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A Design Solution for a Railway Switch Monitoring System
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Abstract The turnout system, which determines the direction of the train, is not only a key system but also a vulnerable
system. Failure of this system may lead to a delay of the train or even casualties. In this light, it is necessary to precisely
the conditions of the turnout system. Currently, ROADMASTER of Germany is used as a diagnostic system in Korea. How-
ever, a new diagnostic system should be developed for optimized operation of the turnout system with maintenance that is
suitable for the Korean railway environment. In this paper, a Fault Tree Analysis for the representative faults of the turnout
system is conducted and physical quantities, which can be the cause of the fault, are classified according to the component
and function. Also, the measuring factors for the monitoring are derived and a decision making theory is suggested. On the
basis of the results, we propose a new turnout diagnostic system that can provide more driverse and precise information than
the conventional system.

Keywords : Turnout, Real-time monitoring system, Decision making system, Fault tree analysis
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Fig. 1. The structure of the turnout system.
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Fig. 2. Block diagram of the function level 1.
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Fig. 3. Block diagram of the function level 2.
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Fig. 4. Block diagram of the function 1 decomposition.
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Table 1. Comparison with the conventional turnout diagnostic system.

Section Roadmaster The proposed system

. L - Turnout form monitoring
- Conversion power monitoring . ) . L
. . - Point machine condition monitoring
. - Pressure & outside temperature monitoring . L
Function Disol ) ftori - Environment monitoring
- Display power suj monitorin; .
P y P PP g - Adherence condition
- Checking the past data .

- Analysing the past data

- Precise diagnosis for turnout condition

. . . . . - Main cause derivation for state change
- Detection with condition of point machine o L
Feature - Quantitative and qualitative turnout management

- Limited detecting item . .
& - Plentiful decision

- Provision of better informations
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:
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!
6
Assignment of the decided failure
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'
Investigation of the dominant variable
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Fig. 6. The process of the key factor investigation.

Table 2. FTA for the fault of the turnout.

Fault Cause

- Fault of tongue rail

- Fault of rod system
Derailment - Fault of locking system

- Fault of crossing system

- Fault of rail fastening system

- Bench relaxation and position fluctuation
- Relaxation of bolt and nut

Position detection failure in tongue rail - Fault in wiring of detector

- Inaccurate adjustment of detecting rod

- Failure in electric contact and switch 1/0

- Unsecured flange path for tongue rail
- Relaxation of pin and plate

- Relaxation of bolt and nut

Failure in rod - Rod relaxation and damage

- Bench relaxation in driving device

- Failure in detection rod

- Excess of residual stress in tongue rail

- Instability of locking device
Failure in locking - Limit excess of drive rod movement and overlap
- Relaxation of bolt and nut

- Relaxation of bolt and nut
Fluctuation of track gauge - Loss of rail brace
u i U,
gaug - Loss and relaxation of rail fastening

- Loss and relaxation of rail anchor

- Forei terial in fl th
Unsecured flange path width in check rail oretgn materia .m ange.: pa L .
- Loss and relaxation of rail fastening in check rail

- Deformation of roadbed

- Deformation of ballast

Strain of turnout linearity - Fault of sleeper

- Deformation of upper plate in rail
- Deformation of rail fastening
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Table 3. The failure mode and the measurement method for each turnout subsystem.
Subsystem Function Measuring item Failure mode Measuring method
Poor adherence Gap measurement,
Adherence interval of point Flange path
P Over adherence gep
measurement
R High-speed entry, Impulse
Impulse of point . gh-sp try P
Linear deformation measurement
Tongue rail Guiding the wheel . . Track gauge
¢ ¢ Track gauge of point Track gauge deformation gaus
measurement
Flange path width of point Low width Detector measurement
. . Conversion power
Conversion power of point Poor adherence P
measurement,
Displacement of point Over displacement deformation | Detector measurement
Closure Guiding the wheel Track gauge of curve rail Track gauge deformation Detector measurement
Track gauge of point Track gauge deformation Detector measurement
Flange path width .
. gep Unsecured path width Detector measurement
Crossin Entering another Flange path depth
¢ track Residual stress of crossing Over stress Rail stress measurement
Wear condition of point Loss Manual measurement
Wear condition of head Over wear Manual measurement
. . Interval of check and pace, Entry in different way,
Check rail Inducing the wheel . P v . Y Detector measurement
Flange path width Unsecured path width
. Fixing the tongue rail Horizontal value and . .
Bench Switch platform & K & ] R . Instability, Loss Field measurement
and point machine fixing condition
. Locking device of Locking the . . Adherence detectin,
Locking & . & . Locking condition Loss, Damage &
tongue rail tongue rail measurement
Gap of left Securing the .
P . € Path width Unsecured proper gap
tongue rail flange path
- - Stroke measurement
Gap of right Securing the .
. Path width Unsecured proper gap
tongue rail flange path
Condition of left Checking the ..
. . g . Blade condition Wear, Damage
Tongue rail/ tongue rail normal condition
. — - - Manual measurement
Stock rail Condition of right Checking the .
. .. Blade condition Wear, Damage
tongue rail normal condition
Left tongue rail Checking the . .
& . . & . Horizontal value Low tongue rail
and stock rail horizontal condition Impulse measurement
- - - u u
Right tongue rail Checking the . . P
. . . Horizontal value Low tongue rail
and stock rail horizontal condition
X Transferring the . Bending, damage,
Connecting rod . ¢ Condition ‘g g
conversion power relaxation, fixation Stroke
Locking nut of .. . . measurement
g_ Fixing the rod Condition Damage, relaxation, loss
connecting rod
Rod - -
o Converting the . Bending, damage,
Switching rod . Condition . -
tongue rail relaxation, fixation Stroke
Bolt/nut of . .. Bending, damage, measurementent
. Fixing the rod Condition ‘g g
connecting rod relaxation, fixation
L . Conversion power
Guiding the . Damage, relaxation, loss, p
Upper plate Upper plate . Condition L. measurement,
tongue rail contamination
Current measurement
Straight line of .
ra%l brace Damage, relaxation, loss
Rail brace - Fixing the stock rail The number of loss Manual measurement
Curve line of .
X Damage, relaxation, loss
rail brace
Heel support Instability, crack, loss
Heel Heel bolt Fixing the heel Condition Damage, relaxation, loss Stroke measurement
Heel joint bar Damage, relaxation, crack
The number of fault Fixi S The number Referencing the fault of sleeper
ixing the rail, fixing
Sleeper th Lat Manual measurement
Interval © upper piate The number Referencing the standard
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Table 4. Selection of the sensor and the measurement position.

Section Measuring factor Sensor Measuring position
Wheel load Strain Gauge Toe and heel of crossing
Lateral force Strain Gauge Toe and heel of crossing, Check rail
Vertical displacement of rail LVDT Toe and heel of crossing, Point
Turnout Stress of rail Strain Gauge Toe and heel of crossing, Tongue rail, Closure
Vibration Accelerometer Flange of tongue rail, Crossing, Stock rail flange
Impact force Strain Gauge Rail flange of point and crossing
Track gauge LVDT Toe of crossing, Point, Closure
Stroke Displacement meter Tongue rail
Conversion power Strain Gauge Point machine
Point machine Contact gap Displacement meter Tongue rail
Bench vibration Accelerometer Bench
Voltage/Current A/V METER Pull box in point machine
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