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Abstract

The CRHI train is one of the main commuter trains in China which is mostly operating on typical and high-speed lines.
Previously, a high-speed car wheel profile was used on the CRHI1 train, but it does not match well with the train suspension
parameters and also causes the instability of the train on tangent track and large curved track. Therefore, a new profile was
designed as the replacement of the old one for the CRH1 train. However, the use of the new profile results in the serious wheel
flange and rail gauge corner wear but it can provide better stability compared to the old profile. This paper first presents the
evaluation of using the two profiles, and then a development of the wheel profile is objected in terms of both currently used
profiles, which is not only to minimize the flange wear and also take the vehicle dynamic behavior into consideration. A multi-
objective optimization method was, therefore, to propose for the minimization of the lateral force and the stability of wheelsets.
The requirements of the wheel profile geometry are investigated through proposed optimization method. Finally, the profile
satisfied the safety requirements of the vehicle has been provided by using the particle swarm optimization method. Furthermore,
the evaluation of vehicle dynamic has been performed by using Multi-Body Simulation Software. The entire design process has
been completed in a closed-loop procedure programed in MATLAB. The findings show that the developed profile after the
optimization procedure is fairly acceptable for the requirements of the wheel-rail interface and dynamic behavior of CRH1 train.

Keywords Multi-objective optimization - Flange wear - Wheel profile design - Vehicle dynamic behavior

1 Introduction service, the quality of railway in service have been greatly

improved in the last decade. Meanwhile, wheel and rail wear

Trains running mile after mile put high demands on their
wheels. Each year, the cost of maintenance and replacement
of wheel/rail wear in current rails is as high cost as several
billion RMB (¥) in China (Jin and Shen 2001). With a large
number of electric multiple unit (EMU) train come into
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has attracted much more attention by railway researchers and
engineers. It can be assumed that the demand of high-speed
wheels is more than 20,000 per year (Zhang and Gu 2009). If
the wheel cannot suitably match the rail, the extra wear would
be taken, and the normal operation could even be affected.
The additional wear can be produced by the use of the un-
matched wheel-rail profiles and exert negative influence on
the operation of the train.

The wheel profile optimization is a long-standing research
topic on railway. Since the nineteenth century, there has been a
basic understanding of wheel shape and its self-steering prin-
ciple (Wickens 1998). Based on many years’ experience of
research and operation (Heumann 1934; Yang 1978a, b; Liu
2000; Sato 2000), the wheel profile has been changed from
conical wheel profile to worn wheel profile, and therefore the
wear of the wheel/rail was significantly reduced to an accept-
able level. At present, most of wheel profiles used in EMU
trains have followed this design concept. Nowadays, a plenty
of design concepts and methods were presented for the
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optimization of the wheel profiles because of the rapid devel-
opment of the numerical optimization techniques. Haque et al.
(1989) developed a new wheel profile design method to bal-
ance the stability on a straight line with the performance on
curved line. Yamada and Sasaki et al. (Sato 2005) designed a
CS profile in terms of the measured rail profiles. Wu (Wu
2000) proposed a concept of wheel profile design to system-
ically evaluate the compatibility of the wheel and rail profile
based on the vehicle characteristics and the operating condi-
tion. Zhang et al. (Zhang et al. 2008) applied the partial rail
profile expansion method to design wheel profile with
Chinese 60-kg/m rail. Shevtsov et al. (2005) (Markine et al.
2007) presented a numerical optimization technique based on
rolling radius difference (RRD) of wheelset to design the
wheel profile. Shen et al. (2003, 2005) (Shen and Zhong
2010) developed a method, so-called inverse methodology,
for the design of railway wheel profile involving contact
angle and rail profile information. A similar approach was
proposed by Jahed et al. (2008) wherein the RRD function
was also used for the design of railway wheel profiles.
Polach (2011) proposed a new wheel tread profile design
method which was considering the target conicity and wide
tread wear spreading. Ignesti et al. (2013) presented two pro-
files designed with the objective of improving stability behav-
ior and minimizing the wear. Cui et al. (Cui et al. 2011; Cui et
al. 2015) used a wheel profile design method for EMU train
with the considerations of the suspension parameters and wear
performance.

