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Environmental Magnetic Fields in the Yamanashi Test Line
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In this paper, we report on environmental magnetic fields in the Yamanashi Test
Line. Magnetic field levels measured in several points are within the objective value of en-
vironmental protection and agree with assumed magnetic field levels. Based on this meas-
urement, we show that the magnetic fields has main spectrum at the frequency
corresponding to bogie pitch and assess environmental magnetic fields at 500km/h .

keyword : environmental magnetic fields, Yamanashi Test Line, Superconducting

magnetically levitated trains
1. Introduction

Recently, influence of magnetic field with Extremely

2. Yamanashi Test Line and vehicle

Fig.1 shows vehicles used for the Yamanashi Test Line

Low Frequency (ELF) to electronic equipment and humans
has been attracting peoples’ atiention. In addition to power
supply lines and electric equipment, linear motor cars (in-
cluding magnetically levitated trains) can be considered as
a source of alternating magnetic field. Therefore, it is im-
portant to clarify the magnetic field levels of linear motor
cars in the development process.

Superconducting magnetically levitated trains use
SuperConducting Magnet (SCM) for levitation, guidance
and propulsion of vehicle, which is an essential part of this
system. The magnetic field pertaining to this SCM moves
with vehicles and, therefore, this magnetic field is observed
as an alternating (AC) magnetic field in the environment
of track. Propulsion current flowing in propulsion coils of
Linear Synchronous Motor (LSM) might be another source
of (alternating) magnetic field in environments. However,
the alternating magnetic field originating from propulsion
coils is negligible compared with the one from SCM because
of difference in the magnitude of current of both sources,
therefore, we will focus on the magnetic field by SCM here-
after.

In addition, the maximum frequency of magnetic field
anticipated in the environment is about 50Hz at a vehicle
speed of 500km/h. This frequency range belongs to ELF.
This magnetic field does not have the property of electro-
magnetic wave and decreases more rapidly according to the
distance between current source and observatory point.

(first train set)? . This train set consists of three cars and
four bogies. One bogie contains eight SuperConducting coils
(SC coils). Each SC coil is energized into the direction oppo-
site to its adjacent SC coil on the same side, but two SC
coils which constitute a pair on both sides are energized
into the same direction. Arrows in Fig.2 mean the direction
of energization of each SC coil. Tablel shows the specifica-
tion of each SC coil?. Based on this SC coils’ configuration,
we estimate the levels of alternating magnetic field in the
Yamanashi Test Line, when vehicles run.
Fig 3 shows the cross section of standard viaduct of the
SCcoil I’ SCcoil 2'

SC coil 3 SC coil 4

A g B ]y

0862

1

car car car
I | |
L;Di u! flverdrmmee T _Tronwl[]  © —
PN s
/,P 21.6 T 216 | 21.6 ey
bogie bogie bogie bogie
Fig. T Vehicles used for the Yamanashi Test Line

(unit : m)
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SCcoil 1 SC coil 2 SC coil 3 sc
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SC coil 3

SC coil 1 SC coil 2 SC coil 4

Fig. 2 Configuration of SC coils in a bogie (unit : mm)
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racetrack
height 0.5m
700kA

Shape
Length 1.07m,
Exciting current

center of vehicle

A point
O
A\

0.56 m Gauss (DC) and 0.02 m Gauss (AC)
DC -3kHz

0.05 m Gauss - 5.75 Gauss

tri-axial fluxgate type

Precision

Range of frequency
Range

Sensor

was used to measure static and alternating magnetic fields
in Transrapid in Germany and TGV in France.” We show
the specification of this instrument in table 2.

Fig.4 shows measurement positions in the Yamanashi
Test Line. Measurement was performed at five measure-
ment positions of 0,®,®,@ and ® in Fig.4 on March 10
and 14, 1997, with the presence of Yamanashi prefecture of-
fice and Yamanashi University. A sensor was set at the
same level (height) as that of SCM in positions D and®) ,

9500
8000

et R

3500

B point
I'e

Va
\/

ground level '
N N

Fig. 3 Cross section of standard viaduct (unit : mm)

Yamanashi Test Line. Measurement was performed at the
same level as that of SCM (point A) and dlrectly under the
end of track formation (point B). The point B is selected
because its magnetic field level is higher than that of other

observation points at the same height.
3. Measurement result

To measure magnetic fields, we use MultiWave System
I (Electric Research and Management Inc. in US), which

JR CHUO-LINE

set at the height of 1.5m from the ground level in position
@ and set at the ground level in positions @ and @. Fig.5
shows a picture of measurement in position @®. Fig.6 shows
measured and estimated (calculated) environmental mag-
netic field wave forms at position @. Bx, By, Bzand | B |
mean the component of direction of travel, direction of
guidance, vertical direction and composed value
(s.t. | B| = (Bx*+By?*+Bz%'2) of magnetic field, respec-
tively. Fig.6 (a) is an observed wave form of magnetic
field. The wave form is composed of two components. One
is static (DC) field (bias), which exists regardless of
whether vehicle exists or not, The other is alternating mag-
netic field originating from SCM, which is superimposed on
the static field. Fig.6 (b) shows the wave form of the mag-
netic field in Fig.6 (a) from which the static field (bias) is
subtracted. Fig.6 (c) is a wave form calculated by Biot-
Savart formula. From this Fig., we conclude the following.
1) Fig.6 (b) and (c) are in agreement.
2) Four wave cycles are observed, each corresponding to
one bogie (with eight SC coils).

