheel-rail condition, a fault-detection-and-isolation system for a railway
vehicle bogie — based on a model-based estimation method using a Kalman-Bucy filter and isolation scheme - was developed.
The advantage of this system is that many faults can be detected by a small number of sensors. Time-history simulations were
carried out to investigate the performance of the new system. The simulation results show that faults in the suspensions and
changes in the wheel-rail interface can be detected from the residual given by the Kalman-Bucy filter. They also show that
each fault can be identified by the fault-isolation scheme. It is thus concluded that the developed model-based estimation
method using a Kalman-Bucy filter and isolation scheme provides an effective basis for a fault-detection-and-isolation system

for a railway vehicle bogie.
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Fig.1 Fault-detection and isolation system
for railway vehicles
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= 15T —



_ o
o 2 =
~ o
T

|

| |
-

|

G |

b
1
I |
t=™ i \
%
| ey |
|V |-
|1
Iﬁ.,
|
I I

o
[
\
!
\

Residual of carbody
lateral accglcratlon

(m/s*)

lateral damper
fault

(a) Residual from model-based estimation

o method with Kalman filter
<3
'E 1 |r S i l 7/"“
SS508 —— i ——— ]
b 'Q l AL == _".".’ ="
08 1B e ‘
_; o4 pPofrmgl =t gyt oo
T S — — o =
'@08)0[2) ____L_, A A - J
0 Time (s)
Swms 0 5 10 15
a5 lateral damper
288 fault
(b) Sensor signal from conventional
detection method
Fig.5  Time history of carbody lateral acceleration
in the case of a lateral-damper fault
2§08 1 Sy
22 05— e g}
DQOAr;mffRWKL%?¥——:CE}hf
Y=a)
@3 02 At I ey
Tﬂ g 0 i = — A I =
Ty % Time (s)
BEg o 5 15
pEE [Conicity changes|
(a) Residual from model-based estimation
method with Kalman filter
Q
w2 —1 ]
215 - AT
w8 1 . W S
OE 1 ———-qg—{:-._-,-——-n-f_-—.} ————— i
b T 5 =
fig 09 . : |
202 0 = Ti ( )
@ ime (s
5%,\0 5 _10 15
2 3‘% Conicity changes
AIE (b) Sensor signal from conventional
detection method
Fig. 6  Time history of carbody lateral acceleration

in the case of conicity changes

3.3 B4 BUEHE O BVA0

Mg THELEI—F N 72—, EGERY N7
— b, BEEAREOITMOREESHIL ., B & &5
BT AWM ETo /2,

fHlicoyyrkERT. Oy ERTIR, BEgshs
RENY — L EREFEENET D HOBBAIR S
nTebh, #dh, OBREFEEZOBRET LN KENE
YR ERLTHS,

REofificky, REREVELTLI LY OHIE
hEMRAES, ZhizkD., REICHLUTRERGSNED
THEHOHAGEOENY - EHehlHOTy I K

CEEL. RERERIIZOOZy IREBMTHI LI
L0 EABREN. ECTRELENEI DO R 7H -
WH S ORENAETHH LA 5.

Table | Logic sequence for detection and isolation
Laleral accelaration Yaw velocity
c | bf | brwl|{w2|w3|[wd| ¢ | bf | br |wl|w2|w3|wd
Yaw damper fault 0]
Lateral damper fault 010 @]
Conicity change Olo|olo]O|O QlOlO]|0lOJO
C:carbody; B, Bt : leading bogie, trailing bogic; w*: wheelset 1~4

BEokoiceFIVREREEERICKD, BELLI—
F¥onm7x—), EEBMY o NR7z—), BiliAEELD
BEORENMRIHTE, 3512, BRESD - BREWT O
EMTEBIEEMRLE, XD, BREUHmR
HWEH D AT LML S L &,

4, &0

EE WO  FBEMEREATFCAIAMD
[EmZEHE LBl RERA AT LAOMIEIZMT S
A ET L, BIFIRT#iRE Rz,

(1) EHHRICMAT, E@MYA T RAEFINENH
HEBZ &Iz, PhantoYickd, EHOREE X
DHEKICHR AT E 5 F 7 )M HEw ik % S Bl (258 A L
B RWERH S AT LAEELLE,

(2) BRUMEMRERA S AT LEHRBAL, REHR
HMEE T2 Ial—a » &7, TOHE.
ERBLEVATAIZED, ERHEOI—F 7k,
EEBY N 72— EDY AR a P REHDNVITH
HARZESOHE- L — )V EOREZ(LERMNTELZ L
EHEIEL 2.

(3) a5iz, REICKLVBREGENELT 2V 0M
Aobigdmianiovy s REERL. I—F N7
=, EEHY T =), BliAEZELD 3@
WESNL., REBELEHEFETESLEHRL .
PLEED., EFNBERMHEEEIC K Sl BRI A
FALMEN T S REL &=,

B3

1)Mei, T.X. ete : Kalman Filter for the State Estimation of
a 2-Axle Railway Vehicle : 5th European Control
Conference 99,CA-10-F812,Aug-Sep 1999

2)Li,H. ete : Fault-Tolerant sensing for rail vehicle : Proc,
14th Int.Conf. on System FEngineering, ICSE2000,
pp381-385 Sep 2000

3)Kalman, R.E., Bucy, R.S.:“New Results in Linear
Filtering and Prediction Theory” Transactions ASME,
Journal Basic Engineering, Series 83D, pp95-108 Mar
1961

HH B RR  FEETOY I 2 A 0 () dERH
s pp30

ByEH 1 ARG OEEEVEEWEE, SERVHR
# Vol.4,No4,pp27-34,1990.4

— 158 —






