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To develop a technology to diagnose the fault of dampers applied to railway vehicles and to set criteria, test runs
were performed to measure damping force and displacement acting on a lateral damper during vehicle operation.
Normal damper and fault damper were installed on a test train. Damper force and velocity of the lateral damper
during test running were measured. Distributions of damper force and velocity representing the state of the damper
had the same distribution in repeated tests. Distribution of the damper force and velocity was consistently uniform
regardless of the train driving direction. Thus, the effect of train driving direction on damper force and velocity
distribution was insignificant. The fault of the damper appeared to have a direct effect on the distribution of the
damper force, suggesting that the fault of the damper could be sufficiently diagnosed just by monitoring the force of
the damper. Especially, when comparing the velocity-force distribution, the fault damper showed a clear difference
from a normal damper. Results of this paper could be used for developing a technology for diagnosing damper fault

for railway vehicles in the future.
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Table 2 Results of statistical analysis of damper force and
displacement

Force Velocity
Test Damper

Mean -30 360 Mean -3c 30

1 Normal-1 15 -1,400 1344 0 -0.022 0.023

2  Normal-2 0 -1,303 1,305 0 -0.021 0.023
3  Normal-3 -15 -1476 1,308 0 -0.021 0.023
4 Fault-1  -17 -598 0 1,590 0 -0.046 0.043
5 Fault-2 2 -515 1,085 0 -0.045 0.042
6 Fault-3  -26 -637 1,001 0 -0.045 0.042

Gl Swo] that AWE Bw, P, v wE
NEE Aol uheh olg FAS 2 ey glck. 4w
=]

]

o] & HEE £0.023 m/s ool A glolee] 99.7%7} &

sha Qlek. el F4, HUGHE £0.05 ms o Szolct.
Fig. 37} o] wie] Lwa2] A Aol ARSIl



678 / September 2024

_|——Normal-1 sl L 1 1 _| | _|——Normal-1
| 1 —+—Normal-2

|
| —+—Normal-2
Normal-3

Frequency(%)
|
L
|
|
Frequency(%)

Il
2000 1500 1000 500 O 500 1000 1500 2

Force(N) Velocity(m/s)
(a) Force (b) Velocity

Fig. 13 Damper force, velocity distribution diagram for normal
dampers

—Fault-1 T E D | IR L—Faul(-1
—+—Fault-2 | —+— Fault-2

Frequency(%)
Frequency(%)

5

1 .
2000 1500 1000 -500 500 1000 1500 2

0
Force(N) Velocity(m/s)

(a) Force (b) Velocity

Fig. 14 Damper force, velocity distribution diagram for fault
dampers

502 mis W9 F TS Ae SEGolA Huizt gt 9l
the e o 4 ik v 4 of
A% SE Wg7E @A =
slob SARSIA QA % WaEoE Q) HES
oh meba W Ao 7hae Haet go] Hthy Hel &
E& Holw 9lA ¢k,

o

~ T
>
i)
o
fr

=
) Abejo] whel B2 o

o
ox
o

=]
g T i)

