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On the Earth-Current Disturbances at Haranomachi caused by the
Leakage Current from the Electric Railway, Fukushima-Yonezawa

by Kazuo YANAGIHARA and Hiromi OsHIMA

From April 1949, some strange but minor disturbances of similar type have been recorded at
nearly constant times on each electrogram at Haranomachi; we call it here “W-type” disturbance.
(Fig. 1, Fig. 4 and Fig. 5) After some preliminary works those disturbances were supposed to
be some artificial ones caused by the leakage current from the electric railway near Haranomachi,
O-u Line from Fukushima to Yonezawa, or Fukushima Dentetsu Line (Fig. 3), and further
examinations supported the estimation that the O-u Line affected predominantly the earth-currents
at Haranomachi.

Then, in May 1952, quick-run recording of earth-current potentials at Haranomachi, observations
of current supplied at Niwasaka, one of the transformer stations, and those of distance-time and
current-time curves for each train were performed for several trains of usual service, including
the express “Chokai”. (Fig. 11) And thus it was confirmed that the “W-type” disturbances were
due to the leakage current from the electric railway, O-u Line, and that the first half of
W-variation was appeared only when the train run from Fukushima to Sasakino, and the other
half did from Sasakino to Niwasaka.

Some detailed numerical discussions were done in § 4, 5. If it is assumed that leakage
coefficient of rails, a¢=0.153km~!, total current supplied, I= 1000 ampere, electric conductivity
of the earth, ¢=6xX10-5 ohm~! cm™!, the earth-current potential gradients at Haranomachi, E,
for each position of train can be given as in Table 1, 2,

By this calculation, numerical values of the “W-type” disturbance can be deduced fairly well.
(dotted line in Fig, 11) And furthermore, it can be justified that there are predominant effects
when the train or locomotive only runs near Fukushima, while none when the train runs further
away from Niwasaka.
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- N A Ve e B2 3 R, BUALUK L 28 4
X>0, X=0, X<0 fifl, WEES - HRBAMN & 2 3’ Xng &
% 15 & L, B8E =0 ELCiRBM%

£>0, ik i) LACMETES L, Wk, MR 5 Wik -2 zhzh,
B1XMTR

() = — {Iysith & (x—L,) + I, sinh @ (Li+L,—x)} /sinh aZ, (22)

—%- =—q {I.cosha(x—L,)—I,cosha(L.+L,—-x)}/ainh aL, (23)
#®2RMTR

i» @) = {I,sichaz+ I, sinh @ (Z,—x) | sinh aL, (24)

% = & {Lcoshax— I,cosh @ (L—x) ) /sinh aZ, (25)
2 3RMTI

iy (%) = {f.' sinh & (2-Ly~Ly) + I, sinh @ (Ly+Ly+Ly-x) } /sinh @, (26)

—-g{f— = {I" cosh &« (x~-L,-L,)—1,cosh a (Ly+L,+L,~x) }/sinh alL, 27
HAXHTR

iy (%) = — { I, sinh @ (Z,+)}/sinh aL, (28)

L —— a| I, cosh & (Li+m)}/sinh a, @29
2 3 RMTR

i () = {I/sinha (Ly'+Ly+Ly+Li—2)) /4 sinh aLy (30)

B af1/ cosha (L + Lot Ly L=} /4 sinh aly 31

LtEbansd. ceww L, I, I, I, I, I, I, @5VHI0TIE, BESR, BiF, fl@icisog 2wk
WHETHoT, BIEOmML £5b0ET 5. L=0.5km & i) i3 L’ LEBIRORK
e X Al00EE, L i FIE . ﬁﬁﬁﬂ L, i 58 « #4700, L, = 6.92km 1 WeES - BEskng,
L,=19.33kmix % « KIRMOEETH Y, a=0.153km™ & i) tRCHEEMES bo:T5.
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EFEEMcET 5 MEERY I, #8Ckdsb0% I" &L, ELTNOMRBBEY V,,
Ve &¥5&
di, - i _di, i
Vit p () B I =Vatp (G0 ), . ~Lawl @2)
BRI, p 1) LA, w aiEHRCHBRACBHRE SDREBRSEORITEY ) Ot
'C"&% #‘ Vl V!l 'b‘o

d“l — d’g I 5 §
l P( dx )m—LHL; P( dx KLiwl A& LKLwl (33
E¥HE, SEQHIC
B X7 = iy 27 @36

Lih. FiTATGOKRDCRLZERORBRIRC &L, TRE -REMOIMREEHRHE 0. 4920
TR U TR B RER 0.099 Q THE0b (33) RIBERLObOLHELBNSD. DT
B4 BRI ELT, EOMCEMEERE Il T

L+I,=I 5L+L+Ij+L=I+1"=1]
BB, ESR, FIEOME, RE0E£RMAECEWT, WAIORM X ) I L 2o IC
%3 2B p( dé )ﬂs%unaku: i) LFfcLT I, I, Iy, I, Iy, Iy, I/ &R

HAHTEMHES. BID

ai.._+b+ eg Li a L,
7, = o=t f+% Lith ~ o=b Lith
a
I1 =171 — Ig
- B By
i g2 h F=b- Lokt d
b g

— — _e_-..
==y "% 747 oL,
Iy = 211,

L+L,
= . I
Iy YRy I-1I
I/ = dl,
L,
1 . 1 d 1 4 tanh aL;-tanh a Ly’

