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HBOBBERCRENDEHHA M L2855
R D (ICNIRP 2003a; WHO 2007a), #2722\ i
HLPEREESN TS, BERAT Y, HHES
BB ST B AAE L ETER X UM SGESEIC R
ET AHRAE LR EDRAE Y LR A~DEE [FE
O RETIE RN E T — B b D Th o7,

BETAHE, Zhboy—i, BAEOBERBX
U ERRRYS, MEOBRECESCERTS XS
REENSWHR~OEFEEE IR L NWS L AREL
TUriely,

FIFEIEES  BEEOERRB X UBROIZ B
D ORORERERIZEET 2 Lo S {REE SRR
ENTnD, A—F Y IEB L UEBMEREECRS
L TRz, ZRboERL BEEIS #
DEFEDIEIL R, TAY S v — Rk X U
ME{EFREE(LAE (ALS) WL TIE X 0 £ OWESL
FENTND, W OhDRFRE., EREEOREC
BB A AE ALS DU 27 EREBHDMLERZD
Z e ERELTWA (Kheifets il 2009), ZhFETD
LA, ZOMEAHIATIEDFNA B A LT
SEENTWRNS, o) 2y EREESMN s v 7
R EREEOCBECEGT AZBETIRETHD
mLENZEY, EHEEAE. LVEEEShEEL{E
FEMEEE, FRIE BE-EK B~ I 2AaREEH
Wi RIZ B, VA EREBEEL TR
(Kheifets ff 2009), 7AYo A =—HICEL T,
FERIT B2, B T ADBEN FTERED
REGEFEE— AOMECRO TR LIEVEED
Rehih, AOS—2A0OMARCEThL, £TIEE
WT IR, W ONDFHETY 27 LREVBES
ENTNAD, FARAOGY T T A—TFHFIL R, IO
Fe R BN LN IHIEBEH RTINS
(Kheifets fi 2009), FIHATRe/eERERF—A 3
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(Garcia fh 2008) 7%, ZHUCIFBAIFTREREOAIHEY
EHMAEHETOIRMER S 27T, MA T, HR
PN T AOIEL SN bbb, MOBEMIIBED
BIER SRS ORIEIE— B Thbh Tnizyy, ZhE
TO & ZAE—DORATRZEERERAIL. EHR
{EHEOTNAY A v—FEOY 27 LRATRLTWS
B, ZIUFFER AR WEFBUICE SV L OTHh B
(Huss fh 2009),
BEEESBETAY N v—F L OBELA
T —BER e, BETH L. BEREGELT
N ond = —iRB IO ALS & OEREOIEIIZHTE R
THEARLy,

DENERES - EH0RLCRHOIEI BoER
gz L. BRI s v VTR AR EE T —
Fehon, FnAOBERECERB I URBRICHE
T D ORLER~DOEFREEN, —REEEE
R CREMICEBRT DI EL ATl &h
BEEEMEIT AN EAVTRIE SN T A (WHO 2007a),
TR CILOBILER B Dfe BELPHEENT
WAB, FhonFEBOREISSHELOTHD, —
2O FERE L CEEOHRB BV TR R — B
Mizdrofs (McNamee fih 2009), OlgMEFREBRD
BREBEBIUREEQHAORER, H<BELOBHHE
AR LTV (Kheifets 1 2007), 1 E<E L OO
BEHEOER & ORROZEENEETHE 55
FFHER OB E 2, RBET S . ThE TR,
BEEELS B & DB E RRE & OBEA TR L T
20,

STEE L USE  SHROICAT, EYHREe bo
EFEA~DESEFE L BEE I REOEREELE
LOREESRL Ty, BEOBRIECBICEEL
FRENY A7 ERICOWTIRE MR IHLAN A o b
HDHLDD, FOHREENREAEISMOMAETITRS
hiphoteZ bbb, #R., 0k 5 BEEonT
OREHLITZ L1,

W O OIFFLEOTEIZIBOT, 150 kV m £ Th
EEEOBR~DIEL EOREREIITHLITEY .,
FOFTIEERE RERERY A A2 FA i ttich
EAHESBOMAL LY, BREIBE~DEZZE
idie LA B LTRLTVS (ICNIRP 20033,

WHO 20074),

L OEERORBER~DIE< BEiL, 20 mT £ T
Aieg s, RERABOHFRESLHEE LIz B 04
Fid 4 122y - 7o (Juutilainen 2003, 2005; WHO 2007a),
BETD L, BEEOERABLIVER L BEE LU
FE~OEE L OFEOIHNIFEREITTHEY,

HYA - 1980 FEA 5 1990 ECERITIThh e
D OEOFEFZHEL, 198 EDITLENA FF7A4 D
il pRE % £k FEIA K& 2D 50—60 Hz B R~DEH)
ENE<EN S A LBEET AL LN EATIEL
T, WHAOIEL., BERLNENA L OEIZERL
TWiehi, EOBROHBIIRADHALHEE Lz, £
e LT, SWicEESNE, 5060 Hz BER L«
DA & DEEIE, TOFREREEIDDEDCTY
A ENTFRICE W CRER S izhote, Ll
B, DNEALBICEL TIRRLARRD, SO
RN TIThN AL, 50—60 Hz OE{EHRFER
ROBNFOE BRS LARBILFEY 2712553
B HBPLENRONI L ERE L, FASER
RS ANI R TH D EORBRITER AT TR
HHRREOTRB L MBACELS bETHHAEND
FEEME S H D (WHO 2007a), 2 20 7 — A4 4f
(Ahlbom ff. 2000; Greenland . 2000) }£.0.3—0.4 OT
FBE D FHECBICOWTIER) 22 BbhHhta
NIRRT L ERE LI, —F 2 DGITOEE BIL,
& OFERSER & /NR AR & DEREBRERT &
R CERWEBMIEE LR,

FIEHIE 25 2 LT, EMPEERE A =R KIA
BEESNTEGT, i, 8E IUSERREOE
BafERIL, 50—60 Hz BRI < AN RBILEDRE
ThdEDEZEXFL TR,

EETA22, BbL—ROtHEobRAnETH
B, Y R ME e BT T A SR
EiRAnwZEThd, ELAFOHRETEEET T
T 5060 Hz BER 0 BILR E 7203 Y o SR8
NI L AHE LT3 (ICNIRP 20032, WHO 2007a),,
BHE CTOREEERASSGH 20, SR O
Ay B A, NEEBIUEBERARELHEDDHE
EHOBAIZBONT—B L@maE m LT,

