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CHAP'ITR l. OOTLINE Of' ELECTRiflCATION 

Effect of !':1cctrification 
-· --·-

1-1•1 Pre,;;,.,nt Cond1tion of ElcctrÍ<: Traction in Japan 

The prcsent_condition of elcctric traction in Japan is 

shown in Table 1-l. Of the JNR's total route lcngth of <2,597 km 

(of ~o~hich 1,176 kP belon'g to the Shinkanse" linc), 9,611 k111 are 

electrified, accou_~ting for 42.5\ of the total route length. -:'he 

traffic volume t>y electr1c tracLlon accou.,ts for 2·;·,_ of the tot.al, 

shOO<Jing that the .T.IR' s ma1n rneanS of tr<mspOrtation is based on 

e 1ectric traction. 

D1rcct; current; of l.,$00 v was invariab1y us"''' fvr e1ectnfLca

tLon li.'ltil 1951. However, 1o1ith suc:c:essful cornmerc:ial applic~~1ons 

of alternatinq c"rrent, elect;rificatlon by thi.s curre~.:. has expanded 

rapidly, accounting for a half of the total clectrified route 

lcnqth at pr,.,scnt. With prívate rai.lways. of thecr total routa 

lcnqth·of 5,599 km, 4,907 km, or BB\ of ~ha tOtdL are clectri~ied, 

covcr alrnost all l'"•il]Ot" routes (operatlng "'-".inly on 1.500 V direct 

cunen t.). The secuons of the JNR under elcctrification work at 

present total l,B88 km, inc:luding the 'I'ohoku and Joetsu Shinkansen 

1ines (sch~uled to be open in 1982 with a total routa length of 

Bll kCI). When these sections a.-e cornpleted. the t;otal elect.-ified 

route length will be ll, 500 km (clcctrification ratio of 49.1".). 

The share of rail>~ays L'1 Jap<~n's t;.-a!fic volu10e in fiscal 

1979 ""'s about 40\ in ten:~s of passenqer-kt:~ and about 10\ in terr.':s 

of ton-km. Since electdc traction are th<> main means of trans

portation for p<~ssengers, electric cars number about 35,000, 

accountinq for 75~ of the total passenger c:ars. 

1\s regards loc:omotives, alinost all.of thcm are for freiqht 

trains exc:cpt_for long-distance sleeper trains. 

(See Tables 1-2 a.'ld 1-3.) 

' 
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Private 
railway 

Total • 

m 

Pr1vate 
railways 

Total 

Table 1-1 f:lectrified Route Len9th by Type 
(unit· km) 

oc ·>O (loj¡) Ele-
Route 

ctrifi-
Under Total km in 

caeioto 
1500 V 1500 V 20 kV 25 kV 

. service 
ratio 

""' oth~rs 

(8435) [21421) ¡39.41 
4965 3470 1176 9611 22597 42,5 

(600 V) 
. 

1147 3747 D 4907 5599 67.6 

1147 8712 3463 U76. 14518 26196 51.5 

(Under construction) 

962 . 1888 

Figures in square brackets exclude the.Shinkansen;· 

Table 1-2 Nll.~er of Cars by Type 

' • (W'I-t car) 

Electric Electric Diesel 

oc 

12126 

17260 

29386 

Diesel cars loc:01noti ves lOC:OinO-
cars 

ti ves AC·OC " oc M0 •OC AO 

(2415) 
2988 2582 1002 m "' 5038 2109 

- DO '" - - '" "" 
(2415) 

2988 2 712 1205 '" "' 5243 2315 

Figures in brackets indicate those on Shinkansen 

lines. 

In addition to those shown above, the JNR ~ns 6,000 passenqer 

cars and 100,000 freiqht cars .. 

-. -
. -
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Table L-3 Domes~ic Passenger Transportation in Japan 

( 1 19'l F~sca ' 
N<!ans of 
transpor· Rai lway '"' ;.utO<OCbile Aircraft Others Total 
tation 

100 mil-
lion 

3125 1083 3199 "' " ?771 
passen-
c¡er-km 

R<~tio \ 40.2 13.9 41. l '.' c., wc 

Dornestic Freiqht Transportacion Ul Japan 

(F' 1 1979) ~sea 

Means of 
transpor- R.!.ilway Truck Coastal shipping, etc. Total 
tation 

100 Clil-
lion m 1729 2260 4420 
ton-km 

Ratio '.' 39. 1 51.2 >ce 

1-1-2 Proqress of Electrification for the JNR 

It was 1919 when electrification of th<· JNR emer;9ed as Japan's 

energy policy. 1\t that tiioe, in view of the rapidly inc.-ea.sing 

demand' for industrial coal. the JNR, which was c:onsuming 12\ of the 

total coal consurnption, formad the view that a change be made to 

electric traction to save coal through hydroelectric power <¡enera

tion and decided to electrify its trunk lines and te ccnst~uct 

hydroelectric power stations. 

Fro:n then on, the efforts rnade by those concerned g~adually 

bo~e íruit, though hindered by various obstacles including Changes 

in policy, restricted funds and the stagnant period due to World 

War Il. Thus, by the time the .r.:R "'"s reorganized as a public 

cocporation in 19~9. it had electrified a total cf 1,600 km. 

- S -



Among the policies adopted hy the JNR since it was reorganized 

as a puhlic corpo:ration, "Adoption oLAC Electrification"anil "Motive 

Power liodernization" need special mentioning. 

After ccnducting a large-scal., survey on the method of 1\C 

electrificaticn hased on a ccmmercial frequency and a special high 

tension voltage, the method which was drawing attention as a new 

~thod of electrification fcr its advantages, the JNR decided to 

adopt it on a full sca1e. As a result, t.he fi:rst route hased en 

this method came int.o heing in 1957. 

This successful electrification by 20 kV 60 Hz (Booster Trans

fonner system) gave Japo;n' s electric railways 11n opportunity to 

1earn 11 great deal and the knowladge obt..ained had.ll great imr:act on 

a wide-ranging field of technoloqy. 'Ihe results of nmnerous tech- ... 

nological advances thus brought-about,laid .the foundation for the 

construction of the Shinkansen line seven-Y""-CS later.in 1964 .. 

'Ihe Motive Power MOdernization Prograt:l for!:!Ulated in 1959 

stated: "'Ihe JNR ,.,st elec:trify 5,000 km of its unelectrified ,.._in 

route's ana adopt diesel traction for other routes in 15 years' 

time at the latest, abolishing steam traction". 

At that time, Japan's industry was undergoing extensive moderni

zatlon through techno1ogical renovation and only the .nm was l:liOinly 

basud 011 antiquate<'l steam tracti011. 'Ihe program was fonr:u1ate<'l to 

.met the urqent nee<'ls fo:r the·lllOderri.izatiOn of transportation and 

streamlined tt>'lnagement: 

This prograt:l was carried out step by step under long-term 

planning by the JNR. As it had been p1anned, steam traction was 

ccmpletely abolishe<'l in fiscal 1975, and newly e1ectrified lines 

amount to 5,100 k~ of its roútes (cxcludlng 1,180 k~ of the 

ShinkansÍ.n l1nel. 

'Ihe prog:ram thus achieved its go..l and al so produced additional 

rcsults such as tlle <'lcve1opm::nt en a c=crcial basis o! the Auto 

TraJ'lSformer feedl.n<J system as a new e1ectrification type. (See Fig. 

1-l.) 

- 6 -
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1-l-3 l;;ffect of Electric Traction 
(Comparad to diescl traction) 

The chnngcover to "lec trie traction not only has a· merit in 

terms of cost because of the changc in energy from oil to electd

city but also i~proves railway rnanagement in numerous ways. 

The effects of electric traction can be su:nmarized as below. 

(l) Effect due to Improved car Perfor:rnance 

Increased effect of infrastructure of railways -

The tractive capacity increases due to the charact.erist.ics 

of el.,ctric motor.vehicles, thus.increasing.the transport capacity 

pe: train. The headway """ also be redu.ced by fast acceleration 

<lfld · deceleration.· (in crease .J.n tr<lnsport .capilci ty) . 

These. effects olead 'to .an ·increase ·in othe oqU<lflti tative ·capa--·· 

Cl.ty of-railways. 

(2) Reduct.ion in Running Costs. 

Running costs, e.q., power cost, ·repair cost, personnel cost, 

can be reduced. -

Since electric ~otor vehicles require lower power and repair 

cost.s, this econornic merit """ adec¡uately cover the additional-

expcndit.ure for maintaining electrification facilities. 

In addition, it. will be pos,.ible to reduce the number of 

crew members with the increased train speed and the increascd 

t.-active capacity. 

(]) Increased revenue due to Improved Services 

Revenue is to be increased ~y providing cornfortable trans-

port. services with t.he incr.,as"d train speed and a lO'o' 

pollution level (no smoke, no smell, 1""' levels of noise 

and vibrationl -

Thc reduced transport time due to the increased train speed 

serves as a Si<]Oificant benefit ·for passengers, resulting in an 

incrcase number of users. 

- ' -
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l-1-4 Effect of Improvcd Car Perfor.,ilflce {Cases) 

( 1) 'l'raction Charactcristics 

1 'l'o show the difference in perfonnance between etectri.c and 

' ' 

diese1 locomotives, OL-0051 and EL-E075 ..adels cunent.ly used by 

the JlHI "'" compared below. 

'l'ab1e l-4, SpecifiC<ltions of EL and DL 

-~ 
Hydra!Jlic type " '" " oc ce 

(0051) (t:075) 

Weight 81"-'84 t 67.2 ' 
Service rating 2200 '" 1'300 '" ( 1100 ps " " (:175 l<W 

" " 
Axle 'u.rrangei:'.Cilt B-2-B ,_, 

'l'he traction charactedstics of EL and DL shcw that EL is 

far superior than DL in traction, particularly in low and rnedium 

speed ranges, tloreover, when they ,re co:-::pared with regard' t.o 

traction, assuming the speed to be ccnstant (40 l<m/h), ""' find 

that. EL is 1.8 tit.~es targer than OL (EL 18.9 t against DL 10.5 t.). 

wtten they are compared in te= of balancing speed, assu:ning the 

traction to·be constant 110.5 t), we find that EL is l.ñ times 

fas ter than DL (EL 65 krn/h ag<linst DL 40 l<rn/h). 

'l'able 1-S Coo'lparison of EL and DL "in Performance 

" ce 
(0051) (ED75) 

speed '" >,J>< 40 krn/H &S l<rn/H 

'l'ractive 10.5 t 
effort 

18.9 t 10.5 ' 

- ' -



" \ 
-----

1 

' 1 

' ' 1 , 
j ' " 

' \ 
\ 
~ 

" " " • " -• 
' -" " • 

' 
__ \ ' ' ' ' ' 

' ' 
' ['\._. -. ,_ 

. 
. '"'---

Sp<~d <>~/H) 

Fig. 1-2 Tra~tion Olaracteristics of EL and DL 

""· 

1,000 t 
gc.. -=...::J¡;::::;¡Q 

>O k~/h 

rig. 1-3 co"'P"rison of Loco11>0t1ve Pcrfon:unces 
(A.n exacple of the ba.iancirlq speed for a gradicnt) 

- 10 -



1 
' 1 

. ' 

' 

! 
' 
' í 

1 

Legend 

o Befare elcctriJication 

WJ A!ter electrlfication 

-• • o 
i 
" -
• • • o 
6 
" • o 
" " " • , • ' • o • o 

lt..or<¡•• ~n6lentl 
Electrification of Ou line (November, 1975) 

Fig •. l-4 Comparison of.Traction capacities befare and 
after Electrification 

(2) Improvement in Speed 

A.!l regards the improvement in· speed "by elect.rifi<:ation, the _: 

JNR records show- that standard traveling time was shortened about 

lCJ'I-15\ after electrification. {See Fi9. 1-S.) 

MOreover, since electric cara produce fast acceleration and 

deceleration, the headway on high density sections can be reduced. 

Fig. 1-6 shows the improvement in accelerating capacity. 

1-1-5 R<!duction in RUnning Costs 

(1) Reduccd Powcr Cost 

Since the product of the power ccnswaption rate and the u:ut 

price of pcl'ol'l>r detern~ines the power cost, it is necessary to take 

these two factors into account ..-hen comparin9 power costs. The 

power consumption rate fluctuates accordin9 to various factono 

11-
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includin'J' the train cype, the speed, the track ccndition, etc.-. 

However, an average figure for the JNR as a whole is uaed here 

for macroeconO!nic ccmpadson. 

Since the unit price of po.rer greatly varies accordin9 to 

the energy situation in the country concerned, it cannot be 

applicd universally. n.e unit pdc:e of power for the JNR is used 

for the data here. 

· Table 1-6 Comparison of POwer COsts 

(Passenge.-) 

Power =·-- Unit price Power Ratio cost 
tion rate ·of power 

Electric. o;ar ;· l.67"kWh/car ,. 17 ·.Yen¡kWh - 28 ·'ien/Ca.r-km " 
Oiesel.car- o:64- -1/Ca.r ,. .7B,YenJ1 •. .50 -Yen/Car-.km:o ' 100:. 

• (Fre~g ' 
Ele.;:tric '·' kWh/102 17 Yen/l<Wh " Yen/100 km '" locomotive ~->m ""'-"" . 

Diesel LO l/10 2 78 Yen/1 78 Yen/100 "' locornotive ruo ,. -->= 
. . 1'he wut.pr~ces are<ford~scal 1980 . 

As Table 1-6 shows, the pl>lol<lr cost per car-kilomcter of 

electric cars is about 40\ lawer than that of diesel cars, while 

the pa.~er cost per haulin"' weiqht kil~ter for elec:tric: loco:no

tives is about SO\ lower than that of diesel locomotlves, showinq 

that the power c:ost is lower with elcc:tric: motor vehicle with the 

' ' 

Needless to say, the unit pric:es of electric power and liqht 

oil are greatly affected by cn~de oil prices. COnsequently, ·the 

above-ll!Cfltioned relative relations of the power cost also fluc:tuate. 

Fig. 1-7 shows the rate of incret~se in unit pric:e for elect

ric: power and light oil in the last dec:ade. 'Ihere was a ~arked 

difference in the race of inc:ret~se between the two, i.e., 14\ per 

,_ 
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Fig. 1-7 Changes in Ene.-gy Prioes 

year for electric po~r and 21' for light oil. ~ a .-esult, ~e 

~erit of using electricity has been inc.-easing in recent years in 

Japan. With the reccnt c:or.:mercialization of I"agene.-ative cars by 

r.>eans of tl1¡rister cho;>pe.- control, the ene.-gy conswnption ef!ici-

ency of elect:ric c;ns will funher improve. (The probler:~ of 

cncr-gy will be dealt ~<ith in detail in 1-2.) 
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(2) Rcduced Car Milintemmca Cost 

In general, the Car maintenance cost for diese! cars tends to 

be hiqher than electric c;u:s because of a large number of parts 

including those which need to be replaced due to wear and also 

because of a high de9ree of accuracy required in assell'lblin<¡ the

engine, the torque convertor, etc. C&r maintenance is carried out 

according to various inspect.ion standards. 

Tabl':' 1-7 compares electric cars with diese! cars in terms 

of annual maintenarlce cost (personnel and material' costs) hased 

on the JNR record&, lf the ~nual total running km is the same 

"'ith both-of .them,.the-unit =intenance-cost of.electric-cars is." 

about ·SQ'1.70\ of- diesel cars ;· shO>Iing ·the •c¡ood>eConO!t!Y ·of · the.

fo:rmer •.. -.,. .. _, 

Table 1-7 
-... 

Coq>arison of !-I.J.intenance Costs per a Car .• ' 

~ 
Electric car Diesel c<1r· 
(direct current: 

( CO<!IIIIU te r t ype ) _ 
subu.-ban ,,.,., 

. 
61-!: (120 >w • 4). 4T 180-ps.>< 2: . 

~intcnance cost 
(45) 5,900 (100) • u.ooo-

(1,000 yen/year) 

Electric locomotive Diesel locomotive 
425 kW .. Liquid type uoo pP ' 

Maintenance co•t 
( 73) 16,500 (lOO) 22,600 (1,000 yen/year) 

Fic¡ures in brackets are index fic¡ures. 

(3) Other Effects 

n.e illlprOved car perfo=ance due to electrification increases 

the train speed and reduces the train hour (decrease of 5'\olO\ with 

the .JNR). As a result, the operational efficiency of crew ""'mbers 

illlprOves and it is possible to reduce the personnel cost. (See 

Fig. 1-B.) 
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Fig. l-B OOrnparison of Passenger Train Hours 
before and a!ter Electrification 

Furthermore, the JNR was_ablc to combine or abolish ·car 

sheds a!ter electdfica~ion because of the reduced n11:11ber of cars 

and that of inspection and repair personnel. Such as incidental 

meri t should also be considerad. 

(4) Increased Expenses due to Electrification 

Electrification requires maintenance work for ground facili

ties. 'I'he recent JNR records are as shown below. 

Maintena..,ce personnel: o.l"-0.4 person/)<m 

Material cost 600 thousand yen/km 

hs regards the additional invescment in electrification 

facilities, expenses such as depreciation and interest fonn addi

tional expenditure. These expenses shollld be·evaluated in relation 

to invest.ment effects 11-1-7). 
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1-1-6 lncreased Revenue due to ImprÓved Services 

It is considerably difficult in general to assess w what 

extent the revenue increased because of ilnproved services. '!'bis 

section is intended to outline the results of an analysis of the 

passenqer traffic induced by the increased train speed and the 

higher frequency resulting fran electrifica.tion. 

'I'he induced effect was obtained by 1) forecasting the passengez: 

traffic (passenger-km) without transport improvement and 2) obtain

inq the diffen.noo in perc..ntage with the results of improved 

services. •·'nle induced effect on those·-se'ctions.where _transport 

improvement was carried out.was obtained.as below. 

' Ordinacy·pa.ssenqers r Coznmuters 
' 

Electrified.: 
3 .... 17\. 2 .... 14\. 

sections "' 
Unelect.-ifled ,, 

" " 
... 

section's '" 
'n!e above· figures· sha.o • cleady •_that cthe. induction· rat.e 'was:; 

higher on .electrified -secticns ·wi th · bcth· crdinary ·passengers· and .~ 

CCIMIU te rs . 

It can also be concluded in general terms- that the induced 

eff_ect of improved services en passenger demand tends te incre~se 

in proporticn te th" ¡>epulaticn dendty, the traffic density and 

the ratio of tourists in the section concerned. 

Other results of the analysis also sha.o that the effect of 

hiqher frequency on induction was larqe on CCIIIllUter lines and that 

the induction rate was mainly dependent en the rate of improVeCM!nt 

in train frequency. They alsc sha.o that the effect cf the hiqher 

train speed on induction was larqe on thcse trunl< lines where the 

long-distance trains are h:portant. (See Fiq. 1-9.) 
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1-1-7 ·Assessment of Invesunent Effect 

'!'he JNR has used the addit~onal investr.>ent yield raüo to 

assess the e!fect of 1nves~~nt for electrificat~on. 

Ret.urn C"-t.e of 
"ddit1onill in·~cst

r.>en t 

!ncreilse i.n 
earnings 

Expenses for 
electncal + 

Expenses !"or 
d1esel operJt1on 

• c::ccoc::ooc-cco-'''"'"'-'''"'''''''""--~~"'""'"''",-~""' Úwesu:>ent for !nves~~n~ for d~esel 
electrificiltion operaüon 

Expenses pO'<Ier cost, personnel cost, repair cost, depreciation cost 

This return ra~e of addltional Ln•;esti:'IE!nt ascertains the "'erlt. 

of Lnvestrnent st-,tic.;tlly uta po~nt o!~ s¡:eci.fic fiscal year. Accor:!

Lngly, Lt docs not take into account thc [luctu~t~ons of accr.or:üc 

f"-ctors rclating eo the affect of iñves:rrent. Nor is it necessaüly 

appropdate for asc.,rtaining !;he overall effect of long-teno. invest

Oll)nt .. Therefore, the OCF method (discoW"Ited cash flow methoc!l is 

mainly used at present. 

(1) Method for 1\ssessi'lg Invcstmcnt Effect (OCF method) 

OrH! of the characteristi.cs of this "'etho<.l ~s that the futu::-e 

cost {or outflow) and benefit (or inflL>wl are di~counted ta pre-

sent v~lues for comparison. In t.his w~y the rate of discou..,t can 

take into account the rate of inflatioo and factors of uncertau>ty 

in t.he futurc. 

As regard~ indicators !or as,;c:;sing the eff~ct, various 

... t.hods are generally available to calculate ll cost bencfit ratio, 

2) current net value and J) interna! rate of rcturn. The J:!R uses 

the interna! rate of return method which ~s useful for ranking the 

invest.rncllt efficiency. 

Aftt!r obtaining the 1nternal rate of return yo which satis-' 

fies the fonnula below, it is comp.lred with the standard interna! 

rate of retum YB which can serve as the criteüon for dct.en:lininq 

- 19 -



the feasibility of irwestment. If yo> yB, it can be ooncluded 

that the feasibility of investment is positive. 

He re, 

"Y o: 
. ' 
' ,., -C'"''-• • -,:-''Le,,. - lo --o 

n + "l'o)t (1 + "Yol . 

Vt: Vt ~ (JlNt - Rctl - (O¡;¡t - Octl 

Jl¡.¡: fo~ecast earnings afte~ investment 

Re: forecast earnings without investrnent 

ON: estimated expenses after in~estmcnt 

(excluding depreciation cost and interest) 

Oc: estimated expenses without in~estment 

(excluding depreciation cost and interest) ---

'(o: interna! rate of return 

Io: initial investzrent 

T p~oject life· 

S residual value of facilities after T years 

·(2) Example of Economic Calculation 

Table 1-B is the economic calculation of investment fo~ ele

ctrifying a suburban line dccided recently by the JNR. In this 

case, the rate of inflation for each factor 1s O. This means 

that the effect of invest.ment is most oonservatively estimated 

in this case. 

_,._ 

1 

1 

1 
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Tab1e 1-8 Compadson of E1ectrification and Diesel 
Traction regarding EanÜngs and Expenses 
(mitlion yen/year) 

Electrificaüon Diesel Difference_ 
traction 

® ® ® - ® 
Total expenses '" '" - "' 

POWI!r cost '" "' - " Rotll.og stock main 
tenanc<> cost. m m - ,., 
Ground facilities ,. 

. ' " cost-
. . . rnaintenance - . 

¡>ersonnel cost- -- "' 
. - 24 3 _; 

• Miseellaneous cost . - " • '' . --lB·· .. 
Incre .. se ·in eamin , .. ts-~- - ' " . 
Personnel =st i>re for crew members and inspection and maintenance 

personnel. 

Investzoent: ground fi>cilities

rolll.og stock · 

3,100 million yen 

2,200 million yen 

. condi tiOn. of- transportation' .. about -4,000. train-luo/day -

about 16.000 car-k=lday 

¡rc,c.:,:.:,.:::,:,-:,:,c,.c--.co,-:,.::,:.:,.:-----,--,,,,,:-, 

" 

1-1-8 Benefit of Invest:nent for Electrification for the JNR 

(1) Assessmeot of Previou~ Investment for Electrification 

•• 

As described above. the effect of investment for electrifi

cation covers a wide-ranginq field~ It is therefore difficult to 

quantitativcly assess everything. In particular. analysis of the 

effect on earnings poses a difficult problem. Aecordingly. the 

effect o! inve¡tment for electrification-carried-out·up·until n~

was calculated tentatively only on the basis of expenses which 

were ascertainable in fiqures. 

- 21 -
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~s regards Ule ~:~etnod of calculation, cm Ule asswnption Ulat 

&11 electrified sections of the JNR (a total of 8,435 km at FX't!

seot exclUdiriq ~e Shinl<ansen linel were operatinq en diesel 

traction, the expenses {repair cost, personnel cost, power _cost 

and depraciation cost) ...e no first Clbt&ined .. 'Ihey "olere then c:om

pared with th05e in the case of electric traction w Clbtain the 

di fference. 

The.results are qiven in Table 1·9, which sbows that electri

fication reant a saving of about. 330 hillion yen a year for the 

JNR, equivalent to as much as lh of the total expens·;s of ~e 

"'~ 
Though this assu:'Option that the present electrified sections 

are operatinq on diesel traction -..as made in order to calculate 

the macroeconomic effect on expenses, it. l!lUSt be pcinted out that 

this asswnption,. is ccnsiderably unrealistic. For it is difficult 

' in reali ty, for instanoe, to carry out transportAtion of su eh a - · 

hiqh density as required for the 'tokyo Metropolit= zone with 

diesel cars. That is to say, it can-be concluded that the pre

sent hurden of transportation cannct be carried out unless it is 

based en electric traction in a considerably larqe nlltllber of 

areas. Therefore,.it must be emphasized here that. the effect of 

invest:ment for electrification is not only the reduct.ion- in-· 

expenses as calculated above but also the good services to com- __ . 

pete with other means of transportation such as automobiles and 

aircraft. 

{2) Benefit ot Invest:ment tor Electrificiltlon 
(Present state of the JNR) 

Of the JNR's route length of 21,300 km (excludinq the 

Shinkansen line) , those sections of double-track and above total 

about 5,600 luo, l<hile electrified sections total about 8,400 )<m. 

In the case of invesonent for electrification, the la.rqer 

the traf!ic vol~ the higher the benefit of the section. ~ccord

inqly, the .nlR electrified its main trunk lines of double-track 

exc-ept those secticns wi th special condi tions. There is no doubt 

- 22 -
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Table 1-9 Comparison of ExpenseS between Electric 
Trac:tion lll!d Diese 1 Traction 

(Unit: lOo'million yen/year) 

. 
Electric: Diesel 

Difference 
traction traction 

..;.___ ® ® ® - ® 
Expenses 3889 7178 - 3289 

1-l.:!.intenanc:e cost "' 1696 1 - "' • 

J_ ·'-· 

flollinq 
·~· 

m 169& ----- - - - - - --- - ---- - - -- - -- - - - - - - - -
. 

Ground '" facilities 
. . . 

·- - - - - - - - - - - - - - - - - -- - - -- - -- - - - - - -
' 

-

-
:Peisonnel·· Cost·~ 871'~ ' 1468:0' - ·597::~- . 
• • 
• 

•• _, 

' 
• 
• 

> 

. ' Ro11ing • stock 'e •¡-_; ' . -&os,~ 1468:; . 
' ----·- - ------ --- -------· - ------- --- -- --• 

Ground . .:: ' . 
266";f, ' • . 

facilitfes - - - -- - - - - - -- - - - --- --- - - -- - -- - - - --· ·cost 981·' 2122 -1141 • 
. • 

Depreciation =-' "" .• "" - "' 

. 

Rolling. ·stock··•:C .· 1063 . ' 1892i• ----------·- - - ---- -- - -- - -- - -- - - -·- - -

-
Ground o 

103 :.. ' 
facilities· - - - - - - - - - - - -- - - - - - - - - - - - - --
*1: Personnel cost (cars)· is for inspection and repair personnel 

other th= those personnelat R.ailway Factory. 

*2: Based on ¡:l.lrchase prices • 

about the profitability of investlllent for electrification on those 

sections where tlle traffic VOlWII!! makes it necessary to operate 

them on a double-track. Electrification by the JNR is now shift

in9 to single-track sections. 

'I'he track capacity (the nwnber o! trains which can be operated 
• 

per unit hour) depends on the natura o! the section (the ratio 

beb<een passengers and freight, the station interval, tlle 
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signaUng system, night traina, etc.). 1n the case of the JNR, it 

is about SIY\>100 t~ains/day. 

Fig. 1-10 p~escnts i.n model fonn the expenses of elcctric 

t~action and diesel t~action (fo~ single-tr .. c:k sec:t.i<>nsl \olhh the 

n~r of t.rains .,,. a par ame ter. 'I'his was ·p~epared on t.he asswnp

tion t.hat the expen~es conc:erning c:ars a~e rough1y in proportion 

to the traffic volume and t.hose c:oncerning elec:tnfic,.tion fac:ili-

ties rough1y at a c:onst.ant value to t.he traffic volume. 

• : 
o 
~ • • 

traction 

\ Train frequency _ l _ 
(total of both 

d~rectionsl 

Train frequency l 
(total of bOth 

.directionsl 

Expenses: personnel, maintenance, power, 
depreciation and interest cost.s 

Fig. 1-10 comparison of Annual Expenses and Train rrequency 

" 

. . 

1 
1 
1 
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Fig. 1-11 sh:>ws these expenses in tenns of unit expenses 

per train frequency (exc:luding interest); The two_sy5tems shov 

the same rwming cost at t.he train frequency No. However, invest

JDent for electrification ca!UlOt be justified for the bcnefit of 

this size of traffic volu.>e. The e!XIno:rty of invest.Jnent for ele

··ctrification•can·be approved·if the traffic voltm>e (N¡) inc.-eases 

further and the size of the benefit (BN¡l see!IIS t.o quarantee an 

appropriate and sufficient return for investrnent. 

' 
. 

" -~ • 
" " ' • 

'g~~~r ~~i~l ,~g n¡a~e·" 
' -e e trie 

' - 1 ' - ' -
' ' • • 

" & 
' " 
,, 

\ 1 
1 --

• 1 ' ' 
., I nVeli1om<m t. < 

~: 
1 electdfic"-

' ' t.ion · feas1ble 

- 1 
-'-Di 

' ' i"'-
. 

' K ' ' - ' -
1 

" - 1 : - ect.-ic traction 

1 1 

1 1 

1 1 
1 : ,, Tra¡n frequency 

Fig. 1-11 Canparison of Expenses per Train and Train Frequency 

-In order to increase·the benefit of investment for electrifi

cat.ion, the JNR's ~nginee..s have made every effort to reduce the 

investrnent cost for elcct.rification and 1<1aintenancc cost. 

- 2~ -



.. 

As a ~su1t of these eff6rts ~d fluctuations in economic 

facto>::s due to the oil crisis, the >::ange of profitability in 

investment for electrification has extended in the case Of the 

JNR, i.e., sections with a train-frequencY of around 60/d~y ten 

years ago to those with a fr.,qu.,ncy of 30ü40/day. The JNR intends 

to continue to make efforts·to reduce costs in every sector in 

order to in ere ase t.he benef i t of .,¡ectr~c. traction. 

1-1-9 conc1l.lsion 

The effect of electric traction in the case of the .mR has 

been described l!hove !Minly by co~nparing it to diesel traction. 

nte JNR has a total of 9,600 km of e.lectrified sections <>t 

present; it will exceed 10,000 km when 900 km of t.he Tohoku and 

Joetsu Shinkansen lines go into service this ye .. r. (See Fig. 1-12.) 

Almost all of t.h~se electrified sections were completed one by 

one as Japan recovered üom the devastation left by World War II, 

taking a total of about 30 years. Electrification at the initia1 

stage of reconstruction was a means to increase the transport capa

city in ~esponse toa rapidly increasinq demand for transportation. 

Aftcr the Japanese.economy ass~d a so,.,what scttled ton.,, it ... as 

to improve services so that more attractive services could be pro

vided. After the wave of increasingly rapid ..-.::otodzation began 

to affect railway manage"""nt in Japan, it became an important =a

qement icoprovement policy, placin<i t.he eq>hasis on the reduetion of 

transport cost:s. 

The effe~t expected frorn electrification has thus chaDged in 

""iqht in response to chanqing circumstances. J-lowever, we beca""' 

conv1nced frorn experience that the undu~ngeable usefulness of 

electrific~tion lies in that it strengthens the characteristics of 

railways as a system of public transport such as mass transporta

tion, rapid transportation, comfortable, safe and inexpensive means 

of transportation. 

The.contents ?f this chapter entitled "Effect of electrifica

tion" are inseparable from economic values unlike tcchnical.themes 

. ' 

1 
1 
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Fig. 1-12 Elecu-ifi<.:atiOll W>p of JNR 
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fOr Chapter 2: Feeding system and [oll~ing chap"ers. A~cordingly, 

it should perhaps be added here u.n thc !1.;'-'rcs given in this chap

ter values ascertained arn.id the actual envirP"-<>ent cf Japan including 

the eccnomy, society, culture, etc. 

1-2 Electritication and Energy 

1-2-1 Outline of Supply and Dc~and fcr Energy in Japan 

Energy COOSUI!lption in Japan incr-ease.:l "'ith its econelllic 

growtl>, but rem11.ins allllost at the sa..,. lev~l s>nc:e the cil cri_sis 

in 1973, •reac:hing .390 million tons. in .1979 when converted · and 

tota1ed in terms of oil. 

'lb e supply of enerqy,in 'Jap&¡. is characterized by· it:s. hi']h 

reliance .¿..¡; ircports"86'f in Fisca1,_Year .\ 1979)- and beavy· dependenc:e, · 

ori'Oil ( 7n)·,- especilüly_ as· seen by .the situation• vhere -al1110st &11 · 

of the oi1 is i=PQrted. 

In view ot the anticipation•that· cil .supply will "be cOme .more .. 

and more difficult to ohtain it is no-.· the li'IOSt i-..portant and 

urgent national problem. to get the energy saving ""'asures.thoroughly 

irnplemented in every fié1d of activity, a.'ld. st.rongly prOil!Ote ·the 

deve1oprrent ·and .· introduction-•of. suhsti tute enerc¡y .for oi1 in .order • 

to reduce dependence on oil. 

1-1-2 Energy Conswcption in the Field of 'l'ransportation 

The total amount of energy consumed by Japan•s domestic trans

port systems in fioic.,l 1979 was 568,000 billicn k~al, a~counting 

for 14.6' of Japan's total energy consumption of 3,900,000 billion 

kcal (equivalent to 390 r:lillion tons of oil at a conversion rate 

of 10,000 kcal to a kiloqram). As the breakdown in Table 1-10 

shows, oil supplied a total of 533,000 billion kcal, or 24.4\ of 

the tot11l dtm>l!stic: oil consumption, and electricity supplied 31,000 

billion kcal, or 2.8\ ot the total domestic consumption. 

ElectriClty is ger>erated frPlll d.iversified sourcessuch as oi1, 

LNG, coal, ato~ic power"and hydraulic power as primary energies . 
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Hcwever, sincc 011 supplied 52\ of the total power qenerated, the 

oil encrgy consu:ned by the transport section actually a.'nOunted to 

552,000 billion kcal, or about 19\ of the total domestic oil enerqy 

conswoption of 2,B90,000 billion kc,.l. 
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Fi<¡. 1-lJ shows the percentage of traffic volume (passeno:¡er

km and ton-km) and the energy conswoption shared by each of the 

transport rne"ns "s classified b~oadly into passenger and fr~~ght 

serví ces. 

'I'he share o! railways in Japan's traf!ic volurr.e in fiscal 1979 

was about 40' in tems o! passenge~-kr.1 <1nd about 10% in ter..s of 

ton-km. In the sa.'llC year they cons11:11ed about 39 x 10 11 kc<~l of 

energy, or about 7% of the total energy oons~~ed by domestic trans-

port system. Accordingly, in rou<¡h fiqures, railways in J<~pan 

c<~rried about 30\ (passenger-kr.~ and ton-k"') of the total traffic 

·volWTI<!, consuming about 7\ of the total energy consur:>ed by the 
• 
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entire transport sector. These figures in<licate that Japan's rail

ways provide transportation of high encrqy efficiency. 

(See Table 1-11. J 

Table 1-ll Traffic Volunoe an<l Energy Consumption 
(Fiscal 1Sl79l 

Do<r>estic: Railways ''" total 

® @<@t@ •> ©<©1® " 
-p assen~"r : tx a f f ic volWl'l! • .. 

·7709 J125 (40. 5) 1947 (25.2) 
(lO passenqer-kml . ; . .. . • . . 

.. 

Frei9ht traffic volW!><! , __ 

441B 431· {9. BJ m (9. Bl 
(lO~ -ton-km)'' 

'r.nergy·consumption,-, . . 
' 597 1 " . . 390: (6.5)•h "· {4.4) .. . (lOU l<:"al)·' 

. 
' 

. 
.. 

Source: TraffLC volume from the MinLstry·of Transport statistLcs· 

".' .... 
. "' 

"' _., 

.. , ......... . .......... ... . .......... "·" 

., .. 

......... 
'·' 

., 
............. ,,.,., , .... , ... 

Fiq. l-13 l!.nergy Consll:llfltion in the Transport Sector 
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1~2-J Ene.-gy Consumption Cha.-acteristics by Various Means of 
T.-.. nspo.-t 

Table 1-12 shows the energy consumption units by v~.-ious means 

of transportas calculatcd from the actual results reco.-ded in 1977. 

F.-om the mac.-oscopic point of view, it can be said that the 

transport rneans Of good cnergy efficieney are .-ailways and buses 

for passenqer t.-aff1c, and railways and Ships_for freight trans-

portation. '!"abl~ 1-13 shows thc encrgy consumption units as analyzurl 

in turther dctail on pa~senger transportation. These er.ergy con

sumption units are largely ;-,ffected by t.echnological elements 

concerning the propulsion efficiency of the transport means them

selves as well as by the elernents based on the conditions of use, 

namely the load factor (seat-load factor or freight-load factor). 

Table 1-12 Oonsa~ption Units of Operating Energy by Various 
'J"ranspo.-t Means (Fiscal Yea.- 1977) 

~ 
~''"'" ~ne"JY ~ne<qy 1 ndeo 
vol'-"'"' O><>>''"'PUon ,,.,.,.u..,t10n ·-· "' !l 00 m ' 11 ""' nn b>lHon 

_ .. 
t•c•ll , .... ,¡~ •• --- r•n•n..,<·>~l •ou> pass•nqo<·>~l taken .. .. 

