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Effects of the Design Parameters of Suspension Systems on the
Bounce of Electric Trains

OIS . Ao
Ki-Soo Park - Yeon-Sun Choi

Abstract A two degree-of-freedom model for the bogie and car body of an EMU (Electrical Multiple Unit) was
implemented on the basis of the experimental data which was actually measured during the running test of an EMU.
The air spring of the EMU was modeled using Nishimura’s air spring model to accommodate viscoelastic characteristics.
Numerical simulation for the variation of the design parameters of the suspension system shows that reduction. of the
stiffness of the air spring by decreasing the internal pressure of the air tank or increasing the size of the auxiliary
tank can reduce the bounce of the car body within the stability range of the suspension system. -

Keywords . Nishimura's airspring, Bounce, Electrical multiple unit, Suspension
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Schematic diagram
= © accelometer

R taco meter

Car body

Air spring —-—*-*-~(-’ )
*——-+~ Bogie
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Conical spring wheel

Fig. 1. Location of sensors

Table 1. Sensor specification

Equipment Model Demark
Accelerometer ACI102-1A ICP

Accelerometer 4393 Charge
Amp B&K 2635 1 Ch
Amp CTC PS03 3 Ch
DAQ system 6062E 8 Ch
DAQ system NI BNC-2110 8 Ch

Taco sensor SM312LVMHS 1 Ch

(a) Axle box

(c) Floor
Fig. 2. Experiment pictures

(d) Taco meter
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) +cz(x1— xu) +k1(m1 —xo) +cl(x1— xo) =0
MoZotkyy (mz —xl) + koo (x2 “xu) =0

k22($2 _3312) +k23(~'”12 _x1) +Cz(f”-12_1.’1) =0

nh nb,
kg = TbAev kg = 7Ae 2
dA, 0.126942p,
k:23 :(P()_Patm) dz y G d‘;

n : Polytropic Coefficient A, : Effective Area

£y : Initial absolute pressure d : Diameter of the suege pipe
P, : Atmospheric pressure g : Acceleration due to gravity
V., : Air bag volume Po : Mean density of the air

V, : Reservoir volume
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Table 2. 2nd Suspension Parameter

P, 101,337 N/m? n 14
7 376,017 N/m? v, 0.02 m®
d 0015 m v, 0.045 m®
I 1.2255 kg/m3
Table 3. System Parameter
m; 1,500 kg 16,078 Ns/m
m, 14,000 kg k, 12,800,000 N/m
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Fig. 4. Frequency Response (0~30Hz)
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Fig. 5. Waterfall diagram (axle box)
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Fig. 6. Waterfall diagram (bogie)
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Fig. 8. The RMS of car body
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Fig. 9. RMS response change of Car body (2nd suspension design
variable)
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Fig. 10. RMS response vs velocity of Car body (2nd suspension
design variable)
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