The abovementioned studies have summarized some fun-
damental studies and field experience on the development of
wheel profile, and clear development of typical wheel profile
issues are introduced, including the reasons why a wheel pro-
file is the best alternative solution to satisfy the requirements
of different operating conditions. However, most of the cur-
rent wheel profile optimization methods are aimed at vehicle
dynamic behavior on tangent track. Only a few articles con-
sidering flange wear are simple verification of the wheel
flange wear after optimization, and the optimization design
goal of combining running behavior on tangent line and flange
wear has not been given directly.

According to the rapid development of the EMU trains in
the last two decades, the increasing vehicle speed and carrying
capability bring new challenges for the design of wheel pro-
files. The CRH1 train is one of the main commuter trains in
China. The CRH1 trains are running on the majority of the
normal-speed lines and high-speed lines. The quality of high-
speed lines is much better than the normal-speed lines. The
LMA profile is a wheel profile which is used on high-speed
locomotive and car in China, but this wheel profile is not able
to achieve the requirements of the suspension of the CRH1
train, and the serious lateral vibration occurs when it operates
at high speed. The alternative wheel profile, LMD, was de-
signed to improve the stability of the wheelset but it can cause
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the wear on the wheel flange/rail gauge corner. The unexpect-
ed wear can definitely increase the cost of wheel/rail mainte-
nance and also has impacts on the vehicle dynamics in some
sections.

In order to design an optimal wheel profile for the CRH1
train, the performance of LMA and LMD was comparatively
evaluated, including the wheel/rail contact geometry charac-
ters, the wheel/rail contact mechanical property, and the vehi-
cle dynamic behavior. Then, a multi-objective optimization
method was developed to reduce wear of wheel/rail and im-
prove stability of wheelset. Finally, a new wheel profile was
proposed in terms of the optimization method and the behav-
ior of the CRH1 train was discussed.

2 Performances of LMA and LMD

LMA and LMD are the two typical wheel profiles which are
used for CRH1 trains. Attempting to obtain a better profile, the
performance of LMA and LMD was carefully analyzed to
expose their advantages. In the analysis, the Chinese 60-kg/
m rail (CN60) with 1353-mm rail gauge and 1/40 rail cant was
used. The back to back distance of the wheel is set to
1435 mm.

The design of CRH1 bogie is shown in Fig. 1 and the main
parameters of the CRH1 train are listed in Table 1. In the
optimization progress, only a trailer car is selected and ap-
plied; the evaluation is assumed to ignore the influence of train
formation.

First of all, it is worthy to discuss the geometry of the wheel
profiles. LMA wheel profile was in use prior to the LMD profile
designed. The geometry of the two proposed wheel profiles are
shown in Fig. 2. They were designed to have the same flange
shape and rim width, and obvious difference can be found in the
region of wheel tread and flange root. The slope of LMD is

Fig. 1 The bogie of CRHI train



Multi-objective optimization of electric multiple unit wheel profile from wheel flange wear viewpoint 281

Table 1 Main parameters of the CRHI train

Mass of the coach 40,560 kg
Mass of the bogie 1432 kg
Mass of the wheelset 1621 kg
Primary suspension, longitudinal stiffness 24 E7 N/m
Primary suspension, lateral stiffness 6.0 E6 N/m
Primary suspension, vertical stiffhess 7.965 E5 N/m
Primary suspension, vertical damper 1.1 E4 N s/m
Primary suspension, bush vertical stiffness 3.0 E6 N/m
Secondary suspension, longitudinal stiffness ~ 2.57 ES N/m
Secondary suspension, lateral stiffness 2.57E5 N/m
Secondary suspension, vertical stiffness 2.55ES5 N/m
Secondary suspension, anti-yaw damper Nonlinear, see Table 2
Secondary suspension, lateral damper 3.7 E4 N s/m
Secondary suspension, bush lateral stiffness 3.0 E7 N/m

slightly higher than that of LMA and it is potential to increase the
wheel tread conicity, as shown in Fig. 3.