7w bOAEFEMETER A~ 50—60 Hz BER O
813, +HREOPFRETCHEALNA TS (ICNIRP
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2003a; WHO 2007a), —BHOR VRSB LR,
Fhit, FECELRESOER R EER S0 Faa
DEOBEEN HD VI GHREEM AR, 1k
EE IR TR RS EALRE T Y o8
FEDE TN~ 50— 60 Hz BFER T BRI T 5
FADFRITBFEN T -7, FHIBARE. (L3
B THBI T ERD AR IURERIC 2 TOME
I EEAEREEMEREYHE L,

il LT, EENEORFIL BEOMa~DRE
B 28R, 50 mT B TFicBWn T BESEOFE %L
LTz (Crumpton & Collins 2004; WHO 2007a) ,
BT 5L, SAREME & FEAEEORR ~DRE
1< B E ORREOEZNGEL S (BT, A DB
WERT— & BIKHABESEREN BN T —
2iE, FEEEMICTENTH D, MEHREOF—2
W, EBICHETCTRLOO, £E L L TERE
EEHLTWAS,

SEFEZENHERRKAC b5 1 Dl

ICNIRP 3. ZDiEg#HicisnT, A U@t
MR E L, FiA Y OREDERE2E
Bz Ah?,

SERE BRI EMF ~0E < BAEERICEL
BRI SRS ST b DRSS D, UL,
MR X OB BRI, 72 B ONCHEIERT RS
DEETHD, i, FENZRZATESHDL LD
L AR - EE) b RSO X e N E
Rk 0 —BMoRELZHTHREETHD, Z0b
ETOFEIEESFEL, BEMT IS
i, BRHEERICET 2 ED2ERIELY
Wi d Z LIl > TREBIERFETH D,

EBHER O BRIBICEAT XA K74 2 (ICNIRP
2009) (ZRSEL THENWAHERIC Linhio T, BEN
EETIE. BYRE LIS TR s, (EEE
DHEER RSB N U b A B g E & AR
D AHWLRED X 5 —BEoEEs, Aok
THEMICERET LI I LB RoTel L Tho L
ICNIRPIZE 2.5, 729026, 20X 5 FENEHY
T REATBRERS S RREOICE LS LiIZEbh
OB THD, ZOLIRBENRETCOIEDD
B BES~OE B, FEB LR REEROF

FEFRESR & BB 27 D CHI R & 4D, ICNIRPIE,
FHAETRR O RIE LW AR E O Z T N E T
LIZBELTWS (HRER) , mERROMRRRE
Eh. 1 -3kHz BT, BEAETARRE LT
JEEFEH P IEFICEL A ENERET, #7410 Hz
BT Citd o< 0 & LizBl Bl ~olEns mE T,
FhENBEES LR T35,

FUERTRER S A EET S, IR RRIC & S AT
OhAHETOFEPIREEINDZ LIk d, HERNL
BEIT20 Hef T LB W TRAN T Fh L D BB
BIOECEAELTCIIERIC EATA, ZhixEs
L ORI E & 22 T2 A BV TE, RS
AT AEIREAEA SN D, IREEZ T
BHY. BAOHEHL BRRICESHT, B BRIR%:
D FRAR RIS H HEEELZR L
T, —BH TS HIEEL IR T HETEN ATa S
HOFEEBT Do, EREIRISEER ERIE
BREEND, ARCOVTIE, FEEMEEE SRS
# 5 BERIND,

EEWOER~OZ< BT, XEEWERICLS,
FHZA BRI EN T A EHFHRIEEE ISR IT,
FOXIRIFL B L THBRBICHFEINIER
EWC X AEAER OB LT, BE LS ERTHR
nt5n,

BRI ERLR OB MRS T R A SRS,
&l # DHFFEF R XUERFAIREESIT X » THEMICEEE
ENT& T, WHO D AR T 5 TARC (EE
PEARTRARE) 1, 2002 I REE ORR ORMEEIT
W, A5 FY—2B (Tt MR aEDAMERSDS
b Liien S B END T S =) Io54 Lk,
Z OSE OB NE A IR 2 E RO R
Thab,

ICNIRP @ RFF, ARJEE ORER~DEHIZ< B
RBAOY A7 LA LERMICEET D LT
T OB ORZMEEINT., (E<EHA F 741 OB
ETDITITHERICHE O, LI Z L TH D, &V bit,
TOBERARREN TP BE . I BAERLT
LR~ ORI b AT,

Foid by BREAIZBERT S AT, -
TRFEOEERLFOLREL, e REB e
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BT AFUEFROEE (CEM2AREEL — 7
AERALTE Y, BRELT 2ERBL ORI
LRHEERT. B —EREeTAE BV TEHE

Ehvie, IEFE. EEFEMNBIUVERENICEERTY
—E5 /b (Xi & Stuchly 1994; Dimbylow 2003, 2006;
Bahr fif 2007) {0 &-23< | X 0 EEIGROEEORE.
BEABIUVHR~DEHK B > THERNICELSE
Fio 20T, @A ELNAEENELND XS
TEad,

AmmPl T OR 7w A Rk HO T SR RE OF
HERMHENGL, B P71 DEHICE>THED
FHEZEFUA R oEENELNZ (Dimbylow 20053,
Bahr i 2007, Hirata i 2009; Nagaoka ft 2004) , 4+
EEMFSI— T, AN BT (BEROEE)
R ERE BRAOCHE) O, FERICEERESLD
EBRITERRITR S, HEZ N, 50 HzRERIZ L 0
AFECBE SN D ERORIIN E— 2 EDZRKER.
AEBERI mMTY = 0B8R %23-33mVm ¢ BERDE
L e T ARET S, A TR AR
FERARE O T DR T, L o T, FHE
TRKMS BAEEN, U—A Mr— ADENRER L
LGB, SOHZE R LV BB IR E SN ER
i, AMERER mTS7 0 8L 220—60 mVm' Th B,
50 HzE R L 0 i s S h 2 ER OB
Y— 7 EORRERE, AHER VM S8 L7
1726 mVm' TH O EEEB T ATERLKY
m'¥E 0 BLFI2-33mVm!Th 3,

BELSAOEHICBITDEE T A —F ORED
BRI HAEERR B A R IR ATRREN S & EE L
T, ICNIRPH:., EFRBIENHBE LA 2EHT HE
iz, BEEICREL A FEEANTLD,