Thus, the fundamental frequency of this alternating

magnetic field can be regarded as 21.6/v (Hz), where v is

THE PRIORITY SECTION

L =Ny
- NAGOYA\V

NAGANO KOFU-CITY

1 a1 b
18.4Km

(XY

TEST CENTER CHUO-EXP. WAY

FSTARTING POINT I
Okm000m

TSURU-CITY | ENDING POINT I

42km800m

- TUNNEL SECTION
Mz, FUJI

Fig.4 Yamanashi Test Line and its measurement positions
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Bx

Fig. 5 Picture of measurement in position @

vehicle speed and 21.6 (m) is the interval between two bo-
gies (See Fig.1.).

Table 3 shows measurement results of environmental
magnetic field at five positions of Yamanashi Test Line in
Fig.4. ’Vertical distance’ means the vertical distance from
the center of groud coil (which nearly equals to the center
of SC coil) to the measurement point and 'Horizontal dis-
tance’ means the lateral distance from the center of vehicle
to the measurement point. ’'Measured magnetic field’
means the maximum value of | B | in Fig.6 (a) and 'Meas-
ured magnetic field by vehicle’ means the maximum value
of | B inFig.6 (b).

in ali measurement positions, the maximum of meas-
ured magnetic field by vehicle is less than 2.41 Gauss to sat-
isfy the objective level of environmental magnetic field
required for the Yamanashi Test Line (less than 20 Gauss)
3)

In ordinary viaducts (8m girder), the vertical distance
from the center of ground coil to observatory positions at
1.5m height from the ground level is about 9m-10m. There-
fore, ‘4.6m’ in position @ is the minimum value in the
neighborhood of viaduct structure accessible by ordinary
people. In the case of positions O and ®, ordinary people
are prevented from entering the area within about 4m from
the end of track formation (s.t. the area in which the hori-
zontal distance is less than about 7.5m) by a fence.

(7] e By
= rmm— By,
S
B
(a) Observed wave form of magnetic field
Bx
@ ewwss = By
3 —
o
IB|
-3
sec
(b) Wave form with the static bias subtracted
3
&)
-3

sec

Fig. 6 Magnetic field wave form at position D

4. Spectrum of alternating magnetic field at a speed of
500km/h

tal m
).

In this chapter, we assess the environmen
field at the maximum vehicle speed (500km/h

In commercial operation, one train set consists of a
number of cars (14-16 cars). The peak of wave form in
Fig.6 will repeat further when the train set becomes longer.
So we suppose periodic magnetic fields at every pitch of
bogie (21.6m, see Fig.2) and calculate Fourier coefficient of
this periodic magnetic field as below. The expression (1)
shows this periodic (alternating) magnetic field by SCM

expanded into Fourier mode.

# 10-2-5



Table 3 Measurement results of environmental
magneticfield-inYamanashi-TestLine 10
Position Vertical |Horizontal| Measured | Measured Vehicle
distance | distance | magnetic | magnetic speed || e
field field by | unit : km/h P\ w2 O o3 =
Zdirection | Ydirection vehicle wowos e
(caleulated) [Transmission| o 0.1F
unit : m unit : m | unit: Gauss | unit: Gauss | system 3 position @
O[Bntrance| 0.0 75 2.68 189 3 R |
of (1.83) Pulled by
car shed| diesel car {\
@| Under 19.0 35 0.45 0.02 15 0.001k V
the (0.015) Linear
viaduct synchronous
motor 0.0001
@®| Under| 92 35 0.50 0.19 15 e
the {0.20) Linear Fig. 7 Spectrum of magnetic fieid at position (D at a
viaduct synchronous vehicle speed of 500km/h
motor
@| Under 46 3.5 1.76 1.41 '15 5. Conclusion
the (2.0) Linear
viaduct syn;h;:rus We performed a measurement of environmental mag-
®| Vehicle 00 70 270 W s netic field at the Yamanashi Test Line. We conclude that
level (2.43) Pulled by the specification of Yamanashi Test Line guarantees envi-
diesel car ronmental magnetic field level within the objective level re-
quired. And main frequency component is 6.4Hz at a vehicle
speed of 500km/h, which is low compared to that of power
supply line.
B(t) =Z%=1 {BciXcos(2z X (v/21.6) XixXt)

+ Bs;Xsin(2 7 X (0/21.6) Xix 1)}

where 1 1s degree of Fourier mode; v is speed of vehicle;
t is time (sec) ; Bci and Bs; are constant vectors (Fourier co-
efficients). When vehicle speed =500km/h, v=138.89m/s.

We show calculated magnetic field by SCM expanded
by Fourier mode at a vehicle speed of 500km/h in Fig.7. The
calculated point corresponds to position @ in Fig.4 and
Table 3. In this case, the fundamental frequency is 6.4Hz
(138.89/21.6) and the amplitude of harmonic frequency de-
creases rapidly, as frequency increases.

In addition, environmental magnetic field by SCM is
infermittent in contrast to that of power supply line. In the
case of commercial operation (we suppose that trains com-
posed of 14 cars and 15 bogies run 12 times per hour in one
direction.), the ratio of time when alternating magnetic
field is generated by SCMs is as follows (at a speed of 500

Lo /10
Km/nj,

(21.6x15/138.89) x 12 X 2(double track)/3600=0.016.

Namely, it is less than 2%.
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