The wheel tread conicity is considered as the indirect index
of the dynamic behavior of the wheelset. The wheel tread
conicity can be classified into three regions. The first one is
related to the tread contact within 3-mm lateral displacement
of wheelset. This region is responsible for motion on a straight
track. The second region corresponds to 3~6-mm lateral dis-
placement of wheelset, and this region is design to take effect
of the curves with a large radius. The third one corresponds to
the negotiation on sharp curve with the flange contact beyond
6-mm wheelset displacement.

In Fig. 3, it can be seen that the wheel tread conicity of
LMD profile is much higher than that of LMA profile within
7-mm lateral displacement of wheelset. For the CRH1 train,
the raising tread conicity in the region of 8—10-mm wheelset
displacement can significantly increase the guiding force of
the wheelset to improve the vehicle stability on straight track
and curve line with a large radius. However, the transitional
region of the LMD tread conicity from wheel tread to flange is
not smooth enough as expected. In this manner, when a vehi-
cle is passing the sharp curve, the guiding force of wheelset
will be not enough within 9-mm wheelset displacement; then,
the lateral displacement of wheelset should be increased ex-
ceeding 9 mm. In this case, the wheel flange will certainly
contact with rail gauge corner to steer the wheelset and then
cause wheel flange/rail gauge corner wear.

The contact points of the LMA and LMD wheel profiles on
CNG60 rail are shown in Fig. 4. The lines between the wheel

Table 2 Nonlinear characteristics of anti-yaw damping of the
secondary suspension stage

Velocity (m/s) 0.01 0.04 0.1 0.2
Force (N) 4600 12,000 13,500 15,500

Z (mm)
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-60  -40  -20 0 20 40 60 80
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Fig. 2 Wheel profiles LMA and LMD

and rail represent the corresponding contact points and the
value of corresponding lateral displacements of wheelset are
shown in above the wheel profile. The contact points of LMD
profile are more dispersed than that of LMA profile. Within 9-
mm lateral displacement of wheelset, the contact points of
LMD profile normally concentrate around the middle of the
wheel tread. When a vehicle passes a sharp curve, the LMD
profile is not able to provide enough guiding force in contact
area, while the displacement of wheelset continuously keep
increasing until the wheel flange meets the rail.

The results of dynamic simulations of the CRH1 vehicle
with LMA and LMD wheel profiles are shown in Figs. 5, 6, 7,
8,9, 10, and 11. The CRH1 train model was built in a multi-
body dynamic software, SIMPACK. The critical speed of the
vehicle with the two profiles is set to 374 km/h in LMA and
373 km/h in LMD, which are fast enough to meet the require-
ment of 200 km/h for the operation speed. The difference of
the wheel geometry leads to different vehicle dynamic behav-
iors between LMA and LMD. Figure 5 shows the lateral ac-
celeration of wheelset and car body when the vehicle running
on a tangent line with measured rail irregularity in Chinese
high-speed rail. In Fig. 5, it is clear that the lateral acceleration
of wheelset and car body using LMD profile is much smaller
than that of LMA profile. It is obvious that the LMD profile
can slightly increase the stability of the CRH1 vehicle.
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Fig. 3 Wheel tread conicities for LMA and LMD wheels on CN60 rail
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The ride indexes of the vehicle at different speeds are sim-
ulated and calculated using Sperling’s filter (Cui et al. 2010) as
shown in Fig. 6. The lateral ride indexes of the vehicle with
two different profiles can both increase with the speed increas-
ing. However, the growth of LMD profile is slower than that
of LMA profile. When the vehicle speed exceeds 140 km/h,
the ride indexes of LMD profile start to provide smaller value
than that of LMA profile, which means the LMD profile is
sufficient to provide better ride comfort to the CRH1 vehicle
on tangent track.

