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Abstract Railway turnout systems play a key role in railway systems that change train directions. The turnout sys-
tems are one of the weakest systems in railway systems, and consecutive maintenance is required. A turnout diagnostic
system can automatically measure the turnout status and its deterioration. To diagnose the turnout systems, we follow
conventional maintenance procedures and need to identify their physical characteristics to coincide the procedures and
the characteristics. According to the physical characteristics, we should choose and install adequate sensors on the turn-
out systems to measure their physical characteristics. We studied the phenomenon of the turnout system responses for
point moving and train running on the turnout systems. We installed sensors on the turnout system in a revenue line to
measure the identified physical quantities and to reveal the robustness of the sensors under the turnout system environ-
ment.

Keywords : Turnout, Diagnosis, Sensors, LVDT, Accelerometer
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Fig. 1. Turnout system general structure.
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Table 1. Turnout systems and failure modes.
Subsystems and parts Functionality Functionality loss Abnormal phenomenons
Out of gauge, non supportable
Stock rail Stock Vehicle guiding Damaged, out of adjust Y g ue upPP
against external forces
Wear, damaged, Contact error, flange passage
Switch tip Vehicle guiding - Camag ntact en '8¢ passag
out of adjust mismatching
Switch rail - -
Slide baseplate ) . Out of adjust . . ) )
Tongue rail moving Switch moving force increasing
Roller
. Wear, damaged, Gauge mismatching, flange passage
Crossing . . .
. . . out of adjust mismatching
Crossing Vehicle guiding —
. . o Wheel guiding error, flange passage
Guide rail Damaged, out of adjust N .
mismatching
Bending, damaged,
Tappet . L. . Moving force transmission error,
Moving force transmission loose, sticking ]
tongue rail contact error
Tappet bolt nut Damaged, loose, loss
Rod Bending, d d,
Stretch bar enang .am.age
o ) ) loose, sticking Switch moving force transmission
Maintaining of switch rail . .
Stretch bar bolt error, gauge mismatching
Damaged, loose, loss
and nut
Fastener ) ) Damaged, loose, loss o )
. Lateral and axial supporting Rail alignment deformation
Fastening Soleplate Damaged, loose, loss
assembly ] ] Damaged,
Anchor Lateral and axial supporting L. R
mis-installation, loss
Locking Locking assembly Tongue rail locking Damaged, loose, loss Gauge loosing of switch tip
Basement Subsidence Lo
- Misalignment
Ballast ) Subsidence
Subgrade Lateral, vertical -
. Condensed, oblique,
structure Sleeper and axial forces .
seperation Rail alignment deformation
Base plate Damaged, loose, loss
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Table 2. General checking points for railway turnout systems.

L . Failure Detection . Maintenance
Items Checking items Decision Phenomenon Solution .
mode methods period
Displacement .
. . The movement K Measuring
Does switch tip move . measuring . .
Pass/fail doesn’t work L N algorithm by | Every time
normally? Monitoring of
normally K R S/W
point machine
Does rail have same . . . . Manual .
. . Pass/fail Section decreang | Section measuring . Long period
weight and section? measuing
General | Is there no obstruct in . Obstruct | Passage narrowing/ . Optical/manual .
Pass/fail K K 1 R Manual measuring K Every time
checking flange passage? objects exist windening measuring
. . Failure of Alignment . . . Mid term
Have good alignment? | Pass/fail . Automatic measuring| Measuring car .
fastener deformation period
Does rail surface have Pass/fail Surface Automatic/ Optical/manual | Mid-term
ass/fai
good condition? deformation manual measuring measuring period
Does 4 fastener at . . Optical/manual | Mid-term
. Pass/fail Damaged or loss | Manual measuring . X
least exist? measuring period
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Table 3. Phenomena taking place for train running in turnout systems.
No Part force exerted Phenomenon Physical quantities
1 Rail alignment Lateral, vertical Displacement, deformation Acceleration, vibration
2 Rail Lateral, vertical and axial Displacement, deformation, wear Acceleration, vibration
3 Switch tip Lateral, vertical and axial Deformation, wear Acceleration, vibration
4 Crossing Lateral, vertical and axial Displacement, deformation, wear Acceleration, vibration
5 Guard rail Lateral Displacement Vibratioon
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Table 4. Detection methods for failure modes of turnout systems.

AR OfsfiA] Table 404 WERd A 22 750l IS vIRITH9].

