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Abstract

A wireless power transfer (WPT) system for an urban railroad is currently under development in S. Korea. This system supplies
power to railroad cars using 60 kHz magnetic fields. The electromagnetic fields (EMFs) generated by the WPT system should satisfy
established safety requirements for exposure of the human body to these fields. However, EMF measurements and the safety assessment
methods for fields generated by the WPT system have not yet been established. As such, a measurement and safety assessment method
for EMF generated by a WPT system for an urban railroad is proposed in this report. The EMF generated by this WPT system on
a test railroad was measured and compared to the reference level set by the human safety standard for EMF exposure.
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Fig. 1. Conceptual design of wireless power transfer system
for urban railroad.
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Table 1. Reference levels of electric, magnetic and electro-
magnetic fields for general public exposure.

Frequency | Efield | Hefield | B-field i‘:ﬁ;
ranges [V/m] [A/m] [#T] [Win]
1 Hz - 32x10* | 4x10*
1~8 Hz 10,000 |3.2x10%| 4x10%f*
8~25 Hz 10,000 | 4,000/ | 5,000/
0.025~0.8 kHz | 250/f 4f 5/f
0.8~3 kHz 250/f 5 6.25
3~150 kHz 87 5 6.25
0.15~1 MHz 87 0.73/f 0.92/f
1~10 MHz 87/ 0.73/f 0.92/f
10~400 MHz 28 0.073 0.092 2
400~2,000 MHz | 1.375/"* | 0.0037" | 0.0046/" | £/200
2~300 GHz 61 0.16 0.20 10
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Table 2. Reference levels of electric, magnetic and electro-
magnetic fields for occupational exposure.

Froquency ranges | 60 | FHfield | Bifield i‘::l‘fy
[Vim] [A/m] [1T] [Wiii]
1 Hz - 1.63x10° | 2x10°
1~8 Hz 20,000 | 1.63x10%* | 2x10%f*
8~25 Hz 20,000 | 2x10%f | 25x10%f
0.025~0.82 kHz | 500/f 20f 25/f
0.82~65 kHz 610 24.4 30.7
0.065~1 MHz | 610 L6/f 20/f
1~10 MHz 610/f L6/f 20/f
10~400 MHz 61 0.16 02 10
400~2,000 MHz | 3" | 0008/ | 0.01/" | f/40
2~300 GHz 137 036 0.45 50

@ 7lol=g AHgshT Qe
32 29 7|E
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1998 Guidelines® ICNIRP 2010 Guidelines 123 IEEE
C95.10] T ICNIRPOIA = 20109 0] A FTH4
0%(0~100 kHz)oll thet AA717 AA RS 7 ES A
atAth 1AW Y] o8ty ks ARk BEEe A
W FEAFEEAA A W F5 A7 Al71= 74
AEAL, QA W 2 A7AEEY] EAEE 1L
28t TR A At g E itk & 300 ICNIRP 1998
Guidelines?} 2010 Guidelines®] =}o]7-& 2 oFa}ith

# 4+ 60 kHz 3+ th o A1 2] ICNIRP 1998 Guide-
lines3} 2010 ICNIRP Guidelines ~L2] 2 IEEE (€95.1¢] ¢l
ARZ7EAE e Aot

ke

H 3. ICNIRP 1998 Guidelines# 2010 Guidelines®] £
2ol
Table 3. Major differences between ICNIRP Guidelines of
1998 and 2010.

Guide L
Item 'u Main differences
lines

Basic | 1998 | - Induced current density in the body
restric-
tions | 2010 | - Induced electric field strength in the body

- Prevent effects on nervous system functions.
- Threshold for induced current density in cen-

1998 . .
tral nervous system(It is not considered phos-
Con- phene.).
sidered )
effects - Used the threshold of phosphene for basic
of the limiting exposure.
body | 2010 | Inc?uded with effect§ on the central and the
peripheral nervous tissues.
- Internal electric fields were derived the con-
ductivity of each tissue by anatomical models.
- Used dosimetry quantities based on simple
Refer- | 1998 v P
geometry models.
ence

- Used dosimetry quantities based on

levels | 2010
anatomically specific body models.