Most of the high-speed lines are composed of the tangent
track or curved track with the radius greater than 6000 m. In
recent study, a curved section which consists of 2000 m is used
for a sample track in dynamic simulation. The first section of
track line was designed with a tangent part of 320 m, a transition
part of 200 m, a curved part of 1000 m, and a radius of 7000 m,
and then extended by connecting to a transition part of 200 m and
a straight part of 280 m in the rest of track line, as shown in Fig. 7
curve 1. The super elevation is 100 mm. Figure 7 gives the
dynamic behavior when the CRH1 vehicle passing that track at
a speed of 200 km/h. The vehicle using LMA wheels is unstable
on transition part of the track. The lateral displacement of LMD
wheelset is smaller than that of LMA wheelset on the curved
track because the LMD has the larger wheel tread conicity which
can provide larger guiding force.

The curving performance, when vehicle negotiates a narrow
curve, is also simulated as shown in Fig. 9. The curve is set to
relate to a realistic line in Shanghai as shown in Fig. 7 curve 2,

=
LMD 0.0

Fig. 5 The lateral acceleration

30-m tangent track, 40-m transition track, then a curved part of
100 m with a radius of 300 m, followed by 40-m transition line
and 50-m straight line. There is no super elevation on this curve.
The train running speed is set to 9 km/h. When the CRH1 vehicle
negotiates on the narrow curve, the lateral displacements of the
LMA and LMD wheelsets are both around 9.5 mm, which can
cause the contact between wheel flange and the rail and result in
significant wear of wheel flange/rail gauge corner. Actually,
when a vehicle passes this curve, the large lateral displacements
of wheelset and angle of attack can bring about two-point-contact
(Cui et al. 2016). Additionally, the lateral force of LMD wheel is
larger than that of LM A wheel as shown in Fig. 9b, which indi-
cates that a larger wheel flange/rail gauge comer wear occurred
by using LMD wheel.

3 Optimization problem definition
3.1 Design variables

In the study of the wheel optimization, the profile can normal-
ly be described in two ways. One derives some relationship to
get the mathematical expression of the wheel profile (Wu
2000; Zhang et al. 2008; Shen and Zhong 2010), and the other
applies the interpolating fitting curve to represent the wheel
profile (Shevtsov et al. 2005; Markine et al. 2007; Jahed et al.
2008; Cui et al. 2011). In this study, 15 points on the profile
have been selected between flange and filed side to represent
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Fig. 6 Lateral ride index

the wheel profile as shown in Fig. 10. The nodes on the sur-
face of the wheel profile express as the uniform distribution on
the wheel profile from —40 to 30 mm. Point A is on the
position of the rolling circle in name at coordinates of (0, 0).
Point B is on the wheel flange and the lateral distance to point
A is 40 mm. Points A and B have been fixed to ensure the
profile have the same size of wheel flange and wheel diameter.
The lateral coordinates of the moving nodes are set to be
constant, and the vertical coordinates are considered as vari-
able values. The wheel profile in the optimization region can
be generated through fitting the constant and variable nodes
by using cubic spline function. The original wheel flange
curve can be directly connected to the optimization region,
and a straight line which has the same slope as the last nodes
C is also connected; then, a complete wheel profile can be
created and expressed by the vertical coordinates zg, z1, ...,
214 as fiz). There, z=[z125, ..., 28, 210, - - -» 214] 1S the design
variable.

To ensure wheel flange and straight line smoothly, some
boundary conditions are set at the start point B and end point C
as follow

Starting
Ending

I = tan(70)
I = 1/40

slope :
slope :

(1)

3.2 Objective function

Based on the above study and the actual operation of the CRH1
train, the LMA and LMD wheels both of them have advantages
and disadvantages. In recent study, the main objective is to create
an optimal wheel profile which can coordinate the trade-off be-
tween ride comfort (better in LMD profile) and wheel flange/rail
gauge corner wear (less in LMA profile).