EMF [E< BHIRICEAT L2010 L3514~

BEEAIE< B E AR BICH LTl 05
2D, BEFAL FT7A 0BT 5BEMNIE BT,
RO, T80 BTN EEETRTOREL
LT, —E IR EO&E T T, BB T 1 He
A 10 MHz R EE(LT 5 ER B LORER~TE
ENBBANCEREND, MBI, ARLEWIFHE
i, ETOERO, e REBFEREOEENCER
N5, ZHDLIREACEHTIIE, DRSO SR

HRkEL{ B EELBND, < OHE, AROA
=hit. B4 EMF ~OiE< BIZE ST,
TREMITIE BENDIEEZTTHTHLDOI D E LW
HL BRIESARICH LTHEAShDDIE, 20k
REBPBIE 2o TND,

BEIZE T HTHEN S ~DRILL

ETORPET— & L2 OFRITH DEEDTRED
EbRhER, TRHS ORI, BRFHRMIE
. BARM. BWEM. FREOZESHD, HRIC
BIDEOL S 2AENSITEEFEELRAVWD Z LI
LoTHIEEND,

LinL7edt, FRrsSzERERO2TICETS
HRPRariaicd, £ TOEEEER L2 TOER
PRE =l > TR AR ETH D OREE T
DRI E 2 IRV, LadoT, BEF —F~5—
A DEFRPERFERORECRBNT, EOBREETO
FGEES BIEA &5 03D TEME W ORRE T
BHB,

EFFIRESELAL

ResrE - E L EREMOICEEM T b 53R
£ (1 2FR38EE CESOIEORIREL &4
BIFRE L EES, EHA KT A 0B TEMFEL Boi
FEIEOHBECHACLZHEBIFENEREE £ T
HH, THIEHEHBHEITOE OMOESRE
U ERT2ERTHD DB THD,

FERNERMELRTEAESECHS, £2C. EH
BT BEE DD, EKENDSZELVBERL
N5, REOHEELSVTHERS IO/ Ei3tE %
FAWTRESET A EFFIRLEXHEINDH, 12
OEE L-ULIZEMFIE BOME (ER) B I UM
ENTERRFEIOHT A L0 THD, HiHEh
TeWEEL, EREE (F) ( MRTRE () . MRS
E (B) . BLUNKER (p Thd, HENEE
OYHEBIIEAER I Thd, FOX5REE
PWIIZIB T L DTN E ORI ER £ 7133
BEEFEYASZ LN L HETA D LR THD,
BE L EETE, BET A ERHIBARE T
ERFEEND, b LAEEEIIETREE R SE L~
NMEBETALE LTH, 20 L30T LH EEREIR
FHEETA LT blEy, LLkdes, EL

Bg 15-3-8



SN RN D RIS BET D EARIR A
THENERBIE L, BINAER S LENT A RE
THZEBUETHD,

ELARHI R

AYLEFITOERZEML, BRE~DOHEELREEL

T HIDOEMRE BRIEODOHA 74w
FRIETHIZEThD, ERoXsic, VAV TEHE
ZO—BHOEENBE LD, LSRN EESR
(PNS) BIUHIEMETR (CNS) Fl. MR
WBEOFHH, MEE0 oD NE~OFEOTIE LS
Ehb,

LR oEERE, FEENCHREOERLERET L
®I. 10 Hz—25Hz?> B @I 2 380 0 AT
< BT IEEOCNSHERE (T2 b B & #BIE) (250 mV
m! PLTFOERBEAFETS L BERBLURA
IZHIE &b, ZhBORIBREIZ L b, JHiEssicx L
TEZ5TEMCHL L, —BEOREIIETHET X
TChHbH, ZHOOFETRE~DFEREEL IR
RERTWARY, L LEHE, —EORENEREC
BOTEESHET 200 HNER O TEBET S 0
X EICNIRPHEE#G T 245, B iEE T EH
Enizy, TR X DBV EE R DUV E R T,
AR REE SN LA L. FHE IO FH
R RO REE &L 400 Hz =T 5, 400 HzX D&
JEEE T, RASTEE IR Ok IR E S AR DT oE
fECEA XD,

FEEINCRECOIEL EEHIEOL 2
K BICLVEZ S A[EEOH S —BIEOREIZ S
THHPEZ LN TWEDT, FHEIUGFREOEHE
TR A BB T 5 72 (2, B8R L UMEER 2800 mV
m' PTOERBELFES S LS RERBLURR
WHIEEN D, Zhid., EROTRENEEZET SR
Hic, FEEES Vo L TERERE S A EAE L
Teb D Thb, 3kHzE LTI ZoflREIE LT 5,

ARICDOWTIE, BRRE 5 2 L. |5 OCNS
B L. 10 Hz—25Hz D B EEERE T10 mV m™ @&
EREIEREZ BNA, ZhXEWEREHRBI U
WEEHCERFIRIE LRI, 1000 Hail 80T,
I X O o B R R R A B3 5 B AR (e &
RETH, TSRS 10 ##E L, 400mVm’

OEEFBESELND, Z ORI REIXAEOL2TO
BRI EA A NS,
EFEEEAF2BIUE L TR,

BT

ICNIRPHE, 1@JEfksy. EoliddpFicER O E—7
AFOLDAEED, EREVIBRICIVFEEINDS
HERERIC ST DHIRED., BRI s BEks
e a2 L&Y D (FRIERBAYI BT
DELBROIL) ,

BEEROEMETY

HRUER OFASLFEL LS DO v b
V2 BELTERDLRE., RAMLREEERLT
BT S R ARG T LB EETH D,
ELRAeEHEaERE L HERE EOSIICEET 2 ER
ERET S OERNATEZE & LTICNIRP (1,
B2 EET A/ E 72 22 X2 mm’ DIEFERR

#2. BEELTZBRELUER~CAEOE BT
5 EAEHIE

o R i fﬁ?\ﬁf
BEMIR
FEERDCNSH 1Hz-10Hz 05/f
10 Hz— 25 Hz 0.05
25 Hz - 400 Hz 20T
400 Hz -3 kHz 08
3 kHz - 10 MHz 2.7x10*f
FEEN & (R ER D A 1Hz -3 kHz 08
3 kHz - 10 MHz 2.7%x10%f
BT
FHELDCNSH 1% 1 Hz- 10Hz 0.1/f
10Hz-25Hz 0.01
25Hz-1000Hz 4 x10*f
1000 Hz -3 kHz 0.4
3 kHz — 10 MHz 1.35%10™*F
FEEN & (BB D 2 HE A 1 Hz -3 kHz 0.4
3kHz-10MHz ~ 1.35%10°f

=

-f LRIES (Hz) .