. . Measuring | Measuring Failure Phenomenon Measuring
Subsystem | Functionality .. Results
factors Value modes arising methods
Contact clearance i
Contact error . Derailment Clearance measuring
Contact enlarging by detector
clearance Rail gauge Flange passage width
Over contact R .
enlarging measuing by detector
High speed entering Measuring impact
Impact force Alignment Over impact force by
deformation accelerometer
X . Rail gauge . X
Switch Wheel . . . Rail gauge . Rail gauge measuring
X . Switch tip Rail gauge N N enlarging/
tip guiding deformation . by detector
decreasing
Flange Narrowin,
X & K Narrowing width .g
passing width passage width
Moving Contact error Point moving force
Contact error .
force /over contact measuring by detector
. . Displacement .
Deformation | Over displacement/ p_ . . Measuring by
. . arising Derailment
of switch tip deformation L. detector
Stress arising
Rail gauge
. Wheel . Gauge g. g . Measuring by
Lead tip . Curved rail Gauge R enlarging/ Derailment
guiding deformation . detector
decreasing
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Table 4. Continued

. . Measuring Measuring Failure Phenomenon Measuring
Subsystem | Functionality . Results
factors Value modes arising methods
Rail gauge Derailment
Rail gauge of Gauge g’ e Measuring by
. . Gauge . enlarging/ caused from
switch tip deformation . . . detector
decreasing wheel jumping
Flange passin
ECPASSINE | \yidth i .
width Wrong of flange |Narrow of flange Measuring by
Entering of |Flange passing passing channel | passing channel detector
Crossing Depth
wrong track depth
Crossin Residual Rail stress measurin
& Overstress Rail deformation . g
stress stress by strain gauge
. . Error of wheel .
Switch tip Wear state Damaged L Manual measuring
guiding

Surface Wear state Over worn Over worn Derailment Manual measuring
Rail gauge

Gauge Abnormal Measuring by
Stock Wheel Soleplate Clearance . excitation to RS

) o deformation ) detector

rail guiding Fastner loosing of

Anchor States guard rail Manual measuring

Table 5. Causes for failure modes of turnout systems and measuring elements.

No. Functionalities Causes Direct sensing Indirect sensing Related items

Position detection

OEEETO0

Out of adjust of rod Displacement

Over impact force Accelerometer

Tongue rail defects

Insufficient switch
. Pressure sensor
moving force

Sliding plate deformation Manual measuing

Position detection |  (D@B@DDO
) Tongue rail gauge Over impact force Accelerometer
changing Over switch moving force Pressure sensor
Basement fault Manual measuring
@@O0
3 Lead part gauge Residual stress Stress sensor
changing Fastener Manual measuring
Anchor Manual measuring
@@OW
Rail gauge Position detector
Basic rail gauge
4 .g & Soleplate Manual measuring
changing
Fastener Manual measuring
Anchor Manual measuring
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Fig. 2. Measuring items of turnout systems.
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Table 6. Physical quantities influenced on turnout systems.

No. Physical quantity Unit Measuring methods Sensors
1 Acceleration misec’ Accelerometer Piezoelectric Accelerometer
2 Vibration rad/sec Displacement meter LVDT
3 Displacement m Displacement meter LVDT
4 Deformation m, 0 Displacement meter angle meter LVDT, goniometer
5 Wear mm Displacement meter angle meter scale, goniometer
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Table 7. Measuring item for phenomena.

L . Dimensions
No. Phenomenon Sensoring items Sensoring methods

(mm)

! T 1 tact defect Displacement, vibration, accelerometer, !
ongue rail contact defec OBEBEBETO) . mm

e TEEETOD residual stress
. . Displacement, accelerometer, vibration,
2 Tongue rail gauge changing O2B@D . Imm
axial force

3 Lead part gauge changing Rail stress, temperature Imm
4 Basic rail gauge changing @@ Displacement meter Imm
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Data
Transmitter

Data
® Transmitter
(]

(2NC)

v :Vertical disp(a\cement © : displacement

m : Wheel load & + moving force

A : Lateral force : contact clearance
() : Rail stress % : PM bed vibration
& :Vibration (O : voltage/current
v :Impact force

<> : Rail gauge

Fig. 3. Measuring items of turnout systems.
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Displacement & contact clearance |Rail guage, vertical displacement| Rail & PM bed plate Vibration |Wheel load, lateral, moving forces

Fig. 4. Sensors installed in ballast turnout.
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Table 8. Sensors failure occurrence frequency installed in turnout on ballast track.

