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Research on longitudinal wheel-rail force measurement
method based on instrumented wheelset

Du Jia Chen Jianzheng Wu Yue Ren Yu
(State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University,Chengdu 610031, China)

Abstract: Due to the limited terrain conditions, an increasing number of railway lines have to be designed with long
inclines, rendering traditional wheel-rail force measurement technology, which only addresses lateral and vertical
wheel-rail forces, inadequate for addressing the subsequent operational and maintenance issues. Further research into
longitudinal wheel-rail force measurement technology is required to effectively address these challenges. Therefore, this
paper introduces a longitudinal wheel-rail force measurement method based on the LM algorithm. Initially, the
measurability of longitudinal force is validated and its governing principles are investigated through finite element
simulation calculations. Subsequently, a longitudinal force measurement bridge is designed as a foundation for
transforming the problem of solving longitudinal force into that of solving an overdetermined multivariate nonlinear
equation system. Then, the degree decomposition is used for fitting calibration coefficient under arbitrary angle and the
rotation angle and wheel-rail force is solved through the LM algorithm. By employing SIMPACK to simulate train
uphill operation under diverse conditions, this study validated the proposed method and quantified the influence of
contact point on longitudinal force measurement error. The results demonstrate that the proposed method exhibits high
precision, with a relative error of less than 6 %.

Keywords: instrumented wheelset;longitudinal wheel-rail force; LM ;overdetermined multivariate nonlinear equations
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Fig. 1 Finite element model of wheelset
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Fig. 2 Longitudinal loading
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Fig.4 Lateral loading
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Fig. 5 Group bridge scheme design
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Fig. 6 Radius combinations sorted by the number of

matrix conditions
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Fig. 9 SIMPACK simulation circuit design

3.2 LMEZERBIERDH

10 F1 11 2% A 38 ) 7 B ) A ) ) R R
I AE S LM Bk RE T A,

FT &1 10 R0 11 AT R, GRS ERE A R B ) R 1
I F B IR S R E AR G A 45 R BT,

1 NTERE f R (TR0 ) R 1m) 7 5 9N 1 g 7 3 4 X
TR 2 MR R A 1R 2 .

W 1 iR G B 3 4 xt i 22 4 0.134 5 %, Fe kK
AR R IE N 1,563 9 °5 T[] 0P B X R 25 0. 297 0 kN,
R A xR 220 1,265 9 kN 8 ) Sy B9 24 48 X% 22 0
—0.180 6 kN, e KX iR 2% 8 0. 703 9 kN; Y\ ) F1 F- ¥y 44
XiRZEH 0.266 1 kN, Fe K4 %R 24 2. 010 5 kN,

¢« 58 o

1400

1200 | 360y

1000 | 240
> 5
800 F a0l
£ &®
b I
i 600

0 ! L

&® 1100 1140 11801200

400 / PEAR

200 [

0

4000 12 000

8000
R

K10 ek f M A S LM BE R X
Fig. 10 Comparison between the input value of rotation angle

and calculated value of LM algorithm
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