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Conventional railroad vehicles, that run on a line with high frequency of sharp curves, have problems such as wheel noise
and wear, from insufficient passive steering. To solve this problem, real-time curvature measurement technology must be
developed for realizing active steering. In this study, we propose a uniaxial curvature measurement sensor considering
applicability to actual railroad vehicles, and analyze its validity in terms of active steering control. Required characteristics of
the curvature sensor according to steering control performance, were determined through railroad vehicle dynamics
simulations, and actual vehicle driving information. Measurement range of curvature radius is 200 m to 600 m;
measurement accuracy is +3%, and measurement bandwidth is 0.85 Hz. Effectiveness of the developed curvature sensor
was analyzed based on behavior of the car body, the bogie and its installation on the vehicle, and curvature of the track
was measured in real time on an actual urban railroad vehicle. As a result of the field test, curvature measurement error
was obtained within 3%, validating the feasibility of active steering control for the next generation railroad vehicles.
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Fig. 1 Principle of real-time curvature measurement using rotation
angle between the car body and the bogie
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Fig. 2 Implementation of curvature sensor
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Fig. 3 Application of curvature information to active steering system
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Table 1 Tolerance band of active steering control for achieving 80%
of lateral force reduction

Curvature Steering control Steering control 0-p Steering
. Curvature . . control
radius 1 curvature ratio  curvature ratio
(m) (k™) (Under-steering) (Over-steering) curvature
& &) ratio (%)
200 5.00 0.911 1.22 153
300 3.33 0.724 1.11 19.2
400 2.50 <0.500 1.07 >28.5
500 2.00 <0.500 1.04 >27.0
600 1.67 <0.500 1.02 >26.0
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Fig. 6 Curvature information of an actual metro track under
operation
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Table 2 Analysis results of curvature estimation

Curvature (km™)

Curvature radius

- Error (%)
(m) Actual Estimated
200 5.00 5.0026 0.05
300 3.33 3.3221 0.34
400 2.50 2.5083 0.33
500 2.00 2.0057 0.29
600 1.67 1.6617 0.30
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Fig. 7 Displacement measurement signal of the lateral damper
placed between the car body and the bogie was acquired
from the running railroad vehicle to analyze in frequency
domain
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Fig. 8 Actual installed position of the curvature sensor on the
railroad vehicle and its displacement when the vehicle
running curved track

Table 3 Curvature estimation error due to actual installation of
curvature sensor on railroad vehicle

Curvature (km™)

Curvature radius

Error (%)
(m) Actual Estimated
200 5.00 5.0742 1.48
300 3.33 3.3671 1.01
400 2.50 2.5192 0.77
500 2.00 2.0124 0.62
600 1.67 1.6753 0.52
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Fig. 9 Installation of the manufactured curvature sensor on a metro
railroad vehicle
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Fig. 10 Field test results using real-time curvature measurement
sensor

Table 4 Error of curvature measurement sensor from the field test

Curvature radius Curvature Curvature
measured by measured by measured by Error
Track inspection  Track inspection curvature sensor (%)
(m) (km™) (km™)
265.6 3.76 3.71 1.40
268.1 3.73 3.68 1.30
324.1 3.09 3.17 2.89
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