The most direct goal of wheel tread design is, of course, to
achieve the optimal running stability and ride comfort of the
vehicle and the lowest wear index of the flange and tread, but
these parameters cannot be obtained at the same time. The
dynamic behaviors of vehicle running on tangent or curved
track are even contradictory. In addition, the relationship be-
tween these performance indexes and wheel profile cannot be
directly established by mathematical expressions, but must be
correlated with each other by numerical methods, which
makes it difficult to establish objective functions and select
optimization methods.

In order to simplify the calculation process, the lateral ac-
celeration of the car body is selected to represent the ride
comfort index in tangent track and large curved track, the
lateral force of wheel and rail and angle of attack are chosen
to indicate the wheel flange/rail gauge corner wear. Therefore,
the target functions are written as

Fig. 7 Parameters of the curve g4 160
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Fig. 8 Curve negotiation 6 —=LMVA 6000 -
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z) = max(|Q, Zy—Z-
f1(z) = max(|Q,]) G ="t >0, k=12...14 (4)
Minimize : S (z) = max ‘QLJ'D (2) s
. f3(2) = Rms(A) In optimization process, the vehicle dynamic behaviors are
(i=1,23,4j=1r)

where £} is the maximum angle of attack of the four wheelsets
in the vehicle. ¢; is the angle of attack of the ith wheelset. f; is
the maximum lateral force of j side wheel/rail on the ith
wheelset. f5 is the root mean square value of car body accel-
eration A. The measurement point of the acceleration is one of
the marker points of air springs on the car body. The RMS
value is calculated over 100-m distance with a step of 10 m.

In order to obtain an integrated objective function, the ampli-
fication coefficients are employed to change the values of the
three targets to the same magnitude. In addition, the weighted
factors are used to consider the importance of each objective. So
the objective function can be written as

f(2) =10,000w, | +waf, + 100w [ (3)

3.3 Design constraints

The design variables must meet the requirement of the mono-
tonicity of the wheel profile curve. Hence, the constraint equa-
tion is employed as
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: el
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= 8
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calculated to ensure the generate wheel profile meet the re-
quirement of derailment security, denotes by

0, ;
= 2l < 5
g max( Py, < (5)
and
Pi=P;,
g = max< sl i ) < 0.6 (6)
Py

In (5) and (6), P is the vertical force of wheel and rail. Q is
the lateral force of wheel and rail. Py is half of the axle load.

4 Optimization algorithms

According to (1)—(9), the optimization method can be de-
scribed by

Minimize : f(zo, 22, ..., 214) Zf(z),veRN

(7)
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Fig. 10 The expression of the wheel profile

It is clear that all the functions of this method have no
analytical expressions and can be obtained through Simpack

Set parameters:
cj, C2, N, M

A\ 4

Produce N sets of z in
random. s.t Eq.(4)

\4

Generate N wheel profiles
using cubic spline function |g
meeting Eq.(1)

A 4

Vehicle dynamic model
in Simpack software

Get vy(t+1) and
If meet Eq.(5) zy(t+1) according
and Eq.(6) to Eq.(9)
7y

Update pns and pga

min( /") —min(f’) <2 No
t=M

Yes

Get min(f,) and the
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Fig. 11 The flow chart of optimization
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Fig. 12 Wheel profiles LMD, LMA, and OPT

computational package, and it can be seen as the limitation of
using the conventional optimization method.

In this section, the particle swarm optimization (PSO)
(Clerc and Kennedy 2002; Ratnaweera and Halgamuge
2004) is used to solve the problem. In order to improve cal-
culation efficiency and ensure the better convergence proper-
ties of the algorithm, the time-varying acceleration coeffi-
cients are given as

o ey mat 8)
=« M Clath—OéM &)

where ¢, ¢,, v, are constants. M is the maximum number of
allowable iterations. ¢ is the current iteration number. ¢, and
¢y, are the current acceleration coefficients.