- ETCEEEDE,

- 100 kHz & ¥) m\RIESEFE T, RFICHBELRSEL <L
FBMMCERTLUERD S,
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100

=
=

HEREFEE [V /n]

0.1 5 27 .

0.01 = T

100

1000 10000 100000

AiEE [Hz]

- e e i 250 (1 <5 SEGROCNSIRHE

NEDIE LT ; FEIROCNSH B

BMEME R B Koz 1EE

- em NEOETE

GEER & (REF D2 HEM

Ei.

CNSE L UPNS~DEBIFDLZHAERRELCE S ARE (B LBENI(HBIOTY 2 EFFIRE

(FR&E : B oLl T, BEIZONS, PNSEERZhTWaEf:. E2lcssd#T, #hoh,

PEEROCNSHES, o EHOoEHB LR L. D

CBITHERDLF FAEY L LTHEBERARE
TAHIELEETS, bARECHFEHBETOER
7 99 R—t i F A NABITEEAFI R & o0 Helr o s )
HETHD,

ERMT, ma—o rBIUFOMOBTEES
ARl ~DEREETRTOEETHLD . TOEET
B/ METEREBEZNERBIOCERN R
A Y DEROHBRIC L > THRED, =a—2rBX
U A T —7 OB ERA I ET 5 RN E
HizibicHE s h e BRSELHTBEMETH
D, HEEL R e BER MG > TB VeSS
(FmADFEE) | TOEMNETEOFEER L ERIE
EOEBCIES Linb D Thd, ETHEEHTIL. =
OIREED 2 235 7T mmQEEREIC S 2 < (Reilly 1998,
Reilly & Diamant 2003) , FEFHEMR L, 7070
TOREGHORERER CHDH 2 mmE Z ORESIE
BLRETES, T DOMEETHEE L oI D
TiEBEEsZ 25 LA BNS, SER D LS
ICREEE L VBN ERCOREOESIIIT. S8
HAERLES D RMIsEoE S0 Ry 7 —2 |

10

BREEERICANZ TS RBRY, ZOBEOMIE
(i 7 AICHEE & N SR E ONECELS

fE B Lo ThHind, HEE L - mia o E
X0 have iRy, FEEROESEHET. BT
T 1000 EOMEEER LE S HEREREcE S X

ITMBENTED, TOEFTIEL A FOBERERT
B lmm’ Th D (Jefferys 1994) , Lizdi~T. &8
FEN B EEMVEEREIL, | B Tmm FTO
L s AEEY B D, ERORHAEE, TV

A= RS AOEREETCOFEER OB,

THECEDRELEDLEEETCHY, 0L
PR RER#ECHD, HLEEEBN 120K
TARDEREL., SLHFER S BEAOEESS D RET
LEAEARELZTPT, IVEE LY — il
BB -OOERFIET. b5 EEfTcoFEE
R 99 R—t 2 AEEE—7EE LTRET

AT LThD, Linl, C— 7 EXREEURETD
ZEb, ZHITERZENBS O HITOOER NS
WThD, ERFEHOEHDROBRKEL. BETHE
T IR E I bR e o TOEEE L E
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£7T5HZ L THD (Rellys Diamant 2003)
—MRE— b LT, RO R &
#z TR L& S, BESEED X
i, EELFETEEEE Y CRETER LD
HEATH D, EEOWBE. FFEO 2X2X2 mm’ @
TSR ET A L CE, FOBSITET
IR LTh Xy, #EEOSE. kT
MEREOBHE ORBICIERE L TL X,

SELANIL

HELAYUT, AR ENTF — 4 & B iEihe
FAARIC L D, ERFIEHEEE HAND (Dimbylow
2005, 2006) , FNLDBELAHEIL, H{ES
WA MELERBIUVHRLOBGVEERICEDE
Hoh ETHEINTNADT, BERIEOEEN S
BILDZ LD, BEEEEFEEL FoA b Y OFREE
MEBEBEICIANBNL, ZICETRENESE LS
M, ZOoDREOEE bt MABHER
(CNS~DOREHCRET5) LONSEADFED2E
MO 2HHER PNS~OFECEET D)
AEEL, ThEOBRAELEIGESTREETHS
(/b 50HzCIX, CNS~OERz oW THE
EHI PR EA AR BEICER T 5REIAH
BERITE72033Vm' Th D | PNS~DEEZ T
IIAERERI TS 060 VT ' Th D, FirA FUOR
FE X & RIAA T, Th b OHEMICK LTEm R
EREE 3 BEREENE, ) .

BT, 25 Hz £ COBEMI<EICHTHERD
HE LT, B LA EOERNIREET COEME
o X AR AL Aol — U RS
AT D, 25Hz— 10 MHZRHIZ 20 Ti, & 1~
IHEEROAOEERPRICENTEY, Lk
TIOEEEH BN TEINELZETOENFTT
OEBAEFIC L AHR A BT A DIctglkv—
YRS Z BT aw kb ERh e,

10 MHz & COARIECBIRNTLIERDSZ L
ST E B EN AP0 %EL R LT ESERM
BAE (TR LEME) 251t 5, &b, 50Hz £
TOERITLBIIATEZERDSEZ LT, RED
AeBWTHEERYORBEMEASHLT L7290
D+l — D EBS LTINS,

11

F3BLUA o, BENIIER L UARIIL BiC
HTDHEZLNAEFNTIWENTS, K2BXU3
. BELNERRT S, 3513, AE0 S
HOLEMOEHE T (B9—) PERABIUBMRICX
DI BLEDEEEBENTVD,

SNEEFRE & VSR O ZERTY

BELANT, FESEDAEMCBIIAERER
ITRER OB BN VN LT S EEYDDL
FICHREESNTWS, LaLEnb, £ 0845,

#3. BEELTIERD LUHE~OREN BT
55F Lol (BIEEL. EWE

= i
1 Hz -8 Hz 20 163 x10°/f2 0.2/f*
8§ Hz-25Hz 20 2HIOUE 2.59%107L
25Hz-300Hz  5x10%/f 8x10? 1x10°
300Hz-3kHz  5x%10°/f 24%10°/f 03/f
3kHz-10MHz 1.7 x10" 80 1008
7

- f EEEE (H2) .