,.,..¡,.ays J.IH ) . ,., '" ' 
~· { ,,.971' 12.018) 110 11 

PfiVat.e <nlwoyo 11.1>61 ll,ll'l ¡¡g¡¡ 

Bu o .. 1.n•• I.•OJ '" ... 
AuU>ff>Qbi1eO l,640 20.40) ,, .., 
... irpl•••• ID>ot>ootlc) ,. 1.~n "' 

,.. 
1>1 Frel<l>< tnffie 

~-
T<•fhc ~ ... ,qy tne<qy '"""" ""'"'''" eonoumptlon r:on sompt> on n,.,.r , IJOO ~ill!on 110 billlon wlit l>o•l/ ("JNR" 

-·~ - U>\•h) <cdl too-•101 •• 1) 

~· '" "' "' ' 
~"'""" 1' '" ~~-8'!· 1.390 ••• 

(lusinoul 1 BOOI IS.lMI 16101 (9 .81 

IPcivaU) {6lll III.Slll (2.1001 (li.ll 

Shlpo IInternoll 2,021 S .l4B , .. LO 
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Table l-13 Consumption Units o! Operating Enerqy in Passenger Traffie 

Ln~•qy 
~ ... ....,.,o/ 

hndo •• <rot~opo<t 

-·~ 
con '""'1' t "'" C.;>o<lty 

"'' <•e• l.' oc~p ... •c• (po,.ono/cod 
""' .............. ¡ 

i,w<>ono/corl 

Shl.n•on.Hn ... " fi 

mo c_.ute< eloctri< tnlno " ~ ... 
Local <lio .. l t<oino ·~ " -
Urbon hlo¡h·op.eed -·~ .. 

Prhe .. nUvoyo •· 
~·11"•1• 

l.o<al P''"""90' '• '" " --
r•ll"•Y• . 
audno .. · (Go,.nll . 

"' 
' .. " 

' • . 
' .. 

·~· 
(C>a.tondl ~- ]7"" 

¡.; ., . ltopronl· 100 . " 
. .. 

P<hoto .• . .• lOO " ' " ' 
' ...., __ . 

Boolnooo , 1,!70 c. 8 .: . '" ' ' bLIU Pclvoco '" '·' ' '" 

' . 

.On.the other hand, .. there·is a prablem with sueh"simple C""'f'3riSomo.:-.. 
basc<l·on :maerosc:opie avera911 values, when. considering;that eac:h~· 

means of transport offen~ a variety of transportation servioes. In 

this sense, we wish to lllalte &O<De analyses on ener<¡y oons=ption 

rates {or spec:ific: ener<¡y consumptions)· on the ba¡is of some concrete 

exac~ples. 

lll Compari•on of Various 
with Respec:t to Ener<¡y 

lnterurban 
(Case 1) 

lligh-spee<l 'I'ransports 

We wish to make a e<mparison of the representative interurban 

' high-spee~ transportation with respeet to eonsumption units. 'nle 

seetion between the.two biggest c:ities of Japan, Tokyo and Osaka 

(about SOO km in distance) is a section of the OICSt-aetive flov of 

passengers in Japan. Table 1-14 show• the enerqy consumption of 

_three principal ltl<!ans of transport vhieh are used betveen these 

two eities - JNR Shinkansen railvay, airway and super-highvay .• 

• 
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Table 1-14 Colnpariaon o! Energy Consiii!!Ption in the ROute between 

Tokyo and Osaka (Passengcr traffic) 

. $h1nk4tlaen 
INlhcl• 

Ai<¡>lanoo J.l'l'lano . ... ,....,.,u. 
" caro) 

(8747-'SRI IOC·lOJ ¡¡oao ,,, 

' -·· Clnan<ce ....... " Botween Bec-on BH""Otl 

• t.o ti "" • ••rporu urporU c>ty «:ntu• 

"' •• '" •• ~lO luo 550 h 

' ~-·• ot oc•to I,UO >OO m ' . 

' Enarqy CO<IO'"'!'tiOO o' ., 
,(Or>e-wayl lO, lOO 

·~ ll,IOO ' .. ~ ' " ' 
• <:»n""nl<>n foct.or 1,450 8,900 8,900 8.~00 

ke.o.lfl<\11< l<callt kcal¡t kCal/t 

' 
• . 09. S ,o 'll6.6 ... .,o "o 

Etle<9Y • o • • 87.1 • ,,s • 
lld) •, '"' kcd o koal k col o • 

•• .. . ---- . 
......... 'J'O ·-· •• ., . ns· . . . m ., . 

• ' 
. 

-~•-er• 'pa .. enqoon •• 
. .. 

" " 
pqM<Io¡ooro po.oMn90"" ' 1'0-""""9"'• 

. . . 
• &..tticl&o~ o! 

. . ' • 
16111' utUhotioo e: . 65\ -,, en·~ el• ·• 1 00\ "¡ 

• Sl~200-kc&l' : . . , '"" rqy ; con • """' t 1 ""' , lBl~OODkeol 

• 151{;1'- por por~.;;' 
/p ... _._ 

"/p<I&Mn'9=~ 
:ln,ooo·•~!)''lU.ooo kcd-
/p ... hD90<"' /po.&kno¡oor -. 

1 (O.tlol ·•• .. . U:o¡ • ¡s;¡¡ •; 16.1!!' ! •. 9) 

• . E>lor<n" <eo<>•<mpti.an • IOJ ~ed/ • '" ~e~ I/ 6-07 kool/ "' k e~ I/ 

18/U unlt o po.uot~..-r-0 --- .,.~.., ... r-~• p ....... ,.~ •. 
1 ... <10) u:o1 15 .1) 15. 9) 10.6) . 

,._ !T~v.llnq UM Jlllo" " " '"lO" 

W•ltlnq. """" .. @tO • '" ¡HJoN )HJO" •• . 
•¡ .Ntlt lnelUdlno¡ aece•• •nor<JY to ~hp<><t •. 

.. - •2 ·.M•-d·Y•I--Uhe, .... U...,&I·•V.U9"·bol.4.). --

Although it may be necessary to taJ<e into consideration the ti~~~e 

requi red to cover tl>a distance, the .er>erqy consWllption uni ts to 

.U.rplanes and autoti'IObiles are 5 to 6 times as urge as that of 

Shinltansen. 

In Fiscal Year 1977 the Shinltansen carried 29 billiOn pass

en9er-l<ms, consumin9 electric power of-1.6 billion ltWh, which 

corresponds to 440 tllou.sa.nd U. {2.8 million barrels per year) of 

~: heavy oil, supposing the electricity is wholly produced by ste~ 

power 9eneration. If this amount of traffic vol~ had been 

ca.rried by a.irpla.nes or aut0111obiles, 5"-6 ti.Ines as 10uch jet fuel 

or gasoline would háve been needed, which fa.ct will prove flffec

tivenesS of shinltansen r.-.ilways for oil savino;J. 
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{2) Comparison of Various Urban Transporta with Respect to 
Energy {C"SII 2) 

The TOkyo Metropolitan Traffic Area'and the Kinki Traffic 

Area """ the two biggest urban areas of Japan, which inc1ude the 

population of 24 millioil and 24 million residonts respecti•!ely in 

a circlc each wíth the radius of about SO km. Table 1-15 shows 

the traffic volurnes by various transport means in Fiscal Y~ar 

1976 in these two urban traffic a.-eas. In both·of the areas,·the 

rnass transport ~ans such as high-speed railways and buses have a 

high share of 75\ to 70\, "nd autotOObilcs have only a small share. 

It can be considered that this is because in these two big cities 

the raihoay net:works, both nationa1 and pdvate, have been well 

developed since early stages and also because the i10provement 

and expansion of high-speed railways was actively undertaken, 

including the'construction ?f s~ays in the center of city to 

kcep pace with the recent ccntralization of population. 

Table 1-15 Passenger Traffic Volume by Various »eans of 'l'ransport 

(Million passengorsl 
. 

Transport _-;. 
Tokyo 

KinU. 
metropolitan - ' 

. 

' -~· 
.,_ 

are a 

TOtal 16,060 100.0 8,065 100.0 

High-specd railways 9,522 59.3 4 ,298 53.) 

""' 4,112 {25.6) 1,165 {14.4) 

Priva te rai1ways 3,606 (22.5) 2,H1 (28.9) 

Subways 1,804 (11.2) "" (10.0) 

a uses ' others 2,505 15.6 1,]61 16.8 

Hired cars, ta><icabs '"' 
,_, 

"' 
,_, 

Au to..,bi les (Prívate) ),148 19.6 1,918 23.9 
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Next, the energy consumpticn by varicus transport systems· 

in two !DE!tropolit.!ul zone" was analyzed. ln analyzinq the a~t 

of energy, the ccncept of so-called life cycle enerqy, includin<; 

nct only kinetic energy for transport vehicles u sed previously, 

but also maintenance and control enerqy for transport facilities 

and transport vehicles, construction enerqy for infrastructure 

and canufacturing energy for cars, was adopted. FUrthermcre, 

access transport.atioo to rail""''f" ""'" also t.aken into acccunt 

to compare door-to-door total energies. 

Table l-16 shows the results of the analysis. When the door

to-door tot.al energies are cc:!::pared, we find that the energy 

efficiency ol electric trains is 12 ti111es higher than automcbiles 

(priv<~te) and ].5 times higher than buses. In other words, a 

w..ll arranqed network cf electric railways forms the framework of 

transportation in ""'tropolit.o.n areas in Japan (a t.Otal of about _ 

Table 1-16 Enerqy Consumption by Passenger "l"rans
port Syster.s in Metropolitan Areas 