Systems Mc':asuring Sensor types Installed location Quantity Failure Failure quantities
items Yes No
\IZ:Z: 11223’ Strain gauge Crossing 6 @) -
Rail vertical .
displacement LVDT Stock rail 3 © -
Turnout Rail stress Strain gauge Stock rail 3 © -
Rail vibraition Accelerometer Stock rail 4 © -
Impact Strain gauge Crossing 2 @© 2
Gauge LVDT Point, lead 6 © -
Displacement Wire type LVDT Stock rail 2 © 1
Point Moving force Strain gauge Point machine 1 @) -
machine Clearance Wire type LVDT Tongue rail 2 ©) 1
PM vibration Accelerometer Point machin 1 © -
Sum 30 - - 4
Table 9. The acquired data from two representative sensors from ballast track turnout of Whanggan station.
Sensor type Acquired data Remark
Ml M ! h I 1
ol } F ” Il ‘\ 1 This graph represents a trains set
LVDT 75: \ } /\( \H }\ \ : which consists of one
627 } / \ ‘ U\ ‘ ‘ H \ 1 \ ‘ | locomotive and 8 couches.
i \ \ Il \ | U \ —
| | The accelerometer shows the
Accelerometer = | wheels of a train set provokes
= ) impulse response.
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Data

o omiac
Transmitter H H

: Vertical displacement
: Wheel load

: Lateral force

: Rail stress

: Vibration

: Impact force

< : Rail gauge

© : displacement
: moving force
<(§§> : contact clearance
O : Tongue rail elongation

» o) m<

Fig. 5. Measuring items in concrete turnout systems.

Rail vibration

Rail stress Contact clearance Cylinder vibration Wheel load, lateral force

Fig. 6. Sensors installed in concrete turnout system.
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- ) i Failure Failure
Measuring items Sensor type Installed location Quantities .
YES NO quantities
Tongue rail elongation LVDT Lead/tongue rail 6 © -
Moving/clearance LVDT Lead/tongue rail 8 @©) -
Gauge LVDT Stock rail 8 © -
Lead Rail vertical displacement LVDT Stock rail 1 © -
Rail vibration Accelerometer Stock rail 2 © 1
Cylinder vibration Accelerometer Cylinder 2 @ -
Moving force Strain gauge Cylinder 6 © 6
Rail stress Strain gauge Stock rail 1 © 1
Moving/clearance LVDT Crossing 6 © -
Rail vibration Accelerometer Stock rail 2 @ 1
Cylinder vibration Accelerometer Cylinder 1 © -
Crossing Moving force Strain gauge Cylinder 2 © 2
Wheel load Strain gauge Stock rail 2 © 2
Lateral force Strain gauge Stock rail 2 © 2
Sum 49 - - 15
Fig. 7. Sensors failure occurrence frequency installed in turnout on ballast track.
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Sensor type

Acquired data

Remark

LVDT

12 14

20

This graph represents TGV trains
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Fig. 8. The acquired data from two representative sensors from ballast track turnout of Ulsan stations.



DASET 27)7] ALY FIEH A0 25t 2H7()
SIEAETSHS| =22 20 M25 (20174 48) 221

fr
s

FAFS T o]AF bt

probec] HEHH7} Fojxi Aol WAISIAOL, 2 o] HEHFE AXF F probe HEHH} Folxlt HA A

=19
=
e agken], AT ohY Bt W glol ARgska 9l

5 4 =
717) S TS S IS AR Wl el o 1o A0S SISl 309 Ay &
710 AINE RS she A (fixed poinye = o] AT ool aEglon, ey 725 Axsh
LVDTE A5k, A K A7) $-8-8 A7e] HAk, Aacha 7ol e S84 1]) Soa 477k Axlal]

=
W18 @it Aol hsslnk AEY A AN £ 1 ] 4 SRR A WS B i
ARgTE 5 9lth. LVDTS} 268 AIAIE 717be A3k Slaial Azheafel o] TgEe MAsjof sk, o 7h4) why
oyl A4 Hg 2ARER 137 BAsHs Aol wasi,
gilele 2a0)E maom ANE AXske Aol AEA] vls) Athgom Solshel, ARE BAVISHS ST 4
AL ZAo A AAES LVDTE] 44 7Fs 5 o] 'AYsHA] s ball bearmg Fej= WAt 7ol 1L
| uPe) Sk 9L, Alele] AXIE Accelerometers] A9 74 B A7be] Ak F o] Waslgon, Ao
2% accelerometerof| A= 11730 THEE|R] oo}, FUol AA]% accelerometeri= 83F0] HES A WHAUGE A o2 A FHC)
Peake ol gajol wet dhd Astslo] S4o] walkth, webd MAe] HSshe HlojelE AzEAte] B4
Al=o) ol e depxich. webA A=A w271719] Jedt B4 el fleiAle eitel]l EA2E 7|28} Fe K
o] 7127} Aasi, AR 7|9k 2 ZQlo| HuElER JEHEO $lasle] 1A o8 AME 2|5k Ao] Wasi)
SAYE =4 271719 B4 82 1S eA GRS 5 qlo] Ad=A) 271710 HIshiA ARl es golsitt. Eag]
E =404 LVDT % Accelerometerill A5 d2|5to] #H2kg oFd £717]19] F354E 9 4 ok

wooX 32
(o]