- FEEEORBLELUVESORREOEECET 2
BEidfEA O 20,

- SFICRER T OMBHEEON LoD TE TH#EMR)
DEFSHE,

- 100kHzd ¥ @\ EE T, REICHBELSE L~
FEMENCEET L LERD S,

F4. BEELTLERBILUVHI~OARE T2
SE Ll (EEE,. EiHE

[ A ERE BEREEE H  BEEE

E (kvm?) (Am?) B (T)
1Hz-8Hz 5 32x104/F2  4x10%/f?
8Hz-25Hz 5 4x10%/f 5%107/f
25Hz- 50 Hz 5 1.6x10? 210"
50Hz-400Hz  25x10*/f 16x10? 2x10"
400Hz-3kHz  25x10%/f 64 x10%/f 8x107/f
3kHz-10MHz 83 x10? 21 27107

ook

- f 2R (Ho) .

- FETEDCIZBELUEHOFEHOEBICET 2
kR oE: 28,

- 100kHz £ 9 @\ EESEF T, RFCHFTLSE L <
RN EET2LERD S,
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0.0001 § S~
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0.00001 T r r T
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BiR# (Ho)
HEMNILE ——-— AEOIE
EHeo BMZEETZ2HA~OEBICHT2SEL <L (£33, 4388
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E
z
LS
8
B ]
B 0.1 b —
0.01 T T T T T T T T T T T T T TTTTTIT
1 10 100 1000 10000 100000
EiEgE (H2)
BET<R m—e- NROTLHE

2 BRMELTZ2ER~OECBIHTESZEL < (F3,

ERE R LIRS TORBI/ NS Wiedh, ERER DS
LI R TH D0 FEDNEREFCHET D,
ZOLXSREE. FERLELDEMOARIZBET D

ERBEEIIRAME O KELRETD LT

i, 0B oE ARSI BIEm L A,

GEPLEE LT A— FADERHCH BEFEICE
FTA 2 BRI 20T, i BErli 07z sh DrE—
CIREMRBFRMEZ. B A NUETHEEE
REBRET AL THA BB 20emEE LD &
BRSO OREEIZ PR 258, s

12

4 %2

D, TOXIRHEIE. FECR I pERESE
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BRAZ bAORE S, TooiT /A~ VTHED
25 (A/m),

Magnetic flux density (B) : RERIEE(R)

EEBHOE—F R OER (B KRETH
ERETLNY B, TAZMTERDEND, 1Y
UA (FEEEROEN) 12107 TRTICELY,

Magnetophosphenes : BEE LIk
GEERSHEEEIKT A LI > TEl&RD
Eh D ROBRE OEE,

Mean : FEIE
—HEOREEE T — 5 OBHTES,

Median threshold : BIfE @ H=E

R AR5 H (LB T, B O50%
ELYRELEELFL, MDS0% I ZDEL VS
ZEEEF oL 5 2EE,
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Medical exposure : EHEIL< 75

EZMRWELIIRR INBERAZTTDLE
FELTC, EEEERAOCRTZ T 4T ELT,
ADZFHEFECERBLIURADITIE,

Mutagen : Z25RE £H
EARERAEITIENTEOME,

Mutation : 22785 R
EBEHEICBT 2T TEEEE boE L,
ELUBETHRABRZICLIALOTER,

Nerve : %
B D,

Nerve fiber : #EEHHE
— AR OHRER R,

Neuron : = =~— 173 (FhEHND)
BEEIT—ROEE, Mg, fREENLRE—
HHERE AT,

Non-ionizing radiation (NIR) : 3EEEEHETiR
MERCERE (A1) FBlEETD0+ay
RIRAAF—EFR W, BRASY b ZAFDET
ORISR BRR, ORI, 2eVEFOXTF=
AAF—THY, T, EEF100nmEL k. FE7iX
P30z T EEflicHh 2,

Non - uniform field : FE—#&72 7
EEMBRTHDHHEE LT HEO—EHSDEEN
T, RBE. FE, HaES—EThROA, EROSB
B FEOCHEILL > TBHER THRWREFOE

Rtk LT, ZOEBTHEAT D,

Occupational exposure : B2 IE< B
ARG, £032810 ST CBESRTORE L L
T, EAPERT AL TOEMRIL &,

Peripheral nerve : FFEHRE
FIRRDOINCH D, 2 AT R,

Permeability : FEREE

BER - OEPHEEEC D AR T—BEIET
PYNE, o EFERE IR LT, EFEER
TH= M 7 ATHD, FRE: EHHERE, HEE
Teid B B A Hoe OB (MSTEED e T
Blofe b OELBEHRRE (u) LRSS, B~ V—
/A — bk A(Him),

Permittivity : &
HEEEORSIAEEIERBACRIETHEEOR
BERETLES, 777 v F/A— M TERDER
AH(Fm), LHERT, WHEREEOFEEL R

HOBERETE L DThD,

Phase duration {z,) : Hr A IR

FIEY v OWFRELSE il 22T HA L A0
OIFH, S f OEMECRE. =120, 5%
BEROBE. § TEROE—7EhbE—7 ED
037 EHWHET AT TERE LS L ERE
s

Phosphene : P13

EUAOEKZ X > T ZAREZROBE, 851
FLEFC X - TE%H Sh, BEMNEITRENCHS
s,

Plasma membrane :
ik L UEY I OMIEE ~ 2 iEE 8RR,

Polarization (cellular) :  (ERL®D) 2348
HIFLFEPIANC IR R S s B E,

Power frequency : 7 F & &

MBIV REINLEEY, ERFEIBNT,
k. 77 VA BHED—ETII60 Hz, HRDZ D
% < MU IS0 Hz T B,

Protein : 7= AdE< &
HMERR AR E L OR ST REDERSEDE
sl rA—70UED,

Public exposure : Z3HiIL< &
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IO E PR T HETOEMFIEL &, BT
LEBIUEBLETOHELEBIZE L,