O T P b ol Wkl Thaly C " sk iL, (Boh ol A ah el

=,_._.L.._._. f= ___._:_I'___._ g: ..._1_.
sinh aL,’ tanh aL,’ tanh «L,
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T3, Tk (23) (25 (27) (29) s 2 =
QL AL TilREMRE R i) &
Position of train Eastward
AR LcHBlNCE T 58 {rE EY i
L, (distance 2re E[I E componeut
RIL C 270 E/I Offik i 2 3ic7% | from Niwasaka)
L. X 1% EMAMC o=6x10" el I it W) s
O tecm™, I =1000A &L#e : ::im“) ] : ,g ;01{ < °
: . - { —0,013 | —003 | —0.03
© Eoffl, R 0 RERG & b7 byt b o || =8 | b
L. 2.83 | —o0.081 | —016 = —0.15
4.00 —0.095 —0.25 —0.28
5.
5 2-&&&%0%& 5. 00 | —o 108 —0.29 —0.27
& BHSIED g 6.00 { —o.m6 | —o0.31 —0.29
Bl i) oROIcRBLAML, o = 7.00 { —0118 | -0.32 ! -030
_ 8.00 | —0115 | —0.30 —0.28
6x107°0™em™ & &3 &3 11 MO 9.00 —0.109 —0.29 -0 2
S 2 v MRl RS © §HE 10.00 1 —0.098 —0.26 —0.24
WL O CHML 22z RS ~F | D Pl Bao W
12.00 | —o0.060 —0.16 —0.15
3. TTZTCEAN - EBRMcEWTP 13.00 —0.039 —0.10 —0 09
P—ENEL X501, WEROMH "-‘i ¥ o . 0
ROABHOBANER Licred &5 S

Abi, WL OLWRA L2 L VIR ¢=6X10-n-1 . cm~!, T=10004

AT W RIZE (bR 4 X, 5 Homd rLAMMTRLHAfloFcflTnsd, 3 12
BICR L 7o 28 bk BB HOOSTHBHE CRIVW C WA BATHOC, Bl ErcHrbinsdzmld
—@BHICH L TR BOoX e WHTHOT, 0.3mV/km BEOR(LE &35 OBk Bk
& 200A DIFCH b H4EIL I DAWE EHBLONS.

L LB EOREHE o FBRMICHEL B THOC, M &Y &R Z e oun
COXMOEBLERE (RHER) KOV TRIESRS & X KEC 5%, TOH{O
MR M OR) ¢ TR (BEST - WA 6. 92km) I LTS $ ToOERE (R (s) =45.2km)
BREZVWESCR, BREBRHHEOBHIC X OTELT 2MBEMNBELBEL MY o=—LEHLTY
k2 hnboLEbiLs.

ESLRICTBIASEA B EHIE O ) RUTREEFEALL EHONEVOTH LD, MH2x
ERLABRCHRC INEDZVWEL VERLED I W THLOCLOABIEDHEAE LE I ROTY
3. FIESEE BN 5 &3 HWic X 2 A ki Tk~ I LUST & BU FRICZE(EL, b2
oL /D2 VWOT R EOREL X ST T & {ofjicounCTili~ed MERbd btk
{, AR P MRFECEHT I, TRCHIET 5 710 LRk W~ /e BB ERiE s &
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ko, Bl i) oMMicEwTk i) LEMIC a=0.153km™ & L7eh, 4§ EHRDGEC
BNTRHEERIERSEO TAZ L, poo LTHEE2RCEFTD ERTRTCOEAD. THR
p OSEHE, T « BT LTk p=0.904 Q-km, #4F « RRMCHL Tix p=1.964 Q-km
XVELTLTHRTS D, NEREMS ETCUMBICAD T L&, WECERORH EiticiiRic
EBEREEYEDOT, MECKEE RLTWIOTH A EB2 b5 S8 BB AR
€, poo ThHEWETYH E OMMSBREOYWMCH B A WRBEIC/NE { h21 p 25KE Wi d
c, BEEFLGRICHIHIASEAES, BASA-EOONE (o boLEbiLs.

R EYVFIH, EIHRRE VEESFEICRHR D bOICOWTR, i b 2 rBHETFIOETH S
OTHRAELBHEHRET, Bic § 3 CRLARCENEEERC L VENERVELTWE0D
T, WERACHND. EOKE 3 RAROEEBRUMECENCARE {, BR - BN TR
CHZ7eDFEAERLEZOT, BERUMOFHSRA T IFHELFECHEBICL D, XER - MBHT

BMi&E i AMMEB L \Wed, FRAMCED 2 BHORKCERADNEVL DL BDNE. XKL
BRI TRIBOZD CEIFEIC 7 » 7EAN, HEBOWTHRICHH2OTH L EIEERICH)
YR HOT, TOMERIGEOREL RKICED 2BRMNE(LOHCHELEL T2 bDLEb
nahs, &K X 2R OR(LRELEEIHERE L WEDITRONENWLDTH S 5.

¥y, SEME NI 2 P o O FREHIL 2 & 20° O CTWA A, shrEllankl
DOHEROHUEROEILOFAHR L EE—BT 2T L EBLEET, MTOUKIREELHRD
b0 LEbiv, MSEZEARBEOENOKE 3 LT LR, M#EOoTEOBFELLBTH L5
REMO 7 LM TOEIIES LIS BROMBETS 5.

1 D TR T O k845 & JHTRAT 3 e — K - AURMHEEHRD L LT, K&
BN EB 7B AFOEFTER, W% 2 BEK, WAEIR, EREER, X~ oMRiE
WO 7CiRE BRI D ECH U COREBAWME LR T2 Ltic, CoMoBEESLb, ho
BRENB LGOS BRI EACERMECE ML L BT £ 3.