Avoid shock and burn hazards.

- Reference levels for public is half of that
for occupational(Considered threshold contact

Contact | 1998 currents that elicit biological responses in

currents children are one-half of that for adult men.).

- Object is to prevent from painful shock.

2010 |- Equal guide lines 1998’s.
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Table 4. Reference levels of EMF in the international guide-
lins at 60 kHz for general public.

Reference level
B-field [« T] | H-field [A/m] | E-field [V/m]
1998 ICNIRP
Guidelines 6.25 > 87
2010 ICNIRP
Guidelines 27 2 8
IEEE (C95.1 205 1,842

TAE q
Ve Qg AR

EX o
170 = =
Astel F - hs] 1Z B4 P FARHE Sk

41 = 71F

FHARAF LM E AR 75 A 1
A7k ol 271719 t& 4% 71E 2 S o
g dukzel 1% AL Sk 54 Al tisA
= AdA7E F2 Adste X Ee Tl 2 Ags)
= M SAs, A7) - A7) Sl BAstE A
AR T4 71718 AHdeke AddA S o
m, S3E AHNA S48 AA71E A7le AR

FAFHA A2 A7 S4BT Ak =4
9] 7|F 2.2 & IEC 62110, IEC 623597, TEC 61980-1, IEC
TC 106 WG9 Technical Report 5] )1,

4-2-1 |IEC 62110

[EC 62110 AHANZRE &5 = 2A|F 54 4
R H7F WS S Tk £ FEdA FY A
716 diat AL B AH SAHoE ZH AHS A
HOZHE | m ZoldlA SAEE st Stk v+ Y
ARGl et 4 9 29 7o) 34 4 Wyl



e Measuring points

0,2m

H>15m

H<15m

A 2. vjgd A7l Wi 34 54 U
Fig. 2. 3 points measurement method for non-uniform elec-
tromagnetic fields.
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Table 5. EMF measurement conditions of the railroad system.

Measurement conditions

- The traction circuits shall be under vol-
tage but not operating,

Standstill | - The auxiliary circuits shall operate and all

condition | the relevant appliances shall be active(eg.

air conditioning/heating, lights, window

heater, electric generators).

- The traction circuits shall be under voltage
and operating.

Rolling - o
stock - The auxiliary circuits shall operate and the
load shall be active.
. | - The rolling stock starts from the standstill
Dynamic . . . .
.. with maximum acceleration to maximum
condition

speed, coasting and maximum electrical
brake to stop.

- The maximum value of the field strength
shall be recorded together with the line
current.

- The actual line current of the open railway
Open route/platform as the significant source of emi-
railway | ssion shall be noted during emission tests.
route and | - Maximum emission shall be calculated based
platform | on the measurement results and monitored

'thfl(li line current using an appropriate method.
install- -
ation | Fixed |” f[he mal loading of the ﬁxedlpower.su.pply
installation shall be noted during emission
power
sunpl tests.
. PPY | Maximum emission shall be calculated based
install- .
ation on the measurement results and monitored

line current using an appropriate method.

Surface of the rolling stock

Height above
rail level (m)

