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A Study on Similarity Law on Creep Forces in a Scale Model
of Railway Wheelset

Katsuya TANIFUJI*

** Niigata University, Dept. of Mechanical Engineering,
8050 Ikarashi 2-nocho, Niigata, 950-2181 Japan

In the research work on dynamics of railway vehicles it is efficient in time and cost to employ
scale models on a test stand. However, the similarity of creep forces between the wheel and the rail
can not be satisfied in a scaled wheelset if it is made of steel, though steel is the material same as
practical wheelsets. This paper deals with the effects due to the fault in the similarity of the creep
force on the rolling behavior of scaled steel wheelsets. Then, referring to the idea developed by L.
M. Sweet et al., a method is proposed for the experiments that utilize the scaled wheelsets. The
method can keep the similarity on creep force by adding extra sprung load acting steady. The
method is confirmed to be valid through the numerical simulation, but it requires the scaled wheelset
to roll at the same speeds with the prototype and to be added large extra load. The apparatus that
allow those demands has to be studied more before the method is realized in the practical experiment.
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Wheel ) Si=(V-VW|)/V
vwi: Rolling
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>
N:Normal V' Moving
force speed
\_Rail /e \
\ AN \

Contact ellipse
with semiaxes
a and b

vwz: Lateral
velocity

Rail Fi=-fiSi: Creep force
i : Creep coefficient
i =1: Longitudinal
i =2 : Lateral
Fig.1 Creep forces acting between wheel and rail
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Table 1 Parameter values of wheelsets: prototype
and scale models

Scale model

Prototype

Ideal Approximate
my=2.41t mm|=(mp/n3)p,a‘ mm2=(mp/n3)
i,p=0.75 m iomi= ip,p/0 iom2= g0
rp=0.455 m rm1= rp/n rm2= rpln

Ip=1/40 Tw= Ty Tna= 1
2bgp=1.5m 2bo,m1=2bo,p/n 2bo.m2=2bo,p/n
kx,p=50 kN/m kxmi=(kyp/n?) prat | ke ma=(kcp/n%)

kyp=12.5 KN/m | ky.mi=(ky.p/n’)prat | ky ma=(ky o/n”)

26, ,= 2.1 m 2b1 mi1=2by 4/n 2by m2=2b, p/n
Srp=4 IX10° kN | fimi=(/1p/7 Y prar | fr.m=(f1 /")
f2p=3.48X10° KN | fo.m1=(f2,0/°)pras | frma=(f2.,p/n°")
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: 5 ' : Table 2 Parameter values of track : for prototype and
o "E_‘”_f-*—';'—_"“—;‘"—’——?nw scale models
i Ideal material :
2002 [\ R proe s , Scale model
° : : : : :
ES ; ' i rototype Ideal Approximate
g -0.04 5,6 mm Swi= 8, In m2= 8y In
L 0.06 ? kxp=196 MN/m | kp.w1=(kr.p/n")prar | kroma=(kg p/n%)
-0.08 “ ' ' : ;
0 2 4 6 8 10 0 & @ K &b
n

Ideal material
Fig. 2 Estimation error of critical speed
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~ 0 ’ l | L O O Y L Fig.4 Estimation error of wheel lateral force
& A (Numerical simulation)
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Fig.5 Relation between scale ratio # and sprung load
ratio #wn
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Fig.6 Rolling of 1/5 scaled steel wheelset with added
sprung load (Av=1, Pxn=4)
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Fig.7 Converted waveforms of scale model comparing

with those of prototype wheelset
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Fig.9 An example of mechanism for addition of extra
sprung load
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