~- Tton•port 
~~~cu.c ... '"' (co=ute< tyP"l llu•( , .. ~ 

"ln<t "e ene"1"J -~ .. ,~~ ' •• 200 >eal/eor-~ l.•oo ke~L/cu • 
)1.&cnteMnce ·~ -
o<>MtOI onuqy ' 1.no - "' • 

consttvct>oo. -. . 
' >OO . .. . 

enotqy 

'" ...,nvf.octvr- . • ,. . 1 "' 
. 

'"' *"*''" 
'""' en•r•IU ' . . 6.010 • .o lO .... 

' • ... • • 
Aveco•• ·-· •• """'""'~"" ~-· 15.8 

hu~n...,r/cot " 
Jin.cic ' '" " m 

" <l.O> <4.1> 
Enuqy _., 

'""' ". " '~ 
k col/ " <t. o> <!. l> 
pa•s.n~ 

<¡O·-··· D<>cr-to-

" 
~ '~ ·-· <l. O> <l. 5> 
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3,200 km in Tokyo and Kinki rcgions), supplemcnted by bus services, 

forrning an extremely encrgy-saving transport system. Necillcss to 

say, in provincial cities where mass transport systems are not so 

c~plete as in mctropolitan arcas, the degree of dependency on 

automobiles (pr1vate) and buses is boun~ to be high. 

(3) Long Distance Frcight Transportation (Case 3) 

In the case of fre1ght transportation, various transport 

systems are likely to cor.opete in the field of long dista.nce 

"""~transport.o.tion .. In this case study, the energy consu.m~tion for 
-,:.r' ... 

,. .,_ ~ .. ,:_the,,transportation of s'undries. bctwelm · Tokyo and Osaka·, · tlle- -~ . __ ,_ - -sectiOn with the heaviest fre1ght flow in J.o.pan, was calculated 

on the:basis of the,r~~~e currently·operating and tr.o.nsport 

con di ti~s .. ~t;ransport "-~~pment,- cperating schedules ,- etc: J • 

m order. to ascert.o.in _ the effect of the loo.d factor en· energy 

ccnsucption, it ..,..s calcuh.ted for three l011d factors: actual 

factor, 100\ and 50\. • 

The results given in Tablc 1-17 show that the energy effici

ency was highest for e1ectric railways and container vessels while 

the cilergy ccnsumption·of freight ferries was about two times 

100re and·that of tn>cks:about·three tim<ls !llOre. 

Tabl" 1-17 Eslergy Consumpticn by rreight Transport Systems 

'" ' " " .. , 
·~· Tr.oosport 

~ 
El~otrlo S~Hppln9 

•••I~•Y• Tr\<O)<o !lit 1 r<e<qht """'"'"-' 
otor lorr¡eo ~ ... lo 

• 
1001 

To<ya'-o .. •• ••• l ~- l ll.l ... 
'" ••• 21.S 21.9 .., 

lloccr~ 
<1.1>~.~ • 

,, 1•10,4 (1.4>11.1 ~I.O>S,2 

'" • •• • . .. • .. . 
' !>,.,.., •• ~ 

1 
m ,., 

1 
... . .. 

"~ II.M. 10'16' !O., •. >O'lS' 11"0' 

~ ........ ""'""' lood • .,,, -----¡ 
" ¡1,()0 1600 

-
r>qv«• '" < > ••• 1ndox (<1""" •oth cont•>ner ""•~•11 •• ¡ . 

. .... ~"·· 
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1-2-4 Trends in Ene~gy Conswtlption with the JNR 

Thc encrgy consumpti.on by transport syste"'-S as a whole has been 

cutlined above. This secti.on is intended to describe th<> condition 

of ener9Y consur.:pt.ion with the .nm. 

The JNR pushed fo<Ward the changeover f.-om ste'""' loco!liOt.ivcs 

t.o elect.-ic or diesel tra<Otion over a lo::tg period of time. As a 

result, ste'""' traction was cornpletedly abollshed '" fiscal 1975. 

"n!e adoption o! elac:tric or diese! traction was extre:::ely effecti.ve 

for irnproving railway rnanagcnent, i.e. increasing ~~~ transport 

capacity, iloprovim¡ servic"s and r"ducing transport costs; lt also 

resulted in a significan t. reduction in cnergy consut::ption. 

Fig. 1-14 shows the long-tero trends in traffic volume (weight 

~ distancel and energy consuoption by type of tract1on. Though the 

total traffic weight (1\ curv~l 1ncreased by 2.3 tü:oes bet,.een fiscal 

1950 and ~978, the total enerqy consuopt1on (B curve) decreased by 

18\. 1\s a result, enerqy consu~pti~~ rate {C curve) decreased to 

about 1/3 {enerqy prod.uctivity ir.:provinq by about three times). 

This is due to the fact that While the energy eff1c1ency of steam 

locomoti.ves is seve,-al \, that of diesel and electt"iC cars is 3'\o4 

times higher, 

As t"egards the cncrqy for aperating JNRtrains thcre was a 

shift fro"' coal to electridty or oil unül fiscal 1975 and thcn un 

!roen oil to electricity. As a result, the total energy co"sumed by 

the JNR in fiscal 1980 aJ:IOunted to 8.1 billion k"'h of electricity 

an<l 630 rnillion litcrs (4 rni.llion bar:relsl of light: oil. At the 

r.:tte of 2,450 kcal to the k"'h and 9,200 kcal to the lit:er of light 

oil, electricity accounted fo:r as l:lllch as 77\ of the total energy 

consumed fo:r operat:i,ng JNR trains. 

• Conversion of e1ectricity into calo:rics: 

1 k"'h•2,450 kcal, This neans that electric cne:rgy of 

1 k"'h•B60 kcal was obtaincd by oil fired generation at 
• 

an cne:rgy conve:rsion efficiency of JS.ll {record of 

the e1ectric powe:r companies in Japan for fiscal 1964), 

(860 ~ 0.351 "2450,) 

- 37 -



1 
' 1 

1 
' ' '· ' .. 

' 

1 
' ¡ 
' 
1 • 

'

··.:,•¡ ... ·-

• • 

'· 

':<. 

30() 

,; 

' • " ' " § • o • " 
" 

o· 
"o " .= ·zOo 
" - o -. ... -' ,_ ,• . --8:-20 ''"•""'·. __ .,_, 
" " " .. r,, "'- o-

"" !!' .. 
o 

" 
~ 

... .. 
! 
" 

> 

.. 

' . " 

r">·
.· 1 

Energy CO!lSumptton 

(trillton kcall 
/ J JCO 

1 
o0o1o,,c,:C,,-,1 

~'-,A~-__ ~/:'{ 
1 ' 

traction 

' • 
·--

rate (kcal/wn-kml 

Enerqy conswt~ption 

Fiscal year 

'"" 

Fiq. 1-14 Lon9-term Trends in Energy Consumpüon (.nlR) 

1-2-5 Trends 1n the JNR' s "Energy Cost!l 
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1'oS Fiq. l-15 shows, t.he ratio of energy cost in tlle .nlR'II 

operatin':l costs tpersonnel cost, ~r cost, repair 'cost., business' 
' .• ,, 

c:ost and ta.><at-ion) fell """"Y year frCOl 20\ in fiscal.l950, reaching 

the bou.cm at 4\ in fiscal 1918. 'lhis was due to the fact that 

>~hile electrification and diesel traction dcscribed .a.bc>ve redllced 

the energy cost and the unit ener<:Y cost per unit traffic vol,_ 

decreased because of stable unit. priccs of electricity and light 

• 
" 

l 
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oil, the rate of incrcase in personnel cost, repair cost, etc. 

continuad to be-ata high l.,vel. 

' 
20.4 

1 ~-0 

1 2 • 2 

' 1950 

"·' 
>.S 5.2 

u 

80 Ftscal 
year 

Fig. 1-lS T.-ends tn {enerqy cost)/(operating costs) (JNRl 

After the oil crisis of fiscal 1973, the rate of increase in 

energy cost rose rapidly. Comparad with fiscal 1973, the wut 

price of electricity tn fiscal 1980 was up by 3.9 times zmd that 

of hght oil by 5.3 times with the result that the total energy 

cost went up by 4 tirnes. Consequerltly, the ratio of energy cost in 

operating costs tumed upward, rebounding to 7.2\ tn fiscal 1980. 

It should be pointed out.,here, howeve.-, that """" during the 

pedod frorn fiscal 1970 to 1980 when crude oil prices showed "" 

abnormal rate of increase (annual rate of -34\), the rate of increas" 

in unit p.-ices of electdcity was 14\ per yea.-, .-elatively low com

parecl to 21\ for light oil. This show~ that electricity has !DOI"<! 

resistance to increases in crucle oil prices, provicling us widl 

valuable information fo.- ou.- future selections. 

l-2-6 Comparison of Electric ancl Diesel -r.-action in 
Energy Consumption 

Transpertation of the JNR can be classifiecl into five ty~s 

!o.- passcnc:~e.- ancl two types for fn•ic:~ht. Fi9. 1-16 shows tho 
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Figures in brar;:kets sh0101 the ratio of electric 

cars to diesel cars, 

Fig. 1-16 Enerqy Consumption Ratio by Type of Traction 
Otcal/cbr weight-luo) 

basic units of energy consur.:pticn 1n ,..ero tenas ac<:ording te thia 

e la ssitu:aticn. 

Apart fro111 the Shink.ansen Unes with the tnin speed greatly 

'· ;diff~rent frocr> others, in th~:ca!.e of po.ssenger trains, the enerqy 

consucption ratio of electric cars is about )0\ lower t.han dieael 

·cars. Whh locomotive-haúied'i.iains, the energy consumpt1cn rate 

Óf electr~c locomotives is 40\'lower than diesel locomo~ives !d1esel 

"locomotives of the JNR "are all or the diesel hydraulic ,typel. 
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Since the energy cons~ption of trains is not determined only 

by the engine efficiency of the energy used but is also affected by 

the speed, stopping freguency, conditions of routes, traction effi

ciency, etc., all trains do not necessarily show the above differences 

in energy consumption. Kowever, they seem t.o be appropnate figures 

in macro tenns .. 

1-2-7 Energy-saving and Oil-savlng Effects of Electric Traction 

(1) Energy-savin<; Effect 

The energy-savin<; effect and cost-savinq effect of electric 

traction were tentativcly calculatad in macro terms. 

Assu~:~ing that t.he all::eady electrified sections excluding the 

Shinkansen lines (about 8,400 km as of the end of fiscal 1980) 

ware all diese! sections, the required energy was .c:alculated as 

about 3C9 ~ 10 11 kcal as shcrwn-in.Table i-18. This is a saving.of 

Table l-18 Energy-saving Effec:t of Elcctriflcation 

P~ ... nt con~i<ioB ( 19601 "' ~~~oel U~Ot<1c ' c; .. et ' T<>t~l t<•«ion 

T<dfic wolqht k• 
oo' to<>-hl CD ... " 

. 
"' 

. 
"' . -

·-· COM\OOptU"' . 

1101 ...... 10° t) CD 5110 

·~· "' '" 1)~5 '" 
Ene<'>)' con•""''<ion . 

oo" l<coll CD "' " ·~ ~ 

<nerqy •••in9 
11011 l<oall . 
lSovinq n<i~ " . • '" IJG•) 

"" -· ptieeo CD " 1 Yon/X'o<l<l ' ' " l•~.vu ' ' 
' ' . 
' ' p.,.. •• ~· 

UOII •llUcn yenl <Y<@ "' ' '" ' H?G . 1617 
' ' ' ' 

Savlnq lB i><"H cost 
UOO mill1ot1 yenl un'¡,,.¡ 
¡savin9 totio •1 

U-

i 
' 

1 

j 



i 

1 

.. 

1 

' ' 
1 
! 
' 
1 
' ' 
' ' r· 

' '""" 

about 110 x 10 11 kclll· (equivalent to 1.1 m1llion t.a'\5 of o1ll 
' . 

cO!Ilparcd t.o the actual record for fiscal 1980, »hich ...as 199 " 

10 11 kcal. 'nl.iS means a large saving of 36' compe.red to the 

case of non-eleo;:t.riHcation. 'Ibis also e>eans a ""viJig in ene.-gy 

cost of ebaut 114 billion yen/year {at price in fiscal 1980). 

(2) Oil-S&ving Effect 

• 

Japan's total power generation lexcluding private generation) 
' 

in fiscal 1980 was 514 billion kwh. 'nle co:ttposition of primary 

energies used was as shwn bclCOI. 
' 

·. ~r. . ,,.,_ 
Breakdown of Primary En.ergy .Resources Used 

~r ~eration. (fiscal 1980} 

' 
' . 

' 

Oil ¡ ' 
Hydrau-

AtOfllic ,_ 
llo 

'1• -
i IJIG" Coal; 1 Others" 

' 
44.0 16.6 16.0 ' 15:0 4.4.:: '·' . 

... Total-. • ' 
100.0 

.. 

. 

p,s the table above shows, the degree of, dependence on oil was ~ 

QS much as 44\. sased on the vicw that oil prices will continue .. ' to be at·a hiqh level in.the future, Japan~s power':opeu.t.ors are .... ~-
pushinq ;fonorard with the ·diversificat.ion of enerqy·sources ,(atomi<:. 

po..er, <:<>al, LNG, hydrauli<:, geothermy, e10C.l. • Ofooourse, this-: 

policy of <:htt.nging the sour<:e of energy is fa<:ed wit.h many dif

fi<:Ult.ies such as delays with ~e <:onstru<:tion of power_plants, 

e.g., atOI!Iic and ooal-fired, be<:ause of enviroruoental problem$. 

However, t.he pc:ooer operaton; have set positive goals on the basis 

' of the national policy for stable supply of electricity. 

o 
Let us examine the effect of electrification trom thc vicw-

point Of oil-savi_!l9· If the energy-saVing effect of electrificatioG 

is 30\, the amount of oil required will be reduced frorn 100 units 

for diesel t.raction to 70 un.its evo;n if the fl'<>"er ts entirely 

supplied by oil-fired therm">l poo>«'r generation. Since Japa.n's 

dependence on oil for its electric power is 44\, the shift to 

electric tract~on wJ.ll reduce the arnount ot oil required to Jl 

(0.1 "0,441. 
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If the degrce of dclpendence on oil falls to the 20\ mark in 

the future (t..rget figure for fiscal 1990-l'J'lS), the amount of 

oil required for electric traction wil·t decrcase to 14, res\Jltinq 

in the oil-savinq ratio of 86\. (See Fig. l-17.) 

Diesel 

30 Enerqy
saving 

Electdc ,...., 
( 1980) 

" Electri~ .,_, 
(1990"-95 ?h.:1.nedl 

Fig. 1-17 Oil-saving Effect of Electrificatio:: (JNR} 

' 

Thus, it is cleer that electrification·of ra1Iways·is·an 

effective means of saving oil which is·constantly ~ecoming scarce 

in the world. 

(3) Effect of Power Regeneration Effect 

The DC electric cars with chopper control by thyristor 

produce a large powe.--saving effect a.s they ha,·e no pcwer loss 

by resistOr during pcwered operation and, in a~~tion, the kineti~ 

energy of the ca.- is conver-ted into electric energy during brakir.;:: 

and regenerated on the catenary side. 

commercializaticn cf chopper ccnt~l cars in Japan is most 

advanced with urban üansport such as sut»eys ;o_!::!. a.bo.tt 1,600 

cars were already in use es of the end of fiscal 1979, producing 

stable- resul ts. 
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The JNR completed the developmo:n~ of,faster chopp~r control 

cars because of the necessit;y of re.,eneration· in a hi.,her· speed 

ran9« c<>~~~pared to subloay cars and. began placing them in service 

!rcm fiscal 1980. ~ the number of these cars increase~ in the ' --·-
future, th<!y are cxpected- to result in a power-saving !'ffect. 

- -.--·¡ 
N> the JNR operates about 8,000 cars in the two ma)or metro-

• 
poli tan transport zones of Tol<.yo and Kinl<.i, if they are all changed 

t.o chopper-conuol cars, an annual saving of power is expected 

to be ~ut 500 orillion I<.Wh. MOreo\ler, since pawer-regeneratin9 
'.'""' ... ,-... ~ . 

cau,b_ased on chopper_control·techniqUes.can fully make use of ... - - - .-- . ·--··· . -·-. - . -- . •,..;.. 
the characteristics of electric railways,"the economy·of electric . 
traction is-expected to:further improve-in the future. 

• 
'I'he ai>!'lication·of.'_chopper C<:>ntrol_techniques to AC -electric-

cars will be deatt' "'it.h under 'I'heme B .. .. 
1-2-8. Conclusion . 

'llith the oil crisis providing an impetus, the development of 

' • 
the enerqy problem began .to exercise a serious influence on .the • 

eeon~,.and. s~ci~~Y-~C~~;u;,ation. The co~e of me asures to cop? 

wi th t.he problem of .the limited.deposits ·of fos.S~l fuels \olhich:- :!·" 
• 

e~rge~ at a global level, seems to be how•to switch-o\ler to 

alternative energiu with little confusion•.as·possible "hile using 

the limited resources ... ith a maximurri efficiency. 

'nle transport sec:tor is faced with the samc problem. H,..,..,ver, 

in the case of transport systems using oil as thl> fu.,l, it aeems 

to be cor>siderably difficult to switch over to alternati\le energies 

compared with the industrial sector. Acc:ordingly, the main t.asl<. 

in the ~ransport sector for the time being will be an •effic:ient 

use of energyM. 

lt is a well-kno.m hct that among the various rroodes of 

tr..,sportation, railways c:an serve as an econoo:nical•transport ays

t.U if their characteristics of mass transportation and speed can 

be fully utilized and that thcy have the mcrit of a hiqh enerqy 
-~-- ~ .. -"· .... 

e!ficiency. tn particular, as the data in'this section have 
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fully preved, electric traction has a high efficiency even among 

railways. 

Tile difference in po\oll!r cost due to the difference in the types 

of traction natural! y varies according to the prices of oil products 

and of electricity in the countcy concerned. ln the case of JapM, 

however, even electricity using i~ported oil as the main fue¡ is 

under ¡n<>re favorable conditions than diese! traction based on 

light oil. 

rinally, some comments on the outlook of the energy problem 

are in ordcr. 

f'irst, en the outlook of enerqy-saving: It will be difficult 

to achieve such a drastic improvement in energy efficiency as has 

been accomplished by the JNg during the process of shifting the 

energy source from coal to electricity or oil. However, there 

~ · seems to be a possibility of ii:Iproving the energy efficiency by 

11)'1.20\ throuc¡h the C:xtension of electric traction, adoption of 

electric regenerating cars and technological developÍnent in the 

future. 

As regards the trends in power cost, the past trend that 

the rate of increase in cost is lower for electric power than for 

light oil,is expccted to continue as rnentioned earlier: FUrther

more, since d~~and for light oils such as.light-oil.and kerosene 

increases, their prices are expected to be at a higher level than 

he'avy oils. 1\.s a result, the'advantage o! electric energy in 

terniS of cost is also expected to increase. 

It is to be stressed in conclusion that ~~~ the field where 

.-ailways can preve their characteristics, input of necessary 

energy should not be spared. Rather, it is i~portant to make 

efforts to increase the use of railways by providing better ser

vices. This will in the end contribute to energy-savinq in the 

transport industry as a whole. 
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1-3 Education and Tnining_ conceming Electrification 

:,~· 1-3-1 Maintenance of Electrification Facilities 

' 

'" 

le~ 

. "'":""-

'I'he "Wil"fofmaintenance for elecuificat.ian facilities see01s to 

be dependent not only on the acc\li'O.ulation of techniques by railways, 

the average skills of personner av<>ilable and t.heir level of techne>

logical Knawledqe but largely on t.he level of (levelopQent of 

electrical indust.-ies in the country. concemed. 

ln Japan,. during the period when t.he capacity of d<mlestic ,,· 
businesse's ·.ias smaÚ, che scale of electrification facilities was 

"< •-· .. "-<>'<-'«''•c.c· :.¿··;<_. • 
-"-·' also small:'-· I)Jrinq tl'tis perlad,_ both . tbe ccmstruct.ion and rep"-ÜS 

''-... ·------ -- .. . ~ 
, •"Of electrification facilities, which are now en t.-usted w1th priV<~te 
.---~,-- - ~ . 

. " 

busi.nesses,- ...ere ~.arried out under the dire"ct manage~nt of_ the .:mR.

Tr",ese facilities,·expanded dras.tically in ·.th¡:·tast t.wo decadea- or,·ao.·· 
- . - ' . 

"- t prescn i,- -large-sca 1 e .. replae<'ment.: or renoVo! tion ,- and · cwe:d>aul ing..:; 

of technically ·advancedoequipment. are ent.rUsted with ·priva te -en-

gineering or 1112UlUfiicturing businesses. 

Maii>tenance wc:irl<. by the JNR personnel consists in daily inspec--
. ' 

t.ion and,jesulting simple repiiirs, .,,..,rgency repairs and breal<down 

repairs:' 
' .. -

The-reHahilit:fof equiP"!<!TTt. and·facilities has rnarkedly;··.-,_ · 

improved in recent yean• due-to tec:hnoloqical advances. Sucl\ sh.ar-- . 
ing of soaintenance work by private bUsinesses and the .JNR s.eeiiiS to 

be not only contributing t;o IIIO<"e efficient ~railway management but -resulting in an appropriiite distribution of skills and t.echntcal 

labor !Or t.M society as a whole. 

1-3-2 Training o< 1-1-aint.enance Personnel 

Trainin<; o< ~intenance 1 personnel <o< 
., 

etectrificatiOn facili-

ti es in Japan " carried out at two stages: training o< recruit$ -
and tn.ining of ,_aintenance•fore""'n, AS regar~ the training-of 

' ~ . 
recruiu, they acquire bas~c electrical knO\olledge and also leam 

_ the confi<;lllration of elect.rificiit1ex> facilities and the function _, 
'ftle t.rainin<; is inundad to t.rain their illhilit.y 
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' to opcrate, h~ndle and inspect eq~ipment used daily under the 

direction of ~aintenance foremen. 

Training of foremen ís given to those who have about five years' 

experience i.n maintenance. lt is intended to train their ability 

to direct not only the operation, handling and inspection o! equip

ment but also the detection and repairs of breakdowns and the 

fonnulation of inspection plans. 

These maintenance foremen are expected, in addition to the 

above, to be upgraded to maintenance manage.-s capable of contr-oll

ing a group of maintenance fore""'n and of participating in the 

formulation o! equipcent renovation plans or new system plans 

(rnanagement personnel of Rail...ay Ope.-ating Division). 

Accordingly, the scope of education ";;d traininc¡ concerninq 

electrifi~at.ion facilities is not· Hmited to specific equipmcnt·· 

but cove.-s wide-raning techniques. :I'hough they are classified into 

two categories, pow<!I" facilities and signalandco=mnicatioi. facili

ties, each cu.-r~culuco is fon:"'d in such a way that the trainees will 

understand all equipment. 

Training is provided in the fo= of lectures with textbooks 

and practica! t . .-aining "ith educational equipment. The contents of 

courses, the t.I"aining period, etc. in t.he field of t.echnical t.rain

ing fo.- electrificat.ion facilities will be given in the following 

sections. 

M .-egards the t.-a~ninq of =nagcrs, planninq personnel of Rail

way epe.-at.ing Division, etc·., special training courses are not provided 

at present .. Howevcr, they acqui.-e tcchnical know-how effectively 

by taking part in electrification work añd conducting adjustment or 

t.esting of various facilities. 

l-3-3 case l: T.-aining Curriculum for L~e Trainees Rcc.-uited for 
the foUintenance of the Shinkansen Lines, Mishi:::a Technical 
Training School, A B.-anch of the Central Rail'""'Y Training 
School 

'Ihose recruited for the_'?"~';'tenance _of the Shinkansen lincs a.-e 

placed on duty after co¡::pleting·a-three-month training·course. 
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Tabla l-19'outlines the part of the curriculwn relating to teclmi

' cal trainin9. 

The scope of recruit tnining covors 01<1inly basic technical 

points, handling of equipment and the inspection procedo.>re with 

lecturas and practica! training conduct.ed on a priority basis. 

Table 1-19 CUrriculmn for the Electric Section (Shinkansen) 

·- -· '" 
...... ,_ .. ·- -· '"' 

Con toO U 

. 
•· ,..,«unol· • 

" ·----· ............. •• .. • -< < ' 

. . . ......... 
' 

•• .. ' .. • 1<•«•'•"• .. 
. 

• •• . ....... ~---- thoQ"'' .• ....... , . . ·"· .. . 
>.: ·-......... . ... • ••• . ........ """ .. . --· ···-' . ............... • ,_ ... ,_ . 

. .. . ........... .., .. . .. . ......... .... - . 
. . . .. . . . • .. . .,.. ...... "-· • .......... ._.,u..., 

• ... .-...... • • ...... , '""'""- " 
. ... = .. .. ,., .. , ........ 

• 

··----. ............ . ' ............. -
• • ........ • ....... .. . 

' u ... '!"' -~ • . .,.... ..... _._ 
' ... _ ........ .......... • . . ,_ ·-· -·-· •• • 
, ......... .......... , 
,_ ..... , .... •• .. • _, --· •• ...... .. -·· .. . 

..... --··"' .,. .... 
•• ........ u .. .. .. . 

~ ..... ''''""r' ... ... .. _ .... - • . . . '••l··-·· .. .......... 
.... , ..... , •• • ...... . ... • 

.. ..... 
-<r~>oo,-

'"'"''''• "" 
' .... ........ .... l 

' .• 
' .. . . + 

. ¡ 

. ! 
• 

. 

. 
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1-J-4 T~ain~ng and Facilities at Chib<~ Railway Tnining school 

A OI<U"ked decrease in the intensity of maintenance worlvby the 

JNII personnel due to the cootracting of repair work to prívate 

businesses and fewer breakdowns of equipmcnt due to technological 

advances resulted in the merit of a large labor-saving effect. On 

the other hand, sinoe the number of opportunities for the JNR per- ·~ 

sonnel to di.-ectly handle _equipment decreased, it becillllf! necessary 

to take measu.-es to maintain and impro11e thei:r skills and technolo-

gical levcl. 

-Accordingly, such a step'as-to conduct education and training 

' between work.s by -utili:r.ing' the~faci lities -for practica!- train>ng .-is . --
" t.aken throughout' t.he: country. f'or instance, the Chiba Railway 

Training· School under the Chiba RailWi!ly Operating. Div"ision is ·pro

vtded.with various educational equipment shown.in Table 1-20 so 

that each one of the SOO"electric·personnel can receive-practical 

training once a ~onth. 

Table 1-20 Equipment for Practica! Traininq 

. 
Electric ""-" . • Siqnal =' . 
- _equip..,.,nt .. - COilllllunica tions equipment 

' 

' CentralizeJ. remete control ' 
. 

ftelay interlocltinq machine 
device 

' Electric switch machine 

' Sllhstation interloclting 
panel, etc. 

' Traclt circuit 

' High apeed circuit brealter • = de vice 

• Hiqh voltage dist.>;:lbution 
panel , =>o carrier telephone , Disconnect1ng switch syste~ 

' Electric """' 
. ' ~" transmission systcfll . 

' others ' Facsímile . 
' _ITV 

' P.gent '"' <o< autotl\atic .. " seat reservation- system --
" Others 
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Fig. l-18 Overhcad Contact Systern for Training 
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1-3-5 Traininq Curriculu10 for 
Rail""'-Y Academy [Job: 

Inspector Foreman 
Chief inspector) 

at the Central 

'Ihe Central Raih•ay Training School provides skill tr"ining 

(two monthsl for those selected by examination,. who have =re than 

five years' experience, necessary for being upgraded to chief 

inspector. 
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Belcw is an outline of the section of the curriculum relating to 

technic:al traininq. 

(1}· A.C. Electrification system (Lecture: l•hour) 

(a) OUtline 

(b) Classifi<:ation 

{e) Benefit of A.C. electrification system 

• Compa.-ison of A.C. electrification.system and D.C. elect.-i-

fication systec 

• Various kinds of A.C. electrification system 

(d) Proble= 

o Inductive disturbance 

o Unbalance of po~r source 

'" A.C. Feedinq Circuit (Lecture: 2-hours) 

,. J Power system 

,, J Feeding circuit configuration 

o Scott connection and modyfied woodbridge-connection 

• Substation (SS), Sectioning po5t (SP), Sub-sectioning post 

(SSP) 

(e) Prot.ection of feeding circuit-

• Ground fault, short circuit fault 

(3) LOcation of Subst.o.tions (Lecture: half an hourl 

(4} OVerhead Contact System (Lectu.-e: half an hollr) 

(a) Characteristics of overhead contact system 

(b) Conditions required of overhead contact sy&te<!l 

• CUrrent capacity 

• Mechanical strenqth, electtical sttenqth 

(e) Varioull types of overhead contact syste<!l 

(d) Vehicle gauqe and structure qauqe 
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(5) SUbstation Facilities (Lecture: 38-hours) 

(•>l! Power rcceiving equipment (Leo::ture: 12-hoursl 

• A.C. disconnecting swit.eh 

• A.C. circuit breaker 

o InstrullCnt t.r"nsformer 

• Lightning arrester 

(b) Transforlllers (Lecture: 12-hours) 

• Feeding t.ransformer 

• Disti'i.buticn t.raf'sfor...er 
• 

(el'· Feeding equip!'IE'nt (Lecture: 6-hours). 

• Feeding ci.-cuit brea.ker 

"' " 1 Protective relaying system (Lecture: 4-hout:sl 

• Protection-of•power receiving equ~prrent 

• Protectic:n of transformers 

• P'totecticn of feeding equipment 

o Co.lculation of fault current 

(el Re1110te control appa.ratus for substation 

• vat:ious types (especia).ly, TEKXEll-B typel 

;!• (ó) Components of Overhead Contact System (Lecture: 30-hours) 

,, ' Supports 

• Po le ""' 
_, 

• ,u, ""' ·=' 
• lll.nged cantilever ""' beam 

• Insulator 

(b) Catenary systern (Lectur": 10-hours) 

o Messenger wire 
• 

o Contact wi.-e 

o.Hanger and dropper 

• Connector and feeder fitting 

o Hinged pull-off 

• Tensionin<¡ equip!"Cnt 
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(el Feeding syste!:l {Loecture: 5-hoursl 

o Feeder 

o Feedin<J network 

• Switchgear 

• Vol t.age drop. 

(d) Return circ:uit (Lecture: 2-hours) 

• Composition 

• 1/egat.iV<! feeder 

o BOQster trans!crr.>er 

o Auto-transfor~r 

(e) Protective. equipr.>ent of overhead cont.act systelll 

o Lightning anester 

o OVerhead earth wire for flashover 

• Gap anester 

(f) !'.aintenance of overhead contact syste:= (Lecture: 2-hoursl 

(7) Signal Pacilities (Lecture: 17-hours, Practice: 3-hours) 

(a) Tracl< circuit (l.ecture: 9-hours, Practice: 3-hours) 

o óutline 

o Compon~nt 

o 'fYpeS 

• Measurecent practice 

(h) Signal appa.ratus (U!cture:"8-hounl 

o Significance and objectives 

o Types and characteristics 

• stgnal 

o Relay 

(8) CQ!miUniC<~tion Facilities \U!Ctut:e: ~2-hours, Practice: 12-hours) 

(a) Wire transcission (Lecture: 5-hours) 

• Telecommunicatiot'l cable 

• It'lduction and the counterlDE!asure for it 

SS 

1 
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{b), Protective device {Lecture: 5-hours) 

• f\lse, gap, arrester 

• Eart.hning device 

(e) carrier·frequency equip,.,nt (Lecture: 2·hours, Practicc: 12. 
hours l 

• ().ltline 

• 1-'.easure~:~ent practtc:e 
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CI!J\.PTER 2. FEEDING SYSTEM 

In this Chapter, the simple and AT feeding systems w~ll be des

cribed mainly, but for the sake of reference, the·BT feeding system 

will also'be described briefly. 

2-1 Characteristics cf feeding Systems and Cornpa.risons 
between 'rhem 

2-1-1 Types and Features 

Table 2-1 shows.tha·types and features of the ~ feeding 

- •·· ·siiitems,- théir ~circuit conÜgurations.and .applicable distl'icts .. 
• - ---'1.-c.·-

(1) Si.rnple Feeding System 

The si.=ple feeding~'System·is the most fund~ntal one, 

co¡oprised of ·contact wire·and rails, But, .as it.s va:dati.on,· 

&n NF sicple feeding syst~ with a negative feeder·(NFl extended 

along and connected to rails every scver!'l kilo:neters by NF 

connectini wires is available. This·system is advantageous in 

that with NF provided, it is possible to detect an iosul~tor 

flashover occurring·in the feediog circuit with ease ~nd thus 

protect the circuit ~nd reduce the feeding circuit i~pedance. 

The simple feediog system features.&•sij,ple circuit con

figuration. Thus it is economical with respect to the.feeding 

circuit and permits e~sy maintenance. But its shortcoming is 

th~t it has the return circuit current flow through the rail 

over the whole section. Thus, the inductive interference on 

telecomrnllZ"Iic.,tion lines is "ppreciablo, .. nd the r~il potential 

is higher than in any other feeding systcm. 

This system is the mnst extensively used in the world, and 

JNR is employing it in sorne sections. 

{2) AT Feeding Systcm 

The AT fecdinq systcr.t is a system having a hiqher feedinq 

volt .. ge fro~:~ the substation th~n th"t in the catcn~ry Une and 
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(3) liT Feeding System 

This BT feeding system has booster transfo=ers (BTJ 

installed every s"veral kilometers (about 4 la:t) to boost the 
• 

return current flow in the rails. The current flow to earth 

is thereby reduced so that the communication induction reduci.ng 

effect is great. 

This syste.m includes two ·typcs: súnple BT fceding without 

NF; and current boosting t.o NF with N< p.-ovided. 'I'ile fonuer 

is simple but is considerably inferior to the latter in its 

teleco~=UI~ication induction .-educing effect but not as rnuch as 

that of the simple feeding system. Further, across the rail 
--· ... ·-··· 

joint insulators, a BT secondary terminal voltage is produced 

so that when a train passes, shortcircuiting and opening by 

wheels occur repeatedly, resulting in poor maintenance of the 

insulators. Thus, the.system is used where the' load current 

is not so large. 

As disadvantages cf the BT feeding system. a complex 

feeding circuit configuration due to BT sections and greater 

.feeding circuit impedance than that in the simple feeding 

system rnay be cited. Further, greater are occurs at the 

booster section with increasing load current when a train 

passes so that so~ are suppressing measures are also required. 

2-1-2 Feeding Circuit Configuration and AsnembliOg 

Thn kind of i!lectric wire varies with the load condition 

of electric motor vehicle, but examples in the JNR conventional 

lines are-illustrated in Fig. 2-1. 
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i[ .. 1 ' 

-\~ Unit {J!l:rt) 

(a) ('f~R only) simple·feeding 
systP.III- witl1 NF dl!leted •. ,; 

.- . from this diagram 
(b) {NF sideway) simple feedin<;r 

system 

{e) (NF irnrnediately above) 
si~ple f~~ding system 

~"' 

(d)· ll'r feeding system .,, 

--~"-'e·'" 

' .. 

''"""""'' 

(e) a-r feeding system 

Fig. 2~1 Feeding Circuit llssel!'.bling and Kinds of Wire 

-2-1-3 Feeding Circuit ll:lpedance 

'rhe f<!eding circuit i.Jcp-edance also varies with the kind, 

of wire and ·the asse:ob1ing, but for the sake of reference, its 

approxl.J:Iate values,as>different with the feeding circuit types 

in·JNR are shown in-"rab1e 2-2,· As s~en frotn the tahle, the 

impedance of the ll'r feeding circuit is ~ll. at 1/3"-l/4 of tlle 

other feeding system. 
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Tal>le 2-2 lntpeda>lce of AC F<'eoe<li"9 Circ:uit.s 

Feedinq sys~ems Oüt:ticts Frequency l1npedance 
cla!U;i. f icat.ion 1 llz\ !li/lu!IJ . 

Sil•ple feeding 
'conventional Une " 0.24hj0.49J syst.e.m 

<:cnventional lin<'e " O.lll+-j0.176 

/l.T fee<l.ing "' O.Ul+j0.212 

system 

" (). O<! O-+ jO. lBS Shink<u>sen 

"' 0.040+j0.209 

Conventicnal line " 0.2S6+-i0.6B4 

"' O.J86+j0.822 

'" t<!!e<iing 
syste.::o 

" 0.2l0+j0.660 Shinkansen • 

"' ().2l0+j0. 7>10 

Noe>tt, the -~db.t~ce char<tcteristies irom the suhstaticn t.o ~ 

load point will be deScribed. In the case cf the s~le feedinq 

syst.!:o, th" .i~~rped4nce seen fr= the substaticn is linear to the 

distance, as shown in Fig. 2-2. aut, in the cases cf the A~ 

and ~- fet!dín'O ..ysteo>S shown in Figs. 2-) and 2-4, the i<rtpedanC:f! ..... '-
seen fr!>J1t t'M substation is oot linear t.o the distance. It s)'>culd 

bQ note<l t}¡at in the "-T !eeding IOyStl!:lll, it is a ""V'J curve ;u><'! 

that in the a~ feeding syst~, it is st~p~. The values of 

i.t:>peda.nc:e _of the J<'r and BT tecdi»<¡ systems sl\own in Table 2·2 ,.. ... 
are, foz: 1:he AT feeding sy&.tell\1 ~h05,; of shortc:ücuitinq ~dancOJ. 

hetween ihe ccn~ct wire {TJ and the feedez: {PJ and, foc the UT 

!eedin9 sy$t~, between the contact wire IT) and the negative 

wiu (111") • The impedance of ti>,; aimple i~ing syst<!lll and that 

of the AT feeding $)'St.em "iU be described in detail in Section ;¡~2. 

... d .... , • ..,., • , .. , 

,., "'~'· '"'"'""' 

'" .... , "'' ·-....... -· ...... 

f'ig. ;¡.2 lll'.pcdanc:e Chararte:rhtic of 
the Simple Fe~i~ Syste~ 
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there will.be.an increasing nu.ber of trains in the.section 

subject, of course, to the train density so that the substation 

interval can hardly be increased exactly in inverse proportion 

to the feeding circu.it ll:opedance. 

Table.2-3 shows a yardstick of the.substation interval for 

the respective feeding systems. 

Table 2-3 Feeding Systems and Substation lnterval 

Substation interval 

~ 
High load capacity ""' load capacity 

=' density district •"' density district 

"sinple feeding system 30 J<rn . 
""" . 

" feeding system " "' . . lOO lorl _., feeding !IYSt.e::l " "" """ 
2-1-5 Teleco~unication Induction Characteri!ltics 

While the telecornmunication inductance will be described in 

detail ~n Chapter 6, the following may be cited as matters to 

be considered in the selection of the feeding systeo, that is, 

induction dangerous"voltage·for fundamental waves and induction 

noise voltage "on harl'Onics. 

These values·are governed by various conditions, as shown 

in Table 2-4 and al-e, therefore; hardly determined generally.· 

Here, in order te see what differences would be"produced by the 

type of the feedin"g system, calculations were made of model cir

cuits which were of the same conditions except the feedinq system. 

Fig. 2-5 shows curves of the fund~ental wave induction 

voltage in a long teleco~unication line over the whole length 

of the feeding section for each of the feeding systems en· a load 

current of 20011.. As seen, the AT feeding system is ahcut 1/5, 

and the BT feeding system is about 1/B, of the simple feeding 

system. 
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Table· 2-4 Factc~s Affecting Telecommunication Induction 

Induction Induction 
' 

Natural 
condition 

Power 
circuit 

........ . . 
- Telecom- ' 
, =unicetion 
line . 

. 

CUrrent 
c:onditions 

. 

ltems dangerous 
voltage 

Earth ccnductivity o 
Fe~din<¡ system 1 o 
E><tension o 
Separllting dista=e 00 feeding . o circuit 

Parallel·-length w feeding circuit. ' . o 
Relat~vo·position- w feeding O. J circuit • 1 

Balandng degree .. • 
Shield~coefficient ' O·· . 

wave Fundllmental Load- current o current {Feult current 

Equiv11lent distu.rbing 

• 
"' 
'" • 

' 

c:u~rcnt 

. ,,_, ¡·· ""'' 
"·' <OU~ , ......... "''"'' 

"w" ''"'"' "' ""'" 
.,.,~_,,.,~ Oao 

~ .......... , .. 
~ . 
'"' .... 

.. .... ·~·- ·~· ....... -
r ' -· ,....,., ... , 

neis e 
voltage 

o 
o 
o 
o 

• o 
' o 
o 
o 

o 

• ~- .............. , .... ,. ... "'' 
' ¡ 
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' 1 
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Fig. 2-5 Induc:tion Voltage in Uhe Respective Fecding Systcms 
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Fig. 2-6 shows the chAnging induction volt~ge as a f~ction 

of the length of teleoo~unication line with the value of induc; 

tion voltage for 1 km of the telecoll'.rnunication line taken as a 

unit. 

Fig. 2-6 

• 
" 

' " ' ~ ~ '" ·.- '" 
H, • • • 
F ·•" ;t., 
~~LO 
: ~ 
h• ' . • • • 

' 

u..,t. ,,._..,,, ''"'" '"''' 

AT f•od!OO Oyoi<o <>C>;ol 

OT foodlO'I oyot .. (l .. ol 

" ,. '" 00 -· ""'""""'""'"''"" ""' """"'' ,..,..,.. t , ... , 

Teleco~unication Line Lenqth versus Induction Voltage 
of the Respective Fecding Circuits 
(Mean value of the rnaximum induction voltage per km of 
telecoii<!Iunication line taken as standard 1 l 

Figs. 2-7 and 2-9 show the noise voltage.characteristic by 

the same procedures respectivelY. That ie, Fig. 2-7 shows the 

curves of LE induction noise voltage on a long telecomrnunication 

line overJthe.whole length-of the feeding section, and Fig. 2-8 

shows the changing noise vcltage with the length of telecommunica

tion line in multiples of the value of noise voltage over 1 km 

of t.he t .. leco!TV!Iunication Une. 

These Figs. 2-5 through 2-8 indicate without exception 

that the simple fecding system is not good in telec~ication 

induction characteristics. Therefore, before the sicple feeding 

is employed, it is necessary to e~ine these teleoo~ication 

induction characteristiCS carefully. 

It should be noted that in the caleulation of Figs. 2-5 

through 2-8, the earth conductivity is taken'as 0.01 s/m (mean 

value il' Japan). lt i"s thus important to understand the earth 

_:_conductivity exactly in choosing the feeding system. 
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• Approximate Construction Costs of 

" 

' ' ' Unit o::osts ,,.,, 
~· Feeding ' ' ' systerns ove.-head 

TranS.mission 
line 

Substat.ion contact TOtal 

. system 

. 
' • ' • "' Simple " " ' 40 • . "' 

fce<hn<¡ --------- -------- -:----- ------- "' system ~ , ., 
"' "' "' ' 

n " "' " 
1 ( 24) {53) " 

feeding -------- ------- -- ---- ------ '" system 

~ " " " "' (30} (65) "' ... 

"' " " " " "' fccdin<¡ ------- ------ ----- ----- '" system 

~ "' " " "' l' l .. 
Not" l. BT installed at 4 Jun interv~l$. 

the' Feedin'l' 

' ' 

systems (per ~) 

; '. ' 

' ' 

' " RcJnarl<s 

e '. 
' Tn~smission linc, " >v, 

. ' ~ 
" interval, " "" Catenary, neavy simp.le. 
l'leeding circuit imped~ncc, 

Transl!lission line, "' lV, 

' ~ " interval, lOO >m 
Catenary, Heavy simple 
Feeding circuit impedance, 

Tránsmission line, " lv, 

' 
. . ' "" ' 'sS 'iñterval. ;o >m 

Catenary, Heavy simple 
Feedi:'g circuit impedance, 

2. AT installed at lO km intervals and included in substation,work. 
3. Parenthesized indicatin~ AT ~s work of overhead contact syst~. 
4, Sin~le tracL '• 

.,. 
¡ . 

•• 

' circuits, . 

"' 0/l<m 

' circuits, 

0.1 !'!/km 

' ci.-cuits, 

'·' 0/lm 



' 

·- . ·-

considercd comprehensively with the campensation for teleco=

munication induction, maintenance expense, etc. taken into 

account. That is' 

(l) Whero a n~her oí communication lines are extended along 

the railway line, the s~le feeding system is not econami

cal in that it involves a greater ~unt of compensation 

for induction. 

(2) When the rnaintenance cost is considered, the system rcquiring 

leas substations such as AT feeding system is advantageous, 

but for the overhead contact syst~. the sirnplest simple 

feeding is advantageous, followed_by AT feeding, and the 

BT feeding having many booster sections is rather dia-

advantageous. 

2-2 Methods of calculation of the Feeding Circuit Impedance and 
Voltage Drop 

For analysis of the voltage and current distribution in the 

feedinq circuit by electric car load, JNR has developed a multi

line network analysis prog~am {ATAC-P) with an electronic·compute~. 

Here we describe ~ethods of obtaining the feeding circuit" 

i!opedance and voltaqe drop "Without using a cor:puter.· 

2-2-1 Conductor Self lmpedance and Mutual lmpedance 

Conducto~ ir.lpedances should be calculltted according to the 

Carson-Pollaczek formula, but he~e. rnethods according to_simpli

fied formulas o!,reliable accoracy will be described. 

(l) Self ~~~dance Zs of Ordinary Conductora 

···-···----
Zi: lnter"nal i.r.lpedance (0/Jcm] 

Ze: Externa! i.r.lpedance (0/l<.m) 

Ro,Ri: lnternal resistance to oc, AC (Q(km) 

LO,Li: Interna! inductance to· oc, AC (H(km) 

_, 

1 
' ! 

! 

1 

1 
' 

' 

' 

' 

- ' 



r : Radius of conductor "'"'•s-section [¡n[ 

p Electric resistivity ur conductor material [flrn] 

).ls: Penneability of condu"'••r material. 

h Height of conductor al ... v., ground [¡n] 

' l'requency [H:>:] 

Earth COnductivity [S/••1 

• p X 10
3 

(!J/kJn] 

" 
- o. sus~ lo-• [H/k::l] 

l'ig. 2-9 shows curves of Ri/1<" and Li/Lo as a function of 

x, and the valuas of Ri and Li ar" llbtainable from t.hem. ·- .......... . 
Zi • Ri + j2TifLi !íl/ktn] 

Ze is according to a sir.:plifj,-tl formo! the Carson-Pollaczek 

formula. 

ze • 211t 1(0.511-al + j (2 in.2_ +S- 0.15443) J x 10-• [>l/kl:l] 

"' 
zs • Zi + Ze {Í!/Jqn) 

' Iron wire, rr 0.009 [m], p • 1 >< lo-' [lb), ).ls • lOO, 

hr8 [m], !•60 [Hz], o-0.01 [S/m]. 

Ro m 0,497 [!J/km], Lo" 5,00>< 10-' [H/ktnJ 

X m 5.51, Ri/Ro • 2,21 

Li/LO • O. 51 

Ri - 1.098 [!l/km] 

- 13 -
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1 
1'!'! .. 

" 
. . .. . ' 

'" ----

• 

Li -2.55" 10·' [H/Mil 

" • ¡.098+ j0.9f>l Ul/kl!ll 

a • 2.18XlQ-l 

B • 3.29" to-2 

,. • o.oss·"" JO.S74 [fl/kiD] 

" -1.156+ jl.835, ¡\1¡1<1Tlj 

"' ¡.mtual Jropcdllil~e "" 
"" .. a•::cording w 

si;nplified ··~ 
oi <h• • - • 

Carson-Pollaczek formula. 

"The geOIM!trical 
. -----~ 

• ~¡,.yout.of u.o-conduct.ors 

' ,, ,,_ io Fi'i- 2-10. 

' 

Horizontal spacing 
between tvo con· 
ductors !,.1 
• • • 

u 
Lo 

h 1",h2 ' .• Heights of con
- , ductors 1 and 2 

·- abQve 9round ¡r.Íj 

d Oistance betwecn 
two conductors [m} 

d .. /b2 + (h¡ -h> )
2 

o. .. 211 hof ~ 10- ,. 

("o"'l ... '" vaNeo ot nc: 

' ' 
" ,. ,, 

'' , 
" ,, 

" .. 
, .. 

',, 
• " " ~ ... ,-, 
,, 

" ~. ' ' ' ' • • • ·' ' . """ ' " 

cOnductor 1 

Fig. 2-10 Layout of TWo conductor& 

z.m• 211f\{0.511-B'l~'j'l2~n! +6'-0.l5443l]~lo-' \rl/l<rnl 

<l':xiU!'Ple> b" 2[m}; h¡ • 6\m], h2 • 8[10], f • f>O[Hz], 

o • 0.01 \5/ml 
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<solution> d "' 2.83 (m], o - 2.18 x ¡o- 1 , 5 1 "' 2.87 x Lo-• 

z.. • o. osa+ j 0.431 (rl/l<mJ 

(3) Parallel ~pedance o! a Number oí Conductors 

The rail is compose~ of 2 conductors, and catenary line 

is CO!:'.posed of 2"' 3 conductors of contact wire, messenger (and 
' 

auxiliary 11\essenger}. Here, the method oí obtaining the 

parallel ~dance, which ~y be said to be an cquivalent 

self i~edance of a ~~~~er oí conductors, will be noted. 

{a) Parallel lmpedance of 2 Conductors Zp' 

Z¡,Z¡_< Self impcdances oí conductors 1 and 2 ¡(J{km] 

z ll ' Mutual ir.:pedance between 2 conductors !rl/km] 

[íl/km] 

,, 
,, . . .. ,, ) '" '" 

,, .) '" -lL__: --"-'' --.!....) _'" _!--
Fig. 2-11 2 Conductors Parallcl Fig. 2-12 3 Conductor& Parallel 

(b) Paullel Itnpedance oí 3 Conductors Zp; 

Self impedances of conductors 1, 2 and 3 
[[l/l<m] 

Z¡¡,Z¡¡,Z 1¡_: Mutual ~pedances across 3 conductors 
[[Vbo] 

Za"' Z¡Z,Z¡+2Z;¡Z,Z¡ 2 

Zb"' (Z 2Z,+Z,z¡+Z¡Zzl- 2 (Z¡Z~, +ZzZ¡¡ +Z 1Z¡,} 

- 15 -
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.(4) Self Impedance of llail 

. 

l : Peripheral length of rail cross-section (m[ 

.i. ' : • • 
• (in] 

r·:.<oEquivalent radius of rail·cross-section [m] ~ 

h : 'lieight of rail above ground [m] 

' l : • Current per rail !Al 

' ' Frequency (Hz) 

• 

, ,zi: .rnternal i.mped.ince ·of-single· rail frlfkmj .. • 
.l,ze: Externa! impedance " - •· .. , ( .. 1 
1 

Zr1: Self i.mpedance " " 1 

Ri: ·Internill resistance .. .. ) 

Xi: -Interna! reactance " " ) 

Zm:.,- Mutual impedance betloreen 2 rails ( " J 

Zrz: 'Equivalcnt self iJopedance of 2 rails ¡ " ] 

.. 
The interna! irnpedance Zi of .rail is :..ccording. to.a method •. 

of calculation devised by H. M. Trueblood. First, an assumed 

rail current 1 (11.J is dJ.vided by the peripheral length of the 

rail .t• (in['· andaR and ax are obtained !rom Fig, 2-13. 

Then, 

L 

Xi •. !0é·ó'"'"'c'~:"'-"'c'-"2x [0/l<:n] 

Zi • Ri ~ jXi (r!/luo] 

The externa! imr•,d;Incc Zc of rail is obtainable by the 

formula noted in paragraph. {1), and the r.>ut.uo>l Uopedance Zln 

bet.ween 2 ra>ls by the !~~ula noted in paragraph {2), 
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' ' ' " • 12 l~ H> lB 20 22 24 

Ra11 current. (1'.)/Rail pcriphcr<ll lenqth [ln) 
• 

Note: 1 (inch] ~ 0.0254(m) 

l ('".ile] "' 1.6093 [l=] 

Fiq. 2-13 Coef!icients oí Interna! lmped~nce of Rail "R• "X 
(per raill 
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Prcvided, r • i/ (211) !mi, and 

Zrl ft Zi + Ze 1\)Jl<ml 

The equivalent self ~edance of 2 rails is ohtainable 

by the following formula having zr 1 and Zm substituted for 

pangraph (3), it""' (a). 

Rail 60 {kg/ml, vs ~ 70, r s 300 ]11}, t • 0.659?3 ]¡n], 

b" 1.13 {¡n], h & 0.5 [m], f • 60 [Hz l. o • 0.01 [5/m] 

<so1ution> 

i' "" 25.97 ]in], 1/t' " 11.55 {11/inl 

From Fig. 2-13, aR • l. lOO, ax" 0.498 

~ o. 204 l ¡jfla:o 1 

, 

" 
0,01578)X 607 X 0.498 

- 0.183 Jíllltm) • o. 65973 

" - o. 204 + j o .183 1 íl/Jun l 

, • l/!211) - 0.1050 Jm] ' d .. b-1.13 ,., 
• -2.is" lo-•, 6 • ,, -2.osxlo-3 

Ze • 0.059 + j 0.679 {íl/l<Dj 

Zr¡ ,. O. 263 + j O. 862 1\1/kn\l 

zr,,. 0.161 + j 0.681 !ílfkm] 
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2-2-2 Voltage orop 

A-calculation model for the voltage drop is shown in 

Fig. 2-14. 

. ' ' 

Es: Pover voltage [V]¡ En Load voltage (VI; &o1 Feeding 

circuit voltage d~op (V]; 1: Load current [A]i ces$: Load 

power facto.q and R+jx: Feeding d:n:uit impedance_,¡n¡. 

The vector diagram on Er is liS sho1o1n in Fig. 2-15. 

Es • /(Er+I(Rcos!ji+Xsin.¡.J) 2 + {I(Xcos$-Rsin$)) 2 [VI 

In the 'for.,going . formula,. the sccond .. term is vexy. srnall 

when compared·with the first term so that-• -·.· 

Es-...Er+I(l!cos.;.+Xsin!Pl (V] 

EO.• Es-E.-.· ... I(Rcosi)I+X&in!lr) [V).-

Power 
source 

" 

~" 

' 
. " 

' -1 

' . 
. 

" 
,, •• 

Fig. 2-14 Volt<UJe O::op Calc:uhüon Model 

• 

1 

'1 
1 

Er IX 1 -· 1 1 
liR -----1 
1 1 1 
,______., '---v--' 

IRcos::.O IXsln::.O 

Fig. 2-15 Vector Diagram 
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(ll Fceding Circuit Impedance and VOltage Orop of Si~ple 
Feeding Circuit 

The simple feeding system is a simple circuit system 

co"'posed of contact ..,ire ('f) and rail {R) , as shown in 

Fig. 2-16. But, as its variation, a system of extending a_ 

negative feeder along the rail and connecting Nf to the rail 

every severa! kilo~ters by ~ans of NF connecting wire (CNf) 

is also available. In this case, NF serves as a protective 

wire (PW). 

,,--------,,-- CMUC~ $ o wh~!T) 
'--------'-»-- A&U !R) f 9 

Can<.>.ct 
win '" -~ 

1' ' ~H '" 
N<9o~;~e 

fo•der UIF) 

(a) Basic type ('f-R systeml "' With " ('f-R-NF syste~) 

Fig. 2-16 Simple Feeding Systcm 

Earth return impedances o! conductora in a geometrical 

•·-- layOut such as that shown in Fig. 2-17 and Wlder the following 

ccnditions.are shown in .. 'fable.2-6. 
- ' 

f•60(Hzl 

o - 0.01 (S/ml 

Wires 

. Messengcr. wire (M): 

St 90 ~m~2 

Contact wire ('f): 
Cu 110 mm2 

Negative feeder (NF): 
ACSR 160 ~m~1 

40 =' 
llail (R) : 50 kg/m 

"" 

""'"' -· 
• 

7"77~,--,---+'" 
Fig. 2-17 Conductor Layout of 

Simple Feeding System 
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Table 2-6' Earth ~turn Self and Mutual I~pedances of 
Simple Feeding System 

,... loxaticn 
·~· 

Slde ¡...edlately --· . 
"' V¡,• - ACs•••o-' ACSMrlmm' .o.c:s•l•o..,' 

' 

1 "' " o '" • o o - o:.: n JI 
1 

o 1.1 o ... , 

" , '¡' o '!' o,. e 'i' • 

1 
" • -! ' ' ' ' " 1! • o·~ o ' '' ' o ,, 

' ' ' .. ' " ' ' ' --- -~ -. ' 7. TT 0.~'00'- i 0.11(.¡ C.20(1tj0.8GI O.Z!l?+jO.&;.: ~-200 : i o.s.;, • ·-., 7.:-!1 ' 0.2.1S+ 1 o.~: 0.7ijl+j0.9J2 c.zl."> +.J o.~ll ,fá - -· . - L¡;R O.l.Jl-1-jQ.oTZ 0.¡~) t fO.<i12 O. !JI +) O.G72 úl31+JOC<2 ·-• lm 0-0~ 1 ) Q_ü: . O.G~+jO~J:" n.o:;~-'- 1 0.~'}) • .. 
-~ .:j " lT~ ~ o:;~-'- j o.::.'>.! o.o:;o , 1 o.~~ o_u:;~ + j o.::sz 0-C~~ -t-f0-~~'1_ 
h.'? 

" :Ls,. Oo:;Oij0.37U O.Uó~+jOliZ> o.o:;~ fjO.J,,o 

I! the leak-to-ground ad:l!ittance Yb[S/ml oí the rail is 

neglected'the feeding circuit impedance Z(nfkml is: 

In the case of no NF, 

' 

• 

Z ~ ZTT + ZRR- 2ZTR " 0.213 +jO. 772 - O.B0l'L74. 6• líl/kml 

With NF (l,mnediately above), 

' ' ZR " ZRR + ZTN- Z'J'R- ZNR e O. 071 + j O .414 

~ss~ing that T-R is shortcircuitcd at peint CNF, 

ZNZR 
z ~ z.r+, - 0.202+j0.57l • 0.606L7o.s• 

U+ ZR 

- Sl -



However, if Yb is great, part of the current flow in rail and 

NF !lows to the grcund so that the feeding circuit impedance 

decrellses. 

The approxima.te values of Yb are shown in Table 2~ 7. 

In Table 2-8 are shown the oc~utecl valuee of the feeding 

drcuit i¡op~ance Z (ll/Jao] witll Yb assurned liS 0.02"' 10 (S/m), 

CNF interval liS 4 klo and lengtll 1 to the sho.rt-circuiting 

paint liS lO or 40 km. 

Table 2-7 1\¡>proxi.:nate Valuee of Lellk-t;o-ground 
A¿~ittance of Rail Yb 

Lellk-to-ground adliti ttance Y})(S/klo] 
Weather 

Conventional lines shinkarlsen 

Fine '·' ' '·' 0.002 ' 0.01 

~"' 1.0'\. >.0 '·' ' '·' 
Table 2-8 Feeding Circuit Impedllnce z 

" " wire '· Z(Q/km) 

location (S/lun] t-!0~.-n , .. 40kn> 

O. 02 O.UJ/.72~ 06&1.0:::73.2 . ' O ~~iL7U! O.ú7lL74.2 

'~· 
-

'" 0G7lLUO o.G(;fL74 . .> 
• . 

10. o O GG7.r:7i.5 o.6G7LR6 

At"Sit o. 02 0.¡¡.!1/.720 O.G09.<::722 

~-· •. , 062•.:72.:! oOO\.<::nb 

Si de ' . O.GIU12.l" OW'..LTJ.O 

10.0 O.W8L7J.I Dli01/.7l.O 

Ar:".;n•o-' ••• o li4i.<:7l.3 ~ '>3>.-' n.G 
ACSR '" 0616/.70.~1 0.551/.7).1 

Ioomediately 
Jo;¡) mol 

'·' O!IJ'JL11.2 0.577.-_]1.6 
above . u O!.B:!L7U 0.~7fi.0:::71.7 

10.0 0..1.!!-IL7J.~ O!ilG.~718 
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With Yb taken into account in this way, the feeding 

circuit impedance to t • 40 km is .-educed by 14 o. 17 percent 

with no NF and by 4"- 5 pen:ent when NE:s are provided. 

<E:xarnples of calculatlOn of voltage drop> 

Voltage drops when"the feeding circUit and electric·car 

load are as shO\o'n in Fig. 2-18 will be calculated. The condi-

tions of calculation are assumed-to be, power voltage, 30 kV; 

power source impedance, 0.2+j2\ under lOMVA base; feeding 

tr,.nsforrner; SM\111, j 1. 5'1.; series capadtor,. 80\ compensated; - -
feeding cirCuit--illlpedañce; O. S77L7l. 6! · (• 0.1821 t jO. 5475)-

f/jlun in the case of NI' immediately above, Yb~ 0.2 S/m and 

t• 40-km in-Table("2-8; :electric car pOwe.- factor, oO.S; and 

electric•·ca.- current, 150A at. 6 km point, 10011 at lB.km point 

and :200 .. at :23 km point. • 

~{ .. ) Volt.,ge Drop at P01o1er Sou~ce Vs 

Power sou~ce · ilopedance Zs 
~ {0.00:2+ j0.02) 

''" ., ~ 0.36+ j3.6 [QJ• 

Ir •·150+ lOOi 200 • 450 [A] 

Vs.• 450~ (0.36~0.8+3.6~0.6) ~ 1102 [V] 

(bl Voltage Drop in substation VT 

' 

T~ansfonner irnpedance ZT 
• j0.07S X 301 1< 1 ,. • jl3.5 lnl 

Series•capacitor irnpedance Zc ~ -0.8ZT • -jlO.S !QI 

VT • 450~ {13.5- 10.8) x 0.6 • 129 [V] 

(o) 

Feeding circuit-irnpedancc Z • 0.1821 + j0.5475 lfl/klnl 

Voltago drop pcr 1ll:liJOre kilor.-.ctcr 

ZL ~ 0. 1821 X 0. 8 + O. 5415 ~ 0. 6 ~ 0. 47418 [V/(,;. kr.t) ) 
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VL'"' 0.4?418 (150><6+100><18+200><.23) • 3462 [V] 

0.2+j2\ 
(10fo!VA Base) 

Power source 

j 7. 5\ 
,~, 

-6km 

o'.1821 + j0.547S[!}fl<ml 

5km--

Feeder Linc 

~ 

JOkV 

lSOA 
p!O.S 

JODA 
pf0.8 

200A 
pfO.S 

.-

' 1 

V o (V] 

Fig. 2-IS. V01tage Drop calculation Mode1 

(d) Mínimum Pantograph Voltage Vp 

Total wltage drop l.J.V - Vs + VT + VL • 5293 [V} 

Vp • 22-5.3'"' 16,7 [kV] 

(2) AT Feeding Circuit ].Jnpedance an<l Voltage Drop 

(a) Precise Calculation Method 

• 
The AT feeding ch·c-ui t is CO!r!prised of a number oí 

conductors including T (contact wire), F (feeder), R (nill 

and PW (protective wire) ·so -that in-order to obtairi exact·· 

voltage and current distributions, computer simulation must 

be resorted to. 

!!ere, the ""'thod oí obtaining the funda:nental_character

istics oí the AT feeding ciicuit relatively precisely by 

paper calcu1ation will be described. 

![A] 

' ~ . 1 5 t l l(Alm•um~-T · 
1 

~ 1GJ =o;. 4Z 
I l fA] I 2 [A] (_ ~1 11[A] ,¿i+l [A] 

~ 
L 

~ ' 1 í 
' AT> AT, AT' ATi+1 

• 
~ D(km) ~ {-X [kJ:tj_, 

Fig. 2-19 AT Fceding Circuit··Mode1 
" _,_. 
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<Example"cf calculaticn o! voltage drop> 

C:'lculat.ions a.-e ma<le fo.- the Sanyo Shi.nkansen feeding 

ci.-cuit o! a geomet.rical configu.-ation of conducto.-s such as 

shO\o·n in Fig. 2-20 having PW neglected lin<l unde.- the conditions. 

sh<7o'n t-elow. 

' '" ! ,., • '" [kV) --¡cG~¡--

1 ' , . • 10\lull), .)t•1[l<m) 
' 

. ' • "' \A) ' CO'i~ • '·' 
' " ~ - 1.2+ j7:6 101:. ' ... 

1 ~ ,.,j 
:11"1"- 0.1+ j0.4 101 

1 "' 1 
"· 

" · Conducto.-_wires • 
" .. 

' ·(Contact wire),.· ' ; "" " . ' 
M " '" -· Fig. 2-20· .Simplified Conducto.-

=' Layout o! A"!" feeding 

"'' '" '" Cücuit 

' ' '" "' =' 

' (Feede.-): " '" ~· 
' (Rail): " kg/10 

" ~elf and r>utual intpedances [[lfJ<m) 

'n • 0.1192 +jO. 1522 

'" - 0.2036+jO.B847 

' 'AA - o. 1618 + j0.6709 

,.,.,. -0.056B+ j0.3953 

,.,, • 0.0514+ j0.3B11 

'" - o.o57l+jo.J4lo 

" Equivalent self impedance "[fl/J<:n) 

¡:"!"- 0.0621+ j0.3102 !o.Jt64 L 1a.1•J 
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Z¡.· m 0.1471+ j0.5361· (0.5559 L 74.7°) 

zk • O.l041+j0.3375 !0.3532 L 72.9"l 

4) Coml:J l ned !Jope dance 

A 0.2703+ j0.9852 

B • 0.1662 + j0.6477 

e- o.625&+j2.19&3 

H'" -0.4210+ j0.2376 

H/C • 0.0496+ j0.205B 

(Z'I'+ZF)/4 ~ 0.0523+j0.2116 

A2/C • O.ll66+J0.4419 

rhe feeding circuit ~dance Zf[Ü) based at low vc1tage 

side (Vo/2 sidcl is given as 

Zt• (O.l+l.6!>2d-1.1&!>d')+j(0.4+!>.477d-4,4l9d2 ) In] 

As shown in Fig. ·2-21, z 1 (rl] a" a function of x (km] is 

.. given in a parabo1ic form projecting upward. 