Radioftequency (RF) : 4R B 4
3kHz #>5300 GHz&H o B % & oEho 3/
tﬂ?‘_— o

Reduction factor : 1% /EH% %

HA BT EBEBECBITATRENSOREL
BRI #T D ED 7 IR M IR A Nz 5
&, H<B-#EREL-NVIETITE,ED
FEOME LTE, BT —2%k FTOEEIC
FMET H I L. EEZFTERE L FhoRs LicEF
FEOEAZE., B CBEEICET 2 M FE0TE
hE (EERR) REBhd, F1 F74 VTR
DRBIIT 5 R 2%, EFFEOMB LS
ET AR LAT ORI VB LTV AEETH
BLIa®mH, ICNIRP ORETHD, TORFED
&iE. ICNIRP (L XA EEBESORETCIIER SN
TR,

Reference levels 1 2% Ll

FEMRCEEEEEZ LY TRESNE, BER
HEEPZUALECEIBEENSTHSIER. ¥
St ERERCEDER LU -7 E, ERHETE
RN LPIEATE 256 AUBOERBIUR
RIE{ BT 55Z LWL TH I,

LiehioT, &3 Lol E55| B OBESF 4 Ak
T BBl AVD 2 LA TE ZERNE i A
B 727 A—FThD,

Relative permeability : bhiBREEE

(#ax}) FHREE (ZOHEZRE) 2HETOHFRET
Bloteb®, B LTI T &L, Z0OBER
ARBERIL L > TS THELET ks L%
BT 5,

Relative phase : FHHAIFH

& D ETAWE R & [F] U B MR E T oAb o 5 CH
ESNDHOWER L DARZE, £l EEDEEL®
frFaZE,

21

Relativerisk (RR) : #HAf U A 7
FERPIN—FORBBEOLE S N— T DES
AT HHE, LESL T, ERh S oBETF
DFEAITS, FeREDHE, ZEL, fxlAr

Ay XL ERLTHD,

Root mean square (rms) : SEZh{HE

B a4 b AR FO)y D REOCERL Db,
ETORE S REICD 2 O HR, £964
BATHFEL, KBNS REDTHEE RS, 7
DFEHEFHBAE S T L TEpN L,

0 - fﬁ?::ur(z)]z dt

SIL: EREAHR

International system of units > 1E 38,

(Al)

Spatial Peak : ZEfH '— 7 &
ANEOA SR EREE LI EEI LD o TER SN
TS E DB E DR RIER TRk 5 B,

Spark discharge : KIEHE

RARICEESERTZO LIZELY | EREOMES
WO EMOHSE, EREEET H0CHSREEE
BHETHD,

Static field : #:#722 R
B b E LB LR, FEAEDEES T,
BERABIUOHERIHRE L LB bT258, B
A7 M7 A0 HER S B EEND, TORXORRD
(MR RRAIE. A RF OIEEES 4 T
THZ LI UETES,

Tesla(T) : 7 A5
HMHEEEOCEREMN, 1 727 =10000 H¥7A (Z
DIEZER)

Threshold ; EEfE
BIS & RIS DER AT TR D L),

Ventricular fibrillation : .C»Z=/HHE)
GEDOTERRC, AL CREE A Ko T IUHE & 55K
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LTB, ERAIREDRFRIC A B8, R fibiziot & iz
Wk EI EAS L H— FERETREXICEE) TH,
Voxel : &7 B ZORBTEEEETOL DEMLTOME (ETHE
SIAMIMBEESR, £2AF F—F (FREEEC &) &,
BE) T, FyA BVEFA0EDEB L AEDE
BWAERRETDEHICAVEND, Workers : {F¥3E
MZEe)id< i &8,

Waveform : &7

1 ;B3 p825 BWIOBRE, BX U p829 RODEBED 2 AFICO&H, NEKERICET ATt
s, MEERIZ. F74 Fo4 ORBCEBIELL 2V, EXCEECFRLE,

2 1 p829 K(O)D I 1y tE. RONCERIL, I, PREPET S LB dH, FITEECR
Lites,

3 ftBRE (£38) ORECREOIMAT, KXo LI EL ICFTELTRLE,

4 : AR, AFEA ST TOROWEESO 2 EENT0E S, FIULBEC
L,

an

iR

22
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15-4 WHO 774 k& — k (No.322)

5N
ey World Health
=8 Organization

WHO 27 & b — b 322
20076 A

B & AREE

HERREHR~DIE R

BROMAIZEEEFCRPERVED LR THET, BREVFEN TO AT, EiRE
JUOBERMAOMBEICBR EBAOE AR D 4, 1970 FREENLREET, Z0k3
REEAK (ELF) OBRELIUVBA~OFBPRECBOBREELINTNL V) R
MREEINTOET, ThUESETOMICE OMENTET L, BRL CEEMBEEMHER
L. GROFADBERER VIAATHET,

1996 4, fR{REMEE (WHO) 13, BREF & id 3 2 HATICBE 2 65 U A 7 O RN &
MET S0, BIREMA Y2 Fewb EifE L, WHO OF A2 Jb—7 ik fk,
ELF ERAR OB OV TO L E 2 —OfEma H L E Lis (WHO 2007),

IOT 7Y hir—hiE, FOFRITA—TOMAICEIbOTHY, e, WHO OB
TR SN EEEA AR (TARC) 7% 2002 Eio, ¥+ LCESEERMTRY#EERS
(ICNIRP) 75 2003 iz, #H #ho0%F L BLF ERAORBEVE BT Ea—%
BHEDOLDIZLET,

ELF B FORER & BEREECE

ERBLUBERIL, BHRBLIGr—70, FECEMRBIVOERES Y, ERAKLTH
Aoy TE-0ES, BRIL, EHAGEL, AL MEA— R (VWim) &0 35 By CRIE
ah, AM-eE&BO LS le—fEREN CERINET, BRIT, BROES (b bER)
MEDEL, 7275 (T) EWVWIBEfTRPENETH, I0DFHFTEIVFAZ (ml) £
w4 2v7 AT (W) TRbENETL, —HOETIE, FvR (G) LEIH 250 EMN
— oAV BN EST (10,0006=1T), BRITIFL A EO—FBRIHCERSN 52 L <,
BEHICEBLET, BROMRALBEREOR AR bR, B Hicil® L £+,

IEEAEDOBAIE, 50 £72iF 60 4 2iL@F, £iid~LY (Hz) OREHRTEELTHE
T, HEBEOBRIMAOE T, BRIBE~A /o7 ATEEIIRVET, EOROET
T, BESRIEH 20 T, BRISETAAL FEA—PLIchDET, LA L, EERAOEHEHRE
ARAE#MAITL - SR <, BRI 007 =A 707 25 bk TIIH 0Ll =4 F 2 F A5 T
T, FERNOBROEHEIIRRTLE AL FHEA— FLTT,
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B R I—T O