rr

N

ivd

1%

s

i

N

=
At
o
o R
1
ot
o
N
EN
S~
O
S o
>
_o|_l:
2
Siid
|
_o|l"
=
TR <4
v
o

Roo%

¥o o
vl
i)
o
X
1o
T
oZ
Of
o
D)
(]
4

X,
Siid
=
ol
o,

30 &L

2

517
o
Ry

=)
ic)
X
o M
ox
)
A
o
W ox
ox
o
=)
Gl
>
U |
)
2
o)
L
QL
T 9
el
U
>

4
o
<k
it
A=)
oy

S~
£

Kl
=2
Rl

2
o
ox
o
kg
ox
ofs
ot
M2 of,
b
H1
=2
i=)
il
N
N
o]
&

)
&

Iorle o S
lo -
it
g
L
9‘1"
X
§2
tlo
2
N
ro,
ot
o
[
o
o
o

ol
-

Wi
Ral
off
N
o
of
o2t
o

— ol
=
o

X
i
T
T
Kl
50
T

o

Il ox ox 3O noh

ol
-

E 2w & o2 o

so, I

_C{)L
2 og

04 i i i i :
| | | A Normal
035 — — ———— - - -~~~ Fault |
| | | |
03-—— e | O I
e [ [ [ [
ROBF—-— - - -~ T T T T T ]
3 | | i | !
§ 02—~ - - - r-—[fiIg- -t - T TIT T
aé) | | I | |
- — — —_— — - 1 —_ — - — — | —_ — —
i0'15 —: 1|— : + :
01 ——d———+ [ R e
| | | |
005} — — 4 — — — b [ — e - =
| | |
0 L == | S !
-1500 -1000 -500 0 500 1000 1500
Force(N)
(a) Force
01 i i | i :
————— Normal
009~ — =+ = — — b — — - — =4 — Fault
| | | |
008 — — 4 — — — — — |
L 006k ——-d—— -+ - — 4
g [ [ |
§0.05-————|———1————|
g ooaf -~ - -L__1
-
003 — — -4 — - —L — — 4
| | |
002 —— 44— ——+ |
| | |
001 — = === —#/
| gt |
-806 -0.04 -0.02 0 0.02 0.04 0.06
Velocity(m/s)
(b) Velocity

Fig. 15 Comparison of average distribution of
velocity for normal and fault dampers

damper force and

Force(N)

01 008 006 004 002 0 002 004 006 008 01

Velocity(m/s) Velocity(m/s)

(a) Normal (b) Fault

Fig. 16 Comparison of velocity-force distribution for normal and

fault dampers

4. &8



SIEFUSSISX| M 41H HM9E

September 2024 / 679

ACKNOWLEDGEMENT
2 A FHARTEATY 7R (IS A 1R 2
= =24 #A7])4 A, PK2403EDNS] d7tu] Ao

REFERENCES

1. Lee, Y. K, (2010), A study of damper fault diagnosis based on
the vertical acceleration of suspension system, M.Sc. Thesis,
Kookmin University.

2. Melnik, R., Sowinski, B., (2014), The selection procedure of
diagnostic indicator of suspension fault modes for the rail
vehicles monitoring system, 7th European Workshop on
Structural Health Monitoring, 159-166.

3. Dumitriu, M., (2019), Fault detection of damper in railway
vehicle suspension based on the cross-correlation analysis of
bogie accelerations, Mechanics & Industry, 20(1), 102.

4. Jesussek, M., Ellermann, K., (2015), Fault detection and isolation
for a railway vehicle by evaluating estimation residuals, Procedia
TUTAM, 13, 14-23.

5. Karlsson, H., (2019), Monitoring vehicle suspension elements
using machine learning techniques, M.Sc. Thesis, KTH Royal
Institute of Technology.

6. Zeng, Y. C,, Song, D. L., Zhang, W. H., Hua, Z. Y., Chang, Z.
C., (2021), Stochastic failure process of railway vehicle dampers
and the effects on suspension and vehicle dynamics, Vehicle
System Dynamics, 59(5), 703-718.

7. Jeon, Y., Choi, Y. W.,, Lee, S. W., (2023), Methods for fault
diagnosis in mechanical systems based on deep learning in the
absence or class imbalance of fault data, Journal of the Korean
Society for Precision Engineering, 40(5), 345-351.

8. Hur, H. M., (2020), A fault diagnostic method for railway
vehicle dampers and evaluation of diagnostic performance,
Journal of the Korean Society for Railway, 24(4), 355-363.

9. Hur, H. M,, Lee, C., (2019), System and method for diagnosing
malfunction of damper, KR20200127102A.
Chief researcher in the Advanced Railroad

,' - -~ ., Vehicle Division, Korea Railroad Research

f ] Institute, Uiwang, South Korea. His research
\: interest is railway vehicle dynamics and
condition based maintenance technology.
E-mail: hmhur@kari.re.kr

Hyun Moo Hur

Kyung Ho Moon

Principal Researcher in the Advanced Rail-
road Vehicle Division, Korea Railroad
Research Institute, Uiwang, South Korea.
His research interests are railway noise
vibration and vehicle dynamics.

E-mail: khmoon@kiri.re.kr

Seong Kwang Hong

Senior Researcher in the Advanced Railroad
Vehicle Division, Korea Railroad Research
Institute, Uiwang, South Korea. His research
= interests include sensor and monitoring sys-

) tem, and its applications.
\ 4 . E-mail: skhong@krri.re.kr




	Distribution of Force Applied to a Lateral Damper during EMU Operation
	1. 서론
	2. 시험 개요
	3. 댐퍼 감쇠력, 변위 시험결과
	4. 결론
	REFERENCES


