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ABSTRACT

To assess the safety of the running of the train, measurement of the force acting on the
wheel axle is crucial. This research aims to find out how to measure and analyze the lateral force on
the wheel axle, and to estimate security value in running of the train while running on a curved
railway. Normally, safety ratio is the value between the lateral force (Y) and the vertical force (Q) of
which the straight-run ratio (Y / Q) of the train must not exceed 0.8 and the curved-run ratio must not
exceed 1.2.

Measurement of the lateral force acting on the wheel axle was divided into two cases. The
first case was measured while the model train had stopped which was subdivided into 2 types of
measurement: stress and acceleration measurement in comparison with the theory of both classical
calculation and a computational method of finite element analysis. The second one was measured
while the train was moving by using an acceleration measurement.

The findings of this experimental research revealed that while the model train stopped, the
maximum of the lateral force acting on the wheel axle based on stress and speed measurement were
22.2 N and 12.4 whereas the maximum lateral forces with classical calculation and finite element
analysis were 13.1 N and 24.7 N, respectively. When comparing with the lateral force gained from
the measurement, the value was close to the theory. It was also found that at curvature with no
elevation and a train speed of 0.84 m/s the maximum lateral force was 220 N. When analyzing the
safety ratio of the model train running, it was found that the value of the train model is 1.5 which is
higher than the standard value of 1.2. Although the train model can run without derailment, this may

be caused by an error of the lateral force measurement that is higher than its actuality.

Keywords: vertical and lateral forces, wheel/rail interaction, train wheelset, derailment, safety of

running train
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Standard

Description

EN 13103, EN 13104
EN 50153
EN 50155
EN 50343
EN 61373

IEC 61133

IEC60349
UIC 505 -1/5

UIC 518

UIC 651

ISO 2631

Wheel, axles, axle boxes and wheelsets

Protective provision relation to electrical hazards

Electronic equipment used on rolling stock

Rules for installation of cabling

Shock and vibration testing

Rules for testing of electric rolling stock on completion of construction
and before entry into service (excluding weight balance)

Rules for rotation electrical machines for rail and road vehicles
Kinematic Envelope

Testing and approval of railway vehicles from the point of view of their
dynamic behavior - Safety - Track fatigue - Ride quality

Layout of Driver’s Cabs in Multiple Unit Trains

Ride Quality
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/’\ Mean wheel circle

70 mm

Track width

Track width 1500 (nominal)

1:20 (1:40)
Inclination

Inside gauge 1360
Flange gauge 1426
Track gauge 1435 """

Fl s
| FlangBigarg
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Track gauge

- Track distance 4.00 ~4.50 m
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2) Lateral Force ADLSINTLAa1U919v098030 19

3) Longitudinal Force ABL5IN5ZAMAANITIAROUR

‘Vertical Force

Lateral Force

51f 2.4 dnvaiznsy < Ivaainszidede [4]

2.4 HeNNUDI Degree of Freedom vo330 v [4]

o I

¢ Longitudinal X

Pitching Y

‘ﬂﬁ 2.5 Degree of Freedom GUfJ\ﬁﬂle‘l
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2.7 manifsvessalvl [2,7.8]

51 2.7 dnvazmaiIfeesss luagdaulsdmsumadiuam [7.8]

YL @ dal 2
p= ANMUSIANT MLUIVUIUAUNUTD (m/s))
1 o 1
2= AT UG H3oANWTINUTI (m/s”)
<3
v =ANUITIVUIUTD (km/hr)
R=3e11749 (m)
2= anuisauieannusaTiyalsvedlan (mis)
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2.10 ngunlFarmSumsmamsansziudiasaz M [15]
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2.11.1 Akira Matsumoto LagAe (2008) [16]: A new measuring method of wheel-rail contact
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2.11.2 Akira Matsumoto {azaMe (2006) [17]: A New Monitoring Method of Train Derailment
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2.11.4 Bikiron Hazarika tt8 ¢ Monsak Pimsamn (2016) [19]: A simple contact point finding
algorithm for determination of contact parameters (3T 19ATUAALUVNYTIHTUNMIHIAIAIU S
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Contact poiut between rall( UIC-519A) and wheel(UIC-51913) profik
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2.11.6 Ali Asadi Lari t1a¢ Ajay Kapoor (2008) [21]: An investigation to the influence of bogie
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Flange thickness measurement
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2.11.7 Brian Marquis (182 Robert Greif (2011) [22]: Application of nadal limit in the prediction
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o Y o o
ﬁ‘JJﬂ'ﬁGU@QU’]@’]aGluﬂ’lﬁ‘ﬂ’lllﬁ\?ﬂﬁgﬂ']ﬂ'lﬁﬂuﬁ']\?m@ﬂaﬂﬂﬂﬁ’l\iiﬂ]’lw UDNVINLUIINTSN