e -" • o 

" • 
" ~ 

. 

-• -, o • -o 

• • " • • • 

' , 
. 

' 
' 
' , 
o 
o , >O 

Olstance " (km] 

short. circuit 

Fig. 2-21 Feeding Circuit Impedance versus Distance 
(simplified equiva1ent circuitl 
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The total impedance z[n) fr~ the'power source to the 

electric car is given as 

z~ (1.2~j?.6)/4~Z.e 

~ (0.4~ l.662d-1.166dl) +j(2.3~6.4J7d-4.4l9dl) [Q) 

When " ~ J [km] (d "' O.?), 

Z • 0.9921 + j4.66B6 [~] 

Then, the ma>cil'•um voltage drop • 3595 (V) 

' - t.v ~ 1000 (0.992l><o.e~4.6686><0.61 

- and the.pantograph.voltage. 
-·~'-···,··· 

Vp ~ V o- t.v • 30- 3. 6 ~ 26.4 (kV] " 

rn the Ca!<e o! a nw:.bci" o! trains, or~where PW i!<:present 

or·where·llie•double•track ha!<· inbound.and outbound.feeding,"··~. 

circuits tied, analysis is not possible unless computer simula

tion is <'mployed. l'or reference, the feeding circuit _i_mpedance 

characteristic obtaincd throug~ precise simulation o! the Sany? 

Shinkansen feeding circuit is sh0>1n in Fig. 2-22. 

' 
• .:::=. • " -' ' " " • • o ' ' ' -o o 

i • 

' 
o 

o 

' ' l'eeding Circuit l!op<>dancc versus,Distance 
(Sanyo Shinkansen) 

(bl Sir.:yle CalculatJ.on l".ethod 

A simple calculation method will be derlved.upon the 

dra,ings and calculation fon:111las 111 subparaguph (a). 
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Referrin~ to Fi~. 2-21,. the incrcrnent cof ~dance for 

1 section of AT ilo H/G, and it may be appi'O-'C'-UM'Oed as 

' ' 
• 

• 

ZTZF + ZTZR + ZFZR 
ZT+Zr+4ZR 

' • 

Further, it is difficult to handle con:-,.:..'"lu'"ion of 

parabolas, the approxunate straight line· sh"'-"' :.:> Fi~. 2-21 

is used. This line crosses the origina¡ pa.!.':'al:>ola at point 

d • O.OS (or x • O. S km in Fig. 2-21}. 

Accordingly, the feeding circuit Í!npe¿¿,_:nce :(()) at low 

voltage base from the power sourc:e to a po~:-:1t · x' (km] distant 

is given as 

Z ·-. O. 25 Zo + ZAT + 0.050 (a- 0.05A~/G} +D. :•5 (Z':" + Zrl x' ¡¡¡¡ 

Further, the 3rd and 4th terms of the foregr-'ing :'or:mula are 

handled as a scalar, and for the Unpedanc:e .. ngle, that of 

(Zor + Zrl will be used as a representative v-..lue. 

<Example oY calculation of voltage drop> 

Except the electric car current and ?'~wer factor, the 

conditions·are the same with those for·tl:~· ex""'ple of 

calculation in subparagraph (a}. 

Z,.+Zr ~ 0.2092+ j0.8463 ~ 0.8718 76.1~· 

ZT ·-. 0.3164 L 76.1" 

~-., 0.5559 L 76.1• 

ZR ·-. 0.3532 L 76.1" 

B ~ Zo¡o+ ZR ... 0.6696 L 76.1• 
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~ o.4s?s L 76.1" 

Q.~5(l.2 + j7 .6) + (Q.l + jQ,4) + Q,Q5 X lQ (0.6696- Q,Q5 

~ 0.4578) L 76.1 • + 0.25 x 0.8118 L 76.1" xx' 

• (0.478+ 0.0524x') +j(2.614+0.2116x') In! 
i ' 

Electric ca:-: " km point, 527A, powar .factor 

av - 527. (l.6J08X 0.6+ 7.2692_x 0.8). 

• ' ~-3560 IV) . 
.,, -JO- 3.6 -26.4 [kV] 

According-to the computation, Vp a 26.3 

Elcctdc car: 3 kr.1 pc:>nt, SSJA,- power factor 

and 18-km point, 976A, power-factor O.B. 

!'.v. 553 (0.6532 xo.6+ 3.2498 x o.e) 

+ 976 {1.4212 X 0.8 + 6.4228 X 0.6) 

• 6519 (V) 

Vp • 30-6,5 • 23.5 !kV) 

According to the cor:~putation, Vp,. 23,4 (kV]. 

o. 6. 

" 

0.6, 

" 

2-3 SectiOnlng and lts Operation 

The rangc of supplying power to trains from a substation is 

nonnally to the midpotnt (sectioning post) to thc adjaccnt ;sub

station on each ~•de, forming a rchtively Joni; section (in the 

c4se o! Ta !ecding, 25 l<rn"-50 k:n on one side). There!orc, ,if·the 

' 

··fe feeding range o! a subst<ltion is ·long, the power fecd has to,be~ 

•n,crropted over a long section in the event o! 4 catenary íailure 

or !or rnaintenance "'ork, causu.g a serious in!lucnce to the train 

operation. 
• ' 
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2-3-1 Outline o! Sectioning 

In the AC feeding system, the feeding section becomes long and 

has .the feeding circuit. constructed as shown in Fig. 2-23 gener.,lly. 

- o ' 
~ 
• • 
• • 

1 1 

--

6 ' 

• • 
TL 

·~•~o~!on1ng 

~"' 
~· o 

r 
----··· ,.. .••••. Flg. 2-23 Feeding Circuit Configuration 

" 
• • 
• • 

1 

In general, the substation has feeding ~de by directions, 

-and "when the feeding voltaqe phase.differs"from direction to direc

tion, a dead section (or, in sorne cases, changeover section) is 

providcd to prevent oontact. 

The sectioning post located at the midpoint between sub

stations has a dead section (or, in some cases, changeover 

·section)·provided·to prevent contact be~een different power 

sources as there is a phase difference of voltage between the. 

two substations. 

Further, a sub-sectioninq post ís prcvided at th;, PIÍdpoint 

~.:-..:~::.. · bet,.eéf¡ the 'substation ·and · the sectíoning post for. sub-sectioning 

the section in the event of an accident or for ~aintenance ..ork. 

However, whe~e the number of trains is s~ll enough that sub

sectioning is not required, no sub-sectioning post is provided. 

In the case of the ~T feeding system, sub-sectioning or 

sectioning posts are provided at the locations of ~T. 

2-3-2 Sectioning Post 

AS shown in Fí9. 2-23, the sectioning post confronts the dif

ferent powers by a dead section (or, in' some cases, changeover sectionl 

and sections th""' so that there will be no contact. However, if'the 
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po .... rs from the left and right substations a.-e of the same votlaqe 

phase'(orof a phase diffcrence within 5") and frequency, it is·~s-· 

sible to claSe a breaker for extension and·•thus decrease t.he voltage •, 

' drop and power loss o! !eeding_circuit. If either the left or 

right subscations is dead while the different powers confront 

each other, the extension breaker is closed to extend the feeding. 

Usually, a protective relay for feeding circuit ís not 

provided in the sectioning post. HoWevei a protective relay 

might be lnstalled for improvement of protective ability in the 

case of extended feeding; · if: necessary. .When the equipment of 

the sectiOning. post ~fails ;--the · feeding breaker of the substation -.... . . 
is opened by the interlinked breaking device. "~ •~ 

For-short-cirouiting"of_:the dead aection, a•di9conneo;:tingw-< ., . 

·-~ ..• swito::h íor -ructension, whic:hoi¡¡..more econo.m.io::al. than.the -hreaker, 

. may·be used. !lut,' when---the disconneo::tin9·swito::h:tor•extension,, 

.is operated, or when.a fault~is deteo::ted in the ructended section,~-.. 

•the feeding breaker in the substation has te be once opened to 

set the disconnecting switch to open under the no pressure 

condition. Consequently interlocking circuit becarnes o;:omplex 

•. and taJ<es ~>uo::h tUne. • . . ... --- .. 
· 2-J-J Sub-sectioning·Post 

The sub-sectioning post is a switching post provided for the 

purpese oí separating a worked seo::tion or fault section. When 

the equiprncnt of the sub-sectioning post fails, the feeding 

breaker oí substation is opened by the interlinked breaking 

device as in the sectioning post. 

2-3-4 Tie Equipment 

ln ~he sectioning or sub-sectioning post, tie equi~ent (ty

.ing the up and dO\<n feeding circuit) lS provided to reduce the 

-·feeding circuit i10pedance and pantograph are in the crossover 

secticn. 
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.2-4 Prctection o! Feedlng Cireuit 

2-4-1 Protection from Substation 

Whetl a short-cireuiting or insulation fault (grounding fault)" 

occurs in a feeding circuit, it is raquired that the fault is 

detected immediately at the substation so that an OFF instruction. 

is given to the feeding"breaker to reduce d~age to the ~quipcent 

and catenary line toa minimum and, at the same time, prevent 

_spre<>ding of the fault to sound section . 

If such protective devices fail to operate promptly, the 

fault point may have damage increased by_the fault current, or 

if the short-circuiting current is oí large value and long dura

tion, st""' insulators of the catenary line will be d=ged, with 

much time reuqired for recovery. 

In ~elect.inq protectiv" devices, it is i.Jl:pOr~ant to grasp 

the.cc»:>ppsition,.distributicn cf vcltage and current, etc. of 

the feeding system to be prctected and take the mcst exect 

measures. The fcllowing may be listed as the items to be con

siderad. 

1) Nort:~&l load characteristic 

, Analysis of '"" phenomena of the fault 

" Characteristics of protecti ve relays 

~. ... Cheracteristics and· choice of i ns t rll!l'e n t transfonoer 

" Charactedstics of breakers 

" Control source 

(1) Protective Systems 

Protective systems ~ployed by JNR include the following: 

{a) Distance Relay {44f') 

This is a relay which detects fault.s fro~:~ the difference 

in the region of the load characteristic and fault character

istic of the feeding circuit -and is thus actuated, and it i.s 

used for main protection. 
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(b} ·AC ~~ Type Fault selective Device (50F) 

This 'ts a relay whl<;:h detects faults from the dif-

ference between the incremcnt characteristic of the load 

current and that of the fault current and is used for back 

up protection. 

(e) Overcurrent Relay' (51F) 

This is an ordinary relay actuated by an overcu.-rent. 

lt is used as backup protection for detection of a high 

resistance fault and in a section of a relatively short 

feeding distance (as in yard or car shedl. 

When these prote-ctive relays are used; care 111\l!lt be 

exercised so that they will not be actuated falsely by even 

harmonics current contained in an exciting inrush current 

flowing in AT when pressurized in an AT feeding circuit or. 

that flowing in the vehicle transfo~r when an electric car 

rushes into a n~ feeding section, or ha~nics generated by 

commutation or thyristor control of an electric car. 

(2) oistance Relay (44F) 

For protection of the AC feeding circuits from'short

circuiting and grounding fault, the distance relay systern is 

employed. This system is designed to operate the úmpedance 

at all times from the feeding voltage and Current and, from 

the impedance, discriminat~ the load current and fault current 

from each other. 

At the initial state of 1\C electrification, the offset. 

mho type (elect.roma.gnetic movable type) distant relay shown in 

Fig. 2-14 (a) and the are light type (rectifying type) shown 

in Fig. 2-24 (b) which have been used for protection of thrloe

phase ~er syst~ were used generally. 
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These a~e useful where the electric car load is small 

' and selection cf'the load·current and fault currcnt i5-~de 

with easo. But, as the electric ca.>: load increases so that 

the fault current is hardly distinguished !ro~ the load 

current, these types rnust have a blind applied as shown in 

Fig. 2-24 {e). 

Thereafter, frofl\ 1964, semiconductor stationary type. 

distance relays having a paralleiogram protection cha:ractcr

istic have co¡no to be used (Fig. 2-2SL The parallelogr,.,. 

.,· .• protection char<>cteristic .pe=its;protection ·in ~the s"'!"' "-" 
,,~--~ · 'detec.ting ·s•,-l'!sit.ivitycover'.the.whole •t,!,edinq· section -and hl!.s .-. 

good discriminating characteristics between load current and 

-fault current<SO"that:it ois ·;w>· ideal- one •• _,.. 

. '. 

• 

(a) Offset mho type 

" r-· 
1 .í 
• • • 

• 

(b)~~rc light type 

• 

• 

(e) Offset ICho blind type 
·(Fonnerly·_used ·in· 
TOkaido.Shinkansen) 

Fig. 2-24 Thc Change of P~otcctive Cha~acteristics of 
the Distance Relay 

Further, the tault detecting time is less than lOO ms, but 

it has an instantaneous opcrattng characte~istic (50 ~s or less) 

in the··large cur~ent region. .. . ' .. . ... . -... 

• 
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f 
c c ,. 

a, ~~""""'""~ .~9 l• Qt 
.l•ed1nq C!O"<""lt 

<q' r.~J< HS!Ot4nO• 

~t..ct>n9 •~nq• 

Fiq. 2-25 .·Protect.ive Chara~terist.i<: of 
(stationary] ·oistance Relay 

Pan•llelogr""' 

0) AC lll 'l)'Pe rault Sclectiw• Device \SOF] 

,_Si!l<'>l.'"t.he protection of I,C feeding e;ircuits is very 

.ifllpoaant., JliR d<!veloped.an AC fil type fault select.i"'e <:levice 

\ohich det.<u::t$ ~ fa<>lt in the-use oCsharp ehange of the fa"lt 

currcnt as bac~"P protectien !;;>~ th<'! distance :relay. 

'l'hc pdncipl"' of de,t.~<::üon in this :telay is = follo\o's. 

11>) r:ro1<1 the regional ditferenc" bet,.een the v¡o.riation l>I 

oí the load current and ~I of the tault current, thc 

fault currcnt is detected selectively. 

lb) For the cXC<ting inrU$h currcnt to AT end ene to the 

elcctrie car transfo~er at the t~ ot paSsing the 

dead or changcaver sec~ion, ~he eontcnt oi ~he setond 

harmonlt co~ponent in ~he ~ave!crQ is thecked, ~nd whon 

it ia 15 pcrccnt o:- ll>Ore, operaticn o! the rel~y is 

resttained. 
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(O) Deducting the third harmonic current va:riation li.I 1 

contained in the laod current fro~ the fundamental wave 

cu.-rent va.-iation tlh in a certain rate, u: liiJ is 

contained in a large quantity, the current is determined 

as the load current and raise the operating current value 

of SOF. 

Thus, the relay has no unnecessary operations caused 

by the electric car current variation, while it·is actuated 

e~actly by the feeding circuit fault current containing less 

harmonics at a low set value, and its operatinq speed is less 

tha.n 50rns. 

Fig. 2-26 is a block diagram of the hanronic restraint 

li.I type SOF, and Fig. 2-27 illustrates protective ranges of 

the main protection (44F) and backup protection {SOF). 

r-".._ ..... , ..... :. __ 
1 ,,, .. "'' ,.,¡ ·-

. "· ~~~·~·¡ .. :·, .. i=Ji,t>~;c·~ .. 1.""c;,·J:~l~ 
·-;·- .......... 

"' L._ : 1 
---- _-_-- ------- ----------- _:::¡ " . 

Fi9. 2-2& Block Oiaqram of Han:10nic Restraint 6.1 'J'Ype SOF . 

• r---..___ 
' '"---~ . _, 
f ., 

" 

' 
• " ,, .. " ·~ 

..,,.,..,.. otnl ,, ., ..... 

Fig. 2-27 44F Characteristics and SOF {Ó.l) Pxntective Ranges 
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(4) P.-otection when Upbound and Downbound Feeding Cirt:uits 
are Tied 

Tying the up <~.nd down feeding circuiu at an inten>ediate 

point.or the-end Of the feeding circuit.is.effective fo.

reduction of the voltage drop of feeding circuit by an electric 

car or and of the differential voltage in the section at the 

tUne of an electdc car crossing over the up and down track. 

But,- ~.-ticula.- ca.-e must be exe.-c::ised .from the point of view 

of prctection. 

(a} Seen from the substat~on, the fault point resistance 

<~Ppea.-s greater than it is really. 

1 

.j,. 

Fig. 2-29 

_,, 
!U~,¡ 

" 
i '• + 

z 1 ' ~¡>_ fn~l"'J 
ei<cuit ~-<Jonc~ 

Zl' 000on fHdiriQ 

CHCU1t im!><".,.nte 

r9 1 f>Uit <eol•Unco 

Circuit Diogram Jiaving Fault: with 
Resistance {in tie feedingl 

Fig. 2-28 shows the circuit grounded at the fault resisÚ.nce 

rg in tie feedif"J", then the impedance seen from 44F 1 is 

qiven as 

................. (2.4.1) 

so that the fault resistance rg appears to b" (z 1 + z 2¡;z2 

times greater. Particularly, in the cas" of a fault at.· 

t.he tie point IZ1 ~ Z2), it appears to be 2 times qreatu 

than when not tied. 
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(O) In an extended.feeding uyutam, the feeding circuit 

impedance appears <o N •rr.,ater <hM ,, '" really. - ,, ,, ,, 
•• IHF1I ,!,. 

"' 
,, '· 

~ ,· ,,, .. ,,, 
Fig. 2-29 Impedance in E:xtend•·d system Jlppearing-to be G~eater 

• 

rn·a syst~ having the·further side of the tie opened 

as shown-in·Fig. 2-29¡~_u,., -impedance seen·f=m-44F¡-<is 

given as 

Z~•-Zf+- (Z¡.+ t;:)¡z, • Z¡-..•••••••••.•••. ;. (2.4.2) 

" lf :the .up and 'down feeding- circui t. impedani:i.s are equal'' · .. • 

(Z¡•Z,). 

Z • z, + 2Z, .•••.•.•••••• , •••••••••••.•• (2.4.3) 

so that the impedan_ce 'Z¡ beyond the tie appears te be 

2 tim"s greater. 

Consequently, if·tho relays are set without the 

forec¡oing consider,.tion:in the tie feeding, then when·the 

fault point has a greater resistance rg or when a fault 

occurs at a point far beycnd the tie, it is outside the 

protective ranqe and cannot be detected, dev@lopinq in 

aerious trouble. Uur.st care should, therefore, be 

exercised . 

• -· 2-4-2 Easily Protected Circuit Fon:-.ation 

'" Circuit Forrnation and Fault c-.rrrent Route 

·-~- . The feedinq circuit extends over a len<:~ secitcn, and it.s. 

_.., faults take varicus fcnns in '-'"-rious de<:~rces frcm purely 
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~etallic sho~t-circuiting where the contact wi~e ia broken 

and collll!s into contact with the rail te sho~t-circuiting te 

grounding fault a large ground~ng rcsistance when the feeding 

wire comes into contact with t~ees. 

Insulation faults a~a~largely flashover to contact wire 

supports, substation equiprnent, steel structures, frames, etc. 

and generally have th8 grcunding resistance at the fault point 

enter the circuit-in series, as shown in Fig. 2-Jo, so that 

it is difficult te detect them. 

Contact wire 
.support 

Fault cutoff 

'""station 

Substation 
grounding 
=< 

---- T (Contact wire) 

Insulator 
flashover 

---- R {R.ail) 

Sub•Ution 
9<ou,.dln9 
.. o~ ... ,.,. .,. rq: Fault 

\ -~--- ' resistance :_ ___ ..;J ------

Fig. 2-JO Insulation Fault 

Thus, methods permitting pro~ective detection-with ease 

and exactness by forning the.feeding ~ircuit so that as many 

faults as is practica! are reduced to llll!tallic short-circuiting 

faults are ~ployed. 

(a) By Protective wire (Fig. 2-31 (a)) 

This method is to metal short-circuit the flashover 

fault te a protective wire by a pele a:.--rangel'IO!nt as shown 

in Fig. 2-32 and is applied to ordinary sectiona. 
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ro~1• e~toff 

~ (or HF Ln •""Plo and 
81 ., ...... , 

- ~ 

9 ·-b ~ lno~h fl••ho 

' ,., 
"" 

" 

(b) Method by protectivc wire (PW) · 

Hotal """""rt 
Fa~lt outoU '"'"'""' ... ' '~"'":~~=;~·=··~·;--;·;·;;;¡lt~~ ' -~ 

Loü-to-qro...,d Tb 
a&.u.ttot~eo of uU 

- . l ___ _: 

' 
P<>tont<&l 
dovated. 

,, ¡ 
-~· • dioehacg• 

" 

• (b) Method by ove.-hc"d earth wire .for 
flashover _ (F"') 

~tAl oupport 

Inoula<cr 
fluhover 

" 

(el Method of short-circuiting rail '"'d 
met"l support 

lo< Nr 1n oi"Pl• 
~d D7 <y"'e'"l 

Fig. 2-31 Exa::tplcs of Easily Protectcd Circuit Forrnation 
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P<cUctive wi<e 
-(o< liT in U"''le 

ftT •Yot-1 

' 

P<oto<t>ve wi<• 
!or ¡nou\otor 

Not<c«vc 
<Ond~ctor fol 
¡n•ulOCoT 

{a) Protective circuit by 
protective wire for 
insulator 

(b) Protective circuit by 
protective conductor 
for insulator 

Fig. 2-32 Exw.ples of Pole Asser..bt;ng .. .-ound P.-otective Wire 

(b) By Ovouhead Earth Wir" (Fi<¡. 2-31 (b)) 

This method is to use the overhead earth wire for pre

vention of llghtning damage, and the grounding wire is 

connected to the protective wire with a protective gap. 

The method is >Jsed \:hen the suppo:rt is met .. llic {steel 

structure) and is applied mainly to large yards, etc. 

1 ,, Connechn<¡ Support to llail {Fig. 2-31 (e)) 

When the support is metallic (steel structure), this 

method is particularly useful, but JJ:R does not use it 

because of ha~ards to the signal track circuit and increase 

in the teleco~unication induction. 

(2} Insulation Fault Protective Discharger 

In t.he case cf .nlll., the substaticn grounding e~at and rail 

are not connected directly to each other because of hazards to 

t.he signal track circuit and the increase of the teleco=unica-

tion induction. ln such a case, t~e insulation fault in the 

feeding ctrcuit or in tlle substation yard crea tes a hi9h 

"' 
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1 
l 

1 

l 
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' ' 
1 
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' 
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resistance current return c:ircuit through the leak-tc-ground 

admittance of rail so that reliable protection is •not made 

possible. 

Fault cutoff 

'"""""'" d¿ !: ·': 6_++-· -
-r h ~n 

"""""''"' ~ 1 ,f:-rrr~'~T su!;station 11/) 1) 1 1 'grc:rnding 

Fig. 2-33 Insulation Faults in SU::station Yards 

'flius, an insulation fault prote<::tive discharger is provided 

between the rail and the substation groun~ing mat, as shown in 

Fig. 2-33, which is adapted te discharge only when an abnormal 

voltage is produced between the rail and the substation ground

ing ma.t by the occurrence of an insulation fault so that the 

tault.is detected with easy. 

2-4-3 rault LOcator 

·-The short-circuiting·irnpedance seen fro~ the·substation of 

the BT feeding cin:uit is nearly linear te the distance •. Thus, 

a eystem of ranginq the distance by operatinq the impedance to 

the fault'point'was employed.--aut in this llopedance detection 

syetcm a ranqing'error was involved i! resistance was present 

at the fault point. Then, a locator of the reactance detection 

system was developed which was only sliqhtly a!fected by the 

resistance, and JNR is usinq this locator. 

1'his system -is also applic~le to the simple feedinq systcm, 

With little ranginq error. 
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On the cthcr hand, the short~circuiting ir.pcdance secn 

f~~ the¡substation of the ~T fecding cir~uit is nct linear to 

' t.h"' dist.i:u::e frcm the substation te the ftmlt point e>:cept t.he 

contact ~ire (T) - feeder (F) short-circuiting but takes the 

!orm o! ppojecting upward ~ith the AT point as a node, as shown 
• in f'ig. 2-3. Consequently, the locato.- of the reactance detec-

tion syst~~ is very great in principie error and ;s not appli

c~le practically. 

In vi""' of the foregoing, JNR developed for, and itpplied 

to, the AT feeding circuit a locator of AT neutral current ratio 

'" 

~""'"' 
fo"H 
p01nt 

Reactance Detection Type. Locator 

s""oUtlm ,. ' 

• ' 
-·-··· Fig. 2-34 Circuit Configuration 

•• F~od¡nq o!rcult 
>mp<"clonc~ 

,. 

' 
' 
' 

' 

., 

• 

• 

Fig. 2-3~ ~edance Detection 
'!'ypc LOcator 

Fig. 2-36 Rcactance Detection 
Type Lociitor 

• 
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In the circuit of Fig. 2-34, the short-circuitinq 

llripedance seen from the substaticn is 

Z5 "' (R+ jX} 't+rg ................ ' ........ . (2.4.4) 

Then, by compa.ring it with thc known line ilnpedance (R+jX), 

the distance t from the substation to the fault point can be 

obtained. 

However, according to the impedance detection system, if 

resistance is present·at'the fault point, there is·the pos-

sibility that principie error will give rise to a fault in 

region 4 as in region 5, as seen from the R-X diagram of 

Fig. 2-JS. 

Then, as the system lcast affected by the resistance at 

the fault point, the reactance detection system locat"-S the 

fault point through operation of the reactance. That is, 

(2.4.5) 

Thus, through comparison.with the known reactance (X), it is 

possible to obtain the distance t to the fault point. 

This ~Y well be illustrated ~n the R-X diagram of 

Fig. 2-36, and it will be seen that the dete<:tion is free 

.from the effect of the fault resistan<:e rg. 

(2) AT Neutral CUrrent Ratio Type Locator 

(al Principie of AT Neutral Current Ratio Type Locator 

In the AT feeding circuit, AT at each peint serves as 

a source of power, and the si~e of the current at the neutral 

point of AT (called "booster current") represents the vol\Jnle 

of power supply of said AT. If an insulation fault occurs 

in the vicinity of a certain AT point, the booster current 

of such an AT constitutes the greater part of the total 

fault current, and in the case of an insulation fault occur

ring atan inte~ediate pOint between AT's, these AT's across 

the fault point boost the total fault current proportionally, 
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p~esenting a fcrm ot the so-calleó parallel feeding between 

adjacent substations. 

Accordingly, by measuring the values of booster current 

of ~T's at the time of a feeding circuit fault simultaneously 

and through a simple calcuh.tion, it is possible to locate 

the fault point axactly. However, according to this system, 

it is not possible to locate short-circuiting faults of T 

and F which are fault phenornena of no power supply from I'.T, 

But, the !eeding circuit faults are caused, for the most 

part, by the insulation fault (short-ci.-cuiting to PW) of T · 

or F, .,nd a T-F short.-circuiting fault is very rare. '!'hus, in 

practlcal terrns, this syste~ is substantially free from trouble. 

(b) AT Booster Current Ratio Characteristic 

Fig. 2-31 shows the feeding distance and ~T dispcsition 

taken alcng t.he horizcntal axis and the AT booster current' 

ratio alo:1g t.he vertical axis, and it will be seen that the 

AT booster current ratio and the distance from the AT to 

the faul: pcint is in a nearly linear relaticnship, and in 

r ·~· •• the J1lR Shinkansen, this relationship is e:<prcssed sub-

st~~tially by thc formula 

'-
• where X 

H- O.OS 
\.n+ 0.84 o lklnl 

Kil~terage of fault peint starting fr~ 
Tckyo; 

Ln: Kilometerage of n-th AT starting from TOJ<yo, 

H ,AT boOster current ratio In+l/(In+ln+ll, 

D oistance between ATn and ATn+l [Jun); and 

" Distanco from ~Tn to fault pcint (km], or 

H-0.(18 

" o. 84 1>=1 
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Fig. 2-37 Principie of AT Neutral Cur:rent. Ratio 
Type Locator 

ln the Shinkansen, if a ~hort-circuiting or insulation 

fault occurs in-a feeding circuit, all oLthe AT bocste:r 

currents in the cirouit are-measured.and maintained auto

rnatically and are transcitted t.o the ese (Central Subst<~tion. 

control) succe~sivcly. At the ese, a rninicoWputer'cornputes 

the kilometerage of >che fault point starting from Tokyo by 

the foregoing formula and ind>cates it. 

(e) Points to be Noted fo• Operacion o! F"ult Point Locator 

-~- Frcm the experience gained in the sanyo Shinkansen, the 

followin9 may be Usted as po1nts t.o be noted in the opcra

t.ion oí an AT booster current ratio locator. 

1) When the 441' operates propefly, but thc AT booster curre~~ 

is s~<~<~ll (~OCA or less), it is detcrmined to be a T-F 

short-circuit>ng fault of thc C>rcuit, and calculatc the 

íeult point fro" ::.he si:>.e of thc fault cuncnt recorded 

•• autor...:~ tic" 11 y . en . the ~:~e..=ry rccordcr in . t he s u!Js ta tion . & _. 
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2) Neve~ compare the sizes of booster currents of the up 

and down AT's with e"c:h. other and determine that the 

fault is in the ~ircuit of greater current. In the 

case of a one wire insulation fault near the substation, 

it does not always follow that the booster current on 

the tault circuit side is greater. Determination of 

the fault: circuit should properly be made by the opera

tion of 44 Of ~aid section. 

2-5 Coordination of ln5ulation 

2-5-1 Principie for Coordination of Insulation 

Coordination of insulation of the railway AC feeding cir

cuit is corr.posed of the three systems of substation, catenary 

line and electric car, and the insulators and insulating parts 

of the equipment in the respective systerns must withstand the 

service voltage as well as abnormal voltage due to pantograph 

dewiring And.breaker switching surge. Further, for the lightning 

.Wnonnal voltage occurring in the feeding circuit, a light.ning 

arrestar and other protective devices should be used to reduce 

the voltage il:lpulse abnonnal so that the insulation strength of 

the equipment rnay be_set as low as practicable thus n:al<ing the 

insulation design of the systeM as a whole econo~ical and 

reasonable. 

2-S-2 Abno"""'l Voltage and Insulation Design 

Values for abno~ voltage occurring in the AC feeding 

circuit are shown'in~Table 2-38. The crest value.of the brellker 

switching surges occurring frequently is relatively low at about 

60"-10 kV generally. Therefore, the insulation deaign should be 

~de with the lightning surge considerad ~inly. 

The lightning surge riding on the feeding-cirCuit as a pro

gressive wave ll!ay be taken to be of the order of the flashover 

·voltage Of the feeding circu.it insulator, with the crest value 
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lilo.ited to about 300 I<V. Wh•·n such a progressive wave falls on 

an electric car, 5ubstation or sectioning post having an arrester 

provided, the 1o1ave front of the surge is, through arrester dis

charge, the ir.:pulse sparkovor voltage of the «rrester. It. is 

reduced to 110 kV or less in the case of tll<! "lectric car or 

120 kV or less in the casé of the substation, etc. so that 

elevation oí the voltage on the eqUiprnent terminal is checked 

completely. 

Then, if the allowance for coordination of insulat.ion is 

assurned to be about 20 percent, the abnormal voltage is calculated 

·-as llO J<.VX'l.2 ~ '132 kV for.dectric cars or_.l2o·kv~ 

·.~- fo·r substations, ·etc. Thus, the equ~pment has a sufficient 

allowance for basic i!npulse· insulation level of 130 kv {for 

vehicle) OJO 151) kV (for substation, etc.). 

Observe Figs. 2-39 and 2-39. 

Table 2-9 llpproximate Valucs of F.bnor1:111l Voltage 

• Occurring in the Feeding Circuit 

• • 
... . . -

Iterns 
"Max imum 1\bno:nnal Al:mo:nnal 
·scrvice voltage voltage 
voltage multiple valuc 

llhnonnal voltage " "'"''" " by switching surge ,_, ' u '" " 
,o.bnormal voltage "' l. S"-' 2.0 40 "' 60 pantograph dewiring, etc. 

lndirect 
lightning 27.5 3,6"' S. S 100"-'lSO 

Lightning stroke 
$Urge 
voltagc_ Direct 

lightn1ng n• " 300'\. soo 
s troke 

ProgreSSlVC volta<;c 
Insulator 

wave 
íl.,shovcr 250"- 300 

on catcnary line 
voltagc 
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[Substation] 
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''"'''''''";.,,;.,,,,.,,,,,,,,,,,,!,,1 •u~ot~r ;..putoo 
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,,L-______ _ 
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<00-

50 

[C<>tenary line] (Elcctriu motor vchicle) 

"' 150 kV 
<'<"<'<'<'<'<' ''''''''''""'lji' <'<' B l L <50 

130 kV 
'"". '" • "«' "''{' 

llOJ<V 20 kV A"<o<u t.,~lu 

100 
· lpar,<>vo< voltaqo 

Fig. 2-3B oielectric Strength of 1\C, Feeding Circuit (25 kV) 
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2-5-J" -'PPlication of Protective Oevicea 

l\bnormal voltages ara classified largely into two types, 

those due te t~e oommercial frequency such as insulation faults 

in tlle sub~tation and feeding cil:-cuit and thosC due te iJnpulse 
' 

"'"ves such AS lightning surge, and the following p.-otective 

devices are applied. 

. -'•. ... 

' Commercial Frequency 1 

Insul<ltion faults in the substation and .feeding circuit 

involve 'gieater ·grounding current g"nerally,. reuulting ~~~ . ~ .. - . . . . 
g"rcater.'elevation 'of tOO- ground potential. - Thus¡- for coordi-

·- -~-< .. 
nation of insulation"fo; the equipment and weak ele"ctric 

' 1 -- circui ts,' discharge:rs ·(magnetic blowout type or carbon. typel 

--and horn gaps•shown in Fig._ 2-_4D_:~re used·9<;.nerally. Further, 

in the case oí the 1\T"feedinq,system,,JNR desiqnates. the. 

insulation Class of the íecding bus-t.,.ice that oí thc íecding 

circui t.. Here, as a method oí reducing it to the insulation 

'class of the íeeding c:ircuit, a device oí Fig. 2-41 is con· 

' sidered. 

__ , 
• 

1 

--' 
Ex~ple of Protective system Using D>scharger • 
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B<•akor 
r.,.,¡¡nq " '" ., 

=t" ' " '' " • 
'' ouchatq« 

': ' 

Fig 7 2-41 Method of Conn~cting F"eding T~ Neutral Point to 
~T Neutral Pclnt 

(2}- !"'pulse wave 

N>no"nnal voltage due to lightning is ver¡_ gr_eat, and 

• 

in$ul<~tion withstandin'g 

Lightning•arrcsters are 

and sectioning posts as 

such voltage is econom!~ally lmpossiblc. 

installed on electric cars, substations 

' shown in Fig. 2-42: ln-are<lS,,of hi<¡her 

occurrence of lightning-storms, overhead groundinging wires 

are used for coordination of protcction. 

2-S-4 Choice of Grounding Resistance 

(1) Feeding substation 

The grounding resistance of the sullstation must ba so 

chosen that the equipmcnt in tl"' substation ""d information 

controlling weak clectricity circuits coming in and out of 

the substation ~~e not subjectcd to dielectric breakdown by 

the clevating potent~al of the grounding mat in the compound 

at the time of an >nsulation fault in the receiving or fceding 

systcm in thc substation or d15Charge of the arrcster, and for 

'""th€ potcntial, thc commcrcial !requency and impulse waves are 

the objects of considcration o! elevating thc potential of 

the grounding ~t. 

(a) l:lcvation of Grounding Potential by .Cor::merci~l Freguencr 

ll Feeding systc.., in,;ulat>on faults 

.IH. the til'.e o~ an >nsulation fault of the fecding 

¡:¡ain circuit 1n t."w substat.ion, a r.-.ctal circu>t is fonocd 
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by a discharger (gap) Frovided between the substation 

grounding mat and the main transformer neutral point 

(rail or Frotective wire) to short-circuit the grounding 

resistance and supFress "elevation of the grounding 

potential. The gap is set to a value (3"- S kV) according 

to the insulation level of the eqUiP=ent in the substation 

to insure coordination of the protection so that the 

grounding reaistance does not rise over the gaF value. 

Then, if the feedinq failure only is talc.en into account, 

the grounding resistance value should not necessarily be 

decreased too much but be about sn. 

2) Receiving syst= insulation fault 

Elevation of the grounding FOtential by a receiving 

system insulation fault in substation varies greatly with 

the method of treatment of the electric neutral point of 

the three Fhase transmission line, and in the case oí a 

normally considered one wire insulation fault: 

a) In a high resistance grounded neutral systern, the 

short-circuiting current to ground is limited to about 

200"- lOOOA by the resistance of the neutral point so 

that it ~111 not be necessary to reduce the grounding 

resistance value too much¡ and 

b) In a solidly grounded neutral systern used jointly for 

substation grounding-mat, the short-circuiting current 

flow into the grounding mat is as large as lO kA, and in 

such a case, reduction oí the grounding potential with 

the protective gap in the feeding system is not 

e"Fect.able, so that it is required to decrease tlle 

grounding resistance to a value at which coordination 

with the protective devices for the substation equiFment 

and wcak electricity circuits coming in and out of the 
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subst~tion is insu~cd, and such a voluc is about 10 

or less. 

(b) Elevation of Grounding Potential by Impulse Wave 

Fo~ clevation of the grounding potential in the case of 

discharge Of the substation arrcstcr by light.ning, the pro

t.,ctiV<: effect ·af the reeding systcm protective gap is not 

expectable as in thc-c:asc oí thc solidly grounded neutral 

system, so that thc protective coordinat.ion with the weak 

electricity circuits coming in and out of the subGtation 

mus t.. have a ,grOundin'g resiStance ·value chosen in conside.-ation 

o t.. Che tightni;;'g- fré<:iU~,;éj; 'and the · target . . . . ' 
As stated ab6ve, the resistance vatue 

value is H! ro.axUnum. 

of thC' substatÚ;'n 

grounding mu .is g'6vei'ñ'ed mainly by the receivin9 grounded 

neutral sy 5t.,.,an6 impulse current, an6 in .the soli<!-ly 

grounded"system, the potcntial clevation by-the co~ercial 

frcquency at thc time of a ene wire short-circuiting is 

greatcr than that by lightning cur~cr.t, and in the high rc

sistance grounding system, the grounding potential clevation 

is greatcr in the case of one wire short-circuiting than it is 

in the case o! lightning current. 

l'lccordingly, ·it is necessary to detcmine tht grounding 

resistance value in consideration o! the protective coordina

tion with the substation equipment and weak electricity 

circuits coming in and out of the suhstauon for both 

commcrcial frequcncy and impulse wave, and the targct values 

are shOl."Tl in Table 2-10. 

(2)· sectioning Post, etc . 

Section~ng"and sub-sectioning posts cannot have an extra-

high voltagc thi-ee phasc receiving systel> led in. Thus, at 

the til>c af a rnain cirCUlt insulation fault, the protcctive 

coordinat1on" is .,,nnta1ne6 by a 6ischargcr \gap) as in the 

case oí thc substation fecding system protection. llowe,er, 
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when the arrester discharges by lightning, the grounding 

potential rises with the lightning current so that the value 

of grounding resistance should be c:hosen in consideration of 

the protective coordination with the weak electricity circuits 

c:oming in and out of the ~ubstation, and the target values 

are aho-.m in Table 2-11. 

Table 2-10 Target Values of Substaion Grounding Reaiatance 

Receiving neutral 
grounded system 

"- liigh reaistance 
Solid grounding 

grounding 

Grounding mat resistance 
sn or less lO or le~s 

value ' 

Short-circuiting current 1\bout l,OOOA -"' lO,OOOA 
flows into grounding mat (S,OOOV) (lO,OOOV) 

Lightning current: 2;000A or lesa 2,000A or leas 
(Indirect lightning strokel (lO,OOOV) (2,000V) 

Grounding potential at 
feeding circuit insulation Skx/2.7,000V Sk~fi~7,000V 
fault (Gap) 

Table 2-11 Target Values of Grounding !msistance for 
Sectioning Posts, etc. 

Items Target valuea 

Grounding ~' 
valllfl 

resistance sn or leas 

Lightning current 2,000A or leas 
(Indirect lightning stroke) UO,OOOV) 

Grounding potential "' 
feeding circuit insulation SJ<x/2. 7,000V 
fault {Gap) 
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_in tohe station. As G¡ discharges, the accident curz:ent flm.< 

in the extern<>l cable is li.J:Iited by a current lil:titinq resistor 

(P.), while t.he cucuit is cut of! by a fuse {F), thus the cable 

Une is protected. 'l'he discharger {G2l is designed te ch.,ck 

the dangerous voltage coming frcm the telecornmunication cable 

to p.-event danger to the humiln body. 

This syst~ has a circuit cut off for a short duration 

as the fuse is broken and resumes the circuit with automatic 

changeover of the fuse upon rernoval of the failure. In this 

respect it is a shcrtoooing, as control is suspended for about 

10 scconds. 

However, it is an economical syst~. and control inter

·-~J~· ruption actually causes no hazard. 

With respect te the set voltages of the dischargers, Gl 

is set at 2,000Vor les& for p.-otective coo.-dination with the 

equip~nt in the station, and G2 at SOOV o.- less from the 

danger voltag" applied to the telecommunication lin". The .-emote 

grounding of G2 is te be install"d at a location f.-ee from 

the influence of the insulation fault in the station as 

well as the rail potential "levation, and it is installed SO m 

or more apan. from the station grounding mat at right angl"s 

to the rail. 

(2) Insulating Transfonner System (AC used) 

When 1\C is used for control power, an insulating trans-

former system shown in Fig. 2-44 is used. 

The groundinq .-esistance iS so chosen that the value of 

elevation of the grounding potential at the time of an insula• 

tion fault in the sJJhatation, etc. 

The weak electricity cable lines led out of the substation 

te the externa! wire side receive this petential elevation and 

they should be kept away from its influence. High voltaqe 

withstanding cables should be used to a point about 50 m or 
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~ora apart from the substation yard. further, an insuldt1nq 

transforr..er is in~talled t.o insulate the sh1ft of the abnor1".al 

voltage and s<>fegu.>rd it so that the groun<ling potential in 

the substation ~ill not extend to t~e ~in cable side of the 

extetnill wire. 

This syst<!m h,ls the control pa~er coupled electro

magnetically by the insUL>Unq tn.nsfo=.e.- <>nd thus has 

offers the advant<~ge that the control is not interrupted at- • 

the ti~e of an accident ~d is, therefore, highly reliable. 

With respect to the disch;,.rgers, G1 is used for decreasing 

the potentinl burd~n on the substat1on equipnent and G~ for 

reducing the dangerous voltage coming from th., external "'ire. 

For the insulation level of the insul<>ting transformar 

and high voltage withstanding cable, AClO kV is used, 

2-5-6 Insulation Coordination Reference Table 

, ---~ _ Arl insulation ,coordination. reference table of · the AC feeding 

circuit is shown in Table 2-12. 
• ' 

Table 2-12 •Insulation Coordination Re!erence Table 

"- $ubsUt>on e••~••<'~ lino Vch>cle 

•• ~" " $tandud V<>ltOQo " Ci<c•nt oo!U90 

~-- vol<••• ~l. 1 '" 27.1 ". 1 

B•olc i,..utoo 

'" '" ,..,.lo. """" 110 kV 
>nsulatlon hvol 

' 
R4tod voltago " '" ' " " ~ 

' crn=oceial ' 
" .. " " - 100> l.!opulso rcoquonoy -~ ~ 

·•rorko"''"' -·-· . ·- .. ~ 
1"9'0h• . 

Arrooter ........ . , 
'" '" "' "" w.ovo ' . 

~oiduol """·~· 
'" lO kA d'Ochorgo] "" .. "" "" 

-

~~odcng ·~·d ., >notollouon Soconda<'¡ sido 
Placo "' lnotolla<>on polnt ,, "· "' of pantoqraph potnt, o te. 

' 
co....erc!.ol Liqhtnlnq ¡.,pulO< .. . . lnsuloto<O .. froquency "" . wl<hstond!nq ><LthoU!>dtoq ... fla•hover 

vo!taqo voltoq~ volt.o,e 

Hlnged cantilovor "- "' ''" lnsulator lqonorall " .. 
'"""'"'"'' ., foodmq wcro 

''" .. '" "' ouspon-.on lnoulnor 
2SO • J . . 
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2-6 Power Source 

The load of an electric railway is characterized in that a 

rapidly fluctuating load is forned in a short·t~, with a great 

value. ~~en the required power of the feeding substation for 

operation supplying this is received from the ordinary power 

system, the souree voltaqe more or less nuctuates. Particularly, 

when the electric railway is of AC electrification, the load 

current as seen from the pawer source is single phase in ~st 

instances, resulting in greater fluctuation in the source voltage. 

On the other hand, the customers in the conventional pawer 

systcm are demanding further improvemcnts in the quality of voltage 

and frequency of electricity 
• 

with the development of the automatic 

control of industrial equipment and spread cf dcmestic electric 

prcducts. 

Therefore, in forrr.ulatin9 ~ receivin9 plan for a feeding 

subst~tio~ for cperation, it will be necessary to examine before

hand what the extent of fluctuation of the source voltage is and 

thus forrn a supply systcm so that no advcrse effects are caued 

to consume_rs in general. As fundamental measures for problems 

which are likely-to occur, the following may be considered. 

(l) The system should be so co<:pCsed that the l04ds of a nurnber 

of trains are ~ntegratcd for snoothing the fluctuating current 

and balaneing the three-phase current, while the pOwer is 

received, as far as is practica!, frorn a source of greater 

power short-circuitin9 capacity .. 

(2) The supply system. should be isolated co:opletely to fonn an 

exclusive transmission syste:::. 

Here, calculation fo:mulas will be sought >n order to see 

ho·..: <:he source volta<¡e is aUecte<! by the el,ctri.c railway load. 

Fro::-. t!'" -""'P«ricnce of JNR, cc.c-.¡:.laints, etc. do not occur when 

tnc volta9e fluctuiltion 'tw lS suppr~ss"~ b<>low 4 percent. 
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2~6·1 Formula for Approximate calculation of Voltaqe Drop in 
single Phase and v-conncction Fecding 

'. 

When the fceding transforrner connection and•currentJdistri

bution ;~:re as shown in Fig .. 2-45. 

--
' - '· ··• fe ~ IB.::j"f 

'• 

1:1 ,, 

r 

·" ··rtg.- 2-45~--v-connection-'í'r<lnsfor:mer 

The positive phase co~poncnt 1¡ and negative phase·component r 2 

of the primary current are obtainable as ' 

1 • . • 2 • 
i 1.•-3!Ia+alb+a le) " 

···(2.6.1) 

Providcd, a 

rurthcr, if these currcnt flow to the source irnpedancc, thc 

voltage drop in the .-espectivc ph,.ses is given by fonnulas (2.6.2) 

where z 1 is the positive phase oompone~t, and z 2 1s the negative 

phase Componcnt, of the source ~pedancc. 

"• • i¡i1 +i,Z 

"' • ' ' ' a I 1 Z 1 + ar,z2 ••••••••••••••••••··••··••·•••••••· (2.6.2) 

"o • .,¡¡:?;¡ + a 2 I,Z, 
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. . Now, obtaining.the voltage of the respective phases After 

passage oX the load current, 

V~"'" Vab· tüa-Ut.J 

Vbc • \t¡,c-. (Üb-Ücl _ •••••••••.•. ,, ••• _., ••••.. , .. , •• (2.6.3) 

Further, taking the ratio of this voltage to that befare the 

current flow, 

•• (Íia- lib) 
·~ • ' ·~ ·~ 
• <\l}, - U, 1 "oo 

' ""' 
• -

Voo ............................ - (2.6.4) 

•• tU.,- ÜaJ "o• 
' Vea - -

""' 
If the rate o! voltage drop is defined as eJ<Pressed by fonnula 

(2,6.5) in order to see the extent of fluctuation by current 

flow of the voltage befare the current flow 

'" --
" 

v-v'x¡ooa. 
" 

,. . 
tl-v)" 100 hl ............... . 

then, from fonnulas (2.6.4) and (2.6.5), 

(Üa- Vbl ·~ .100 [\] , 

""' 
ébc "'"''&-~'~o~l ~_, vbc x 100 (tl ........................ . 

X 100 (\) 

are obtained. 

(2.6.5) 

(2.6.6) 

Here, c:onsideri,..., the ·source U>pedanCe as expressed by the formula 

(2.6. 7). 
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x: Sourc:e side reactance; and 

r: Source side res1s~ance. 

...... (2.6,7) 

By substitut.ing forn~ulas (2.6.2) and (2.5.7) for formulas (2.6.6) 

and arranginq, formulas (2,6.9) a.-e obtainable. 

.. 
>00[ 1 -:J(6-t)¡) -j(¡j_4n_t)¡)} V r,.,z e + ~ 3 + 

+ leZ sin 

' (6---'1-•)J 

' 

.............................. 
provided, v .. ·¡V,u,l 

.---
(2.!'1.8) 

Thcse are the formulas for calculation of the rate of sourcc 

voltage drop by V-connection load. However, the reactance and 

resistance in the source ir:pedance an• in the relationship of 

x >:> r. Then, assu;.~ing 

........................ {2.&.91 

formulas (2.6.8) are simplif>ed as below. 
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t:.Yw 1 11 --v;;:b " ;¡¡ { 21AZ sin 6 + IaZ sin {6 - ) ) ) " lOO 1\1 

t:.Vbc, 1 TI 
""%;"V{IAZsin(6+3)+2IaZsin6)><100 .•.• (2.6-10) 

r/Jca 
~'o• 

.._ tlultiplying V to the denominators and nu:nerators for e;,pression 

of the source ~dance in the short-circuiting capacity (Psl, 

!orJO\llas (2.6.10) are represented as shown in Table 2-13. 

If this formula is generalized, the,nurnerator is given as 

Jo;Vlsino:. If it is represented by Q, then 

•••••••.•••.••..•••.•••...•••...• : .•••..•• (2.6.11) 

lt ~ill be noted that the voltage drop rate is proportional to 

the reactive power o! the load and is inversely proportional to 

the short-circuiting capacity at the point. 

Table 2-13 Fo~ulas for Approxi~te Calculation of
Voltage Drop ~tes by v-connection Load 

C<>o~,¡oun9 
1~ only lB only 

~'" '• OM '• oondueud condYC<od cood"ctod 
COI'I<hU<mO ,. \00\) ,. 100\) '. IOC•I 

'"~ 
,~. VI& • IVIA V¡. > 
--•unó -•<!ni= • "-1 --•ocn~ • -·<>n(~ • -1 

'•' '• '• ' ~. •• l 

LVbc '.'lA ' \VIo • VI.. IV!o 
-¡;-•nn(O•¡l --•swo -·o1n~ • -·nnD 

'" • e, •• •• 
'-• VIA ' "'• . , VIA , VI& ~ 

p,·un(o- r' -•un)o•-) -•nn)O ·""' • -•s;n¡6 • ~ 

"' '• ' •• J •• l 

Furth~r, what aspect th~ line voltage of the primary three

phase powcr source will prcsent by varying the angle of the load 

p01o1er factor is illustrated. in Fig. 2-46: 
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2-6-2 Voltage Unbalanced Factor versus Voltage Orop Rate 

When the positive and negative phase cocponents of the 

.. source iJnpedance are taken as given by fon:rula (2.6. 7) and have 

the positive and negative phase currcnts of formulas (2.6.1) 

given respectively, the positive and negatíve pha~e voltages at 

this point are calculated, from the "fundamental formula for 

generators," as 

. . . . 
v 1 ~Ea-I¡Z¡- { (IA+lB)z 

~-
1! 

cos(B+i-ljJ¡} 

+j{(IA+lB)Z stn(ij+~-ljJ)-} 
11 ' (2.6.12) 

0n the other hand, the voltage unbalanced factor is defined as 

u-fvi+x1001\) ..•..•••••••••••••..•••••..••••• (2.6.13) 

then, 

IVzl • (6+:-tjJJ} 

Accordingly, the vo1tage unbalanced !actor is given as 

........................ (2.6.14) 

provided, V " 13 Ea. 

Now, comparing formula {2.6.14)-with 1'able 2-13, it -..-111 

be seen that although the ~ximum voltage drop rate ís affected 

by the power factor angle e, it is 2 times the 'maxímum of the 
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voltaqc unhalanced factor u. This means that if the instantaneous 

volta<>e unbalanced factor is allo;,ed te 9? up to l percent. t.he 

instantaneous voltage dLop rate is 6 pe"cent. 

~- 2-6-3 voltage Drop Approxilnate Calculation Formula in 3-phase/ 
2-phase Connection 

~· "·- As a typical e><antple of J-phase/2-ph,.se conversion, the 

transfonmer connection and current distribution in the case of 

use of a Scott connection trans!orrner are shown in Fig. 2-47, 

and thC results of calculation by the approxi~ticn formulas are 

• -.· notediin' Table 2-14 for the sake of re!erence·. 

'. ·-

··• la 13 lT 

·®C-.;;i'"--o. _,_l_j-~f:r-'-, ~''··e_ (-jiM- lTj¡: -FJ 
-- n~ 

. · IT -j~ 
!:IIM.-

13
Jc · 

' Fig .. 2-47 scott Connection Transformer 

Table 2-14 Formulas for Approx:Unate Calculation of 
Voltage Drop Rat" by Scott Connection LOad 

O>nduoung .-- .. t.~·· QOly ~-ph .. ~ only !10th .,. OM ~-p""••• 
con~>t¡cn• ~ondu<«d ccndu<ted conducted ,. lOO\! ' . 100•1 ,. )00\) 

~-~b . )v:, ' VI" , ,Jv¡T , VI~ • 
--·unte•-! -· '""'"- -) --·••nla • -1 • _,.,,~- ':i , .. '• . '• ' Pa • h l 

6\'bc 

' 
1VI~ 2VIM 
--·-.n& --·una 

-~ •• •• 
~Ve~ • ¡;-,~ ' , v•. • /)v¡r ' VI" • 

'·· --·unjo- -1 _-.... ,¡;. -1 --·sinl&--1•-·unl&•-1 .. ' .. ' •• .. p. l 

. . 
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2-7 Rail Potential 

2-7-1 General 

In the electric.railway, the rail is designed as a return 

circuit and has an electric car current flow so that a rail 

potential is generated arising out of the product of the cha

racteristic impedance of rail and the load current. Here, the 

si~e of the potential is dependent on 

(1) Feeding circuit configuration, 

(2) Value of the load current, 

(3) Leak-to.-ground ad:ahtance of th" rail, and 

(4) LOcation of the load. 

As the rail potential increascs, there is the possibility 

of electrification hazards to the passengers on the platform 

and track maintenance workers, or adverse effects such as insula-

tion breakdown of the rail tie plate. Therefore, in planning 

electrification, it is necessary to estimate the rail potential 

and thus fo.-m an adequate íeeding cirt"Uit. 

As an ele,...nt related to the rail potential in fonning a 

feeding circuit, the following may be cited. 

(1) Substation interval !or simple feeding system, 

(2) AT interv,.¡ for AT"feeding system, or 

(3) BT and boosting wire interval for BT feeding system, 

and in each case, the shOrter the rail conducting dist,.nce •. tlle 

sl:l!lller the rail potential.·-

Furthe~re, the size of the leak-to-ground admittance 

Yb [S~! of rail h,.s a great influence on tlle generation o! 

rail potential. That is, by dispersing tlle grounding oí rail, 

it ia Possible to" reduce the noil pOtential generally, but as 

tlle leak-to-ground current increases, tlle induction to tele

c~unication lines increases greatly. 
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In JNR, the rail potential in the conventional ~e electri· 

fied sections is SOV maximum or less so that no raíl potential 

suppressing measure has been taken, and there have been no 

problell'tS. In the Shinkansen, the load cur"ent is large, while 

the leak-to-ground admittance Yb of raíl is small, so that the 

rail potential rises up te about SOOV in some cases. Thus, to 

prevent passengers fram getting electric shocks, the raíl is 

electrically connected to the iron structure of the station 

building to reduce the raíl potential to JOV or l"ss in the 

respective stations. Where the Shinkansen is located close te 

a oc r<Úlway drcuit, the rail is grounded through a rail potential 

suppressor which blocks the· DC stray current and passes AC only. 

This is a measure to prevent electrolytic corrosion oí the iron 

structure oí station building. 

As··a way of suppressing the rail potentíal in the double

track sections, the method of bonding the upbou~d and d~nbound 

rails evcry severa! kilometers (referrcd to as ~cross-bond"l is 

effective for reducing the rail potential and can reduce the 

rail potential nearly by half. This cross-bond method is 

employed wholly in the AT fe~ding circuits along JNR's Shinkan-

sen. 

2-7-2 llail Potential Calculation Formulas 

The rail potential is the highest at the load point at 

which the load current flows in and the boOsting current point. 

Table 2-15 shows the fo~ulas for·calculation oí the highest 

value oí "rail potentiill in the respective.feeding systen'\S. 

lJl -

"' 



¡-
1 

• 

'rable 2-15 Rail PctcoUal llighest Value Geoeratiog 
conditions aod Calculation Formulas 
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2-1-3 Aspect of Geoeration of Rail Poteotial in the Respective 
Feeding Systerns 

'rhe aspect of gcneration o! thc rail potential will be des

cribed with respcct to the s~plc and ~T feeding systems. 

a. Simple Feeding Syster.:o 

With respect to the s~ple fcedlng systcm which is com

posed o! contact wire and rail only, the results of calculation 

o! the rail poteotial, with the leak-to-ground adto.ittaocc Yb 

o! the rail taken as a par~tcr, at the load points of a moving 

100,.. single load, are shawn in Fig. 2-46. 
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When Yb is extremely sm~ll, the rail potential increases 

in propcrtion to the fe.,ding length, but as Yb increases, it 

rises ~nentially to the feedinq length and tends to 

·saturate •. ~For exa!!\ple,-when yb•is.l S/km, the rail potential 

saturates at a feeding length of about 5 km and does not in

crease any more when the feeding length is extended further • 

... ,_--,-,--,--,-, 
~ "'- ·::;~;::= ~~~=----=--·$" 1 ==1 ;~"·r-Jj / !---¡-; 
• .... 'é 1 1 n r /.' ...... ._~ 
'.·1 "h/;("= :.- 1 

- ~:-------::::~::::~'~·-;·;·:--~·;·::::--¡ ::_-~ --~-- ¡f__ ....... .. j .... ,,J 

• .. 
• • 

' 
" " " " 

---- """'"" ....... ........... ,,..,¡ 
" 

Fig. 2-48 ~il Potential in Simple Feeding System 
(50!kg/m] rail, r~lOO[A) 
single load ltheoretical value]l 
(T-R simple_feedingl 

(2) Rail Potential in AT Foieding System 

