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Figure 1 (Color online) Strain gauge distribution and signal bridges
implementation of wheel/rail forces measurement. (a) Strain gauges
distribution of vertical wheel/rail force measurement; (b) strain gauges
distribution of lateral wheel/rail force measurement; (c) signal bridge of
wheel/rail forces measurement
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Tablel Signal bridge channels of wheel/rail loads measurement
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Figure 2 Wheel/rail force on straight section in time domain. (a) Vertical wheel/rail force in time domain; (b) lateral wheel/rail force in time domain;

(c) power MSA of vertical wheel/rail force
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Figure 3 (Color online) Wheel/rail force on curve in time domain. (a) Vertical wheel/rail forces on curve; (b) lateral wheel/rail forces on curve
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Figure 4 Wheel/rail forces distribution with different operation speed. (a) Vertical wheel/rail forces distribution of left wheel; (b) vertical wheel/rail
forces distribution of right wheel; (c) lateral wheel/rail forces distribution of left wheel; (d) lateral wheel/rail forces distribution of right wheel
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Figure 5 Wheel/rail loads distribution on straight section with peak-valley value. (a) Peak-valley loads distribution of left wheel; (b) peak-valley loads

distribution of right wheel
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Figure 6 Wheel/rail loads spectrum with different operation speed on curve. (a) Wheel/rail forces distribution of left wheel; (b) wheel/rail forces

distribution of right wheel

2R, %R B AL 7 km.

M PTAIL, BEE S s Tl B AR AL, e 4
B ) B ot KA w RS, L 2 A ) g 28
AR A O 1) AR g0, L R 0 A A ) 4
AERRE T ) ) MR R 22 S ORI . eAh, 45 4
Ik T ) B v T A Tl ek g - A R R, FR
BB ) ) (LI BT R, iX R IAA A i 2 L B
3 3 TR XTSI 1) 7 s ke S AR .

4.3 e A A

Rk — 2 X L i £ 2 A8 X5 58 B AR Anr 43 A A R
XA T A4 2350 km/hii 1 242 R=7000 m IR
=8000 mHh £ 4e % 1 i

mE7AI L, PRREAR R T, A A AR
BRI 2SS, RIERS PO LA T B
B, XMmBS TR S An. L E LR
LRFRHUIME. FTEDAMNRE, XS T
FERHE 9 T SRAE A5
5 ik

ASCHINE T F1 58 %F, SEFRER IR T A e
SRR, 30T T R BE 1) ) R 1) 7 1 2 e
FRAE, iR T R T80T MR, 45 T R EaE M
VR 1) 28t 0 A R, 25180

(1) B TR MAER F RS R, 514
350 km/h i TN R, mREHIERN LN

12000, 27000 m, 4%

—e—R=7000 m, 5%
10000 —4—R=8000 m, %
—v—R=8000 m, 5%

8000
X
= 6000 |
4000 +

2000

20 40 60 80 100 120 140
RNED (kN)

Bl 7 AFLEMZEAR R ) i
Figure 7 Vertical wheel/rail load spectrum with different operation
speed on curve R=7000 m and R=8000 m

156.6 kN, fe KFEHLEE ] J) 4726 kN.

(2) HLETHT, FRTEmM S — MBS F 5 HAEDE
8, HAS sl TR, WK, s
T DA/INg g kg 32, L s, % shi Rl K.

(3) MhZkim iy, 2247 M ZE4e A a1 ) & A m,
— AT G M QN ), S5 — e vl (3 ), 1 LRl
FE RSN, A28 S ™ .

T AN, FeEL S A R Rk Mo
FEOE,  EAR PTG ST A2 B ) 2R I B AUE T
BRSNS, (RS PR B AIRASfe B , JF
E— L TR AR I AR RRIE, RRAE WAL R G4
Fo AT SEME RS AN IR 5T BE A R - JL A

2605



MG 8 & 2019598 %64k #25H

RPN

10
11

13
14

15

16

18

Garg V J, Dukkipati R V. Dynamics of Railway Vehicle System. Olando: Academic Press, 1984

Baeza L, Roda A, Carballeira J, et al. Railway train-track dynamics for wheelflats with improved contact models. Nonlinear Dyn, 2006, 45: 385—
397

Braghin F, Bruni S, Diana G. Experimental and numerical investigation on the derailment of a railway wheelset with solid axle. Vehicle Syst Dyn,
2006, 44: 305-325

Thomas D, Berg M, Stichel S. Measurements and simulations of rail vehicle dynamics with respect to overturning risk. Vehicle Syst Dyn, 2010, 48:
97-112

Zastrau B W, Knothe K, Wille R. Advanced contact mechanics? Road and rail. Vehicle Syst Dyn, 2001, 35: 361-407

Ayasse J B, Chollet H. Determination of the wheel rail contact patch for semi-Hertzian conditions. Veh Syst Dyn, 2005, 43: 157-170
Piotrowski J, Chollet H. Wheel-rail contact models for vehicle system dynamics including multi-point contact. Vehicle Syst Dyn, 2005, 43: 455—
483

Kargarnovin M, Younesian D, Thompson D, et al. Ride comfort of high-speed trains travelling over railway bridges. Vehicle Syst Dyn, 2005, 43:
173-197

Elkins J A. Prediction of wheel/rail interaction: The state-of-the-art. Vehicle Syst Dyn, 1992, 20: 1-27

