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Abstract: When the center of mass of a railway wheel is not aligned with the geometrical center of the
wheel axis, wheel unbalance occurs. If a railway vehicle runs without removing the wheel unbalance,
vibrations will be produced. This will also cause wear and damage of the axle bearing. In this study,
dynamic analysis of a railway vehicle with wheel unbalance was conducted to examine the reduction in
critical speed and the resonance of the car-body and the effect on the magnitude of wheel unbalance was
examined. In addition, the calculation of the car-body vibration owing to static and dynamic unbalance in the
railway wheel shows that two-plane balancing is necessary.
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Fig. 1 Wheelset and wheel unbalance model
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Table 1 Specification of Y25 bogie
Index Terms Symbol | Units Input
Weight of the Car body m, ton 8.9
v Car , I, 7.98
Body Moment of Inertia Roll & i M’ 98.94
Pitching, Yaw !
1, 94.36
Weight of the Bogie mg ton 1.337
Bogie 1, 0.83
Frame Moment of Inertia Roll & I M’ 0.63
Pitching, Yaw o ‘
I, 1.41
Weight of the Axle m, ton 1.572
L 0.661
Axle Moment of Inertia Roll & Yaw 1, Mgm2 0.103
Fig. 2 Bogie model I, 0.661
Half of Wheel Diameter r m 0.43
qu1+ Al + QFrf + FT(ql) — mer8(225osin(2t Half of Axle Distance b m 0.9
- Half of Bogie Distance l m 4.53
L,,qy+ Ay +2aF,, =— m,r,$2°l,cos 2t Dimensi
T ‘ IMENSION | Jalf of Between 1'st Spring | Ay m 0.978
My gst A2 + QETf + FT(q3) =0 Half of Between Side bearer
. h, m 0.838
Lyds+ Ay +2aF,; =0 ) Center
. Longitudinal Stiffness k,. | MN/m 0.7
mes_Al_AerAs =0 I'st i
. o/p Lateral Stiffness kpy MN/m 0.7
lrya— bA; +0Ay — A3 — Ay + 45 =0 Vertical Stiffness k. |MNm | 0415
Iy.g7—hi Ay —hAy —hyAy+ A; =0 Side bearer| Stiffness k, | MNm | 2.6
Lateral Track Stiffness k(, MN/m 14.6
Contact
Al = 2k1 (ql — (g5 bqﬁ - h1q7) Rail-flange Clearance o) m 0.009
Ay= 2k, (g3 — g5 +bgg — h1q7) Radial distance to wheel unbalance | 7, m 043
A3 = Qde% (q2 - qﬁ) Wheel Centered wheelset contact angle 50 rad 0.025
Unbalance
_ 2 _ Distance between unbalance
A4 - 2k2d1 (q4 qﬁ) (9) mass and wheelset center along| [, m 0.7
. . y-direction
As= 2D, (g5 hygr) + 2k, (g5 — hagr)
Ag= kes
_ 2" 2 2
A= 2D,d5q;+ 2k;d5q; + 4ksdiq; 3 <|):|| Al ﬁ_l\__“:_
A9t F9 AFel o AN A9, Fo Jao] BHao] 9gom Awde] Hudn
Aol AgE, £ 27t 98 2 2 243 dASEE 22N & Qo] Ax
o &P & Fa . Age] AdeBS ANL 5 Ak AE 2P
T Gy T e gy 10 o] Az gASEA Ve 9T AEH] 9
Fo= grr FR o gyr FR 6}'04 él (7)‘0/] %%Hol—xgé}% Matlab ODE45.m &
R SRR S /% = FAEAEY dEAg FYSLEE 0 kmh
&) ( gyf)2 €\ ( & )2 FE 10 kmh @2 ST SRS A
=4 /[ZL] +| 2L, ¢, = > + - _ oy = _
Sw=\\g | o) =yl e ) D A% BHYE A% FHoRYE uAwgo
AP 2 940 B398 Ak m,7h 0, 50, 150, 250,
aof — 1y 920 Syf T 97 - - - -
v Voo 500, 1000 g Avkal 7Fgstoleh. A=Ak Fas
A T = =
T R s % Table 1ol ¥ Aold AEE SAHAAY
o
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Table 2 Variation of the critical speed due to
wheel unbalance

mlel | Oleem) | Oferm) | 0 | S e
0 0.0 0.0 0.0 115
50 21.5 0.5 15.1 110
150 64.5 1.6 45.2 100
250 | 107.5 2.7 753 95
500 | 215.0 5.4 150.5 80
1000 | 430.0 10.8 301.0 50
iy T
il AT
il RANIENA HATTERN
| LR

(a) V=110 knvh (b) V=115 knmvh
Fig 3 Numerical results for the lateral displacement

of the car
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Fig. 4 Kinematic frequency and wheel unbalance
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Table 3 Vibration modes of the carbody(Y25 bogie)

Frequency
Number Mode Shape Remarks
[Hz]
T 0
"
@ 32 i rolling
@ 4.8 longitudinal
<
® 52 vertical
@ 6.7 - | - pitching
® 8.0 yawing
® 9.8 rolling
@ 11.5 ‘ I lateral

Bogie Frame

Axle Boxes

LEESINS
Revolute joint

Fig. 9 Wheelset and bogie joint model
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Fig. 12 Static and dynamic unbalance of railway
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