In th" AT feeding system, the maximum raíl potential in 

the absence of the protective wire (PW) is that of the load 

J>oint when· the load is located at the central position between 

AT's and takes a maximum load. When PW is provided, the rail 

potential is rather lower at the central point because of the 

shunt effect of PW but shows a maximum value at two points 

separated fro, the central point to th_e left and right. 

Further, when Yb is small, AT interval has a great in

fluence on the rail potential, and at a minimum Yb, the rail 

_potential.~nc~~~s~s,_appraximately in proportion,to the AT 

interval. However, if Yb is large, it shows a trend towards 

saturation for the AT interval as in the case of the simple 

feeding and does not rise over a certain value. This aspect 

is illustrated in Fig. 2-49. 
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Fig.- 2-49 e AT ·lnterval' and' Highest. Rail:l'otential 
· (60(kg/m]-rail,· l•lOi:l(A)- single-load):__: 

(Sanyo Shinkansen) 

2-7-4 Approxiinate NUIChers of Leak-to-ground Adrnit.tance of !!ail 

From_ the.foregoing, it will b~ understood that the leak-tO

ground admitiance of.rail affects the generation.of.rail potential 

greatly.· Here, the v<üue_ to be taken for Yb in forecasting .. the 

rail potential presents a very difficult problem. 

Yb fluctuates greatly depending on the conditions o! the 

rail tie plate t~nd ball,ast, whet.her wooden or <:oncrete sleepers 

are used, and depending on whether the ~eáther is fine or rainy. 

When insulators ar<> introduced in t.he rail t.ie plate as in the 

Shinkansen, Yb takes a very small value. Table 2-16 shows the 

approximate n~~bers by district Classification Of the leak-to-

ground ad::¡ittances Yb fro;c t.he results o! mcasure;cent in Jlffl. 

Table 2-16 Approximate Numbars of Leak-to-ground Admittances 
oí Ra1l 1n AC Elactrificd Sections 

. . 
LeaY.-to-ground ad.11i ttance Yb [S/km) 

;;ea~hcr 
convenuonal hne Shinkanscn 

fine "' ' o.; o. 002 ' O. DI 

Rail LO ' u , ' o,, 
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OlAPTER J. SUBSTII.TION EQUlPMENT 

Composition of the Subst~tion 

The AC traction substatior> (heraaft.er referred to as substationl 

receives electric power from ordinary power networks of cocrnerc:ial 

power cornpanies and s~pplies this to the overhead contact system 

aft:er conVC:.-ting it in the feeding transfon:~er to power suitable ter 

operating electric vehicles. In addicion to supplying stable power, 

" subst.ation t:mst be capable of swi.ft and posiüve detection of 

troubl!l in the event t.-ouble develops and must also possess necessary 

protective functioris t.O cope with p01o1er failures, Wit.h the fore,.o

i~g P_'::rpose in mind, a•substation_·is·cocnposed of the foll""'ing --equipcent. --""' 

{a)·· POlolee Jleceiving.Equipment 

Eqtlipment to-receive-AC power from ordinary pa.'<!r- neC><orks, 

(b) Transformer Equipment 

Equipment to transform p~er received to operating ~er. 

The feeding transformer will be thc principal equipmcnt iri the 

case of commercial frequency·electrification syste~s. 

(e)· Feeding Equipment 

Equipment to $Upply opcrating power to the overhead contact 

sys te m. 

(d) CO!N!IOfl Equipmcnt 

Mlscellaneous dcvices to control and opcrate various substa

tion "quipment. 

Although various forms of substation equipment layouts may be 

considered such as for feed1ng systems, control systems.etc •• from 

the standpoint of.both construcüon and maintenance, it will be 

advantageo"s to standürdize whcrevcr possible within the same clect

rification section • 

• 
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JNR has standardized and is utilizing t.he AT feeding system witll 

its nurnerous advantages as a feeding system, and the centralized 

remot.e c:ootrol systern for unmanned substation operation. An eKample 

of a s\lbstation equip~t~ent single dia,.ram is shown in Fig. l-l. 

1 

~ 
' 

Series 
capac1tor 

r 

Contact 
.,; ... 

IIC powe.-
receiving 
circuit 
breal<er 

~· 
~ 

1 

~ 

~ 

-· 

AC feeding 
,circuit breaker 

1 
Negative feeder l 

lrail) t 
Lcgend rÍ1 -AC cücuit ltJ breVc.er 

Contact 
wire ~ Disconnecting 

switch 

Fig. 3-1 substation Equipment Single Diagram · 

(1) LOcation of the Substat.ion 

. Aft.ei" deciding the type of feed.in9 system, the electric vehi

cle output, uack conditicns, train operating condit.ions, and b~ic 

syste::l of electrification, the s\lbstation 1S suitably located after 

taking into considcration interval, si te and capacity. 
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(a) The substation equipment must possess sufficient capacity 

to withstand vehicle loads. 

(b) Voltage drops due to vehicle loads should not adversely affect 

train Operation. 

(e) The substation must be provided-with protective.functiomLfor_ 

swiftly and positively detecting the trouble and cutting of[ 

the power in the .,.,ent short circuit.s occur in the feeding 

circuit due to trouble in the overhead contact system or in 

the vehicle. 

(2) lnterval of tlle Substation 

a. Substation lnterval 

The interval of the substations is selected within the range 

that will enable maintaining minirnum pantograph voltage in the 

overhead cont,.ct system and, moreover, enable swift and positive 

det,ction of fault currents that rnay be gene.-ated in the feeding 

circuit and thereby protect against power failures by cutting 

off this cu~~ent. 

AS voltac¡e drop is srnall in the AT feedinc¡ syste,., greate~ 

inte~val will be pOssible between the substations. 

In the case of JNR's AT feeding system, substaticn interval 

and the ra.nge cf voltage fluctuation in the overhead contact 

system are set as follows. 

(al Conventional line (Sta.nda~d vo1tage 20 kVl 

Interval approxi=t.ely lOO kru 22 - 16 kV 

(b) Shinkansen (Standard voltaqe 25 kV) 

lnterval app~oxi..,t.ely 50 km JO - 22.5 kV 
(20 kV momentuily) 
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1\lthough torain opcration curves (speed, tirae and current 

cu.-ve based on distanc:e) by car type are used to calculate 

assumed loads when carrying out esti~ted calculation of voltage 

drop, here we shall consider that the operation curve has already 

been drawn up and that its characteristics havc been mastcred. 

The following items will thereforc become involved in the 

method of selecting the load. 

(a) Sut>station interval and track_grade 

(b) Feeding circuits by single or double 

(c) !i:xt.ended feeding ánd tie feeding (tyinq up and down feedinq 

circuits) in double track feeding circuits. 

load 

1\s may be noted by the example shown in Table 3-1 of the 

condition when maximum voltage drop is assumed in the feed-

inq circuit, the prcOability of minimum voltage developing is 

generally greater when heavy loads exist near the end of the 

feeding circuit. 

If a time belt with the worst condition is selected from the 

time schedule shCMn in f"ig. 3-2 asan example, and load "ssump

tion carried out, a load distribution diagrrun may be cre.,ted as 

shCMn in Fig. 3-3. 

1\s an 1\C feeding circuit is generally feeding fr~ one sub

station, assuming that electric vehicle loads are constant,the 

further the train is from the_substation, the higher the voltage 

drop. 1\s ~oltage drop therefore becCDes higher with increases 

in the product of the load current times the distance to the 

load peint l~p-~), a time with this kind of load should be 

selected froa the time schedule when making load assumptions. 

f"ig. 3-3 shows the load distribution of a time belt with 

maximum voltage drop during normal feed with 4 trains running 

in the same feeder section at the same time of B:lS (point ~K~). 

Of these 4 t:rains, both up and dovn trains (trains 2 and 3) start 
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-rable J-1 Load Conditions and Cot:tpOsition of the 
Feedinq Circuit (Fcedinq frorn One Substation) 
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. cJ~m=~ 
:.Oad curren!: ~ 
O:istribution 

o 

Fig. 3-3 Load Oistribution oiagram 

si~ult:aneously at station D at the end of the fecding circuit and 

t:rain 1 is at. an up-grade bebieen stations B and c. With the 

powering load of this train added, Nnp-km beco:nes greatest and 

voltaqe drop be<:0111es m.aximum. 

Although the foregoing load assumption is for nonnal feed, 

it will be necessary tn carry out: extension of feeding ~hen 

stopping the substation in the eV<Ont of tro..Wle o.- for pa.~er

failure or m<üntenance ororlt. HO<o<ever, load assurnption may be 

carried out in ilie same manner. 

ln relation to protective syste!I!S for feeding circuits, 

refer t.o paragraph 2.4 "Protection of Feeding Circuits". 

(31 Location of the Subst.ation 

In relation to the location of the substation, select an 

"?propriate site in compliance .,ith the planr>ed spacing explained 

..:>ove and based on 0\llps and on-site surveys taking the followi;'g 

into consideration. 
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tal Where feeder source is easily available near the railway 

tracks. 

(b) Where equi~nt rnay be carried in and out easily. 

(e) Ne"r recciving power source and where rec:eiving powe.- lin~s 

are easily laid. 

(d) Wh(!re there is no fcar of floods, land slides, land slips or 

av.,lanchcs. 

i --- -· ·· (e) Away frao factcrios emirting noxious.gases. 

' 

1 
' ' ' ! 
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' ' 
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· (f)- · Noise•countermcasures will.be ne.:!essary in areas where ec;¡:lip

...... _ ·ment·and·station·noises will.beCOI!IC a problem. 

(g) .. Whc.-e•mainwnance. and inspection C<lll be conven;ent.ly carried 

OUt, 

• 

(h) · Whcre the dead section of the train tracks can be laid nearby. 

(i) • Where 'the ground resistance is below the rated value. 

14) Capacity of the Substat.ion 

The-capacity o! the substation rnust be grcatet: t.han t.he- ::..oxi

mum hout:ly output. obt .. inable wíth the assu...,.,d lo"d and !urtherl'IOt:e 

must be capable of withstandim¡ maxii!IW> instantaneous output. 

There may also be instances when the oper.,tion of the substat.ion 

must be stoppt!d due to trouhle or for inspection of the equip::tent 

and,· in these instances, it will be ner.essary to consider the 

deqree of power avaílable accot:ding to the deqree oí i~portance 
' . 

of =int.aining train operation. Fcr exa:nple, in irnpot:tant main 

lines where thc failurc of a substation must. nct affect train 

operation, it will-be neceSs3ry te provide a dual system o( pe .. er 

receivinq equip,.,nt and transfonncrs te i~¡>rove the reliabil1ty cf 

the power supply ilnd thus lessen the chance of suhstation failure. 

ln addition, wh"n a substation fads and train operation is "'"'-"

tained'bY extend<id ·reeding fro."l a neighborinq substation;, the 

- 143 -



• • 

capacity of U.e substation will di!fer accordin9 to whether opera.

tion is to be restricted and, if so, to what extent, 

a. Calculation of thc Ma::<iomrn Hourly Output 

The hourly Output is calculated by obtaining the assumed 

lo,.d-curve from t.he interval of the· substations, tlle characteris-
. . 

tics of the electric car, the condition of the tracks and the 

operating timetable and by calculating the maxim~ hourly output 

taking into consideration the power factor of the substation. 

~lthough the methods of calculation available are the rnethod 

employing operation curves and the method using power consumption 

factor, it will gener-ally be more convenient to use the powe.

consumption factor method when obtaining approximate substation 

loads. 

PoW<l.- consumption factor will differ according to speed, 

acceleration, type of ear, distance between státions and traCk 

condition. The following methods a~e available to obtain this 

value. 

(a) 'prepare electric ca~ O?eration curves according to type of 

#~rain and use this as basis for calculation. 

(b) Esti~ate from usage performan~ of similar districts. 

(e) Energy caleulated frDill othe~ l:Kltive energy. 

Although (a) is the calcuhting method with the highest 

degree of accu~acy, the process is very complicated so it is 

applied only whel! the operation plan has been established and 

detailed studies become ne~ssary. 

In {bl the power coo.sw::ption factor of si,ilar district.s 

from tt'acl< gra<le and transport conditions are use<l when existing 

electrified districts are available. 

'!'he power consumption hctor by trae)< con di tion in .JNR is 

sha.m in Table 3-2. 
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Althou<Jh (e) is a ..ethod of estimatin'.l JnaXito.w:>. hourly p<Ner by·-

1 
· ·convertin'.l frOl!l coal and petroleum ener'.IY, 10ethod' (b) i!i;" <Jenerally 

used for the power consu::iption factor. 

If we multiply the power consumption factor obtained in this 

~Mnner til!'eS hauling weight and train kilometres accordJ.ng to car 

type of the irains iunning in the substation d1Strict per hour 

according to the timeiabl" timEs the.trailing load, load curves 

per hour for the day c<m be prEpared <md the maximllm value will 

becoc:>e the maximum houiCly poweiC. 

·-
_M one exa.mple,.if (1) ,_ (2) and (S) of the operation sche

dule-in>Pig. 3-2 are each·considarad·.picl< up pa.ssengers train -t..

the power Consumption"factor of.an "average:-10\:-,rade track will, ''r"• 

,._,, 

No: 
' 

' 
' 
' 
' 
' 
• 

' 

be 33-"(kwh/1000 t-km)- from Table 3-2.-- 1!,lso, if we consid"r (3) 

(4)-and (6)-as pick·up,goods train, the-po...,;É- c:Onsumption~factor ·. 

will' be· 20_'· (kwh/1000' t-km)c- frocoothe· L•ct. that_track conditions -· 

aiCe the same as in the foregoin"g-. 

Table 3-2 Po~.- Consllmption FactOIC of Various Forms of Tracks 
(Japan,sc N.~tional Railways Example) 
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Y.-0<11 che a.bove, che substation load pe.- hour will be as shown 

in Table 3-3. YI"Om che same table, che load curves pe.- hou.- as 

shown in-Yiq. 3-4 a.-e obtained. 

Table 3-3 Substation Load Calculation Table 

' ' P"'or TnLn 
Traotion runninq 

,_, Total _, trun cono"""""" 1.000 
faotor '="""'""' d .. t01\<:e 

l<wh/1,00<1 t• .... l - 1<1 

·~· 
Jkw!¡l lkwhl 

1 

" ... n ~IJ. 8 "' " 600. ' ne.1 "' 1 '" 1,100 • 9~.0 "' ' 888.0 

1 '" 1,100 " 9U.O "' " "' " 112. 8 <D 
" ' '" .. ~ " ' 600.0 Q) 

'" 1.100 n )60.0 "' 1.~~&.8 

1 
'" l,lOO " 720-0 "' '" !,lOO " 45(1.0 Q) 

1 
" ... " 891 . o "' 1,091.0 

3 000 
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" 2ooo 
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Yiq. 3-4 Substation Load Cu.-ves by Time 
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-b. Calculation of MaXimum Instantaneous Output 

,- When only 't train enters the feeder range oí 1 substation, 

the m<'ll<imm" output of this train will be used. In the case of 

multiple trains enterinq, the following method is used to calcu

,,. late maximum instantaneous output. 

' ·-· 

(a) The.'instantaneous operating cu.-rent of each t.-ain within the 

feedin'J' district of the substat~on according to the train 

di"<;rasn are t.Otalled and the maximum value obtained. 

(O> As the "elation in the following equation is th<'oret~cally 

.. ~- possible between:':'he rilaximum·instantaneou~tput and_,the 

, .. _ hi>urly·output·of·every hour, thé calc:ulation method used by 

JNR'to,obtain'maximW!l instantancolls output• is to selcct a 

sui table'v"lue. e •frO!fl the performance· o f. siloilar. districts.-

z~Y+cfi ........................... 

Z Maxi~um instantaneous output ]kW] 

¡ 
't -: 1 hour. output. !kwj ' 

e·: Constant dotennined by the dist.-ict 

Although ·the -value of e will be detennined by the size and 

the wavefonn of the curren t. per train, and the qeographical 

podtion· of the suhstation, in the case of JNR, it is "ithin 

the range of 60 to 140. 

c. Determininq the Capacity of the Suhstati.on 

When the maxi10u.-:~ 1 hour outpÜt-and the m.axirou::o instant:>.neous 

output "'" obtained, select suitable equipment such as transfor

mers etc, from the r"teO values available and dec~Oe .the capilcity 

of the substation. However, as each output is in ki1owatt values, 

takinq loaO po~>~er factor into consideration, it will be necessary 

to convcrt these into kVA values. 
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J>.lso, as capacity of the feeding t.-"ansfonner is detennined 

by temperature rise, and as temperature rise will be affected by 

the tll.ermal c:onstants of the winding and the coolin9 oil, it 

will be necassary to consider its relation to the withstandable 

load. As the thermal c:onstants of transformers an• generally 

high, in 1110st cases its capacity c..n be determine<! by the maximuin 

1 hour power. Hcwever, to prevent damage to the equipment fr~ 

overcurrent.s due to troubles etc., it will be necessary to con

side.- riw.ans of withst.anding overloads. Specificaüons of JNR 

are drawn up to withstand loads equivalent to 3001. of the .-at.ed 

current fo.- 2 minutes of continuous usage. Lastly, by adding 

sorne allowance for future load increases to the capaci ty obtained 

by calculation, we determine !:he capacity of the substation. 

3-2 Substation Equipment 

(1) Power.Receiving Equi~nt 

The principal devices coroposing the substation equipment ar<> 

power receÍV>n9 disconnecting switch, power r"ceiving circ:uit 

breaker, current transfon:oer, and arrester. Counting devices for 

' electric energy received and inst:rurnent transfon:oers may also be 

installed if necessary. 

'!'he p<7Jer receiving systems available are the 3 phase rece•v

ing and ~ingle phase receiving systeros. Comparisons should be 

made between the regulation value. oí the effect that an unbalanced 

3 phase voltage will ha;_.e on the 3 phase power supply or the con

tract system in relation to receiving power with your power company 

and the economy of construction costs oí the receiving equipment, 

and the most advantageous system should be usad. 

'!'he greater the short-circuit capacity of the power supply of 

unbalanced 3 phase voltage, the smallcr will its value be in 

rclation to single phase of thc s(Unc P""'er. A larqe 3 phase short

cirro-uit capacity will therefore be necessary at ilie power rec.,iving 

point and it will be desir~le to receive high voltages írom a 

power supply with as large capacity as possible. 
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b. V COnnec:tion Syste~:~ 

This is a system in whic:h 2 sin9le phase electric powers 

are obtained trom a 3 phase sourc:e by means of 2 single phase 

t.-ansformers. Although voltage unbal"'!c'e_ is less tllan _that_in 

the single phase connection system, the J phase power source·will 

be suhjected to the sarne effect as·a 50' single phase load in the 

event that the 2 single phase power loads are the sa=e •. 'nle 

voltage unbalanced faCtor can be calculated by the following 

equation. 

' • ~ lf>.; PI>· Pa "" (J-2-2) ' • wo ,, . .............. .. 
He re, '•· P11: Phase loads '" "'' respective [I:.VA] 

feeder sectiQ'Is 

'· Ps: ,_ .. '" Equation (3-2-1) 

As a .-ule, JNR does not use this syscem frorn the stanilpoint 

of its effect on both the single phase connection system and the 

pow'er source and also due to tlle high ~er cont.-act system. 

'I'ne e><arnple of V conncction system are sho.m in Fig. 3-6. 

Primary Secondary 
r-:,cond~ry Primary ~ 

''----1 

Fig. 3-~ Single Phase 
Connection Transfonoer 

c. Scott Connected System 

----'e 
V COnnection 
Trans!ormcr 

/'.s shown in Fig. 3-7, t.his is a system to obt.ain 2 sets of 

single phase powcr of M phase (Main phasel and T pha~e (Teascrl 

frot~~ a 3 phasc power soun:e. In t.his system, when the 2 sin9 le 

phase power are the sa:ne, t.hey act as a balanced 3 phase load·on 
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thc 3 phasc powcr sourcc and ac~s to reduce the effect on the 

3 phase power soorce, . 'Ihe voltaqe unbalanced factor may be cal

culated by the equation shown below. 

. . . . . . . . . . . . -. . . . . . . . . 

Uere, P¡.¡, l'f: Power for cach phase •l.n the 
respective fcedinq sections 

K, Ps: Same as in equation (3-2-l) 

(3-2-3) 

(kV/<] 

This ~s most widely uscd by JNR as the standard syster- in 

-resistance qrounded neu~ral system powc~: .. sources of under 154 kV . 
.. 

d. Modified woodbridg<;_Connection System • 
·As shown in f'iq. J~S,· this is a system to obuin-2 sets 

of .single phase ·po\o'<!r cooidinatcs A and B from a .3 phase power '• ,. 
source.· ThiS connection system•has the.same function as the 

scott connection and moreover has an easily connectable·neutral 

terminal on the prit:ll!ry side. It was developed as a syste:: suit

able for power sQ..lrces of• the grounded neucral systcm.-. 'Ihe 

·.voltage unbalanced factor cay be-.calcuLated by the sace equatioo · 

(3-2-J) as in the case of the Scott connection.system. 

In.JNR, its "Shinkansen", whü:h receives its·power from a 

-' ·•· superhigh·voltage (275 kV, 220'kV):solidly groundcd,nEUt.ral 

syste10 power source, uses this 11s a standard system. 

(3) Fecding Equipment 

'I'he principill devices composing thc fceding equ~pmcnt are the 

fcedl.flg circu~t brc~kcr, d~sconnect.l.flg swit.ch, currcnt t.ransfonller, 

"''"'"' 

•• 

'· 
,, 

!o~ 
1 li 0 !/i 

'" ¡1\ 

'• 
Gl--:-

'• 

,, 

~ p~ ... 
U•••n po~••l 

Fiq. 3-? Scott Connectcd Tr~nsformcr 
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Fig. 3-8 Modifiecl Wocdbridge Connected Transfor""'r 

poteotial transformers and arresters. In addition, grounding fault 

protective di~harges, changeover sw!tches and ATare also provided 

'otlere nacessary. Consideu.Uon is also being given towards simpli

fication of the equipmcmt by prov!din<) the feeding transformer with 

AT functiCI"Js in lieu of providing the substation "ith a separate 

AT system. 'n>is system haS the following features. 

Advantages 

(a) Savings in cost for the AT deleted. 

(Part!cularly \ohere a nud>er of cin:uits are fed fr<m 1 

substaticn) 

(b) 'Itle class of insulation of the substaticn busbar can be 

lowered to that of the feeding circuir.. 

Disadvantages 

(a) Inchlct.ion tn the Cccmlll1!CIItions line is 5 to 6 ti:loes great .. r 

tha.n vith a separate AT as it becomes a system ap¡>rmd.l:i!.tinq 

a si:cple feedinq systec in th" first AT s"ction. 

(b) It vill be necessary to re..,.,rse the voltage of the feeding 

transforl'f!r H desiring to connect the AT to the end of the 

feeding circuit '<lhen carrying out extended feed from an ad

jacent substation. It will thereforenotbe possibletocarcy 

on work ..men power failu..., occurs in the fe.,ding transfo:nDer. 

(e) Volt:;oge drop will b" high as th" impedance of the feeding 

circuit will hecome 4 times '<lhen the feeding circuit breaker 

in the last substa.t.ion is opened to avoid the reverse voltage 
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in pa.-agraph {b) during ext:ended feed as it will be in AT·less 

condition at the cnd of the circuit, It will also,be a probler.t 

point from the aspect of protection of the feeding circu1t . 

-It. will be riecessary to provide an intennediat:e tap on tr.e 

'secoodary of;the feeding transfonner. 

AT neutral curren!O .-atio type locat.or cannot be appli.ed, 

Although installation of the AT in the suhstauons is cc,c.si-

de red stilndard ,. 'th JNR for the foregoing reasons, i t wi 11 be 

possible t.o delete the first liT if any of the foll?><ing =n-

·' ditions are satisfied. _ 

(i) 
. - . 

5ections· where protection of communications i5 no 

problem. 

(ii )_ When operation dudng ·extend feedinq wi ll_ not ·be inco"

venient. 

(iiil When AT neutral current ratio typc locators are not 

applied. 

ln essenc:c;•it is a cornparison betwcen che·savings in dcleting 

the first l\.T and inconvenienc:e·in ope~atio~. 

(4) Principal Dcnces 

a. Tal<.e the following itcms into consid~~ation when selecting thc 

dev~ces for thc substation cquipment. 

(11) Standardization of Mach;ne Spec~ficaticns 

If =chinc specificaticns are Stllndardized, che advantagcs 

will be great as des1gn ill'ld eKecut.ion of the project can be 

carricd out efficicntly, control' ill'ld maintenill'lcc will be Slmpli

'ficd'aftcr com:rence""'nt of operation, andas it will rat>onali::,, 

desiqninq and manufacturinq. 
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(b) savings in Labor 

Machines that will <equire minimum laboi for control and 

maintena¡¡ce should be selected. 

(e) Reliability 

Equipment with hi9h reliability <md rninimum breakdown in 

relation to work conditions should be utili:ted . 

. (d) Equipment Envi.-onment 

It will be neeessary to consider the following ml!asures 

in relation to devices i.nstalled in substations with poor 
• 

environmental conditions. 

(i) Measures to strengthen insulation against damage fr~ 

salinity. 

(ii) So'!ndproo!in9 measures such as an enclosing structure 

against noise pollution. 

(iii) Fire prevention measures where there is fea.- of fire. 

(iv) Measures for providing space heaters and snow removal 

equip!:ll!flt in cold """"" and against. sn01o1 da.ma9"S. 

b. ·'We-shall n"':' give IIJl outline of the pr¡ncipal devices used in 

the various equipment_of the substations. 

(a) AC Circuit Breaker 

·"n-le AC circuit breaker is a.n extremely important device 

to protect- the substation equipments, catenary line and ele

ctric cars !rom damage by quickly cutting off the power when 

hult current flows. As AC circuit breakers have rated voltage, 

·n1t.eil currcnt, rated frequency, rated cut off currcnt, rated 

restriking voltage, ra.ted short-tirne current and rated breaking 

time, select suitable ratings correspon~ing to the usage con

ditions. Also, the percentage of succen of reclosure of th!! 

circuit will be high if a high speed reclosing-type AC circuit 
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breaker is usad as troubles developing in the catenary line end 

in mornentary power fa.ilures in most cases. The .o,c circuit 

breaker {0 0.5 sec. - CO- 1 min. CO) used by JNR has a 
. . 

percentage of success of about BO\ in circ<Jit reclosure. 

According to the are suppreSSlng medium used, AC circuit 

breakers are dvailable in the following types- oil drctut-

breakers, air-blast circuit breakers, gas circuit breakers and 

vacuwn cin:uit breakers. The advantages and disadvan~ages of 

the various types are sho"n ln Table 3-4 . 

At the initial. stage of electrificatlon, JNR used the oil 

,ci~~uit-breakers bUt, from·the standpoint of labor.involved'in 

handling the 'insulation ·otl, air-blast Circui t brea.ltirs were 

introduced, Due-to probl~ms in noise countenneasures-and per-

. forman~e durin<;• shOrt..:distance cut off,- gas: circui t.breakers, 

whi~h.have supcrior-performan~eoand-require.little maintenan~e; 

are currently used as· standard equipment·by_-JNR~·- _Also,~.with' 

the advanccment of vacuu.-:~ circuit breakers in rac:ant years, 

. these types are currently being used in c<>rtain quarters as 

~han<;eovcr switchcs by utilizing their characteristics. 

_., •. In selecting the·typc,of AC circuit breaker, the 010st: 

suitable type must·be selected by taking into consideration" 

noise:countcrmeasures, conditions of place of installation, 

m;o.intainability, and economy. 

(b) Cha"gcovcr Section 

ln relation to matching of different ~er scurces in sub

station or feeder districts during AC electrification, we have 

.- the systcm in which•the electri~ colr 1s passed in notch-off 

condition by provid>ng a dead section and a system whereby the 

electric car is allowcd to power by in notch-on condit>On by 

prcvid>ng a chanqeover secticn. The dead section syst"m is 

gencrally uscd for-slow specd-cpcraticn but the changecvcr 

section is used for JNR's Shinkolllscn. A theoretical did-

gra."<~ cf the changccvcr section is sha.m in fig. 3-9 . 

• 
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Table ~-4 Types and Characteri6tit:s of Circu1t llre"k.cts · 
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Train direction 
nonn•l oper"t1on 

o~ over or over 

' ' 1-Control section of~ 
at ATC track CÜCillt 

R;ul 

Fiq.· 3·9 nieoreticoll Diac¡r""' of tile Ch,.ngeover Secüon 

Long o li fe• isL demanded' of, t:he .circuitcb.-eaker used 'in' the .• 

· changeOIIer section as, i tO Operates ;ea~h~timc. a_ traincpasses and 

i ts.- f requ..ncy o L Op!!ril tion- is' ex treme l y~ grea t, as =Í te ¡na y- opera te 

100 times in a single day. The air-blast circuit breaker was 

initially employed by JNR but considerable maintenancc ~ork was 

•requircd in re~lacing the breaker-components. With recent 

·adva,.;ccmcnts~in- vacllllm ·circui t• bret.tkers ,·plans. are· to .""" • this 

typc to attainl a ! i><ed"c<>st .. oLcontrohand ,to.improve•maintain

ability by simply repl~c~ng-the!bre~kcr.valve. 

(e) Power C~p<~citor 

(i) Series C"pacito:r 

Although series capacito:rs ~.-e goner"llY insertctl in \.he 

c~rc:uit-~n-se:ries to.reduce voltage drops, it is particulady 

suited•for use in AC cir-cuits to """'P""""te for voltage dr-ops 

as thC! ratio of re .. ctance in 1\C fecding circuits is high com

pared to•convcntional po"'er d¡stribut¡on ClrCUltS and load 

fluctuation <1lso scvere. ·Although lOO'!. compcnslltion ~s 

carried out for \.he fecding transfor.:~cr rnactancn in thn sub

station, from thn f"ct that abnorrn"l phenomen<~ arn gcncr<~tnd 

due to frolctional h<~n:.onic vib:ratJ.ons, \.he cornpensation for 

. . . •feeding circuit re<~ctance is under•BO\. -· 
- 157 -
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compens~tion voltage ve due to install~tion of the serie$ 

condenser may be expressed ~a follows. 

.......................... (3-2-4) 

llere; Ve, Cornpensating voltag~-_due t.o _ the _series 
capaci tor 

Xc: Reactance of the series capacitor 

1 : LOad current • 

The composition of W>e series capacitar is as shown in 

Fig. 3-10. 

"' 
~.e PF or N'F • 

~~s 

~ 1 r .... 
' e 

SrC: Series capacitar unit 

GAP: oischaJCge gap 

BPS: Bypass switch 

PT Potential transfopoer 

!'S Electromagftetic contactar· 

OVR: Over voltage relay 

LR : Fractional harmonic inhibition unit 

Fig. )-10 Composition of the Series Capacitar 

(ü) Parallel Capacitor 

When purchasing electric pa~er frorn a power company in 

Japan for operating electrical equipmcnt, the basic portien 

of the charge will differ for each· power company according t.o 

their contract rates for industrial, bulk and scall electric 
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power use.-s. However, all have rat!! systems in which the load 

power !actor is added. In ot.her words, from the vie~o~p<>int 

that usa9e efficiency of the equipnont will i"'Prove with 

improvernents in the load power factor, the basic rate is pre-

mised·on·a standard power.facto.- of 85\. If the power·factor

is higher than t.he standard percentage, a discount of l\ of 

the basic rat.e will be given for each· 1\ exceeding tllis 

value. If the p~er factor drops beloW the standard percent

age, h of the basic rate will be added for each 1\ below 

this value. Parallel capacitar are therefore installed as 

tllere is the possibility of reducing electdc power charges 

by improving the load power factor. 

(iii) Selection of the Capacity of the Parallel Capac:itor 

"The capacity of the parallel capacitar is calculated 

' 

from the po.,er factor be:~~e _u~_e_ ~mprovement. and the PCIWC!" ___ _ 

,fact.or 4fter-the improvement. 'nle desired percent.age of the 

•power factor aft.er improve~nt.s is decided by taking into 

consideration the ~unt of reduction in the ~r rate and 

the cost of installation of the parallel capacitar. In 

ather words, the parallel capacitar capacity K [kVA] will"be 

as shown below. 

(3-2-5) 

' Average power [kVAl 

cos 91 : Power factor befare improvements 

cos 91 : Power factor after improvements 

o Usage factor 

a here indicates the percentage af usage of the parallel 

.capacitar in fluctuatin'> loads such as in the electric rail

ways and is obtained from the reactive power - time curve 

in Fig. 3-ll. 

,, 



• ,. 

~ -... 

,, 
Time 

Ranqe in wh;ch thc capacitor 
is' used effectively .. 

B: Ranqe,in·'Jhich thc capacitor 
is not used .. 

Fiq. J-ll Reactive POW<!r - Tir.>e Curve 

. (iv)- Cornposition o! the Parallel Capacitor 

~- .... 

As shown-in Fi~- 3-12, the·parallel capacitor are 

qenerally installcd on t.he busbar immediately below the 

secondary of the feedinq transforrner in t.he·substation for 

each M phase (¡>. coordinate) ·and T phase {Teaser) {B coordi-

na te). '!'he series reactor tor M phase and "T phasc is a Wlit. 

construction. 

{d) 1\rrest.er 

"Itle ar;ester should be sui tably selected after study~nq 

the ratcd voltaqe,' spar~. over voltaqC, li"'lted,voltaqe and 

insulauon. Asto typcs of arresters, ,. . ., have the carboni>'ed 

silicon {Sic) clement type which requires a series qap and the 

zinc oxide (ZnO) nle!l'cnt typc not requinnq the series qap. 

Construction of both elements a.""ld voltaqe - current character-

istics are shown in Fiq. 3-ll. As "'"Y be discerned fr~ 
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M phase T phase 
(A coordinate) {B coordinate) 

~. 

SR: 

a. 
PrC: 

!Ti' l., 

oisconnectinq switch 

Series reactor 

AC circuit breaker 51C 

Capacitar unit 60C 

OC: Discha.-g<! coil 

Protective 
l relay 

Fig. 3-12 Composition of the Parallel Capacitar 

'(~:5(:/:j\:;~:~lectrode 
grain 

c~ra!lnc 

bonding a9enc 

Electrode 

Electrode 

zno crystal 

lll<Jh r~sis

t,lnce layer 

(3) SiC el.,r.><>nt {bl ZnO element 

Voltage 

structure of the element 

Ideal lightning 
arres ter 

SiC ele01ent ,.z,.··~"~ 
Nonul voltage to <i"round 

1 

COiltlnUOUS flow 
( 100 - SODA) 

Curren t 

!ig. 3-13 voltage - Current Curves o! SiC and ZnO Elements 
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the diagram, thc >:inc oxide clemcnt type possesscs al..,st ideal 

characteristics for arresters. This type has nwnerous advant

ages such as th" capllhility of withstanding mult!ple lightning, 

withstanding soiling and the possibility of hot-wire washing, 

and moreover, is compact and light in weight. 

(5) Control Uní t 

a. Power-boa.-d 

' . 

MOSt of tlle p""'er-boards used are g<merally open cabinet 

self-standing type of steel panel construction and is provided 

with a protective _relay, switChes, indü:ator la!!!ps, indicator; 

tl;:':':~.-~rm~l1"1.'!:•, conÚol· wire. Co:mecting. t.ezmiñals ·iond auxiliil.iy 

" 

. ' 

relay;;. ,,'I'h,':'s" devices--ue-Cof111ected'l;y means of an electrical .. 

interl'?c_king c:ircuit wh~ch c;:~:'des out loc¡ical processin9 of the 

funct.ions im~icat.ed in the "-~~e~tials of ele_ctrical interlockin9. 

When the lo9ic._to be proc:essed is complicated-and"great in-volurne, 

_not only will.the . .,uxiliary-relay be used·but-·sequencers may also

be u sed. .TI-IR ~s using sequencers in i ts Tohoku and Joetsu 

Shinkansen. 

Also, when t.he substation is operatcd by ccntrali:<ed remete 

-~~trol, ·unmanned.operation is normally carried out •. Hoo.ocver, · 

it will be necessary to.provide a chan9eo11er switchc•Cor· t.he 

operatin'J' modc,to enable !ll.arlned-operation o! the power-board 

Ul the evcnt o! fililure of thc.remote control unit. As shown 

in Fi9- 3-14, JNR has standardi~ed the composition of its 

power-board by systems taking into considcration functions and 

operations. 

b. Remate Control Unit 

7he system o! centrallzed substatioñ control from one control 

point 'in which centralized 100nitoring and control is carried out 

on a nu~r of substations from a remate control un>t is hic¡hly 

more -rational t.ilan tor ma..nncd operdtion of each substation from 

the folla..ing standpoint. 
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Receiving 
t.-ansfonoer board 

' 

l_l: 
-

" feeding 

. 

.-eceiving 

Transfonne.-

{for feeding)) 

1 
l 

{high voltage~ 

. 

• High boi>rd 11\.C 
feeding vol tagc 

Charge 
control board 

High voltage 
power-board 1 

dist.ri 
Locato.--board 

bution 1, ___ "' __ "_._'_0_'_-_' __ 
0

_._'_' __ _, 

Fig. 3-14 coeoposi tion of the Power-Boa.-d in an 
l\C Substation 

(a) Manning of substations unnecessary 

{b) · Savings on labor 'e~penses due reduction of operating pe.-

sonnel. 

{e) lrnprove!llent in efficiency of ope.-ating the power system with 

c:entralized monitoring and control and also of proc.,ssing 

accidents. 

JNR is planninq II>Cdernization of its electric power dispatch 

_. work by promoting a cennalized control system with 1 "'anagement 

and 1 control place as a rule. 

conditions that a re1110te cont.-ol unit coust fulfill are as 

follows. 
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(i) .- 1H:tion •must be. absolutely posi ti ve with high' reliability_ -~ 

and no erroneous operation. 

(ii) The.number of cO<Miuni<;ation circuits, to be as few as possi~ 

ble. 

( iii) Tin>e required <o< signal transmission t.o be •• short •• 
' possible. 

liv) Handlinq ~ ~ &irnple and. rnain tenance easy ·.• . 
' 

,e 
'"' Price "' ~ ~~ ,_ 

~F' ;_ -,, 
nte Rail'olay TechnicÍILfiesearch In~t.i~':'te of· JNR l!"il¡developed 

-•the·B,.C, E, F. G,~H,"K'and:W.type•remote-control units and a.-e . ,._ .. -
' 

· Usin9 .:O.;ch 'according. to;tohe•·teoi.tures. of· the. system.-- The·general 

• outline of each-systcm·is shown·-in•Table-~_-5.'. ltems,monitored by: 

the·remote control unit consist·of indicating condition of the 
" 

devices and serious trouble suCh as overloads and simple troubles 

such as drop in air pressure. Control ite~s consist of automatic 

indication of.O~ OFF condition of each,device, ON.OFF of _secudty . . 
10i:-ks, ON OFF·of•equiprnent·.test and"these.are automatic_ally indi

cated at fixcd hours together with thc·amount of ~cr uscd. 

JNR is also striving for a higher deqree of modemi::r.ation 

in electric powcr dispatch work by installing a substation inter

lock systcm provided "'ith mutually adjaccnt interlock bctwecn 

the substat>ons on both its TohoJ.-.u and Joctsu Shinkansen. It 

has also broadencd its range of automatic control of its power 

systcm by developlng and using an clectric powcr control systcm 

{[lECS) CO."'??sed of the foregoing 1nterlock system, a w type remete 

control system capable of transmitting lcngthily "'ordcd malnten- 1 

ance lnfon=tion to t.hc remete control urut, =da power i_nformatio~ 

process1ng system using computcrs to proccss p~er informatlOn 

reccived from the foregoing lowcr systcms. .. 
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Table l-5 Outline of the Principal Remate Control Units 
of tha Japanese National Railways 
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c. rault Locator • 

' ' 
In the case trouble develops in the feeding .circuit or elect-.• 

ric car, time.required to investigate the'fault point will be 

shortened-if the fault point can be•det.ennined autonoatically. lt ,. 

wilLtherefore h11ve"the ;.dvantage"oLshortening.the power off·:--

time dueto the fault and thus reduce its effect·on train opera

t.ion; The fault lociator is a.device that wasldeveloped for this 

·purpose;• •"n>e·principal fault locators used by· the JNR are the-

" 

• following 2 systems:·· Refer to pu'a9raph 2-4 •tault locator• 

in relation to the theocy. 

• 
~~·<. •(a): Reactance Measuring System .. -~-. 

) -··· l • 
• • 

This,-isc.a' ~teln:-in 'which""the~reactaru:e,of • the~feeding--~; 

· cirC'tlÍt--frolll;:.th.,;fault: point.>. to ~the~point.:.where""the··faill t.> J. Oca- ·" ~ 

ter~ is' posi tien.ed' is:measured .-and-;the '""'asuredcvalue ~ transmi tted "

te the contrel'office through the re100ie control unit. The 

supervisor <Ot. the•-control offica·then determines the fault 

point by,checking.a.reactance .. map of the feeding.circuit that . . 
we re .. ini tially • measured;;,; 'Ihis ds' an:extn:'""' ly :use ful ~system · for•· 

Simple; ,feedin9. systams :as -th.i~z-aa.ct.ance ·. oí.othe- feedin9; circ:u.i f.:::. 

· and < the: distan ce •·are ~linear! y~ propOrtional: · · 

(b), AT·Neutral Current Ratio Measuring System 

In this systern,-the·=rrent·is measured at-the-intermediate

point ef each AT circuit and this value is transmitted to the 

control.office 'throu9h the remete ~ontrel system. 

____ ln.t.he control.office, cocoputers auuxnatically process 

ope-:oa tions • and- displays • the, mnober: of .kilos • to- the · taul t • point 

O.,,a\CRT_fDr t.he supervisor. :The basi..c principle .of .this systern ,, 

. is. that. t.he faul t point in the section between AT systems will 

•. be. in .proportion te. the ratio. beboleen.the. boostin9 curren t. -of --· •.. 

ehe AT.on both sldes. Short-~ircuiting between the contact 

wire·and· the feeder can therefore not.·be l!'easured. Oue to the 

' fact th;,.t practicaily all of t.he sbort circuit. fault deV1!lOps 

• 

' 

• - ··-----~-· ..... between- the-contact-Wil"e·a.nd -rai.J.•since~there is -considerable- . -~~ ..... . m """'" 
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space betveen the cootact wire and the feeder on the peles, 

JN_R is using this system in its AT feeder sections. The range 

of accuracy is consideably high and indicates in units of 

kil<XOeters with errors of ooly several·hundred o:>eters. 

d. control Power Source 

AS the functions of the power-board and the reznote control 

unit will come to a stop if the control power source discharges, 

the control power source 90verns the life or death of the control 

system. The power source mus t. have sufficient voltage and capa

city te operate the equipment positively and must be·of high 

reliability .. The gene_r~l practice h therefore to provide a 

dual system A.C P""'"r source using the pOwer source frorn the con

trol transfomer anda spare po•..,r sourc-e. 

For the oc pover source, the ger·~ral pract:ice is te p.-ovide 

a floating charge systcrn by connectinq the battery control panel· 

ond che batteries in parallel. .JNR is usinq a thyristor ><ith 

the battery control panel to provide it with an automatic voltaqe 

adjusting function. 

Enclosed type cubicle construction is used for small capacity 

batte.-ies to reduce the space of the f'O'"'"-•-board· room. Battery 

charqing equiprnent is stored in the upper portien of the panel 

and batteries in the lower portien. 

(6) Noise Counten:.'!asures 

lf noise generated by t.he equipment in the substation affect..a 

the livi:>g environment of the residents in the area, that is, if 

problems of noise pollution arise, necessity will arise to reduce 

this noise by executinq effective but economical soundproofinq 

countenneasurcs at the source of the nt>ise; Noise countenoeasures 

.... will be .studied. in relation to the followinq devices. 

a. 'l'ransfonoer 

A typical device that is the source of noise in the sub-

-·· -·station is the-transfonoer. The principal ele,.,nt in-the cause 
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{b) J>.mount of Penet.rat.icn Attenuation with walls 

Although selectiOn of the thickness and material when 

desiqning the stn>ct.ure of the soundproof wall will depend on 

the difference between the value of the noise level requested 

by the area residents'plus the attenuated noise level due te 

distance and the value of the no~se level generated by th~ 

transformer, for yractical purposes, the attenuation valu~ 

of the noise f'(!tletrat.ing the wall can generally be obt-aine~ 

from the follo-Jin<; equation. 

T¿- n x {la log (f·ml - 44} 

Penetraticn Loss 

' tloise frequeney 

m Area density of che wall 

........ (J-2-7. 

'"" 
(Hz) 

[kg/ml) 

n : Componsating consr.a.nt for noü;e 1eakage 

F!.lthough f\, which is noise leakage throuqh penet.iating . 

parts such a~ bushings and piping due to soli~-borne vibration 

transmitted directly to the wall, will differ oc<;:o.-ding t.o t.he 

type of tronsformer and thc soundproofing <::onstru<::tion, i~ is 

generally betwcer~ O.f> ~o 0.8. The syst.em of <::ompletely er~clos

ir~g the transformer in a concrete structure is standard procedure 

vith JNfl and it has achil!'led attenuation values of between 20 

t.o 2S phons. 

b. Circuit Breakers and Disconnecting Switches 

In most cas"s there will gene;rally be no problem with c>.r

cuit breakers and disconnecting switches as it will be 

intenllittcnt noise with low !requency of operation. 1\oweve.-, if 

..... ,..., the•frequency of operation exceeds a.certain excent, problens may •.. 

arise with t.he arca residcnts. 

1'he noise level of circuít breakers is gi:eater t.han th.>t 

of transfonncrs and in many cases problems arise particularly 
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with air blast circuit breakers. ln.substations,where noise pro-

blems exist, it wili "therefoie be necessary to institute·noise 

count.ermeasures such·a.S Üs>.ng gas circuit breakers and J<W:>reover, 

housing this in a concrete structure as in the case of the trans

forme.-. 

Jllthough the noise Level of d~sconnecting switches is gene-

rally low, problems may arise when h~gh voltages are used as 

' ardng noise i.s hi.gh when the charging current is released. '" ' ' ' 
these cases it will be necessary to either soundproof the circuit 

breakers and dísconnecting 

entirely indoor substatiori 

of the substation. 

swi tches by GIS :neans or build an ' . depending on the situation of the site • • 

• 
The con:pri!ssor shO\ild~;,.lso. be placed ·indoors 

for lnoise countermeasures .. 

i!:~ecessary 

L_.,,-

· 3-J _ Insf'(lction·of the Sub;~tation .. 
(1) Haintenance Management of Equip:nent 

111thou9h·initial stage trouble is generally prone to arisc 

the eqUlpment, troullles will decrease 

--~--~~-··-,.nd it Will'enter·a•stable period·after • 
elapse. o f. a,certain. period, 

ot time. Accidental troubles only will arise"d~ring_.tllis period 

but eventually wcar, aging and deterioration-of- fill-.ctions will 

advance with passage of usage time and, "!ter a cert.ain period, the 

pcrcentage of uouble arising will com:nence to increase and the 

eq'-lipme_.-,_t will enter its super-annuated pertod. 

To enable the cquipment t.o <hsplay 1ts func:tions t.o the fullest, 

the follow'-';'g maintenance ...ork and maintenanc:e technology Will be 

necessary to properly maintain dhe functions of the equipmcnt and 

thus m&intain ~aximum r-ate of operation. 

a. Maintenance Wor-k 

(al- Check and inspection • 

(b) Lullrication, rust pr-oofing, moisture proohng and repairs 

including painting 
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{e) Adjusu:>ent and repla.cen-ent. of CO<Oponent.s 

(d) Repairs, remodelling and reclaiming 

(e) Measuring, certifying and data re<;?rding 

The above are all direct type worl<. 

b. Maintenance T<!chnology 

(a) Maincenance management technique, management technoloqy 

of test ;md ceasure.,.,nt cet.hods. 

(b) Pl<ms for spare parg, accessories and repa~r mate.-i.als 

and measures for storage. 

(e), Preparation o! maintenance worl< standilrds, manuals, con-_ 

trol in<lex and control ~istory. 

(d) Plans and execution of stationing and u·aining of mainten

ance personnel. 

'nl.e above are indirect ma..,agement technology. 

(2) Maintenance Management Technique 

~·Maintenance can-be.roughly divided into p•eventive maintenance 

and aftercare maintenanC<!. D!termining which maintenance method t.o 

apply will depend on an economic c~pa~ison betwcen the costs neces

sary to carry out preventive Mintenan<:"' and the losses that will 

, -arise with loss of function oí the equipment due to the trouble if 

afterca:-e maintenance is carried out. 'Ibis ~:~ust be conside~ed for 

each equipment or syste10. However, as loss o! function is not per

~>itted in ¡nast oí the equiprnent in EJlectric :-ail,.•ays from the 

"standpoint of securing operational safety in addition to economical 

reasons, it will be necessary to consider its cffect on society 

-from this standpoint. 

With the.view toward securing train operation and safety, -NR 

is carryinq out preventive maintenance on all ·equipment except 
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those that. do not dii"ectly affect train operation, . - Aftercare 

maintenance is carried out on these equipmcnt. ' 
a. Preventive Maintenance 

Preventive maintenance is maintenance carried out on equip

' ment with deteriorated functions or showing- sic¡ns of trouhle to 

prevent trouble from arising during operation. Pre11cntivo main-
' . 

~.tenance measures available!are periodical maintenance in which 

inspection·and repairs are carried out pe~iodically andoccasional 

~t~aintenance in w-hich inspection and repairs are carried out when 

(a) Peiiodic-¡,1 Maintenance 

- In ~""1' This o·is' a .~:~anagement 1 te :'hnique: i:r. w-hich: a . set • period ¡ i a 

. -
·--. provided -during '"'hi eh : planned o.s toppage~of---t.hc.::..equipment. is--" ~ · 

car.dedoout,and:maintenana..work. conducted • ..J•, In'. this technique, .. 

. ___ inspection_ will7 yenerally -~· frequent.and.a nw:lber of m.ainter>

ance personnel will be required based on the viewpoint of 

securing and meintaining equiprncnt :functions during the period' 

fro::. the init~al inspection and repairs to the next planr>ed 

• ... -~ inspeetion· and.repairs •. - -·"""·---· . 

(b): • Occasional~tlaintenance-

This is a management technique .in whlch equipment functions 

are JIIO!asured,•monitored and checkea without set:tin(¡- eny parti

cular period and by carrying out maintenaoce if the functions 

exceed =ntrol limits of a preset index with mutual relations 

to funct:ion. As: tne idea of tnis technique ·is based on reliabi-
• 

li ty engineering, ·~~~echanical inspection pe:riods- are· not set and · 

inspection is,,conducted when judged necessarY too check equipment 

functions. In.generel,. the nwnber of inspections,will tnere

fore be-few-and-the maintenance personnel also few. 

b. Aftercare Maiilt.enance 

This is a :.anage...,nt tecllnique in whicb the trouble portien 

is traced after the equipment loses its functions due to the 
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trouble and ..aintenance work carried out to resto.-e these fW!c

tions. Although it will not be necessary to carcy out preventive 

maintenance on the equiP"'ent if aftercare maintenance is ccnducted 

and personnel can be reduced; on one_luu'ld,· it has the disadvantage 

of causing the operational r,¡¡tio of the equipment to become 

unstable and also result in high losses during stoppage. 

TO carry out rational equipment maintenance with fewer main

tenance personnel,_ JNR has. instituted an "electrical ro.aintenance 

syst.em O>Odernizaüon prOgram" tr= 1971. 'I'he ...ain points of this 

moderni~ation program are as follows. 

(al. Produc>.nq maintenance free equipa>ent (high reliabilityl 

(b) lntroduction of centralized supervision syste10 

te) Introduction of substation inspection 100torcar. 

(d) Application of new management maintenance techniques 

(e) Impi"O\Ie~nts of the ,...intenance orqanl>:ation 

j lt is also shiftinq to special maintenance based on a life 

. . ., 

. , . conu-ol system.by setting th-., -life of the equipt:!<!nt and a Limit 

value control system-w!.th alann indications in relation to sub· 

station equipment also. 1 Point disconnecting switches and gas 

circuit b.-eakers a.-e beinq used and substation inspection moto.-

"~' are beinq int.-oduoed, and the past requla.- periodical ~inte

nance is being discarded. 

(3) Te<>t and i·l<!asure~~~ent Unit 

a. substation tnspection Motorcar 
(Substation equip~:~Cnt use) 

Tt> carry out checks of the power-boan!s in the substations 

of the JNR on an aut~tic basi<>, a substation inspection motor

' .. ca.- (fo.- substation.equipment) composed.of !ll<!asuring equipment 

installed on a moto.- vehicle (mic.-o bus) is currently being usod 

in" a portian of the sections. (Fig. 3-15) 
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Ri9~ J-15 
,n . ' 1 . • ' 

Substation lnspection-Motorcar 
(for substation e~•ipmentl ..- ,.,, 

1 

• t 

. --··· -· ___ .. ~., .. , . -
. .. 

-~-----· 'nli "' System. is • called ·.~su bata tion.'_ inspect ion iootorcar" as 

'" 

-""«•- ~----

charactcristics by- qoing around the .various-substations. o.-.the __ _ 

feeder s~ctions and testing and measuring the power-boards. 
' 

The method used in checking and measuring the power-board is to 

cofmec:~ the power-board to the,car•by·~ans of cables (as ~~~p~es~ 

--·are 'used ;':the •power-board•can. be easily .connected.or disconnect.edl . 

.. 
' 

•.-.. 

- ...... 

- ---· - -- . ·----. 
Then,.by.·simple·operation of the·control panel,-the protective--

functions and electrical i_raerlock will·be-~uwmat.iLally checked 

against a filled progr= and judqement: of the overall funct:ions 

will also be carried out. 

Power-board inspection in the past: required a hiqh de<¡ree of 

technology, great care and ~uch labor however, by mechanizing 

these processes, in addiüoñ.tO ~mproving safcty, therc.will be 

a great: savings in labor 1n inspecting and mcasuring the powcr-

boar-d . 
• ' 

(al PerformiUlce 

( i l Power--boar-ds to be inspected 
• 

The power-boards•to be checked with this un>t are stand

ardized receiv>ng and sending-boards, transfonner-boa%-ds, 
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rectifier-boards, main-boards, feeding-boards and hiqh voltage 

power-boards in substations, sectioning posts and sub-sectioning 

posts. 

(iil Types of Inspection 

This unic is capable of carrying out "overall" inspec

tion of tho pcwer-board and "inspection or the protec!:ive 

relayw. The fo~r is·to check the overall functions of 

elect.-ical in ter loe); and !;he latt.er to check the. function;ol 

characteristics of the protective retay itself. 

• Overall inspection 

Figure 3-16 shows the functions of the power-board accord

ing t.o the flow of Com;.'land. As '"!'Y be noted from this 

G.iagr=, the operacional co=ands received frcm the re..,te 

control unit and the electrical input from C'!' and P1' are 

considered input s1gnals and the ON OFF indications and 

trouble indications t.o be sent to the remote control unit 

arte.- controlling and operating the de111ci!S are considered 

output sign<Hs. 

· From 
unit 

(lnput: signall 

rcmote 

Oirect 
opera~ioo 

Trip command from 
other pOWer-board 

CT,PT detection "~lue 

Trouble signal 
of devices 

Po~o~er-board 

(OU~ut signal) 