2005 4F 10 B, WHO IZ, > 0 735 100,000~/ (100 ¥ 2~/1) % COREEHEEHE O ELF
DBERB IR A~DIEL B LV AL AL HNWERY 27 25l 5 2H, BEEM
FEDHAT T N—T52BHE L E L, JARC 432002 SIS AT BT 2 SEME FHE L =oicsdt L,
ZDEAY TN—FFE L OBBERBICETAA L E 2 — L, BAET AR A RES
LOIELELE, ZOXAY TA—TOMmBLUE TR, WHO OREBERE SAF7 V7
(EHC) £/ 757 (WHO2007) IoAFRENTHES,

A e A VR A R U A 7 B 2 AT, R M & DR BT A LY
D EBELF BRICE L CAEM ARERETD A EmmLE LR, LER-T, LLTFTE, £&
LT ELF R~ OB E1,

EHNEE

BLUL (100 w4 7 0F 2T %445 LEA H0) OREEEI Lo TEE %2 LATERS
TV AR S D £, DAL DR AWM A 5= AR 5T
B STV E T, Mo ELF B S (KA BR S &L OB A5 L £ 105, 7 0MERES
R 2 RS & O ofls & ORI R oM o B O R LA SR L2,

RIMFEE DO EEX

ELF @S < Bz LAEMA U A7 2/~ RENFROLZ G, DRAEICESE YT
T&EF L, 20024, TARCIHELF#R%E b hox L THRBAMERE 2wy 24
WL/ VI 7580F LELE, 205G, £ MBI 2B BAMEOREN 2SS Y |
Mo EEEMIC BT AR B AMEOFHNS S THAVWAFTHEA L L EEN L 4 (ELF R
PAGEIIE 22— —REERRRH 0 ET), 20X 5 CHEINBIE, EFEFRO TS —
JSHTT, 03~04 <7 07 AT & LB 2R E OB ERERER~OFEN T < 0B
LT/NRAMBAEET 2L WS —B L — U BRENE L ETY, R T A—7,
FHRUBECEMENEFRC L > TIONERERINA T iV EEHRLE L,

L L22isn, E2AEEIE, BIR S, 7 AO RN PREEOREIC Lo THWL D0k
DET, MAT, BL-NOEERBARAICEEST A Z L ERET 3 L5 REhHhEEN
AH=AAE LTESERD LN LD A, EXTDIZ, b LIOL S RELLG
BARA~OEL B > T LLOBERE S L THUL, RS0 & 25 RMOEHZEN A H
ZALZEBLOTRINESRVERA, WAT, BRI EE LTEELLLEOEREZT
LTWEY, LER-T, ZNLETEEESNGE, DR BEFEI RS 23RN EREE &
RARDIZEEFENEOTHSH D £8 A,

NREMIFIE 2 D BARERTH Y, SR —ERICH I AT AER B, 2000 it
49,000 ANEHEESNTWET, EENTOEHBIEIKEN 03 v/ /o727 % EESZ &
HETHD, 2085 2REICFELOR. FHO 1% ~4%ThHiLEESRTHET, L LEE
FEpARAME S OFESKRER CH LR bIE, BREESRRETH A6 E L WOIER
#id. 2000 FFEOEEIZESNT, SR TER 100~2400 AOEE EHEESHLES, Zhid,
BHEORERD 02~495%I2HY LEd, LEA-T, {RIC ELF BRAMAERIC/NEFNFBD
VAZE@EmDAHELTH, 2FRMCE L, ELF ERUE ERAREECRITTEEE
[REMTHDEL L I,
2
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ELF #FUT< B & OBEDOFREMEIC DWW T, 2ROBBE~OAELEEPRAAEINLTOET,
BIFLAS DR Ay BRADB AL 908, B, LIBLERER, AHEEEREES. BFR
B OREZHEN, MIRTEIRNREE, MEEMEEBELR L TT, WHO OF A7 7V A—T,
b RS TIo-oW T, ELF AL < 8 & OB 2 3R 2 RHEAEERLE/NR B M
BT DAL L D DBV R LE Lis, WS o»@lZ3ThiE, (bbb o eE
REBSHSACET D) BB, BLFBEFI WO ORBES ISR &RV EARSh
T,

EFRMREENTA RS54

B @ LSO BICEET A EFERBIIMII S TE Y, Zhd 2 2OEBERZ2IEL
BRI A Fo 4 Oz LT Ed (IONIRP 1998 ; IEEE 2002),, BEEE T, Zhibd
MLA%IZ, ELF BEER~ORMIEL <A EiC L 5 RO rraetEi B4 2 BH4EREE
ik, oI BRIREZIE TFTIFA 2 L2 ES LT BICHTRHSTHEERALTHE
I

WHO DAHAF A

L OBRBERA~OERAIE B OV, BE~OFELEESRENICHL STy
F¢ (ICNTRP2003), BURWES ., FEEBLOARE b OEELEES L 00 E
RENTW2EBENIES BT F 74 v 2BAT & T, BRRVE 2 77 A0,
HLBESHIRELZ BT 2 Z BTSN A2BERFLOEL BEOREEZEDHXTT,

FHAISE- B LT, BLF R~OE<E L /NRAMR & OBEEOHLGT S 28 2 i,
< BERIC L A@FELOERZIITFHATY, 29 LERREBEL T, UTEHEELE,

o BUfd L OERESRUE, ELF SRUT < ORI M3 2 B P0RE IO TR & & —
Gle<$ D0, RECHRMEZERL, RV 7 A2#ET L EAEINET,
ELF U A7 GHl 7 0 A &8 T, MBOKERSBREE SN E Lis, Zh BB 2A
TVxV OB o TWET,

s MBALEG, FHRE2GALETORRBREZMELTLHLD, ETOMNERRE L OBFR
HTRMANIcala=lr—vsy 7ol T LEHMETH I LBRRIshEY, ZO7 o
77 AKiCid, ELF BRES A HETT 23 OFHE ORRIC ko SEHER. I ARE. TR
ORIOHAE L HBEUB T L bEENET,

s FERREARRT S, EREAHELER (BXELEET) ARFTHEICE, =22
FCHEL BEERT 2 FEEZRETLOHLVWTL L 5, BRI EBEGREIEI &

CRZDTLL I, £ TRH-TH, FEMICEWTERIREZERAT 2ERIER
ShERA,

EEER
WHO - World Health Organization. Extremely low frequency fields. Environmental Health Criteria, Vol. 238.

