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Study on the Dynamic Behavior Characteristics due to the
Unbalance High Speed Railway Vehicle Wheel
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Abstract This occurs when the unbalanced rotating body is inconsistent with the mass center line axis geometric
center line. Wheelsets are assembled by a single axle with two wheels and a rotating body of a running railway
vehicle. Owing to non-uniformity of the wheel material, the wear, and error of the wheel and axle assembly may
cause an imbalance. Wheelsets will suffer the effects of vibrations due to the unbalanced mass, which becomes more
pronounced due to the thin and high-speed rotation compared to the shaft diameter This can affect the driving safety
and the running behavior of a rail car during high-speed running. Therefore, this study examined this unbalanced
wheel using a railway vehicle multibody dynamics analysis tool to assess the impact of the dynamic VI-Rail
movement of high-speed railway vehicles. Increasing the extent of wheel imbalance on the analysis confirmed that
the critical speed of a railway vehicle bogie is reduced and the high-speed traveling dropped below the vehicle
dynamic behaviour. Therefore, the adverse effects of the amount of a wheel imbalance on travel highlight the need
for management of wheel imbalances. In addition, the static and dynamic management needs of a wheel imbalance
need to be presented to the national rail vehicles operating agency.

Keywords : Dynamic analysis, High-speed railway vehicle wheel, Running behavior, Running safety, Wheel
unbalance.
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Table 1. UIC Code 510-2

Maximum speed(kph) of the vehicle

=160 <200 >200

1.4.10 Maximum
residual dynamic
out-balance of
wheelset in each plane
of equilibrium (see
UIC Leaflet 813)

125g'm 75g'm 50g'm
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Table 2. Analysis condition

Case 1 2 3 4 5 6
Unbalance mass[g] 0 50| 150{ 250 500{ 1000
Running speed[km/h] 50| 100{ 150{ 200| 250{ 300
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(a)

(c)
Modeling with VI-Rail
(a) car-body (b) bogie (c) Fully cars

Fig. 3.

Wheelset

Unbalance
mass

Fig. 4. Wheel unbalance model
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Table 3. Specification of KTX-1 power car

EEEMPECER R EE R

9
Index Design element Value knit %g}oﬂ Lq—‘—‘_ #Hﬁ' g TZ?EK}%E]-, Xh: %Dq :rLHH A _]
mass 26,600 kg & FYPLo T AMEE 1/1000.1), 1/20(0.05)7 &5
car-body I;‘t’l‘h“;‘l’;“;:;t"jf‘f:xa o0 t‘;’::z Ao ALEEE 1/4000.025)00 tlsl 27 s)xeka
yaw moment of inertia 723,000 kg.m’ t}, Fig. 5o A8} o] g WH 7 E4E AdAEE
mw Bk opaaigla, A8 2980 84S S
boie frame roll moment of inertia 2,040 Kg.m = N
¢ pitch moment of inertia 2,710 Kgm’ e Ae 4 F 9
yaw moment of inertia 4,530 Kgm’
mass 1,710 kg
roll moment of inertia 902 Kgm’ Table 4. Variation of the critical speed due to wheel
wheelset pitch moment of inertia 140 Kg.m2 unbalance
yaw moment of inertia 902 Kgm’
Wheel radius 0.46 m m, U, Uy U, Critical speed
st Fx stiffness 160 kN/mm [g] [g'm] [g'm] [gm2] [km/h]
spring Fy stiffness 36 kN/mm 0 0 0 0 450
Fz stiffness 4.6 kN/mm 50 215 0.54 15.05 330
2nd Fx stiffness - 150 64.5 1.62 45.15 300
spring Fy stiffness 0.608 kN/mm 250 107.5 2.69 75.25 280
Fz stiffness 2.536 kN/mm 500 215 5.38 150.5 250
1’st damper vertical 10 kN.s/m 1000 430 10.75 301.0 210
vertical 20 kN.s/m
2’nd damper lateral 100 kN.s/m
yaw 4,230 kN.s/m 500 s
450 =120
00 1/40
3.2 UAsE g
T 300
i 23 Aol r,=043 mol| A8k, F9AE § 250
o
o] M=7ke] Aol, 6,7} 0.025 rad, HEFA O ZHE B e
3y Aol A8 A, 1,7} 0.7 molta 7Hg sttt 5 100
50
Ao 2uY A weel Be A% B9Y, U, L 5 :
0 50 150 250 500 1000
—%(lateral)“&gok %T‘oﬂ 83, U;,Y—Q’]' ‘1OJ_(yaW)Hc])'—éék % ‘5], U;Z Unbalance mass[g]
= 47 vadt 2 Fig. 5. Variation of the critical speed due to wheel
conicity and unbalance
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Input Single( 22V, Q Y/Q, /.. Z,)
3

Signal filtering

+ Low-pass filter with cut-off frequency 20 Hz, gradient > 24 dB
Joctave in case of 2 Y ,Y/Qw

+ Band-pass filtering with cut-off frequency 0.4 - 10 Hz, gradient

> 24 dBloctave in case of é)’a, Z

N

Statistical processing per section(for each filtered signal)

o

Sliding mean of the signal (x) over 2 meters in case of E Y,
Y/Q,
Calculation of the 99.85 and 0.15% values for each section

Calculation of mean (x) and standard deviation (o) of all the
99.85 and 0.15% values

N

Statistical processing per test zone

Xmax = xmax + 3.0x0 , relating to safety

Xmax = xmax + 2.2 x0 , relating to track fatigue,
running behaviour

Xmax = X max , relating to quasi-static

assessment quantities

Fig. 6. Analysis procedure(UIC code 518)

Table 5. Evaluation standard by UIC code 518

Evaluation item Stability standard[m/sz]
Bogie lateral acc. 10.67
Safety Car-body lateral acc. 3.00
Car-body vertical acc. 5.00
Car-body lateral Max 3.00
acc. RMS 1.30
Running Car-body Max 5.00
behaviour | vertical acc RMS 2.00
Car-body normal static
lateral acc. 130

12— ]%/5 [m/32]

% Bogie lateral acc. :

179
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