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Electrical Bridge Scheme of Urban Rail Tran-
sit Vehicle Curved Radial Plate Force-measur-
ing Wheelset Based on Continuous Measure-
ment Method

CAI Changjun, HE Zhixin, TAO Tao, DENG
Donggiang, ZHANG Shenglong, SHEN Kaiming

Abstract Objective; Wheel-rail forces are crucial indicators

for evaluating the dynamics performance of urban rail transit
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vehicles. To enhance the measurement accuracy of wheel-rail
force, a scheme for vehicle curved radial plate force-measuring
wheelset electrical bridge using continuous measurement meth-
od is proposed. Method: A static load test is designed for a
force-measuring wheelset 1/4 bridge strain response and an op-
timal electrical bridge radius for force-measuring wheelset is
analyzed. According to the principles of gradient descent algo-
rithm and strain cycle curves obtained from the 1/4 bridge
strain response rotation test, an optimized arrangement angle
for force-measuring wheelset strain gauge by continuous meas-
urement method is proposed using symmetric electrical bridge
and orthogonal double bridge combination. Subsequently, an
electrical bridge test is performed on the curved radial plate
force-measuring wheelset. Result & Conclusion; The static
load test reveals that the optimal strain adhesive radii of trans-
verse and perpendicular force bridges are 170 mm and 300 mm
respectively, with minimal coupling action between them. The
electrical bridge test demonstrates that when there are 7 groups
of strain gauge pairs, the variance of the SRSS ( square root of
the sum of squares) waveform for transverse and perpendicular
force bridges is minimized. The minimum average errors for
the output waveforms of transverse and perpendicular force
bridges are 0. 918% and 0. 822% respectively. The SRSS
waveform output is steady, leading to the adoption of a 7-group
strain gauge arrangement for both transverse and perpendicular
force bridges. When transverse and perpendicular forces are
applied separately to force-measuring wheelset on a calibration
test bench, the obtained wheel-rail forces match well with the
field measured ones, with average errors of 1.27% and 3. 81%
respectively. The optimized electrical bridge scheme ensures
high precision for force-measuring wheelset, confirming the

feasibility and accuracy of this scheme.
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Fig.1 Static load test of wheelset 1/4 bridge strain response
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Fig.2 Curves of strain changing along radial direction on
wheelset curved plate inner side under different load

actions
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Fig.4 Diagram of gradient descent method
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Fig.5 Force-measuring wheelset calibration test bench
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Fig.6 Relation curve of perpendicular force bridge rotational

strain and time

F P 6—1&1 7 AT AN, 3 o it i A 1) g LA

e i) 7 FEL A 0 45 £ 07 728 I I ] 14 7 A pth £ 4 12 B

RAFHYFIIE . PRI, AR SCIA Dy, 25 328 BB, 22 - f ]

SR FR ML L [F) — ff B AN [ I ] Ak A9 7 A2 B B AT

AT ABIASEAD S A 7] — I 220 AN [+ A1 B2 A 1) 102 A%, 1]
e A A e B SR UL A

.57 -



i 18] /s
7 ) ) B I I A - T DG 2R T 2

Fig.7 Relation curve of transverse force bridge rotational

strain and time
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Fig.8 Relation curve of transverse force, perpendicular force

bridge output waveform # and number of strain gauges
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Fig. 9  Relation curve of transverse force assembly bridge

scheme strain and time
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Fig. 10 Relation curve of perpendicular force assembly bridge

scheme strain and time
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Fig. 11

FE I MRS IR0 3 L 0 3 6 7 3
BN . B2 0 R 5 F5 A 1 B0l 2 A
e ] AN, X 7 &8 X4 B B R i F = 20
kN Fil F\, =40 kN, F- 555 44 200°/min (15555,
et 360°, ST 108 s, RAEATR N 50 Hz, A
M55 Fy 55 Fy 9 SRSS 14k, ¥ SRSS {t 7L br
SE FBUT 5152 R A I S AT X L
S S 5 ST Fy 5 BB 12
FIE 13 JioR .

30

- - - S
25 — LW A 7

Fy/kN

0 2b 4I0 6I0 8‘0 1 (I)O 1 éO
i} 1] /s
B2 e S S S Fr AR 2R
Fig. 12 Time-history curve of force-measuring wheelset field

measurement and actually applied F;
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Fig. 13  Time-history curve of force-measuring wheelset field

measurement and actually applied F,
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