The iterative formula can be written as

vnalt 1) = x [pnalt) + ey (puat)=50a(0)) + 272 (Pyat)=50a(0)) |
Znd(t 4+ 1) = znd(f) + va(t + 1)

©)

In 9), n=1, 2, ..., N and N is the number of the wheel
profiles in an algorithm called population dimension. d=1, 2,

125 -
—a— LMA
—e— LMD
1.00 | |—A—OPT
0.25
2
5 075 b
2 o
g o
5 050 -
&
g 025 F
0.00 K
1 1 1 J
0 3 6 9 12

Lateral displacements of wheelset (mm)

Fig. 13 Equivalent conicity of wheel profiles LMA, LMD, and OPT
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Fig. 14 Position of contact points on wheel and rail

..., D and D is the dimension of variables vector space. In this
study, D = 13, v,q is termed the velocity of each particle,
according to its own flying experience and the flying experi-
ence of the other particles in the search space. z,4 is the posi-
tion of each particle and the position of each particle is a
potential solution. p,q4 is the best position of each particle,
and p,q is the fittest particle found so far at the time ¢. r; and
r, are the pseudo random number independent of each other
and submit to a uniform distribution in [0, 1]. x is the com-
press factor and expressed as

2

:—,C:C1t+C2t,C>4 (10)
2-C—V C*~-4C

X

The typical structure of the PSO method using on a
wheel profile optimization is shown in Fig. 11 In this
study, ¢ =2.5, ¢=2; a=1.5, M=150, N=5. The pop-
ulation dimension N and the maximum number of al-
lowable iterations M dictates the computing time and
accuracy. Of course, the parallel programs can be used
to run Simpack model with N wheel profiles at the
same time. There are 3 computing cases in Simpack,
tangent track, large curved track and sharply curved
track. The parameters of each case are set as chapter
2. The target function f; and f, are only related to the

—LMA

—OPT

Displacement of wheelset (mm)

-20

0 100 200 300 400 500 600 700 800
Runing distance(m)

Fig. 15 Displacement of the wheelset
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Fig. 16 Lateral ride index

sharply curved track, and f; is decided by tangent track
and large curved track. Therefore, the weighted factors
are set as w;=w,=0.3 and w3=0.4 based on
experience.

In the optimization progress, the termination conditions are
set as

Ormin( ;_1)t—min( ) <e (11)

where ¢ is the allowable tolerance.

5 Results and discussion

The optimization procedure is shown in Fig. 11 and has been
implemented using MATLAB software. The first work in
progress of optimization is to set the parameters, c/, ¢2, N,
M, which were used in PSO method. Then N sets of z are
produced in random and N wheel profiles are generated
through connecting each sets of z using cubic spline function
meeting (1). Send the profiles into vehicle dynamic model
established in Simpack and do the simulation.

If the results meet (5) and (6), then update the parameters
Prnd and p,q and judgment of the termination conditions (11). If
meeting (11), the optimization breaks and obtains the mini-
mum value of f(z) and the corresponding z. Then, the optimi-
zation profile can be obtained by connecting each point using
cubic spline function-based z. If the results do not meet (5),
(6), or (11), the v, (¢+ 1) and z, (#+ 1) will be gotten accord-
ing to (9) and other N wheel profiles will be generated. The
whole optimization progress is in a close loop until an opti-
mized profile is obtain.

The result OPT profile is shown in Fig. 12 compared with
LMA and LMD profiles. The OPT profile has the similar
shape with the LMA and LMD profiles close to the rolling
circle in name, but also have a distinct difference on the flange
root section in comparison to two previous profiles. This is
because the LMD profile has an outstanding behavior on tan-
gent track but it is not able to provide sufficient guide force on
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Fig. 17 Curve negotiation Sr
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a curved track. From Fig. 13, where the equivalent conicity is
shown, it is evident that the OPT profile has the similar values
of equivalent conicity within 7-mm wheelset later displace-
ment which ensures the outstanding behavior of wheels on the
tangent track. Meanwhile, the conicity in the range from 7 to
9 mm wheelset displacement increases gradually, which can
provide a better curving performance compared with the co-
nicity status of LMD profile in this zone.

