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A Study on the Electro—magnetic Wave of Inductive Power Transfer System for
Light Railway Transit

= +
uh 2 )

S0l 5

o] §

(Chan-Bae Park - Byung-Song Lee - Hyung-Woo Lee)

Abstract - Traction motors for driving and power conversion devices using semiconductor switch are equipped with a
transportation systems such as an electrical railway system. Power conversion devices have the possibility of malfunction
by external electromagnetic waves. As a result, these could affect the safe operation of the railway. Moreover, the
electromagnetic waves above safe limits will be harmful to the passengers inside the railway vehicles or anyone working
around the rail-track. For this reason, the importance and need about the reliability check and complement of
electromagnetic waves generated from the IPT(Inductive Power Transfer) system have been suggested for the safe
application of the IPT system to the railway system. In this study, prediction for the electromagnetic wave properties
was conducted through FEM(Finite Element Method) analysis of 5kW-class IPT system design model. Next, the S5kW
IPT system prototype was made and then the small-scaled railway vehicle was made to mount the IPT system and the
energy management system. Finally, the electromagnetic waves generated from the real small-scaled IPT system were
measured and analyzed, and then the reliability check of predictions by FEM analysis were carried out.
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Table 1 Electromagnetic  wave(Magnetic ~ field)  intensity
criteria for the general public (IEEE C95.1)

Tt W9 [kHz] | AE2 = [mT] | 27178 Z=[A/m]

30~335 0.687/f 547/t
3.35~5000 0.205 163
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Fig. 1 Concept of IPT system for Light Railway Vehicle and
5kW small-scaled IPT module
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Fig. 2 Configuration of the small-scaled IPT and propulsion

system for Light Railway Vehicle
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Table 2 Main specification of 5kW IPT system for Light
Railway Vehicle

Fo TAFE 2 Spec.
=49 5 kW
T= 5 mm
fE
a4 | Zol Amorphous metal
‘:é - (Nano-Crystallization Process)

w4 1210 & /23 6 ©

Ritz Wire ®3 mm / ®7 mm

HAAEE 20kW / &8 90%
T3 0 20kHz

T3 7 42V 205F

H50A AAF SH/42V GHt
=4 7' X3 28 5%

=9 5kW, In 42V/ Out 72V

ZAH e a8 92%
Motor/ Control Max.3,000rpm / Rated 9.5Nm
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Fig. 3 5kW U-U type IPT module(Left) and a small-scaled
railway vehicle with the IPT system(Right)
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Fig. 4 Magnetic field distribution of 5kW U-U type IPT
module and surroundings using FEM analysis
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Fig. 5 Calculation results of the magnetic field by distance
for property prediction of electromagnetic waves
emitted from the IPT module
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Fig. 9 Comparison of measured magnetic field values
before/after applying the small-scaled IPT to the
railway vehicle

Table 3 Shielding effectiveness of magnetic fields by
application the small-scaled IPT module to the
railway Vehicle

X% 9% | YE 9% | 2% T
(T) (T) ()
°4E EE A 0.0034 0.000098 0.0016
AEapeFel] 3 Al 0.0021 0.000198 0.00078
2717 A4 &3 - 382 % | +102 % | - 51.3 %
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