[

Tunuadsnazusanszsiidiudanda daiiusal §azen usudeaniu yundenusedudany

Y
7

A A [ Y~ A U 1 A A a é’
AUTUUANUHNIVDIITR (l‘uﬂﬁﬂﬂﬁ"l’)‘ullﬂi]ﬂﬁ!‘ﬂﬁﬂullﬂaﬂﬂW]NG]LW@ﬂwaﬂﬁgﬂUﬂlﬂﬂﬂlu

10 - - — ey & L 71 71 g AT n - e Y

— ] J)E
“F_(th)/V

— I,N/L

— N/L

08H o F_(actual)/V

tan

e F (actual,)/V

+«— Nadal (1)

“— Nadal (11}

Load Ratio

Slide [Climb <71
‘ ‘ - Slide | Climb

0.2 :
0.4 0.5 0.6 0.7 0.8 0.9 1.0

L/v

ﬂﬁ231 ﬂ’ﬂllﬁll‘l/\lu‘ﬁi rnedulse ﬁ“l/l‘ﬁlli\i!ﬁ'flﬂﬂ1uﬂﬂﬂuﬂ1iﬂl@ﬂu1ﬂ1ﬁ (‘ul 0.5, U,=0.4,

0=60, 7=12,500 pounds)

42



2.0
— p=90|]
T p=60
1.5 \'.\,f‘ i p=30
Ea —=p=0
> o = .
: 1.0 ~ =~ - = -
& Nadal~" T
0.0
0.0 0.2 0.4 0.6 0.8 1.0

Coefficient of Friction, p

Tjﬁ232 ﬂ’ﬂiJ’(?fiJ‘W‘u‘ﬁi nedulse ﬁ"]/l‘ﬁl,!ﬁ.iQL’L’fEJﬂ‘VI1‘L!ﬂ°].I?f3Jﬂ'I§"]JENL!W]'Iﬁ (ﬁ 90, 60, 30, 0

degrees)
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2.11.9 Akira Matsumoto ias Ay (2012) [24]: Continuous observation of wheel/rail contact

forces in curved track and theoretical considerations (ﬂTif,g(\iLﬂﬁ’E]EiNGiﬂ!ﬁ@ﬂﬂl@dlli\iﬂizﬁﬁzﬁ’h
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2.11.10 M. Ignesti ttazaMe (2012) [25]: Development of a wear model for the prediction of

wheel and rail profile evolution in railway systems (M 15 HAUILVVI 19098050 1101118
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2.11.11 Per Gullers itagAMe (2008) [26]: High-frequency vertical wheel-rail contact forces-
Field measurements and influence of track irregularities 15905z IuuUIATEHIN dauazsnaly
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2.11.13 Jing Zeng, PingboWu (2008) [12]: Study on the wheel/rail interaction and derailment
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Abstract

Currently, in larger dities, an electric train is being used for transportation due to the convenience
and speed of travel. In order to propel a train, electrical energy is required, and the behavior of motion is the
main factor affecting the enerey consumption. The study of the force measurement on wheel axles has
implications for the analysis of energy efficdency and, in particular, the safety of derailments,

The excessive forces acting on railway wheelset can cause the train to derail. These forces come
from two parts: 1) the vertical force (Q) caused by train weight and payload weight and 2} the lateral force (Y)
caused by the trajectory of the train both in straight and curve tracks. Understanding these forces help to
identify the risk for derailment—however, this requires expensive instrument and complex measuring method,
for example with strain gauge or optical sensors, Based on UIC 518 standard, the safety of running trains in
the straight track ¥/Q ratic must not exceed 0.8 and in the cumved track must not exceed 1.2,
The most commonly used method of measurineg lateral force is Conventional Method, but requires very
sophisticated equipment and tools, Therefore, an acceleration measurement method is used to measure the
lateral force. A calibration is made while the train model is stationary. It was found that the value of the force
using the acceleration method is close to that of the calculated force and the conventional method,
Keywords: Vertical and lateral forces, Wheel/rail interaction, Train wheelset, Derailment, Safety of running trains.
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