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Design of Wheel Profile to Reduce Wear of Railway Wheel
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The wear problem of wheel flange occurs at sharp curves of rail. This paper proposes a
procedure for optimum design of a wheel profile wherein flange wear is reduced by improving an
interaction between wheel and rail. Application of optimization method to design problem mainly
depends on characteristics of design space. This paper compared local optimization method with
global optimization according to sensitivity value of objective function for design variables to find
out which optimization method is appropriable to minimize wear of wheel flange. Wheel profile is
created by a piecewise cubic Hermite interpolating polynomial and dynamic performances are
analyzed by a railway dynamic analysis program, VAMPIRE. From the optimization results, it is
verified that the global optimization method such as genetic algorithm is more suitable to wheel
profile optimization than the local optimization of SQP (Sequential Quadratic Programming) in
case of considering the lack of empirical knowledge for initial design value.
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Fig. 1 Worn wheel profile
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minimize

f =Wear Number = F,y, +F,y, +F,y, M

where,
F.+ longitudinal creep force, y_ :longitudinal creepage,
F - lateral creep force, j/y : lateral creepage

ok spin creep force, Y E spin creepage

subject to
. .Y
= Derailment Ratio = 5 <0.8
Y tana-u
S=—— @
O l+utana

where, : vertical force on wheel
Y : lateral force on wheel
. - friction coefficient
« : angle between the wheel flange and horizontal
line
g, = Lateral Force=Y < 55.7 kN

Y =(P/3+10) )

where, Y: lateral force on wheel
P: axle load

=Unloading Indicator = AQ/Q < 50%
AQ/Q C

where, AQ: changing in the wheel load and
the original static load
Q: original static load

design variables

—2.0<dx1<2.0 -3.0<dx5<3.0
-3.0<dx2<3.0 -3.0<dx6<3.0
-3.0<dx3<3.0 -3.0<dx7<3.0
-3.0<dx4<3.0 —2.0<dx8<2.0

Table 1 Summary for wheel profile design

Specification Value
Wheel profile(initial) Conical type 1/20
Rail profile KS 60 kg
Rail inclination 1/40
Flange back distance 1354 mm

Gage distance 1435 mm
Wheel Diameter 860 mm
Wheel load 68.6 kN
Speed 70 km/h
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Fig. 2 Representation of design variables
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Table 2 Initial variables of SQP

Initial variables

Case

dx1, dx2, dx3, dx4, dx5, dx6, dx7, dx8
SQP_A 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0
SQP_B | -0.5, -0.5, -0.5, -0.5, -0.5, -0.5, -0.5, -0.5
SQP_C 1.0, 0.0, 1.0, 0.0, 1.0, 0.0, 1.0, 0.0
sQp_D | -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0, -1.0
SQP_E 1.0, -1.0, 1.0, -1.0, 1.0, -1.0, 1.0, -1.0

initial
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Fig. 3 Comparison of wheel profiles
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Table 3 & AAE &2 57t A& 571
& WA Ades BolFal glvh Fig 3 9 A
aHHINS Ae A9 S dEdE
AAEEE 712 59 A °F 57 m/s (205 km/h
F)olaL GA 9] 7%+ 53 m/s (190 km/h ), SQP_C
o] ALE= 55 m/s (198 km/h &) o|t}h. o= AEH
wA kA A BEEX 180 km/h 2 A3 3HE
AREA AdFHE STES] TR FuIggo=
5 o

Table 3 Dimension of designed wheel profiles

Initial .

Parameter GA | SQP_C | Criteria

profile
Flange thickness
35.4 33.4 33.9 25-35
(mm)
Flange height
26.25 | 26.25 | 26.25 | 23-34
(mm)

qR(mm) 10.5 8.5 9.1

Flange gradient
63.4 65.4 66.5
(deg)
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Attack Angle (mrad)

Lateral Force (kN)

Wear Index (N)
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Fig. 4 Attack angle of wheel

initial

Running Distance (m)

Fig. 5 Lateral track force of wheel
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Fig. 6 Wear index of wheel
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Table 4 Optimization results

Parameters Initial GA SQP A | SQPB | SQp.C | sQp D | sqQp E
Wear number(N) 172.52 163.61 172.56 171.68 163.94 169.39 173.85
Derailment ratio 0.407 0.332 0.414 0.395 0.331 0.346 0.349
Lateral track force(kN) 29.28 24.67 29.84 28.63 24.92 28.14 25.57
Unloading indicator(%o) 20.3 20.44 20.54 20.93 20.91 21.23 21.06
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