~~~~~} To remote 
t 1 on control 

1----'roubl unit 
indica . 
tion 

1----'rip co,.,and to 
other ~er-board 

l-----------------------i,D""i~cs 
(swi tchgear s) 

• 
of the · Power-bo~rd 
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In the Hoverall inspection~, vario~s types of input.signals 

(operating comrn~ds, trouble detection siqnals, trouble 

current, voltage etc.) are supplied to the power-board and 

the overall functions of the power-board are judged by 

monitoring the output signals from the p~er-board • 
• 

* Protective relay inspection 

As the "protective relay inspection~ is to test the opeu.

tional charactei"istics QÍ the protect¡ive relay itself, this 

check is carricd out only ~hen necessary or whcn abnormality 

is discovered in the reh.y during the "Overall Inspection", 

In this check, a drive po""'r of arbitr<1:ry size is supplied 

..... ·- . ·-~ .. ·- . by tlle test unit.. t<> the prot.ective .-elay and the time 

requi.-ed to function is measured. ln this instance, · 

adJuSL~ent of the ~unt of driving power and s~pplying 

this powcr are handled manually. All instrlllt\ents neccssary 

ro carry out this operation are provided on the operating

board oí the test unit. 

(b) composition oí the Test Unir 

Yig. 3-17 is a blo~k diagram showing the general campo

sitian of this Wlit. 

ji) Operating-boatd 

·"" This board is to·&tart·and stop the test and•to monitor 

the test results. This unit ~s cornposed of the various 

switches, in<licators, instrurnents ana the rea<ling unit for the 

inspection punch cards. 

(ii) Logic-board 

This board auto:oat-ically advances the check according 

to a program. ~e logic control unit is composed of an ele

ctronic circuit ecploying IC. 

• 
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Fig. J-17 Composition of the MObile Type Automatic Test 
unit for Substation Equ>pment 
(Inspection motorcar) 

(iii) Power Supply-board 

'nlis board configures. the yai"ious .types of po..er requued 

by the system and is di\rided into two boards, one to supply 

drive cur-rent to the protective i<!laY and to supply the con

trol power.for .t~<;.P<"-'er-bo.,rd and the other lo 'supply power 

to the re circuit. 