The distribution of contact points versus lateral displace-
ment of the wheelset was calculated and shown in Fig. 14.
When the displacement of wheelset is beyond 7 mm, the con-
tact points will pass through the wheel flange root gradually
instead of jumping from wheel tread to the wheel flange as
LMD profile. This contact characteristics have benefits for
improving curving performance and reducing wheel flange
wear.

Figure 15 shows the displacement of the wheelset
when the vehicle runs on a tangent track and passes a
lateral sinusoidal irregularity excitation at a speed of
300 km/h. It can be seen that the vehicle with LMA
profile is instable when passing the irregularity excita-
tion. The OPT and LMD profiles both can ensure the
vehicle passing the excitation smoothly. According to
the result of the simulation, the OPT profile can provide
a higher critical speed of 396 km/h than using LMD
profile. The lateral ride index of the vehicle with OPT
profile is higher than LMD profile when the vehicle
running speed is under 220 km/h. When the speed ex-
ceeds 220 km/h, the lateral ride index of OPT profile is

Fig. 18 Curve negotiation
performance with narrow radius
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. . . . . . . )
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reduce to be smaller than LMD profile as shown in
Fig. 16.

The curve negotiation performance of OPT profile
with radius of 7000 m was calculated and is shown in
Fig. 17 compared with LMA and LMD profiles. It can
be seen that the lateral displacement of the wheelset
using OPT profile is the lowest one and the lateral force
of wheel and rail is the highest in those three profiles
due to the high conicity of OPT profile. When a vehicle
passes the narrow radius curve, shown in Fig. 18, the
lateral displacement of the wheelset on OPT profiles is
obviously lower than the other profile, which can re-
duce the lateral force between wheel flange and rail
gauge corner.

To compare the vehicle dynamic behavior of the
three profiles, the curve negotiation performance with
different radiuses was calculated as shown in Fig. 19.
It can be seen that the lateral displacement of wheelset
and wheel/rail lateral force is gradually increased with
the curve radius decreases. When the curve radius is
over 3000 m, the lateral displacement and force are
changed slowly. Once the curve radius smaller than
3000 m, the wheel flange will contact the rail and lead
to the lateral displacement of wheelset and wheel/rail
lateral force increase rapidly. According to OPT profile
can employ the root of the wheel flange to translate the
contact point from wheel tread to wheel flange, the
displacement and wheel/rail force becomes smaller than
LMD profile at the same curve radius.

—=—LMA
—e— LMD
—4— OPT

20k
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-40 L L
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L L L ) L L L L L
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Fig. 19 Curve negotiation
performance with different
radiuses
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6 Conclusions

In the present work, a comparative analysis of the perfor-
mances of the LMA and LMD profiles on the CRH1 vehicle
is given. Subsequently, a multi-objective optimization method
is introduced for the design of wheel profiles to reduce the
wheel flange/rail gauge corner wear on the premise of ensur-
ing the dynamic behavior of the vehicle. A closed-loop pro-
gram is completed in Matlab software, in which the particle
swarm optimization method is employed for seeking the op-
timum profile and the vehicle dynamic behavior is obtained
by Simpack.

The procedure is applied to the design of a new
profile for the CRH1 train in China. Comparative results
obtained from a behavior simulation show that the op-
timized profile can reduce wheel/rail lateral force in the
sharply curved track without loss dynamic behavior in a
tangent and large curved track.

This method is not limited to the objective function
used here, but can easily be altered to add other criteria
based on the problems that occur in practice. It can also
be applied to design a rail profile to determine the
amount of rail grinding.

However, the wear and instability of vehicle are not
solely due to the wheel profiles; modification of wheel
profiles is also not the simple means to solve these
problems. To solve such complex problems, the factors
affecting the wheel flange wear, vehicle dynamic behav-
ior, and maintenance costs should be considered overall.
Actually, simultaneous with the wheel profile optimiza-
tion, track and vehicle parameter modification and im-
plementation of lubrication measures were also taken
into account in this project.
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