Measuring point

] o 1] Rail level

Train equipment that Centre of train
emits magnetic fields equipment IEC 233711

a8 3. A& w9 =4 9A

Fig. 3. Surface measurement point of the railroad.
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Table 6. EMF of the railroad measurement positions and o] ozjol| ¢kakS w Thel, 7k, W 9X| oA A3}
measurement methods. T2 397, 2 9B AL ek xHo|A 02 m Eo
M Z2AFEE 517 9
Measqement Measurement method AN SAst=s sl .
point F 7 folM AES 7 71| e v Aol
- Measure at a minimum distance
Sur- | Measure on the floor surface above [ W A x5
face - V. Feadd AAHS £X|5HA
Accessi- emission source at 0.5 m, 1.0 m 1.5 m.
ble - Measure at typical places where Adukd o 2 A7 olF] kAN Hrk= Xko] A
areas workers can be located.
for | Vol- | - Measurement heights above the floor _ i
workers shall be 1.0 m, 1.5 m. The horizontal B 7. 509 7)EddA A AN 54 e A
Inside measuring distance to the walls is A v
rolling 0.3 m. Table 7. Comparison of merits and demerits of EMF mea-
stock Sur- | - Same accessible areas for workers’ surement method in domestic and international
face | method. guidelines.
- Measure at places where public can Standards Merit Demerit
Public be located.
areas | Vol- | - Measurement heights above the floor Measurement
hall be 03 m, 10 m, 1.5 m. Th standards for
ume ; a‘ et 1' m, ) n(li’l ’ mt the electromagnetic - Measurement method
or1zoga measuring distance (o the field strength is not detailed.
walls is 0.3 m. .
(National
Sur- | - Measure at minimum distance and at notification)
Accessi- | face | an agreed number of measuring points. -
: - Described averaged 3
outsid - Measure at place where public and points measurement
Ut§1 e| areas workers can be located. method based on the
rolling for. Vol- Mﬁfasure at distan.oes .Of 0.3 m to the body (05, 10, 1.5 m .
stock | public train surface taking into account the abo - A measurement point
ume ve the ground). . .
and sources of emission of the rolling : is 1 m of height
3 points averaged
workers stock at 0.5 m. 1.5 m, 2.5 m height IEC 62110 lue i away from the ground.
ing Tai value 15 assessment |y o otied for AC
from the top of the running rails. of averaged exposure o psp o
for the body. P Y '
[Outside of a car] - Measure at 0'2 m
| away from surface
ol of the DUT.
*H - Described measure- | - Applied frequency
v { ment method for up to 20 kHz.
electric railroad. - The value by 3 points
oy [EC 62597 |- Measure at 0.3 m measurement method
| away from surface of | considered height of
rolling stock in vol- power cable of the
ume measurement. train(0.5, 1.5, 2.5 m)
IEC61980-1 |- Measuring inside the |- It is the standards for
& IEC TC | electric vehicle where | wireless power trans-
106 WG9 TR| the body is located fer of electric vehicle.

8 4, FA4
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Fig. 5. Modelling of the WPT system for numerical analysis.
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Table 8. Input parameters for numerical analysis.

Parameters Specifications
Operation frequency 60 kHz
Input current at transmitting coil 500 [A]
Output current at receiving coil 420 [A]
52 EA}b 20 Chgh XA At

O 62> 1Y 59 A B F AHOZRE ZUE
OS2 3m "ol AH7A Y A7)G A7E FAs)A g
AOZ A7t A& AWMOZEE 05m, 1.0 m, 1.5 m,
25 m goll Eol¢] 271 Al71, 0 mell A 2.5 m7HAI(0
<z <25m9 FZF HdE 371 A7), 05 me 1.0
m 182 1.5 m 3389 Ha A7 A7), 05 meF 1.5 m
83 25 m 339 Ht A7 E IHEZE HERY
At

I9 62 5l 37 Fad A7 A7 AZ7E 9]
3 AHO ZHE 05 m, 1.5m, 2.5 m =°]9 3% H A
N7 A 7| Bt AA T AW ZHE 05 m, 1.0 m, 1.5 m
%019 33 W3t A7 Al7| BTk Zrot AHO 2R 0.5
m, 1.0 m, 1.5 m 019 33 H+ A7 Al71= Q1A ¢
g rtske Aol o Al WHdE ¢ ¢ Ak 1
23 2A Y FHOERE 02 m "ol AAY A%
A717F 03 m Bzl AH9] A7 A7|HY 0B R
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14
- == Results of at A by numerical analysis(0.5 m hight)

\ Results of at A by numerical analysis(1.0 m hight)
12 \‘ — Results of at A by numerical analysis(1.5 m hight)
N — Results of at A by numerical analysis(2.5 m hight)
10 ‘\\ 3 points averaged values(0.5, 1.0, 1.5 m)
\\ .3 points averaged values(0.5, 1.5, 2.5 m)
8 \,

i - spatial average values(0<z<2.5m)

B-field [uT]

Distance [m]
@ A AR #2 HA4E 24717 A7)
(a) Magnetic field strengths by numerical analysis at point A.