• 

' 
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( l v) Connecti"g Cable 

This cable is ~ conoect the power~board to be checked. 

to the test vehicle and is cornposed of 120 (2 =' " 22 + 

1.25 ~' x 99) 600 V vinyl·wires bundled and sheathed-in an 

~nsulator tub<!. 

[\1) Chassis 

Considering the need to carry out efficient mcolsurcments 
' 

~o~hile displaying it~ "'-'~ihty by going !nocn substaüon tO stili

,;;tation loaded '...ith test equip::ent, t.'le \lehicle selected \olas 

a popular ~Lcro bus of the 1,900 CC class. 

(e) Method of IJsage and Effect 

As the protective relay and c~rcuit breakers are operated 

actually curing the po~o~er-Ooard check_, the ;:~ain circuits are 

Cisconnected frorn the systel'l a."d the po .. ·er supply switch on 

t:oe po.,cr-board lS set to OFF whcn carrying out this check. 

Howevcr, as control pa,.,er is supplicd to the powcr-board 

fnm. inspection moto;ncar, ::he pewer-bo¡•::d "''ill be checked in 

::~.e sa."'e co,..dition as wher. operati!lg nonnally. 

b. Automatic Veüfication 

JJ;R has developed an a~:to::~atlc _verif~ca':oion syste~ which is . ' 
mere labor-savi~g than the r.obile test vehicle and it has coc

mer.~ec to use this systcrn in the substations of the Tohoku and 

Joetsu Shinkansen·. nus system solves th~ problem on a higher 

plane of the inabU~tY,CO.set desired pe:-iod of rneasuüng as it 

is necessary for the test v~C!ic:le to move frc::~ one area to <>nother 

anc: also the problern of the necd for tcstlng personnel. 

As seq·.J~ncers are used '" the pcr .. cr-boards of the substations 

in both Sh inl<.ar.sen , . a f ixed type p01o1e r-boa.r d ve ri fica tion sys tel!l 

-.·a; developed -..·hich uses this infOlr.lation proc:essing functions. 

In this system, ~he relay cir=it is conti.nually observed 

by the seq"encer and, in addition to using this·to prevent 
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erroneous cont.-ols originatinq in the input and output drcuits 

:of·.the sequencer, itihas,a.uniqu., self-analysis function such as ,.,., 

earrying,out verification of the protect:ive relay from the control 

office throuc¡h the remote control unit. J 

AUtOOiat:i'c verificaticn consists of the regular verificaticn 

and the pericdic varific<~tion. 

(a) Rec¡ular Verification 

In regular verificat.ion, input conditions to the sequencer 

-oí the ~lay.and other devices are cOntinually observed and 

when. "":irration~l input.. condiüan is:det.ect.ed, '-the na!lle and 

condit.ion of(the· input ate ~nemorized ;md DEFEcr DETECTE O is 

displayed. Also;,as-there·may~be-times wheh,the,sequencer does 

not:carry out correct:control•dependi;''l on the-type of.defect,:,_ . 

the control output .of <the .seque.ncer is ·locl<ed.in. this~instanc;:e -. 

to p:oevent erroneous operation. •· In this: ro.anner, ·t. he' functions-

.... 

' • in the regular verification are of e><tr_eme _importanoe in irnprov-

inc¡ the reliability<of the control unit includinc¡ tha sequencer . 

• (b) Pariodic Verification •• • • .. 
Periodic verification. is· a s:{"t"m in which:the.·protective 

relays•and:trouble·r"lays of desic¡nated·circuits are activated 

in successive arder b<1sed on st<~rt co=ands frol'l the operatinc¡

bo<~rd or the power information proc<:ssinc¡ systera and the action 

of these relays judc¡ed good or bad. In the case of the protec-

ti ve relay, the operating time and results of good or bad 

judgement•arc mP.rrDrized ~n the scquencer .ond, ~n·the case of 
' 

the trouble relay, the nll!ne of th<> detective relay is memorizad. 

It wil~ ·also be possible to meas~re the openi"rH¡ ~ closinc¡ 

time ofot.he,disconn<>cting swit.ches and.circuit breakcrs at the 

Held past of the substiltions. ln other words, if the devices 

are opencd and c'lo,ed in test condition, t.he ope_ratin<¡ t.i10e ~s 

automatic<~lly !TI!1asurcd and the measured results·and c¡ood or bad 

jud<¡ement for eaeh operation are mcmor~zed in t.hc sequencer 

unit. 
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'!'\lis system is a stationary substation type and moreover 

ve~ificatiOn by ~cmote control is also possible. As verifica

tion can be carried out at any time necessary and, as there will 

be no need to go to the si te to carry out the process, the 

e:fect oí this system on maintenance is extremely great. 

The va~ious data obta¡ned from automatic vcrification are 

sto~ed in the sequence~ and this data is transferred co SMIS 

upon receiving transfer demands from.tbe power information p~o

cessing system after first CO<:e':!unicating th>s to the control 

office. Over-all pr-ocessing of this infonnation is thcn c"rr>-ed 

OUt in the SMIS. 
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CIIA?TER 4. OVERHEAD Cet<TACT SYSTEM 

The overhead contact systcm for electric rollinq stock is an in

stallation provided to supply power ,to electric rolling stock and 

basically comprises supparts, feeder wire, protective wire and ctttenAry 

Une. The support includes a founda.tion, a pOle, a hinged c¡,ntilever, 

a cross-an• and so on lo'hile the catenary line qenerically representa 

an .. sseni:>ly consisting of the messenger wire, the contact wire and the 

hanger. 

'11l.e cOIJIP<)sition of ov.,rhead equipmcnt for AT feetHnq system is as 

shown in the above dill.grac. Needless to say, this structural arrange

ment as well as tlle pole equip.,nt. should be Olade dif!erent íf the 

feeding system is different. 

Const.-uctton of the SllpPOrt is in 1:10st cases deten:~ined by the 

cliiMtic conditions in the district and that of the catena.-y line 

dete.-olined by the opernt:inq condit:ions of elect:ric rolllllq st:oc;k. 
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ln the following are discussed some of the elc~nts that should"•• 

be t.iken into account fo.- m.lklng such a structural selection. 

4-l Cu:rrent-collecting Charac:teristics of c,.tenary System 

Construction of the catenary system in JNR can be roughly 

classified into two types, one for the conventional lines and the 

other for the Shinkansen. For the convcntional lines, there are 

further variat~ons, each selectively used to meet such specific local 

require,.,ts as load c~d+tions and train speed and m,. enviromnent.al 

coñditions -of the district (especially the -weat.her coodition <1S . . 
strong wind prevailsl. used with the Shinkansen is the overhead 

system:especiaLly~featuring~superb,perfo~nce:in.high-speed opera

tion .-

Further, it · should be;So•r::onstructed- that 'it can;pl'ovide ·good

current-collecting ·characteristics for·lon<¡-term :opcratiorr,: andtit9 -

capability to pcrform safely may not become irnpaired (due to deforma

tion·caused of wind, wcar of the contact wtre, and temperature 

difference between summer and winter, or due to accumulated fatigue 

of.each.catenary line.member), 

ln.view of the above,·the·factors which n:.y-b.,•u9ed·to•evaluate·· 

the current-<:ollecting charact.f!ristics tnclude: 

(1) Contact loss 

(2) Contact force between the cont.act wire and the pantograph 

(3) Uplift at the respective pai-tions in the span 

(4) Stress of wires and httings_ 

(5) Defono~~~tion of the catenary line caused by wind 

(ó) Up-and-down moveJOent of the pantograph 

(7) Noise and radio wave interference 

ror each cat.f!nary line, these tactor-s should be ascert.ained by 

""'ans of theoretical calculations, s10J.Jlatton tests and on-the-sit.e 

field tests. 
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4-1-1 Static Uplift of the Catenary Line 

(1) Static Uplift near the Central Part of Sp~~.n 

Uplift (y) .of load point on 

t.he string as shown in Fig. 4-1 

can be expressed by 

,. ' . . CT-TJ (TJP 

' 
• • • • . • • • • ( l) 

' 
Fig. 4-1 Uplift of the Loa'-' 

Point 

lo'here, 

y: uplift of the load point (m) 

S: Sp<U\ (lll) 
' ' 

T:~-tension cfcstring '(kgf) 

(kr,¡f) 

X" distance. between-the· sustainingcpoint' and load. point. (m). 

Equation (1) is holding true in the case of a simple string, 

but even in the case of the cat.cnary systee~, in general, in which 

two or three wi.-es such as ""'ssenger wire, auxiliary ""'ssenger 

wire and ccntact wire, uplift' is also-calculated as a simple 

string with 'little ·err=s·,- as-shown~iJFFig. 4-2 .. -

1 
'· ,, 

e:::::> ' - q_____j ~ '• 
'• ,, 

Fig. 4-:t Clllculiltion Model of Uplift of the Catenary Line 
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'nl.at is, the ...tlole tension ofwix-cs can be applied suhstitu

tionally to Equation (1). However, the scatic uplift of the 

catenary in case of l<>"d point near the sustaining point c:annot 

be evaluated by Equation {1). 

MO.-eover, the uplift ata hanger point can also be evaluated 

ne2>r the middle P"rt of span, but a c:alculation value by the 

Equation (l) wUl be a little s103llex- than the real valve between 

the hangers. 

(2) Static: Uplift at the SUstaining Point 

."'-
. [-:-[- • 1 

.>!: 

•• 

., . . 
' ' 

.. 

r·J..<:¡. 4-J Static: Uplift at the sust.aining Point 

Static: uplift at the sustaining point can be cxprcssed, in 

balance of-force·at both'hangex- points nea.-,the-sustaining point. 

and'the load point·according-to t.he codel shown.in F'1g .. 4-3, by 

\oihere, 

• 2!1+2n-l ,, 
......................... 

n: number of hangers, 1: distance between hangers 

Ot.her syd:>ols ne the same as in the Equation (l) 

"' 

A typical st.otic: uplitt of the contact wi.-e evaluated uoder 

t.he EqUations (1) and {2) is as Table 4-1. 
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Table 4-1 Sta tic Uplift of Each Catenary Line 

Catenary Syste"' 

Simple 

Heavy CompOund 

SCherMtic: Struc:tural 
Representation 

-rs;c-· - .. --! ~0.. 1 

(llhen P a 6 kqf) 

Upliít (r.::rn) 

Susuoin- Center 
ing Point of spa.n 

Relations becween tl>e static:.uplift and the c:urrent-c:ollec:ting 

charac:teristics are not always definite, but generally a greater 

statir:: uplift tends to r..ake a dyna,ic: Uplift greater, which not 

only induc':'s fatigue of c:atenary line t>et:bers but also lessens 

c:learanc:e of pantoqraph and fittings, and from the difference of 

uplift at supporting peint and l'lid-span can be inferred t.he up

and-down JIK)vel:J(!nt of the pantoqra¡:t>, 

4-1-2 oynamic: Uplift of Contact Wire 

(1) aastc: Vibration of catenary Line c:aused by Running of Train 

Vibration of t.he catenary line is very c:omplic:ated in spite 

of its structuralsimplicit¡. In order to ascertain an outline 

of catenary line viliration, it is iq>Ortant, therefore, to e10ploy 

a JIK)del as si.,ple as possible without losino; essenc:e of c:o01plex 

vibration. Followingsare the catenary line's behavior when it 

ts regarded as a siMple string supported at either ends. 
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the c:al=tation r:>e(lel is as shown 1.n Fig. 4~4 and equation 

of the vibrat1011 of the &tring as the followi.ng Equation (3). 

1 ' ,, upward force 

~ 
St-r inq ( p' T) 

~ 
,, runnin9 speed - L ' 

_, ,, line density of 
st.ring 

T< tension of "'• 
' ,, length of . .,.,. 

Fig. H """•' of ca::enary Line 
-·and PantOgnph System •• • .. . 

.. Propagation.velocity,of 'vibration .. 

Solvi'nq EqUation {)).,u 

y(t•O, x•x) • O 

*(t,.Oo.x~l "Oc· y (t .. t¡. x=S) "0:-

tlle following Equation~(4) can be obtained . 

• 

"" 
Str in<] 

' . " " 
r sin !!..!! 

n~l 5 ' ' 
} • • • • • ( 4) 

"" ' 
Equation (4) representing Uplift of the catenary line r:>ay 

be expressed as sho""' in Fig. 5 as sum of the static uplift and 

the amc:mnt equivalent to free oscillation of the string. 
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l'ig. 4-5 Gra¡>hicalization of Equation (4) 

Thus the uplift at the a.-bit:r,..ry poínt x can be obtained 

in a si.o:pl<! figure or asan algebnuc sue. Po.- exa::'.ple, the 

r:uxioum uplift at x " S/4 can be cbt:ained when the 1st and 2nd 

tcrt:l of Eq, (4), x/V (x " S/4) and (25-x)/C lx - S/4) .-espect-

i.V<!ly, ar" ti.J::angly co~ncided "'ith. 

' 
then, V • C/7" 14.3 (ro/s) 

lohen let e be 100 (m/s) 

51 [h.'hl 

Thus amount of the uplift, Y, can be obtained as 

' ' ' ' 11+14.3)} 
Y" (- . • "~ 1 14.3 ' ' ' ' ·ce-
l'iq. 

,_, 
compares "" theoretical value wlth t.hc cxperimencal 

value fo.- the catenary system >~ith a large dia,..,ter IM: St 2~0=', 

2,500kgf, 1\x: PH200=2 , 1,500l<gf. T: Gt230nan 2 , l,500kgfl. 

As seen from Fig. 4-6, the two sets of valucs coincide ~·ell 

..nich are Sllfficiently satisfactory ÍOI" p.-actical use of the re

sults obtain~d from the theoretical equation. 

ay applying ~quaticm (4), further!:lOre, a hi.ghly accurate 

an11 1ysis is done regarding the renlining vibr¡otion of the c:atenary 

system, the vibration of catomary system causcd by several plnto-

g:ra~s, ove:rlapping, ar~d the vibration of crossover etc . 
• 
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Fig. 4-6--. Cor.tparison,of.-Aet:ual'.Measured .. Value·wíth·_calculated Value-

(2):: COI:Ipllter·Sí!D.lliltiun 

In addition to the theoretical calculatí~ =ethod above, 

JNR does a.great deal-of-analysis·through-computer-simulation 

tor solving cor.~plicated phenomena of current collection such 

as 1n the case of-overlapping, hard spots, and deformed C<>terH>ry 

systems. 

A catenary line .. is.e~d-of-such-fittingS as-droppers-

and hangers attached te wires such as contact wires and messenger 

wires, et.c. Also the pantograph is a coroplicated assedlly of a 

slider contactll19- the cont.act wire, a pan. retaining springs, a 

""'-ln frame, main ~príngs, and da"'P"rs, etc. 

lt is almost impossible to analyze such compl1cated struc

tures as they are, while the siiDulation method enables us to 

analyze the system as it is. For this purpose, a suita.ble <:>Odel 

iS therefore re<¡~J>red. The folloliing Fig. 4-7 illustrates th" 

models of a main overhead system and a p<>ntograph. 

The most importarlt. thing in a simulation method is how well 

reality can be expressed; for this there is no other way than 

eoq>~~rison With tlle test results using an actual vehicl"-
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fig. 4-7 Sirnulation M<>dels of Dverhead Contact: Sy-stem 
and Pantograph 

Fiq. 4-9 illustrates a C<>r:l;:<lr"ison oí the measured value by 

test with the result oí siJ!Jllation of the displacement of the 

c:rossover (Cio].in ll.n" and side line) in case oí varied tensions 

of the overhead system. ''Ihe results show how well the sets of 

osc:illations coincide. The sinrulation method is firmly est;;tb

lished with such a confinnation. Using this method, r-esearch 

is being done on t.he inftuence oí speed, distance between 

po.ntograph and uplLft on the overhead system. We are able to 

calculate the cont.act loss :r;atio, the pantograph's up and down 

motion, the contact force as well as the uplift through the 

sii:JUlation method, which is presently beco:::e an advantao:~eous. 

step in !inding out the characteristics o! the dynamic behavior 

"ot overhead system and pantographs. 
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Fcr.you.- referem;e,-_s,., cf tl>e analyses Jllllde·by'tlle-si~m.~la

t.1on method are illustrated below, 
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F'ig. 4-9 Heasurcd and Si~lated Uplift Values of Heavy 
Cor.pcund Catcnary SysteOl 
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Fig. 4-8 shows a co~rison of the uplift overtime, while 

Fig. 4-9 is a cor.:parison of the ma.xi= values cf uplift at each 

positicn. In etther case it can be seen that they COincide "''nl 
with the ceasured values. 

Fig. 4-10 illustrates a compo.rison of overhead systems used 

in ,JNR conventional Unes through the Si!:lUlation ...,thod. 'I'he 

uplift of tlle contact Wire with high tension systeo is considered 

to be SDaller than other systems, with less oscillation and to 

have a st>all high and Low differences in the pantcx¡raph 1:10tion 

showl.ng a sC>OOth currer~t-collection. It can al so be seen that 

the vibrat~on is <llOre or less ar:plified ""d the variation of 

cont.act force becoc:>es bigger by successive pantOgraphs. 

[3) Exarnples of l~easured nata on Runnl.ng Tese· 

Figs. 4-Ll and 4-12 illustrate exar:ples of thc ceasured 

data on simple catenary system and dü-ect suspension system 

obtained by running a vehicle. 'Ihe items measured en both sys

tems "'" thc locus of the.pantograph, the contact loss, the 

contact fea-ce, the uplift ""d stress of the contact wi.-e, etc., 

each being measured in accordance with thcir test purposes. 

MeasureDents for the test were done by l=ding a r"al 

pantograph on the car applied of D,C linear ,otor, weighing about 

3,000 kg called the Testing Power Collection System by which a 

real pantog.-aph can !DOve "long a real overhead systeo for the 

test. '!'he test performed by this deyice, which is n<nl applicable 

only for running the car 'olith one p<lntog,aph, cakes it possl.hle 

to change the speed, the pantograph "P'''ard force and the condi

ttons of the overhead system. 

Fig. 4-13 shO'o/5 a ceq>arison of the simple catenary system 

'olith the direct suspension syste, reg;uding the relations between 

Sp<'ed and conU>ct logs !roe several test rcsults. "nlerc isno grcat 

difference bet><een the t'olo up to 120 kCI/h, but in the casc"of 

high speed, the conU>ct loss of the dir<'ct suspcnsion system 
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lnc~eases. Thc increascd contact loss l!lilkes lt impossllilc to·. 

supply the clcct~ic rol;.ing stock "'ith constant po..,.,r, ,..¡,ich 

results in producing an a~c bet....,en the contact "'ire and t.he 

pantograph,-incrcesing abresion.of t.he slider and contact "'ire. 

Of the current collection characteristics, the contact loss is 

very important as is the uplift of the cont.act wi.~e. so a 

pa.rticularly carcful test ltUSt be conducted in reqard to new 

types of catenaty systc::1s. The JNR has been recently planning 

t.o int';oduce the direct suspension systeo in order to dec~ease 

the electrif~cation cost. The following is an cutline of the 

investiglltion. 

The di.rect suspension system has messager whes. n:.e 

de!:"le~its of this systec are as follows. 

(~) Difficulty in laying the syst.em 

(ii) Inferiority in cunent collection characteristics 

(i.ii) Increase in stress of cont.act wtre 

'!'he above dc=rits r.>Jst be ccns1dered, and after confirming 

such.characteristlcs tluough various kinds of tests, judge...,nt 

for its practica! use shculd be r.ade. 

(a) l!o"' to Set the TenSiDII of Stitchcd ~irc and How t.o ~..:>y It 

In both thc case of a stitched SÜII¡>le catenary system 

and the case of a düect suspension system with stitch wir<! 

as shown in Fig . .;-12, i.t is il:portant that the syst.em height 

and the tension of the stitch are proper. '!'he di~ect suspension 

sy~te~:~ here is designed to relieve stress at the sustaini.ng 

points using st.i.tch o;üe w~th a spring. 

L 10 before laying =st be a little long<!r tha.n L 11¡1 1 

in proporticn to the syst.e,. height and wire str<!tching fror:¡ 

tension. considering this value for Lx, 

Lu(To-Tu) 

2A¡E1 
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Fiq. 4-12 Measure~nts of Direct SUspension System 
during Running Test 
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Befen: Laying After lay>ng 

Fi<;J. 4-15 Condit.ions for !nstalllng Stitch '.-/in: 
in Dircct. Suspension System 

(b). Mcasllring thc Contact Loss & Cont.:'ct Force: 

Figs. 4-13 and 4-14 ~how th<1 resutcs of the m~asurements 

celated to th<! contact loss n•tio of t.'"Je direct suspension 

syster:l and thc rr-'.xu:•..trn v¡¡lue of the <:onr.act force. These 

results show thnt both bccome higher with the speed, We have 

no a•·thorizcd allow<~ble l~mit related to t.\-¡ese values, bu t. a 

proper juds¡en>ent l:llst be made cons~dering the number of tra;.ns 

(the nurnber of pantoqraphs p.:>ssi.ng throuqh) and the ;;-:.in~enance 

con di t:ions, 

(e) St.-ess of the Contact Wire 

For :Judginq the conditions of the cont.act "'ire fatigue in 

the following desci"iptio.,, th<! st::es~ of contact wü·e i~ w.casureC 

as sho"om. in l'lg. ~~LG. 

The stress is very different depcnding on \ohether the 

stitch wirehds or does not h"ve a spring, and it al so increascs 

with ircreased speed. In consüleratioro of the results of 

these tests, the JNR h"s dec1ded to St.art putting the direct 

suspension syüe"' into pr.,ctic"l use. 

"' 
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Fig. 4·16 Stress of the Conta<:t Wire 

~-2-1 s~pporting St.ructun: and MeSs<mger Wircs 

(1) supporting Structure 

The JNR has rap1dly develo~d its electrification since the 

end of World war II, using wooden potes ¡:¡ainly as the supp<>rts 

for the ovechead cont.ilct system because of a short.age of lllilterials, 

etc. However, concrete poles have cOU'IE! into use as.the standard 

because wooden peles erected in mo~st land often rotted within a 

short period CV<!I\ aft"r creosotl.!'lg ....,s <!pplied, and because the 

mechanical strength of the wooden peles wasn't prec1se. 

Particularly '" Japan, concrete poles are.extcns1vety adopted in 

areas of rlch productlOO of lime-stone which is the ""':m co=ponent. 

of concrete, and also the cost of concrete peles is extremely 

che.,per i>S _r;;o:::pared "ah such steel products as iron poles, H-

type stcel poles and stcel pipe poles, etc. l<lso m.:~.intcnanee 

is not ner;;essary for anu-corrosi.on. Prestrcssed conrct" poles 

(pC polcs) are !10\1 beln<;¡ used for alogstalloverhead contactsyste=:s. 

- :200 

1 
1 
' 
1 
1 

1 

1 

' 
1 

1 



1 

! 
1 

1 

1 
! 

... . . 
' • ' ' 11 ~ 

.. 

11111!11 the lenqth and l.ntensl.ty are decided according t.o the condi

tions of their "se, " proper selecuon fro01 among the application 

U.st i:s made for t."eir use. ln general, the us.l.qe cond~t~ons of 

the p<>les are different, so a great many kinds of peles are 

t"equired. But we are promot1ng reduction in product.ion cost.s <>y 

plannl.ng standardi:>.atic."' of the products and decreas~ng :he 

nucber of klllds te a mu>ill'Jm. 

For your reference, 'f<>.ble 4-2 sho•,;s a list of applica:i.o:~s 

of the polos for J11R's convent~onal lines. 

Table 4-2 Applicable Peles· 

Length '"' BendLng Clamen t. (kgf-ml Di<~mcter (cm) 

9 5,000 

" 5,000, 6,500 

u 5,000, 6,500, 7,500 
, 

" 5,000, 6,500, 7,500 

" 7,500 

" 7,500 

'!'he minUouo bendi.ng roc--..nt in this ~le is 5,000 kgf-1:1. 

'l'his is in clase relat,.on to J.lf"'nese clir.olt:ic condit.ions, loinch 

is a !Mjor factor for t.'1.e .nm applying 40 ro/s fo<" tite c:alc:ulation 

of intensity of the supporting structure, Considering the c:lLm:~

tic conditions and c<~.tenary systems ecployed in foreign countries, 

the applic<~.tion of 11-shape steet can •lso be c:onsülered as it 

generally, =kes tha design bend..r.g.cocent s=ller. ln this 

point, wc are going to take up a few CO!:p.>r<>Uve exacples re

b.ting to the 2.'ld class I'C polos u.:.ed for t.he JNR's overhead 

C'IZ\Uct ~sce01 and t.•w Lst. ctass I'C pcllés .S. H-shape steel potes 

ased for pow<!t distriJ:lutJ.on lines. 

• 



{a) O!.aractel:istics of Poles 

Characteristics of H-shape 

·- """ 1 ••c~~•l 
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IC•lcubtion 