N

= 7

& Aye SEAEFA AYshs drerled A “IEEEE 2717 =4kt B SN Tie iAo 4Rl “an
SAEE 277] 2] FYAEE AL A Y] Ados S

o [

1%}

Pl =9
[1] Korea Railroad Corporation (2008) Maintenance Manual for High Speed Line track.
[2] Point Dianostic System SIDIS W (Siemens) https://w3.usa.siemens.com/mobility/us/Documents/en/rail-solutions/rail-automation/sig-
naling-components/sidis-w-en.pdf (Accessed 15 January 2017)
[3] Australian Goverment Publishing Service (1980) Railway Track Design - A Review Research Laboratories.
[4] D3.1.1-Definition of Key parameters (Innotrack) http://cordis.europa.eu/result/rcn/47369 _en.html (Accessed 15 January 2017)
[5] W.J. Jung, W.-J. Chung, D.-W. Koo, S.-C. Yang (2005) Verification of the validity for the speed-limit regulation on the turnout system,
Journal of the Korean Society for Railway, 8(1), pp. 93-100.
[6] D3.3.1- List of key parameters for switch and crossing monitering (Innotrack), cordis.europa.eu/docs/publications (Accessed 15 Janu-
ary 2017)
[71 G.A.Hunt (1986) Train Dynamics at Turnouts, https://dspace.lboro.ac.uk/-dspace-jspui/bitstream/2134/7492/.../ (Accessed 17 January 2017)
[8] R.V. Licciadello, M. Bruner, GR. Corrazza, E. Cosciotti et al. (2008) Some experience on the dynamic of turnouts due to passing
trains, http://www.uic.org/cdrom/2008/11_wcrr2008/pdf/S.3.1.2.2.pdf (Accessed 26 January 2017)
[9] N. Wright (2014) D3.3.2-Available Sensors for Railway Environment for Condition Monitoring, Innotrack, https://dspace.lboro.ac.uk
(Accessed 3 March 2017)
[10] J.W. Lee E.-S. Choo, M.-S. Kim, H.-Y. Yoo, C.-S. Mo, E.-S. Son, S.G. Park (2015) A study on a monitoring system for railway turn-
out systems, Journal of the Korea Society for Railway, 18(5), pp. 439-446.

(Received 17 April 2017; Accepted 20 April 2017)

Youngseok Kim : kys@vitzrosys.com
Vitzrosys, Vitzro building, 233-3 Seongsu 2-ga 1-dong, Seongdong-gu, Seoul, Korea



YYN - BT - WOIH - RoEf - BRI4 - HOT - BN - 0B

| M202 M25 (20174 42)

N
N
N
rot
Hl
Mzt
H
1o
lon
rr
Mo
iKal

Yeonjoo Yoon : soran@yvitzrosys.com

Vitzrosys, Vitzro building, 233-3 Seongsu 2-ga 1-dong, Seongdong-gu, Seoul, Korea
Inchul Back : inback@korail.com

Korea Railroad corp., 240 Jungangno, Dong-gu, Daejeon 346198, Korea
Youngtae Ryu : youngtee@korail.com

Korea Railroad corp., 240 Jungangno, Dong-gu, Daejeon 346198, Korea
Hyunsu Han : menipul@jvg.co.kr

JVG co.LTD, 11, Neungwon-ro 10beon-gil, Neungwon-ri, Mohyeon-myeon, Cheoin-gu, Greonggi-do Korea
Ankyu Hwang : askwand@jvg.co.kr

JVG co.LTD, 11, Neungwon-ro 10beon-gil, Neungwon-ri, Mohyeon-myeon, Cheoin-gu, Greonggi-do Korea
Hyungseok Kang : xzxz1116@daum.net

Seoul National University of Science&Technology, 232 Gongneung-ro, Nowon-gu, Seoul, 139-743, Korea
Jongwoo Lee : saganlee@seoultech.ac.kr

Seoul National University of Science&Technology, 232 Gongneung-ro, Nowon-gu, Seoul, 139-743, Korea



