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Figure 1 (Color online) (a) Fabrication process of the flexible wheel-
rail force sensor; (b) front view of the sensor; (c) output pins of the
sensor; (d) demonstration of the flexibility of the sensor; (e) sensor
conformal to wheel surface.
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Figure 2 (Color online) Experimental setup. (a) Elevation view; (b)
side view.
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Figure 4 Corresponding relation curves of electrical resistance to time
under cyclic loading.

Figure 3 Relationship curve of the change between electrical

f

resistance and the vertical force.
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Figure 5 (Color online) (a)~(c) Wheel rotated 0°, 90° and 180° clockwise respectively from the initial position; (al)—(c1) relationship curves of the
change between electrical resistance and the vertical force for the annular region (global); (a2)—(c2) relationship curves of the change between
electrical resistance and the vertical force for the pins region (local).
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Figure 6 (Color online) Constraints and interactions.
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Figure 8 (Color online) Creation of meshes.
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Figure 9 (Color online) Distribution of measuring points.
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Figure 10 (Color online) Nephogram of radial strain E11. (a) Under vertical loading; (b) under lateral loading.
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Table 1  Radial strain of the measuring points under different load
conditions
i 4 1 18 R AR A 1 1] AR
(T[] 7710 kN) (B4t 771 kN)
NI-A —2.70354x10™* —9.38385%107°
NI-B —2.51758x107* 6.8932x10™°
N2-A —1.11555x107° —3.20055%107°
N2-B —1.11885%107° 3.46557x107
N3-A 2.9218x107° 1.90661x107°
N3-B 2.57479x107° —1.36465%107°
N4-A 2.18748x107° 2.82469x10°
N4-B 1.86856x107 —2.51144x107°
N5-A 1.81648x10~° 2.4899x107°
N5-B 1.63421x107° ~-226756x107°
N6-A 2.18747x107° 2.82469x10~°
N6-B 1.86855x10™ —2.51144x10°
N7-A 2.92177x107° 1.90661x10~
N7-B 2.57478x107° —1.36465x107°
N8-A —1.11584x107° —3.20055%107°
N8-B —1.11893x107° 3.46556x10™
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Figure 11 (Color online) Relationship of the radial strain of the
measuring points vs. the lateral force.
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Application of flexible electronic technology in real-time monitoring
for wheel-rail contact forces of high-speed trains

CHEN SiYu'?, LIU YaFeng'’, FU CongYi’, WANG HaiRui'”’, CHEN Ying’, LU BingWei'’,
MA YinJi?, WANG HeLing™ & FENG Xue'”

! School of Aerospace Engineering, Tsinghua University, Beijing 100084, China;
2 Laboratory of Flexible Electronics Technology, Tsinghua University, Beijing 100084, China;
? Institute of Flexible Electronics Technology of THU, Jiaxing 314000, China

Wheel-rail contact force monitoring enables the operational safety of high-speed trains and the quality management improvement of
railway infrastructure. However, the available wheel-rail contact force measuring methods have difficulty in achieving precision and
sensitivity for high-rotating wheels and real-time and continuous measurement of wheel-rail contact forces at high speed. In this work,
a novel sensor for wheel-rail contact force monitoring is designed based on flexible electronic technology. A ring-shaped strain gage
structure is designed on a flexible substrate, and the deformations of the annular region due to wheel-rail contact forces are detected
according to the piezoresistive effect in the metal wire. The sensor is verified to have good linearity under vertical loading
experiments and exhibits excellent stability and repeatability during cyclic loading. Furthermore, this sensor can guarantee
measurement precision and sensitivity when the wheel is spinning. Additionally, the wheel-rail contact forces along the vertical and
lateral directions are proved to be effectively decoupled by the output signals of the sensors conformal to relative positions on both
sides of the wheel. Thus, combined with wireless sensing technology, the sensor developed here enables the real-time and continuous
measurement of wheel-rail contact forces at high speed, which is of great importance for developing the next generation of high-speed
railway intelligent transportation systems.

intelligent transportation systems, structural health monitoring, wheel-rail contact force, flexible electronic
technology, sensor
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