Geneva, World Health Organization, 2007. (WHORIEREZ 747 V7 - £/ 77 78238 & [HEHE
R )
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IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Non-ionizing radiation, Part 1: Static
and extremely lowfrequency (ELF) electric and magnetic fields. Lyon, IARC, 2002 (Monographs on the
Evaluation of Carcinogenic Risks to Humans, 80). (EEAAFZIEERS - © hMotd 28D A Y 27 OFM
BT AT/ 777880 %E BEERERsR. B 18 BB I UBERROERBIURR))

ICNIRP - International Commission on Non-lonizing Radiation Protection. Exposure to static and low frequency
electromagnetic fields, biological effects and health consequences (0-100 kHz). Bernhardt JH et al., eds.
Oberschleissheim, Interational Commission on Non-ionizing Radiation Protection, 2003 (ICNIRP 13/2003).

(EEFERHARPEZEES BB IVEAENERBIUMA. £UFENEE. BFEEE (02
& 100kHz) |)

ICNIRP — International Commission on Non-lonizing Radiation Protection (1998). Guidelines for limiting exposure

to time varying electric, magnetic and electromagnetic fields (up to 300 GHz). Health Physics 74(4), 494-522,

(EERFEERESTIREE RS [HRE(LT 2 ER. BRE LUERF(300GHz £ T)~Did < FEHIIE
DieHRIHA FZA )

IEEE Standards Coordinating Committee 28. IEEE standard for safety levels with respect to human exposure to
electromagnetic fields, 0-3 kHz. New York, NY, IEEE - The Institute of Electrical and Electronics Engineers,
2002 (IEEE Std €95.6-2002). CREESRETFEHHE [EEE €95.6-2002 10 425 3kHz & COBERER ~D
AEE L BICBEd 2 &2 L~ [EEE &)

(DY)

(R I- 21 T)

Fact Sheet ™ B &FERIT, WHO 26 EXNOARAE T, BHAFH T ¥ —ORAETFRESEL
CTELETEECERNELE L, TEEEXHEEINETOT, BRBRICBIT 5T AR
BTS2 F LUEELCIRETEY, Q011£5H)
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2 RBIIRD TR E L,
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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
Low Frequency (ELF) to electronic equipment and humans
has been attracting peoples’ attention. 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.

car car

car

1 |
CURIETIIIISS B | (O Fveorid T | e
AT H 2 P T
i . ) L6 i 21.6
bogie bogie bogie bogie
Fig. T Vehicles used for the Yamanashi Test Line

(unit : m)
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2. Yamanashi Test Line and vehicle

Fig.1 shows vehicles used for the Yamanashi Test Line
(first train set)® . This train set consists of three cars and
four bogies. One bogie contains eight SuperConducting coils
(SC coils). Bach 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
SC coil 2 SC coil 3

S5C coil 1’ SC coil 4

1] .
T

—f=

0862

1! L

£\ A\
T 1Yz M 1V

SCcoil 1 SC coil 2 SC coil 3 SC coil 4
1070 280 1070 JN\2807 1070 N8y 1070
_ 135 D Y M J

SC coil 1 SCcoil 2 SC coil 3 SC coil 4

Fig. 2 Configuration of SC coils in a bogie (unit : mm)



Table 1 Specification of each SC coil

Table 2 Specification of MultiWave System 1L

Shape racetrack
Length 1.07m, height 0.5m
Exciting current TO00kKA

center of vehicle

SCM I "1
1OA point h|‘| !‘! f
L SRR I T 47
T T
\, 4
1 i
! !
! I
2 | '
& =4 ' !
g '
@ | |
3500 l
B point |
¢ | i
ground level i i
| I

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 directly 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

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 @ and® ,
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
guldance, vertical direction and composed value
(s.t. | B| = (Bx*+By?+Bz%)'?) 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

= NAGOYA

NAGANO KOFU-CITY

18.4km

SN
TEST CENTER

CHUO-EXP. WAY

STARTING POINT I

0km000m

ENDING POINT
42km800m

- TUNNEL SECTION
Mt. FUJI

Fig.4 Yamanashi Test Line and its measurement positions
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Fig. 5 Picture of measurement in position @

vehicle speed and 21.6 () 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 all 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 D 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.

Gauss

<,

<

et
-

Bx

-~ By

ey By

Gauss

IB|

Wave form with the static bias subtracted

(b)

wweeew By

s B

Gauss

sec

Fig. 6 Magnetic field wave form at position @

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

In this chapter, we assess the environmental magnetic
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.

R 15-9-5



Measurement results of environmental
magnetic field in Yamanashi Test Line

Table 3

Position Vertical |Horizontal| Measured | Measured Vehicle
distance | distance | magnetic | magnetic speed
field field by [unit: km/h
Zdirection | Ydirection vehicle
(calculated) | Transmission
unit : m unit : m |unit: Gauss| unit ; Gauss system
@ |Entrance 0.0 7.5 2.68 1.89 3
of (1.83) Pulled by
car shed, diesel car
@| Under 19.0 3.5 0.45 0.02 15
the (0.015) Linear
viaduct synchronous
motor
'®| Under 92 3.5 0.50 019 15
the (0.20) Linear
viaduct synchronous
motor
@| Under 46 3.5 1.76 1.41 15
the 2.0) Linear
viaduct synchronous
motor
®] Vehicle 0.0 7.0 2.70 2.41 8
level (2.48) Pulled by
diesel car
B(t) =Z%=1 {BciXcos(2z X (v/21.6) XixXt)

+Bs; X sin(2 7 X (0/21.6) XiX¢)}

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
intermittent 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
km/h),

(21.6xX15/138.89) % 12 X 2(double track)/3600=0.016.

Namely, it is less than 2%.

10
|k‘lll|IIlIlLJlllllL1
P © @ 9 w9
o0 -~ o~ 33 -
o [Tel o~ [*>]
w 01
@
(5% position QO
0.01F
0.001}
0.0001

Hz
Fig. 7 Spectrum of magnetic field at position D at a
vehicle speed of 500km/h

5. Conclusion

We performed a measurement of environmental mag-
netic field at the Yamanashi Test Line. We conclude that
the specification of Yamanashi Test Line guarantees envi-
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.
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