12
== Results of at B by numerical analysis(0.5m hight

)
Results of at B by numerical analysis(1.0m hight)
)
)

10 — Results of at B by numerical analysis(1.5m hight
\
\\ — Results of at B by numerical analysis(2.5m hight
\
s AN ——3 points averaged values(0.5, 1.0, 1.5 m)
NARRRR AR 3 points averaged values(0.5, 1.5, 2.5m)
= N
5 . « Spatial average values(0<z<2.5 m)
z 6 3
2
@

I8 6. 2% Eol9h ANRYE Gold o] A mE
B4 ARAY A2 5 48 A7 A7

Fig. 6. Magnetic field strengths of the WPT system by nu-
merical analysis for measurement height and dis-
tance away from the railroad car.
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= - Results of at C by numerical analysis(0.5m <z< 1.5 m)

~. -==Results of at D by numerical analysis(0.5 m <z < 1.5 m)

B-field [uT]
N
now

/
’
/
/
]
’
1

~

Distance [m
J8 7. e Fe 1A C, D ARAA ] 4] 3148
2717 A7)
Fig. 7. Magnetic field strengths by numerical analysis at
analysis point C and D in the platform.
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Results of at E by numerical analysis(railway door position)
— - Results of at F by numerical analysis(railway door position)
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«---Results of at G by numerical analysis(center of railway)
L Results of at H by numerical analysis(railway aisle position)
4 .
— Sos.
= -1
3 S
o3 ~ L
2 C -
@
1
o

Distance [m]

J8 8 AR e 54 A48 A7 A
Fig. 8. Magnetic field strengths by numerical analysis at
the inner railroad car.
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Fig. 9. EMF measurement positions of the WPT system. 14 S48t
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Fig. 11. EMF measurement positions of the WPT system.

m Measurement point{A,B,C)

0.2 m
Measurement point(D,E,F)

a8 12, A% o 54 A
Fig. 12. EMF measurement points of the outside of a rolling
stock.
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Fig. 13. The pictures of magnetic field strength measure-
ment.
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Table 9. Magnetic fields of the WPT system by measure-
ment and by numerical analysis.

Magnetic field strength [ T]

Measurement height 3 points
averaged
05m | 10m | 15 m value

Measured value | 7.186 5212 3.019 5.139
Analysis value | 10.540 | 7.238 4937 7.57
Measured value | 12.593 | 9.361 4.736 8.897
Analysis value | 15969 | 8.390 5.488 9.95

Measurement point

C | Measured value | 11.915 9.599 5.058 8.857

Measured value | 5.670 4.206 2371 4.083
Analysis value | 7915 5.904 4271 6.03

Measured value | 11.681 | 9.095 3.144 7.973
Analysis value | 8.816 6.529 4.628 6.66

F | Measured value | 10.302 9.301 3.738 7.780

Measured value | 1.911 1.492 1.142 1.515
Analysis value | 4.006 2.891 2.130 3.01

Measured value | 3.216 2433 1.036 2.228
Analysis value | 4.307 3.044 | 2204 3.19

I | Measured value | 2.724 1.997 1.537 2.086

Measured value | 5.871 3.171 2.006 3.683
Analysis value | 4.172 2.738 1.883 2.93

K | Measured value | 4.555 2.206 1.402 2.721

Analysis value | 4.791 3.075 1.895 3.25
Measured value | 2.695 2.729 3.087 2.840

M | Measured value | 3.551 2272 1.679 8.967
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