Endlicher K O, Lugner P. Computer-simulation of the dynamical curving behaviour of a railway-bogie. Vehicle Syst Dyn, 1990, 19: 71-95

Jin X S. Wheel/rail creep theory and test research (in Chinese). Doctor Dissertation. Chengdu: Southwest Jiaotong University, 1999 [4:2##2. 4851
SRS MO ISR ST, A R0 S0 BUER: VR3Sl 1999]

Zhang W H. Dynamic operation simulation of railway vehicle (in Chinese). Doctor Dissertation. Chengdu: Southwest Jiaotong University, 1996
[5K PAE. ML TS Toh . 2 Ae 30 iUR: PRSIl R, 1996]

Yao J W. Locomotive Dynamics (in Chinese). Beijing: Science Press, 2014 [Wk#A:. M4 4-8izh 112, dbat: Blefli ik, 2014

Zhai W M. Vehicle-track vertical copuling dynamics (in Chinese). Doctor Dissertation. Chengdu: Southwest Jiaotong University, 1992 [#§ifH. 4=
W-PuEE RS B . B AA T IR PERISSE R, 1992]

Ren Z S. Wheel/Rail Multi-Point Contact and Vehicle-Turnout System Dynamic Interactions (in Chinese). Beijing: Science Press, 2014 [{TE5#4.
RZ S - 2 RGBSR EAER]. Jeat: BA LR, 2014]

Ren Z, Sun S, Li Q, et al. Experimental studies of load characteristics of bogie frames for 350 km/h EMUs. P I Mech Eng F-J Rai, 2012, 226: 216—
227

Ren Z, Liu Z M. Vibration and frequency domain characteristics of high speed EMU (in Chinese). ] Mech Eng, 2013, 49: 1-7 [ [{E&#, XIZ 8.
1o B TR IR BN 1388 S R A A R ST I TR 43R, 2013, 49: 1-7]

Zeng Y Q, Wang W D, Gan D W, et al. Theory of high accuracy load measuring wheelset (in Chinese). J China Railway Soc, 1998, 20: 28—34 [
FHH, UK, HEOC, 2. M 5ex S sel i Be 5 50 . 2hii=A4i, 1998, 20: 28—-34]

2606


https://doi.org/10.1007/s11071-005-9014-8
https://doi.org/10.1080/00423110500337494
https://doi.org/10.1080/00423110903243216
https://doi.org/10.1076/vesd.35.4.361.2043
https://doi.org/10.1080/00423110500141144
https://doi.org/10.1080/00423110512331335111
https://doi.org/10.1080/00423119208969385
https://doi.org/10.1080/00423119008968934
https://doi.org/10.3901/JME.2013.16.001

Summary for “W# g R4 P AT 4 AR

Wheel/rail load distribution characteristics of high speed EMU

Zunsong Renl*, Dandan Song], Xincan Jinl, Jie Cao' & Qiuze Li’

' School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China;
> CRRC Changchun Railway Vehicles Company Limited, Changchun 130062, China
* Corresponding author, E-mail: zsren@bjtu.edu.cn

Wheel/rail forces have a large effect on the dynamics and the structural reliability of the high-speed vehicle/track system.
Many studies present peak values and amplitudes of the wheel/rail forces in the time domain, but the statistical distribution
characteristics of the wheel/rail, i.e. so-called load collectives are rarely found. One type of Chinese standard high speed
electric multiple-unit (EMU) is designed and manufactured in China in 2015. In order to obtain load collectives for this
high-speed EMU, some components of the vehicle such as the wheelset, bogie frame and anti-roll bar are modified to
measure the wheel/rail forces, primary suspension loads, motor loads, dampers loads and the loads in the anti-roll bar. The
method how to measure the wheel/rail vertical and lateral forces is presented with strain gauge fixing schedule on the wheel
web, test bridge constitution and force/strain calibration coefficient in this paper. The wheel/rail forces are measured during
field experiments on the Datong-Xi’an high speed railway line in 2016. The single way distance of the field experiment is
approximately 110 km. The total running distance in the tests is 5666 km with a top speed of 368 km/h. The typical field
test speed of the train includes 220, 260, 300, 330 and 350 km/h. After processing the measured data, the wheel/rail vertical
and lateral forces are obtained in time domain. The dynamic characteristics of the wheel/rail forces are analyzed when the
train operates at a speed of 350 km/h in straight sections and during curve negotiation. The Envelope Method and the Peak
Value Selection Method are introduced for cycle counting and to evaluate the statistical load distribution. The wheel/rail
load distributions are presented for different operation speeds of the train and different curve radii. The results show that the
vertical wheel/rail forces are nearly normally distributed. The lateral wheel/rail forces approximately show a Weibull
distribution. The operation speed of the train has a large influence on the wheel/rail forces on the straight section of the
track. The fluctuation range of the wheel/rail vertical force is approximately from 60 to 110 kN as the operation speed is
220 km/h. The vertical maximum force is 156.6 kN and the lateral maximum force is 26 kN when the train operates with
350 km/h on the straight section. Compared with the lateral maximum force with speed 220 km/h, the lateral maximum
force increases one time as the operation speed is 350 km/h. The curve radius and the curve passing speed of the EMU have
effect on the wheel/rail loads too. The load collectives shift as the train negotiates curves. The knowledge of the load
spectra is very helpful to study the operation safety and the risk for structural damages of the high-speed train wheelset and
the track.
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