~0'>00< 

~~~0•1>0 ISO ISO 1· Jl.~ ,l,MC >f.l 119 lS.l 1,600 

17Sil7111H 112.s 2,100 7n 26~ 90.9 ••• oc 

200. 8.10 ].61 lll 67.6 1 4,S70 

Characteristics of Prestressed Concrete Poles 

.... ·-· ·~••~~ o! """~" 
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lte!ecenee 
~09<1'1 ·-· nendU>g 
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(c.,) !col 
-~· '"' l<q!l l>o > ,., l>qf ·ol 

PI0-19-lSO · " .. 
1 
ll.l "' '" 9 .os 

1 
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PI0-19-SOO " .. 
1 

¡¡ .l .., 
1 "' 8 .os 4 ,OlS '"' lH Chu 

to-Js-,s.ooo " " " .., 
'" 8.0S s,ooo 1. no lod eh•• 

(b) The StancJ.¡¡.-d Pole 1\sse::-bly and Dcsiqn !lending ~.o.,cnt 

The size of each part of tlle standard assecl:>ly for the 

pur-pos<! of calculation of intensity i_;; "-" shown in rig. 4-17. 

1\lso, Table 4-3 shows exarnpleS of i::alculations of intenüty. 
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Fi9. 4-17 Diagra~ of ~T Feeder ~¡pe Standdrd 
Pole Asse::bly (Conventional LU\e) 

' ' ' = 

= o • o o -

In the case of a straight Une p.l.rt or tlle applicable wind 

velocity being small as shown in Table 2-l, the appllcation of 

H-shapc stel!l pole is also fully considered. 

(e) Deflection of H-shape Steel Pole 

lolhen t.h, wind blows at 30 m/s, as L'l t.he JNR's regulations, 

the poles 01.1st not be deflected ""'"" than 50 = at the heH~ht 

o! the contact wire so that the contact wire will not come off 

t.he ~ntograph. 
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Table 4-3 Pesign Mo""'nts 

Uno S•5Sm R•600m s·~o~ •-lOO.. s-•o• 
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(2) lliru~ed C.ntilcver 

Fig. 17 shows a standard pele of a liT feedin9 syste"' for 

convencional lines .. ~s you can see from this d1agra~n, the 

eatenary linc is supported by the hinged eantilever. By a cOlll

binatlon o! the h1n9ed cantilever with the auto<r.atic tension 

control system, the tension·of the catenary line can always be 

kept constant. As t.'le 1ncrease in the tens10n of the catcnary lille 

due toa change of te:nperature presents the U..ngerof Wlre~ break1ng. 

ora decrcase in tcns1on causbq deterloration of the cur,·ent 

collcction characteusti::s, maintenance is of considerable irn-

portance in the .. .:mager.>'nt of ~'le catenary lwe. ln order to 

achievc better current colleccion charactcrlStlCs and a decreased 

amount of ma1ntenance, the ~R uses many hingcd cant1levers. 

(]) Matcrials of thc Messenger Wires 

.'!lle ideal ,..ssenqer "'ire has t..'le followillq t"Wo qualities. 

(a) The contact wire hanqs horizontallY 

(b) 1\ portien of load current flows 

Table 4-5 shows a co<:~p<>rison of each quality related to 

iron and coppcr alloy rncssen<Jer wires used at on~ t.;mc or <>~ot~'"~ 

by the JN!l. 

Table 4-S Compar1so:1 of Iron ~-~cssenqer Wae with Copper 
Mcssenger Wire 

.... ~, .... , .. -- ...... ,., .... "'"" o< ,. .. 
•• '""" o< o <Op .. < 

"'''"'""'""· ..... ,,. @ o ... ,, __ ,, , ... , .. ,,,,," 
"'•"'"' """"1 ..... -· o @ ..... .,, ..... , .... 
....... '""'''""" '''"'"' @ 

1 o "' 1 "" . "''" ""'"''""''' 
""""""' 

1 o '"'•"' """" 
1 @ <ono•l<'"' oy ·-- .......... ............. , .. , @ '""" .. '' 6 ........ ,., 

<n•H•<•Lty o< .... , ... '" •• ......... 6 "''""'"""''"• ........... o '""' ...... ~-.. .... """""'"' 
"'"''·~· 

..... @ ............... ,, 6 ,.,,:,,., ........ 
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As shown in '!"able 4-S, neither tlle tren or tlle copper ~lloy 

can necessarily be coriside::ed the bes~ selection bec<~use both 

have their respective mer~ts and demerits. Ho~ver, both of 

tllem m.:~.y be )<Jdqed advantageous llnder tlle indiv1dual cOWlt.r¡'s 

special circumst.ances lfor inst.ance, high speed and !!!Ulti

pa.ntogcaphs, electr1cal po"""r sources, resources, ar1d en·:,~on:oNl

ta.l pollution prob~emsJ, The JNR ,-,;dnly uses Lron ::".essen-;Qr •Jire:s 

taking these condi~ions i.n~o c"ns1derat1on. 

(a)· Vih.-atlon Fat.igue Charact.er1st.~cs 

Fig. lB illustutes t.ypical fatigue curves of iron and 

copper. Complete care must be t.aken U1 the actual selection 

of the rnaterials because these fatigue curves vary in accord-

ance with tlle component of the mterial and the proc:essing 

deg.-ee. 

1 

, '--++1 ++-1 +~ .!1. <---+-1 11:----~--+-:-1 i ++-¡ 1 -1----+l-++ll !-!1 
' 1 m,_ ¡ 111 1 11 

" 1-+1 ttt-+-"HI K-c:
1

1,+-+l +fi i Í:-+--''-+1 ++11-1 
111 ·0J. 1 1 ! 111 
1 1 rt+.... 111 ,,r-~++-1--~++-1--e+++~--c+++--" 

1 11 1 111 ' i 111 
l J 4 5 ~ J 4 5 

10 7 2 

---- Numb~r of cycles 

Fig. 4-18 Fatigue Curves (S-N Curve) 

w• 

• tron 
• Coppe~ 
~lloy 

'I"he stress which oc:c:urs by the po.ssing of n pantoqrnph or 

by the wind ""ries according to the overhrod syst.e¡:¡ and the 

speed, but it is ac:tl.lollly measured in a rilnge of ilbo<Jt 5 to 

' . lO kgf/mm . Ho.....,ver, it is c:onsidered tll.ilt stress exists in 

exc:ess of the actual JOE'üSUred value because of the ant.~c:ipo.ted 
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intensive suess c;,.used by the occu.-.-cncc of e.-rors ;,.t the 

time of inst.>Ua~ion, """"r or corrosion. 'Ihercfore, selccuon 

of the !lllterial mJSt be =de accounting for tnaintainilbility 

and reli4bihty against fatigue. 

(b} Current C.:.pacity "'Uh the Catenary Line System 

The elecu~cal cha.-accer~st1CS of the cat=ar¡ line 

depend upon the train's drivlng conditions, l.'hich affect t1.·o 

factors, i.e. a rise in te"'perature of thc contact "'irc and 

11 vol t.age drop. 

'Ihe '''"'1Cllo tolerable tel:lper"'-ture of t.':le contact 'Wirl! lil 

the JNR .is go•c considel-ing softening characteristics, stretch-

ing char,.cteristics at high temper,.ture, stretching of the 

contact wue, a~d the design ot the metal fittings. Based on 

this, Table 4-6 shows the calculated tolerable Current.s of · 

catenary 11nes. 

Tiillle 4-G Tolenble Currents of Cat.enary Lines 

Klnd of catenary llnes Cu.-.-cn t capa e lty 
(a<;"t<!r contoct 

Messcngc.- wiru 
lluxlliary 
messenge.-

contact wlrl! wire is worn) 
(A) 

Cdcu "= ' " uomrn' (8. 5) "' -

" 
" 
" 

901:1!11 2 - " 110m::/ (8 . 5 ) '" 
135=

1 - " 170=1 {9. 5) so; 

180~:~~:~ 1 " t50= 1 

" 170= ' ( 9 . 5) 1,085 

Wind vctocity 0.5 1."1/s, 11count of sun-shine 0.1 W/cl4', 

t:~at radiation cD<lffcient 0.9 

{ ) shows the .-em,nning dlalTI<!ter after abras1on of the 

cont..act wire. 

In the case of thc 1rcn rnesscnger wire, the curnmt 

cap<>city decreases l"ll.l.Ch as cc:::pa.-ed Wlth the copper !llCSsenger 

"wire, and considering the >.ntcnoittent condit.ions which are 

charactcristic of elcctric r<nl"'"l' load, th" peak valuc 
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of the current capacity ~n 'l'able 4-ó is scveral times 

tolerable. Even under heavy condit~ons cf convent(onal LU'e 

train operation. in the .JNR's A.C. ele-ctr~ficaUon d>st.nc~s 

(20 l<V, BT, average d!.swnces between the subst:.lt.tons, 3C l<c), 

te!Dfleratllres of con.~ct wir~s composed of a simple catenil<"J 

(St 90r.~~~~1 -Gt llO::-.::>'l anda heavy si.-.ple catenary !St. l3S:o.:o' 

-Gt 170m:n2) do not exceed the deter::li.ned vallles. 

Howcver, in the case of an e lec trie lOCot:>Ot.ive ·.<it.h a 

-~arqe caP"c~ty (i.ncludi.ng connectcd locorootives) or> succcssive 

asccndwq slopcs "r.d at." filr dist.a"r>ce.betweer> the suhswtions, 

the calculation of the catenary ll!le syste"' <tlllst be fi><ed 

caLculating a rise in t.'"te temperat.ure of the cont.a.ct wir<! in 

proportion to th<! Lo4d conditions. 

(e) Kinds_ofMesscnger Wires and Voltage Drop 

Regardi.ng AT f"edinq system volt.a.ge drop very co:::pllcat.e:: 

calculatl.ons are qenerally reqllired, so effects óf the kinds 

of <OOSscnger wi..,s on voltage drop =st :Oe cornpa.red on th<! 

basis of the actual rneasured vallles in the .JNR's elcctrifleC 

districts. Table 4-7 shows a con:par~son of tt.e k~r.:;J.s of """sSic.· 

ger wirc and their <!ffect on voltag'· drop. 

"rabie 4-7 Li.nC Irnp<!dance 

L1ne lmpedance of BT Feeding Syste~ 

""" 
.. ,.,_ ... •• ........... .,< • ¡,,,.,,. "'"' 

<w< ¡llJ.,., 1 '""·•·• 
' .. ,., -· '"'"""" - ~ .... . . "'"' .. , '·"' . , ...... o m 0.01. 
oro At ~ 

~ .... ...... - ........ ""= . .. ,.. • , ... ., . o .• ,. . .. ,. . . "' "" • ......... -......... " -.. • . .., .. . , .. '" . ,_ ... ,, ..... 
•r•Al>OO 

' .. ,., o.,. •• 
,~ ..... ····· o."' --··· ....... , . ...., ..... .. """' .. " •• " •• 

""""'"'"" ""P·•• -·~ ''"" . '·'"' • , .. "' . '·"" o "' ,.. "' .. ~ ...... . ...... ..... " 
. '·"'. , ..... . ..... .. '" .. "" '" ' .. ... ......... 

~-,..,. '"'"""""" .. . """' .. . '·"'. ,,_,., ..... , • ••• J 

'"'"' .. "" •• . "'"' .. ..... "' 
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Table 4-7 L~ne Impcdance 

Line Icpedance of AT Feeding System 

~ 

1 
....... "" ·-·· • "'"' ......... ""' "'' .... o<ll"'' ,.,,_ ... , 

......... " . " 00 

'"" 
........ , . "'"'"'" ' . , "' " .. ,. ... JO. )l., - 0.<1'10 o.,., 

' . " " .. " '" ''""'" •• . , '" . O.Olo! , .. "'' . "·"'" "-'" •••••••••• '"'''' ......... . ' . , '" ' . " '" 
1 ........... " . " 00 

1 <.11>0. , .... .,. 
.. .., ... _ ._ ...... ' . , "' " 0.!100 o·'" ' . " " 

" - 5< "' 
o.mo 1 ..... o.., .... - .... " .. . , "' . ._., .. ,._,,, . "' '"" .......... ' . , '" .. ., "' 

As we have no example of syste~s using coppar messenger wire 

in l.le AT disn~cts of the JNR's conventional llne, there >S 

no such description in Table J-7. However, bccause thc 

voltage drop ir. the >ron cessenger wire in the BT d>strict 

is a 15\ largcr than in the iron system and the voltage drop 

1n the AT district is about l/3 t~mes as much as 1n thc BT 

district, we can guess that there is little difference in 

voltage drop between the iron and copper systcm mcssengcr 

wires in the AT district. 

The voltagc drop is very little in the AT distrlct in 

view of the characteristics of the feeder circuit, causing 

no particular problems. 

(d) Othen 

The wave propagation velocity,C mentioned in the scction 

on the dynanic uplift of catenary line is generally described 

••• 
T: Tension, P: wire density 

This is used as the indcx of the current collection 

effic~ency, parUcularly of high speecl efficiency. If e is 

larqe, occurrence of contact loss will also decrease to 
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ATA cont.act wire with a longcr length steel belt coatcd with 

~lumin~ ~t. both ends lS being developed now. At-the-site 

test res~lts show it has good currcnt collection characteristics 

and anti-abrasion characteristlcs, wh1ch leads us te cxpect its 

practica! use in the near tuture. 

4-2-2 Suspension Systc~ and Span 

"' 

'" 

"' 

"' 

Based on past Japanese clull.ltlc condltlons, the Jt;R has its 

set conditions such as "No destruction of the supports of the 

overhcad co.,tact systc1:1 "'" a wUld velocicy o< 40~:~/s (securing the 

safety f.lctor th"t is fixad on cach "quipm<lnt), a"d possibility oí 

smooth traffic operation eve" under a wind velocity of 30m/s

according to the calculated strcngth for the supports oí the 

contact system. In this respect, considering the slack oí the 

contact wires and jolting oí thc vehicles under strong winds, 

the ~:~ax>mum span was íixed so that thc contact wire will not come 

off the pantograph. The conditions for fixing the span are as 

shown i" Table 4-8. 

Table 4-8 Conditions for Fixing the Span 

Reference 
Itero Value value 

<=> 
Deflectlon of co.,tact 
wire when no strong usually, e e o '"""" wc 
wind blows 

Deflection of contact. 
wire due to turning 

Usually, '" "'''" '" o< "' hinc¡er cant.~- co 

le ver 

Ocflection of cont.lct 
wire du<> co sl.ock of JNR provided as SOmm '" "' support 

Ocflection of contact 
wire due co turnin<¡ ·------ '" M thc ba"c 
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The span calculated here is based on the ~ference Value in T~ble 

4-8, and differs mero or less by the valucs in Items (1), (l) and 

(6). But the diffc~ence of t.he max~mum sp11.n is <1lmost the s11.me. 

Thus the span is allo~ed te be stret.ched 15\ for cont11.ct wircs 

w~th hiqh t.ens~on, and an approximate lO\ reduction of construc

tlOil expenses under thlS method can be expected. 

However, it is also possible to enlarge the span very g~catly 

in the area where stronq winds rarely blow. ~evertheless, as the 

height and intensity of supports must be increased because of the 

system height, it is imposs1ble to expect econom1c 11.dvantages. 

4-3 Maintenance of the overhead cont11.ct System 

4-3-1 Consideratlons in Maintenance 

Maintenance of the overhead contact system is considered 

preventive maintcnance, taking into account the s~rvice life of 

the equipment. t.o take necess11.ry measureS. 

The two main !actors o! det.erioration of the equipment are 

as follows. 

(l) caused by the equ1pment ent.ering the over-age pcriod and 

reaching the end of its service life. 

(2) Caused by a provisional disorder 1n the equlpment e>.ceeding 

some limit value. 

As the t~o functional types o! deterioration have respectively 

differenr signs, dif!erent procedurc.s must be taken. 

\oie are manag>ng thc service life of the equipmcnt whose ·func

tional loss is caused by the first factor, and performing a pre

ventive maintenar.co of those ~hose functional loss is caused by t.he 

second !actor chrough management of the limit value involved. 

rn the service l1fe manageing method it is necessary to 

recogni:::e the CJ.me t.efore the equipment loses its funct~on due to 

over-<~ge and deteriorat10n. 
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We have three ways of ohecking, "Estahlishing the service 

life", "Whole inspection", and ·s~pling inspection•. 

Estahlishing the service lifc ~eans a procedure in wh1oh 

the effective service life of the equipmet is determlned at the 

ti~e of installation, managing the passage of years t1ll the ti~e 

of their effective service life. 

Regsrdinq the equipment for whioh the service life can not be 

quantitatively cheoked because of a lack of data, the inspection 

should be carrled out at the tlme preswned to be the "Over-agc 

period" to judge the functional loss time causcd by aver-age and 

deterioration. 

The inspection conslsts Of e..·o kinds, (1) ilhole rnspection 

(2) Sampling Inspection. The whole inspeotion is conducted re

garding equi~ent which can be effioiently inspected by inspection 

instruments. 

Manual inspection, in principie, is applied for the sarnpling 

inspection to judge the re=in~ng se::vice life of the lot concerned 

to take the necessary steps according to the result of the lnspcc

tion. The sampling inspection applied is mainly the method called 

the s~pling inspection by variables which is carried out in 

quality control. 

0n the other hand, in the l~it value rnanage~ent oethod, which 

is applled to ~intain the catenary structure or catenary align

rnent, necessary 'action is taken when th., limit value concerning 

each part occurs. 

The perfo~ce of impro~ed ~intenance for accurate control 

and energy-efficicncy are being planned using instrumental rneasure

ments. 

4-J-2 Instrumental Inspection 

The electric ""'asuring inspection car installed with ~casuring 

i.nspection apparatus is e=ployed by the JNR for instr=ental in

spection of the contact systern equipment. The elcctric measuring 

inspeotion car perfo~s inspections of the contact system equi~ent, 
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COntact wire 

Vldeo signal of 
sl1d1ng- surf-lce 
width of cont,.cc 

~~ 
Liqht rece~lii-;) 

....... """N 1 ···· ·········· 1;··-q-(.¿J ;..':!pli<ter 

P.evolvinq 
IIÚrror 

Filter photoelectric 
transducer 

·Fiq. 4-19 Principies of Measuc·ing Abr-lsion of Cont-lct 
wire ln th a La ser aeam 

of the reflected li<¡ht from the contact ~o~ire is in pr_o¡>Ortion 

to the width of the sllding surface of the contact ~o~ire, so 

this t1me durntion lS transformed into a voltage to measure 

the &:~<>unt of abrasion of the wire. 

The .ain characteristtcs of the cont,.ct wire abrasion 

measuring apparatus are as follo~o~s. 

1) can measure reqardless daytime or niqht. 

2) ·rour contact odres can be simultaneously measured. 

J) _,ccuracy of measurement is 0.2= 

Fi·J· 4-~0 shows "" exa.'!lplo of abraston measuretoent of the 

contact wire. 

(b) Height of the Contact wire 

The coneact wire must be la1d of a untfono beiqht with

out extreme hiqh and low difference to allo~o~ the a pantograph 

"qood currcnt collcction. Orlqinally, measurernent of th~ 

beiqht and d~vtation of the contact wire ~o~as pcrformcJ by 

qauqe ¡.><>le »hown in riq. 4-21. 
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Fig. 4-20 Example of Mcasured Ab~asion of the Cont .. ~t wire 
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Fig. 4-21 Measuring by Gauge Pole 

The dyn~ic heiqht of the ccntact w1re frorn the rails 

is measured by the electric measuring 1nspection car. 

The principie of height !:leasuring is shown in Fig. 4-22. 

The ma1n shaft of the pantograph re,olves through the up and 

down mction in accordan.;:e with the variance of the heic;ht of 

the contact wire. 

The revolv1ng angle of the =ain shaft of the p3ntograph 

is led to the potential meter installed on the roof of the 

measuring 1nspection car through the insulator to rnake dhe 

height signa!. 

@ Pantograph G9 Oontact w1re 

z.¡¡dn shaft 

(j) rnsulat.Or 

1 . GY Potential meter 

C>.r's roof 

Fig. 4-22 Diagr~ of Measuring the Height of the Contact Wire 
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(e)· Deviation of the Cont.oct Wire 

Laying thc contact wire with a proper deviat1on is an 

essentlal cond1tion for ma1ntaining good cur~ent collection. 

Mea5urement of the dev1ation is one appl1cation of the 

principie of the laser type abrasion measurement of the 

contact wire. The degree of devution of the contact wire 

can be detected by measuring the time interval botween the 

start of beam scanning and the u...e oi retlection by the 

contact wire. 

,_-- Deviation of contact wire 

,_---f--------+ ¡·s;t::::::f::~Contact wire 
1 1- PantograFh slider 

lstartl {E::nd) 

"---

' 
Sat.ple 

Synchronizing 
signal 

CoWlter number 

Fiq. 4-23 Dlagram of ?dnciple of Measudng the Deviation 
of thc Contact W1re 
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{d) Obstacles in the Way of the Pantograph orivinq 

The obstac:le detecto.- detects obstacles when the panco

qraph -passes as "'ell as wrongly flt.ted angles o! che contact 

syste~n fitüngs (stay b.-aces, pull-off fitt~nqs). 

The pan Of the pantograph is equipped with an antcnna 

with aClicro-switch "hich give5 a signa! when che fitüng of 

the contact system hits the antenna. 

(e} Hard Spot 

!n the case of the contact wire having a pa.-tially h~avy 

part, or having sorne bad peines, the pantograph will be jolced 

causing concact loss or a parcial wear of che contact w1re. 

The hard spot detector deteccs accelerat1on in the for-

w&rd-backward and upwacd-downwa.-d directions given to the pan 

o f. panto9raph by a wüe strain gauge-type accele::-o;:-,eter on . 

the reverse s1de o! the pan. 

{2) Oata Process 

The d"t" measured and processed by the electr1c measuring 

inSpection car are effectively util1zed for ma1ntenance and 

c<>ntrol ,.,f the overhead contact syste"' te secure safety in 

tr&!fic operation. 

The electric measuring inspection car is equipped with 

data processing apparatus ~inly composed of a mini-computer 

{llll!mory capacity J21<W) for the purpose of immC<iiate processing 

the measured data during operation. 

The processed data is output in digital ' analogue. The 

diqital data is output by two te=inal devices, (l) a high speed 

printer (whole data output at each spanl and {~) typewriter 

{alarm1ng data output). 

Table 4-9 and Fig. 4-24 show the digital data and analogue 

data processed during operation. 

Horeover,- the entire d"ta measured are recorded in a magnctic 

tape in analogue by the data recorder and are effectively utili~ed 

for time series control of the cont,.ct wire abrasion . 
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(J) tleasurement Period 

The electric 'measuring inspe<?tion cars are stationed in 7 

groups on conventional lines throughout Japan. 

The ~~~~er of mcasuring inspettions is 4 times a year· in 

each d1strict. In addition, two inspection cars are employ->d 

on the TOkaido & sanyo Sh>nkansen Lines. The usual running 

speed is 210 km/h and the"number of measuring inspections is 

once a "'eek. 

4-4 Mechanizcd Construction 

Of the construct>on work related to the overhead contact system, 

the mechanized construction is to be done for the following items. 

(1) Supports 

New installation of electric peles 

New installation of beams 

(2) Catenary 

Extension of messenger w1re 

Extension of auxil1ary oessenger wire 

Extension of contact wire 

(3} Feeder Wire 

Extension of feeder wire 

In addition, sorne construction work related to the cross-arms, 

ínsulators, or fittíngs for the contact wire 1s occasionally done 

usíng a construction car. 

While details are indicated in the attached appendix, it is 

very convenient in the case of new pele 1nstallation on the 

conventional lines to us~ a truck-crane loaded on iron car trucks 

called low floor cll.r trucks. In construction work on the extcnsion 

of the .contact wire on the Shinkansen, work ~s carried out using a 

combin"d party·,.ith a wi(e-cxtension car anda work car. As we are 

ll.hle to devise cfficient and econor.lical work through the mechanued 

construet.ion ""'thod, safety of the work is attained. 
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Re9ard1ng the constn~ction of a nev Shinkansen contact wirc 

or replacing a ' conta.ct wire, ""'chanizcd constn~ction ~s fully 

employed, and in the electrified construction on convent~onal 

lin.es as well, the mecharnzed construc:tion .,ethod is adopted in 

districts ..mere c:onstruction i.nterval at night-ti!:le i.s availabl.,. 
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OiAPTER S. ELECfRlFICIITION ANO SIGNiü.LUlG 

S-1 Aut~tic Siqnals 

5-1-1 Tl:ain Cperation and llutomatic Block System 

The section which can be occupied by one train is ca11ed a 

nblock &ection". The tablet block system, tokenless block system, 

etc. are systems in which the conditions of the block section are 

set artificially. Namely, one section between a station and the 

next station is taken as one block section within which only one 

tJCain can run. 

The automatic block system is a system in which the train 

itself automatically sets the conditions Of the block. The ex

istence of a train is detected by the track circuit, and the 

signals are indicated on signa! devices, thus the desired nu=ber 

of trains can run between two stations. 

The automatic block system reduces the train intecval to a 

minimum, therefore track efficiency {capacity) can be increased. 

ln the .nlR, the fol1owinq ope-.::ation and safety systC!n are 

adopted. 

For double-track operation: 

For sinqle-t-.::ack operation' 

Automatic block system 

AUtomatic block system 

Tokenless block system 

Table block system 

Others 

5-1-2 Automatic Block System and Train Interval 

In the automatic block system, the minium headway, that is 

the miniUQ intecval of time in which a train can be operated, 

qreatly varíes depcndinq on the maximum speed, deceleration by 

brake, and siqnal indication system. Asto the siqnal device, 

the allowable speed is dete~ned in response to the siqnal indi

cators such as R {red) and Y {yellcw). The train ~st be cperated 

at such a speed that it can be decelerated with the manual b-.::ake 
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startin~ from time the operator sees the siqnal indication and 

stoppin~ at the position just in front of the signal. 

Therefore, in cases of trains with low rates of decelcration 

or those runnin~ at high speeds, it ~y be necessary to increase 

the number of signa! indication stages. The distance between thP 

signal devices, namely the block section, is sufficient, if it is 

longer than the distance required to acknowledge the signal indi

c.,tion. There is no problcm even if this is se11eral kilomaters. 

As the result, there are signal indicating system such as 

two aspect section, three·aspect section and four·aspect section 

systems. Aecording to the signal indicating systems, the l'linimum 

headway, namely .the cinterval · between ·.the.previousctrain, and.the. 

following .. t.rain, .is ~determinad. 

The three aspect section·system:a=ong those shown-in Fig. 5-l• 

is generally used·by•the JNR. ¡n the case of·limited express 

trains with a !!lilXil:!um speed of 120 kl:l/h and freight trains at 

75 kl:l/h (1,200 t hauling), the diat.ance to carry out the signal 

indication is 600 m,·and the distance between the signal devices 

is 1 to l.S.km, the-minimum headway is 3 to S minutes. 

!€WR 

1 bloc!: scction 

2 Aspect section system 

3 Aspect section system 

4 Aspect section system 

R: Stop 
YY: Restricted speed 
Y: Ci!lution 

YG: Reduced speed 
G: Proceed 

Fig. S-1 Signal Indicating system 

The rclation betwen the _mini"""" headw.oy and the dist.ance 

between signal devices in the three aspect section system, can 

be o~tained appro~l~tely by the following formul.o (See Fig. 5-2). 
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Point whe~e the signal 
indication is confirmed 

' 1 f-{) • f-{) 

Kinimum distance between trains: x' • 2x + t + 1 [km[ 

Mini.mum headway: y • ~ !ro.in) 
of the train [km!~:~inlv 

Length of t~ain: i (km] 

" three section 

" . constant 

1-"' o~ 
/ 

V / 

/ V 
/ / 

/ / 

" 
/ / 

1~ 
' ' ' ' ' 

, ' ' ' ' Distance between signal devices x [km) 

Fig. 5-2 The Relationship between the Minicul:l Headway·and 
the Distance between Signal Devices in the Th~ee 
1lspect section System (approximate c_alculationsl 
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cóncerning the are~ near a station, therc are various factors 

such as whether there are double tracks or a single track, whether 

the stationisa stnp or throuqh one, etc. The::efore, it is ::eco=

mended th.a.t ll run-cu::va be d::awn W obtain accu::ate pOBitions of 

siqnal devices and the .Unimum headway. It is also desirable that 

the siqnal devices between the stations fo:: an up-train and a down

train be inst.alled at the s......, position. 

5-1-3 Realization of Automatic siqnal System 

'I'he followinq systerns form the automaUc siqnal (block) system. 

Axle·counter_system 

Check-in/Check-out:system 

Continuous track·;ci.rcuit "syst.em· 

The axle counte::·system and check-in/check-out system are 

the siqnal control systems which d~t~ct and memoriz~ passinq 

trains at the position·where the siqnal devices are installed, witb 

control circuits between the signa! devices. 

on the.-othe:: hand, .. the ·continUOUII ;track-ci::cuit ·syst""' .controla 

the siqnaLdevice.whir;:b:detects·the exis~ce of.-the·trains. Further 

it-is also·a safety system as~it·is able-to·detect-the rail break

aqes and other danqerous conditions for train operation, and causes 

the siqnal clevice to indica te "R". 

Therefore the continuous track circuit system "is the main 

system used in JNR's signalling. 

5-1-4 '!'rack Capa.city 

T:<ack capacity means the maximum number of trains which can be 

operatecl in One day. 'l'he track capacity dependa on the duty of the 

line operated, the condition of the equipmcnt, the train speed and 

kinds of trains, et.c. 'I'hus. it is "!ry difficult to obtain an accurate 

figure f= t.rain capacity. 

Oonventionally, the ~rack capacity has been generally con

siderad as BO to 90 t.rains for a sinqle ~rack, ancl 240 to 270 trains 

for a double track (both ~ays). 
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conce~ning the ~track capacity calculation formula" below, 

and its result, it is like an appeal of a patient when the dia-

gnosis is closed condition of t.he trae!< capacity. Te judge the 

measures such as whether an interchanqe point or passing tracks 

shauld be newly constructed or \ihether a majot" operation such as 

additional construction of new line is necessary, a detailed 

examination into !uture transport dema.nds, strain of tr<>in diagram, 

and the effects of i~prov~ent, etc. are necessary. 

(1)· Single-track operation 

! t'''o":' N • >< f ,., 

N Track capacity (number of trains) 

t Average time of operation between stations for one train 
(Minute/nu..'"lber of trains) 

e Block time {minutes) 

Automatic block system, Controlled manual 
block system & TOkenless block system 1.5 minutes 

Other block systems 2.5 minutes 

f : ~ack utilization efficiency 0.6 as a rule 

ex .. mple of calculations, in the case of the aut,..tic block system: 

When, 

' . ,''i'c'i'1°C,,x 0.6 ~ 96 [nwnber of trains] 7.!>+l.S 

Time of total actual train 
operation between stations 
Number of schedule trains • 

• 7.5 lminute/nU-~er of traína] 

This numeric"l formula is for the calculation between stations, 

and the answer is the number of trains When a standard diagram is 

made for each line. Therefore, it does not take into consideration 

connections with adjacent lines. The conditions of spe<Oial express 

trains passinq throuqh, which has recently been increasing are also 
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not considered. However, because this calculation is simple, 

it is useful for understandinq the closed conditions of t~ack 

capacity, and since further examinations are done from every 

angle in projects of increased trains or inves~ent in equipment, 

this formula is widely used as a general objective. 

(2) oouble-track operation 

N One way track capacity; it must be calculated for each 
up-train and down-train. 

h.,= Interval-between 1the -following .high·speed train;- standard_ 
is 4 .,_-G·min. 

r . ; ' Miniln=:necessary·interval·between. the"' low .. speed • train
previously ·arrived :at -the -station and · the hiqh· speed 
train-later arrived-at the-station; standard time is 

y, 

V ' ; 

J "- 4 min. 

~n~mum necessary interval between the high·speed train 
previously departed from the station and the later low 
speed train leavinq the station:.qenerally 2.5 min. 

·-· o< hiqh -speed .trains · tin·percent) 

• way· 
· . .. 

Nud>er o< '~ speed trains '"' percentJ 

-
Where the nUI!lher of low speed trains means the nu:nber of 

trains except freiqht trains; and the number of hiqh spced 

trains means tha number of trains except freiqht trains 

and low speed trains. 

f Track utiliration efficiency; although it depends on the 

section's naturc, it is generally determincd as 0.6 "'0.75. 

(Dcacple of calculati.-.s). 

The s.cheduled trains are divided by speed classificati.-. as in 

Table S-1. 
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Table 5-l Speed Classification and Number of Trains 

Train -· ' ' ' • ' ' Te tal 

Time of train 
operation betveen 4'00~ 4 '15" 4'30" 5'oo~ 5'30" J'oo~ 

stat:ions 

Scheduled ·-, ' " " " ' "' of trains " 
Ratio of trai.n 
number 0.03 0.14 0.24 0.15 o. 41 0.03 LOO 

The number of high speed trains "v" is the ratio to the total 

number of trains, of the n~r of the trains of {ll to {4) ex

cluding {5) lo" Speed trains and (6) fraiqht trains, accnrdinq to 

the above train """rl<.s. And the nu::>ber of low speed trains "v'" 

is the percentaga nf trains with the train marl<. (5), Therefnre, 

according to Table 5-l. 

V a Q,Q) + 0.14 + 0.24 + 0.15 • 0,56 

v' - 0.41 

Then, the track capacity fnr one way "ti" is as follows: 

CCO'O~'"''c'"''..cc o.c-~''i''c'o'é"',''~·~·~~< ti~;: ><!•<: •129 hv'+{r+u+1)v 6><0.41+{4+2.5+1)><0.56 

When, h- 6(min.], r- 4(min.J, u • 2.5(min.], f- 0.6\min.] 

This formula is usefu1 in ana1ying the c1osed state nf the 

dnuble-track operation, as well as cases of sing1e-track capacity. 

rurthermore, collecting trains into the avai1able time zone, 

or standardization o! the train schedule&, is required to cope 

with the increasing number of trains. Then the operating avail

able n~r of trains in a period of time more often becomes the 

proble¡n. 

~s rneasures for increasinq transport to handle transport 

de,ands in double track operations, increasing hau11ng ton.nage, 

improving the quasi-parallel diagram to the complete parallel 

diaq<am, expanding the parallel diagram time zone, and standardi

zation the diagrac in the daytime ~i11 be prometed. 

- ' -
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In the case of the Tokaido-line of the JNR, the one way 

track capacity desi~ed to perfo~ the task of each train is 

120 1 the practica! limit which can be reali~ed, even though 

the speed of traína is partially sacrificed by the diagram 

standardization, is 240¡ and the physical limit is 300. 

5-2 Trae k circui t 

5-2-1 Track Circuit Systems 

(1) Classification of tr11ck ci.-cuit systems 

The track-cirauit systems which can be used.in.the AC. 

electrified syst= are divided into three kinds: the ·oc track · 

circuit, LFO (lov <frequancy). trick .circuit- (genez'ally ·up. to 

several hundred.H:t), and the ·AF- (audio·frequency) treck·· 

circuit, when classified by frequency. These track ci.-cuits 

each have their features of perfo.mance and character, and it 

is reco.mnended the decision as to which adopt to be lllllde, 

considering economy,and-maintenance;.utilizing-their·strong 

points. The- featurea .at-. the :3 systems,are,shcwn· in ,T.wJ.e-5-2. _ 

The charecteristics af these ere·summeri~ed belaw' 

(a) oc Trae!< Circuit (dngle-reil) 

a This system is s~le, maintenence is easy, and it is 

econaadcal. 

a The control distance is shorter t~ vith ather systems. 

a The system is easily affected by the rush current af an AC 

electric ralling stock ar the OC stray current. Palarization 

trends to occur in a PC sleeper section. 

When the single-rail track circuit is constructed in_the 

statian tracks, detecting breakages in the rail on the return 

circuit side i& i~possible, and the rail valtage in the case 

a! the rail breakage will rise considerably as aentioned in 

Item 5.2.3 111- Oonsidering theae points, the 3NR has adopted 

double-rail track circuits for main tracks in the statian track5, 



·-·-·· -· ·-·-

T&ble 5-2 aomparison of General Performance of the Three Tr&ck Circuit Syate=~ 

system OC Track Circuit LF Track Circuit AF Trae k Circui t 
Item (Single rail) (25 'V 400 t!Z) (1,000 'V 3,000 tlz) 

L Train detection It dependa on ueakage, COntrol length, =O action/releaae 
(Shunting sensitivity) ratio of·rel!t.y, etc. 

'· Raíl breakage detection lmpossible on the 
Possible 

Function return circuit •id• 
' . Tr&nsmission of =ultiple Possible up to four Posaible up to about 

infomation ln"pOs&ible piecsa of inforrnation ten pieces of intor-
(elthough dependa on mation (althout;~h da-
type) penda on type) 

•• Approach detection Imposaible Pouible 

Character- Notice the rush Noticc '"" , .. fro- tlotice <"• higher 
istiC& L Anti-interference current and '"" quency oscillation =' hannOnics 

stray current higher harmonics 
L Transmission distance 

~·· 
than 1 "" 2"-'4krn '" "" (G.::;, Q.5[S/krn)) 

Non-inaulation Impossible Difficult (BOundary pesoible (BOundary 
Economy ' . is not sharp) h sharp) 

'· Maintainability (Scope 
Generally, concentra- Concerntration of 

Simple tion cf electronic slectronic devicea 
· of concentration) 

devices i& posiÍible is possible 

Appli-
L Applica.ble rango 

cability 
Station tracks Station tracks and betwsen st:ations 



and has adopted, in part, sin~le-rail OC track circuits for 

sidetracku. Therefore, wben the single-rail De track circuit 

is used for a lllil.in track in the station tracks, it is desirable 

to take the necessary measures. 

(b) LF Track Circuit 

0 The control distance of this system is generally the lon9est 

among the three systems, and it ia economical. 

o Jt is·difficult to make the non-insulated track circuir., or 

'to make the multi-inforoation system. 

0 Much electric power'is required, with this system. 

Therefore, it.is:suitablu.forcthe._track:circuit.between 

stations ;, becaus.,--oofctho ;long:control-.distance,~if_there -no •. 

possibility-of·_changingcto-thecATC in the futura. And'if the 

glued insulation rail which has the sarne life as the ordinary 

rail insulation is used, the difficulty of maintaining rail 

insulation can be solved. 

rn·the<JNR,.in·.the·staticnctracka, the.divided and multi

pl ied -frequency _ track ·e Ucuit and .la.rge-scale. di v ided. frequency __ 

track circuits sre used, anddn.the-middle.ofct.he.stations, the 

divided frequency track circuit is applied at present. 1\lso 

types with lower po....,r conSUOIPtion are being developed. Ccn

cerning the 80 llz 1\C code track circuit, the application to the 

electrificatian of the 5eÍ:Ú-IM.in linea is in tlu• procesa of 

beinq exami.ned. 

(e) AF Track chcuit 

o This ma~es a mu)ti-intormation system easy, and it has a high 

possibility to develop to the ATC. 

o rt is easy !or making non-insulated track circuit, also for 

making th" level crossing control. 

0 lt is easy to concentrare electronic devices, and 45 a result 
~intenance is easy. 

Therefore, it is d"sir"d that the 1\P track circuir be used 

in the middle of stations where th" above .erits ar" utilized. 

The JNR uses the 1\F track circuit in th" r:ailway divisions "'here 
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no signa! high voltage power supply exists in the stations. 

The concentration of the devices te improve maintenance is 

under ex~ination. 

(2) Considerations about the Applhoation 

Signal tranSIOission by the track circuit is different fr010 

general transmission systems, in that the distribution constants 

'vazy. Therefore, the track circuit applied must be the syst~ 

which is sufficiently applicable for practica! use concerning 

' ' ' " 

'the shunting sensitivity, transmission distance, anti~disturbance, 

and rail breakage detection, etc., according to the change of 

these const~nts. 

(a) Features of Track Circuit Transmission 

••• 

1) The distribution constants are determinad by the track 

circuit structuce, and theic values vary depending on the 

kinds of rail, track gauge, frequency, etc. Fig. 5~3 shows 

the distcibution constants of the pC sleeper tracks. 

2) Depending on the conditions of the ""ather and the bal,last, 

the leakag~ conduct.ance varies widely. Fig. 5~4 shows 

.. 
.. 

.... u .... 

' '· ' ~ •.. 
• 

' ~ l. O ; ¡ .. ' • ' ' 
~O,> 

• 

• 
• 

' • 
' 

• ~.---------1,:-------~ •• 
.. ...... .,. ""1 

Fig. 5~3 DistrU>ution Constants 
of PC Track Circui ts 

! 
__ ,_, 

><·•-· 
'" ,:2. 

' ' • ....... 
Fig. 5~4 Chanqes of Leakage COn

ductance durinq Rainy 
\leather 

- 13 -



' . ' ' 1 

' 

the changes of the leakage conductance of 2 kinds of te5t 

t~ecks during rainy weather, and we can see the tendencias 

of the wood sleeper aru:l PC sleepcr tr .. cks in the rain. 

Because changas in the leakage conductance directly changas 

the receiving leve! of the track circuit, the shunting 

sensitivity and the rail breakage detection are affected. 

3) The approximate of the characteristic impedance of the track 

circuit is hnf I.IG- 1\nd it increase in propOrtion to lf. 
Where, L • rail inductance (H/krn) and G • leakage conductance 

" 

(S/km) , 

As in the cases.of the distribution.constante, the. 

changa· of the, characteristics • impedance. affect.s -the- trans-

miss ion, . and-thoLshu.nt.it>9 e sensi ti vi ty • and.' the rall. breakage _ 

detection function•·vary. 

The transmission circuits are always unbalanced, and the 

large rolling stock current of·more than two figures exísts. 

Therefore, it is required to ensure the 5/N necessary to 

the train detection. 

(b) Train Detection 

Train dete~tion by the track circuit is made by utiliiing 

the short-circuit from the train axle. Therefore, the shunting 

sensitivity varíes due to the value of the circuit ~edance. 

Figs. 5-Sand S-6 show the receiving level change in the cases 

of lOO Hz and 2 kllz. 

For example, in the case of 3 km control by 100Hz, the 

variation of the receiving 1eve1 of the track circuit due to 

the leakage variation is about 10 dB. Therefore, if the re

ceiving level is compensa~ by 10 and several dB, a short

current sensitivity o! more than O.Sfl can be obtained. 

Similarly, in the case of 2 km control by 2 kllz, the 

shunting sensitivity is about 0.2n. Thus, the short-circuit 

sensitivity al so varíes depending on ·u.e length o! t:he track 

circui t. 
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"' ,...., .. 

~~~ 
e, '""1'" ........ .., .................. ........... 

. :;,f· • 

• • • •• • • ' . ........ , ..... "'""" . , .. , 
rig. 5-S V.ui<~tion of Receiving t.evel 

"hen Shunted at Re~eiving End· 

2~ ~ .-¡:::;;;r ~"'' vuiation of lovol "'~~ y;-:r 
R,•O.l~ • 

R= 
•• -o.lll 

- R,-o.sn 

"' l.irl,rk~ 
L1 1/l""""' 
Co O.H"F/,_. 

4 -z,, ,_.n 

~ 

"-' sbort-elrcuit 
roolot..,co 

• ... ••• ••• • .o • •• 

Fig. 5-6 Variation of Receiving Leve! 
when Shunted at Receiving End 

In the JNR, the shunting sensitivity of LF track ci~cuits 

is determinad at more than o.o6n. And for the AF track circuit, 

and oc track circuit (single raíl), it is determinad as more 

than 0.1n. Nowever, sace people are of the opinion that it 

should be about O.Jn, because of the rcsin brake shoe recently 

put into use. 
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(e) Ra.il Breakage Detection 

The performance of rail breakage detection is very im

portant in ensuring the safety operation &nd preventing danger

ous failures, by detecting abnormalities in the track circuit 

system. Therefore, regardless of whether there is a train 

operating or not, it is necessary that the track relay Hdrop

awayH, when a rail breakage occurs. For this purpose, the next 

formula must.be realized: La~ Le 
Where Le stands for the variation of mínimum receiving level at 

the t~e of the raíl breakage, and Le represente the.compensated 

receiving level. 

Com:erning~the .tracl< icircuit "trl!.flsmission.at the-.time·of,, 

the . .rail.breakaqe,·a complicated-calcula~,is requ~-as..:othe-

multi-c:ircuit to,ground. tranSJnission,which conBists of the -· 

feeding current circuit and the adjacent track circuit. ror 

reference, the calculation of 80 Hz AC code track circuit is 

shown in Fig. 5-7. 

' ¡ 
! 
• 

' t-----t--1--t-tJHftH-----1---t-1-1-t-t 1 .,. 

' ! 
• 
• 

' 

........ _, .. ~ ,.,.., 
Fig. 5-7 Breakage Detection Features by Variation of 

the Track Circuit LCngth 
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In this figu~e, the leakage admittance is G ~ 0.5(5/m), 

and length of track circuit Ht• • 4,000[m], the mini~ receiv~ 

inq level Ls at .-all breakage time • 12.5(dB), and the t:=<i....,m 

level variation in ordinary transmission Le • ll.l dB. ~hen 

the difference is 0.4 dB, and rail breakage detecticn is pos

sible. 

The shcrter the length of the track circuit, the easier 

the detection of rail breakages. And the cases in which the 

AT distance is changed are shown in Table 5-3. 

Tahle 5-3 Changes of Rail Breakage Detection by AT Distance 

Detection o< .-ail " distance Length ., track circuir 1•1 
breakage 

'"'' 
1,000 2,000 3,000 4,000 

Difference betW1!en "' mínimum .-eceiving level " '·' " "' "' J.ó dB '·' "' variation •• "" time ., 
rail breakage ~' "'' maximum receiving level 
variation at nonfl.o1.1 times " '·' ., "' "' '·' " Ll "' '"' - "el 

(d) Standards fo.- Oesign 

ror the desiqn of the track circuit applied in AC electrifi

cated line,anti-interference (see Item S-2-2.), train shuntin~ 

scnsitivity, !""d .-ail b:reakage dntection. performance ~st givcn 

special attention. These are the functions which must be ensured 

as a min~ for the safety operation system. FUrther, it is a 

basic condition of the desiqn that each one is of the determined 

standard level. Table S-4 is a su=mary of the possible cases 

wh<=n these standards are nol satisfied. 

Further, as design criteria, thc control distance, reli

ability, econ~y and maintenance, etc. ~st be considerad. 
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p:ooltlon of tl>o Uoln, o• u. ............. 
at <h<t roll br•oko~o 

~ roll-oot 
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(3) oc '!'rack Circuit (single rail) 

(a) Outline and Major Functions 

The present OC track circuit (single rail), which is 

different from conventional enes, has stable train detection 

performance even against the disturbance, because the S/N is 

improved by increasing the normal current to increase the anti

disturbance ability against the DC disturbance. The control 

length of the track circuit, anti-disturbance ability, and 

shunting characteristics are shown in Figs. 5-!1"'5-10. The 

majar functions of the OC track circuit (single rail) are as 

follows: 

l) Conditions of track circuit 

a) ~ of electrification 

b) place used 

e) variation of leakage con
ductance 

d) control length 

e) '!'rain shunting sensitivity 

f) Multi-indication ability 

g) Rail bre;lltage detection 

h) Maxlmum current of electric 
rolling stock 

i) Scope of device concentra
tion 

2) Conditions of environment 

a) Surrounding te"'P'!rature 

b) Hwnidity 

e) P<>wer source 

- 19 -

~e electrification 

single rail in station yard 
{without cain tracks) 

o "' o. 5 [S /km] 

20 "'l,OOO{m) 

More than 0.8[!1) 

2 position indication 

Possible {only on the signa! 
rail side) 

400 (~1 

power tranSl:titting cable, 
less than 2 (!1] , 500 (m) 

Power receiving cable, less 
than 3.2[!11, 500!ml 

-30'\> +70 ("Cl 

OC 12 [V] t 10\ 



' 
1 

1 

f 

1 

/ 

,, Trae)< re la y 

o) ,.,. Polarized gravity-drop type 

O) ~n resistance O.J!ílJ 

o) f!ated cunent 2.0111] 

, Hini.mum operation curren t. 1.3(11] 

., Relea se curren t. o.e (AJ 

" Operation release ratio m« "~ O.h 

·-· .. , Dvercun:ent Continuous 2.8[11] 

h) Turning "~ 0.4 (SecJ 

i). Ccntact._arrang~nt .... 

1 .. r·1 
. ·+--+-1-+-1-+--t-+--t-1--+1 

1 ·-· t--
,,_j--j-\~·-¡--j--j--j--j--j--j--J--rl ~- ... , . 

·C'::EJ::=:l-
,.. ... •" .. " 

., ... 
• 
¡ 
• 
l 
¡ 

·- ' ,, ·--·mm·· m ..... ......... ···-- _,,._ 
.o .... -.. '""" --· -·-·· . "" 
• ••• • •• ,..,_ ,..._ --e ''""'' 

Fiq. 5-8 Relationship between the Mal<illllm Leal<age Ccr>ductance 
and the ~im.u• Ca;trol Lcn9th of tlle Track Cin::uit 

- 20 -
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Fig. S-9 Interference Current Characteristics 
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Fiq. 5-10 Relay's Cu.-rent Characteristics at Shunting of Po,..:: 
Receiving End 
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i. 

' ' 

AC-10 

' 

(b) Construction or Track Circuit 

'!'he oc trae k circui t construction is the sii-lgle rail type 

as shown in Fig. 5-ll. 

o .v· 

Ac 

R 

' 

n 

. 
' ' -= ' -

1u: : Arrester 
Track :<esistor 
Filter 

' 

Ac 

n 

.¡ 
' 

"" Porrcstcr-

' ~ 
' 

R: Track resistor 
L: Filter 
C: Silicon .-ectifier 
R: TI:ack relay 

""'"TR~: ' 
' 

' 

Silicon rectifier 
Track relay 

Fig. 5-11 Construction of OC Track. Circuit (single rail) 

(4)_. Dbtided-a.nd-~ltiplied:Frequency~Track circuit 

(a) OUtline and Major Functions 

In the divided-and-multiplied frequency track circuit 

system, the trequency divider takes out 1/2 frequency of the 

power source frequency, the divided frequency current is sent 

to the track circuit, and the receiving aide multiplies the 

frequency, then the 2-dUoension SO 0r 60 llz track relay is 

driven. The construction of this system is simple, and the 

reliability is high. uowevc~. tbe beginning ~djus~ent t~kes 

time 4lld the pcwe~ conswoption is large. 

This system is used whcn there are less than 10 t~ack -· 

circuits in the staticn tracks cf thc JNR. 

- 22 -



'rhe =jo~ functiona of the divided-and-multiplied fre

quency tracl< circuit are shown below: 

1) conditions of tracl< circuit 

a) Kind of electrification 

b) Place used 

e) variation of leakage con
ductance 

d) Control length 

e) Train shunting sensitivity 

f) Mult~-indication al>ility 

g) Rail breal<age detection 

" 

h) Maxim""' cur~ent of electric 
rolling stock 

i) Scope of device concent~a
tion 

ji Tolerance of disturbance 
cur~ent 

Conditions o' enviroru:~ent 

ol surroundinc; tempe~ature 

01 HUillidi ty 

ol Power source 

" Tracl< ci~cuit type 

•1 Communication method 

" Frequcncy 

- 23 -

AC, DC and non-electrifica
tion 

Between stations and station 
t~acl<s (also single rail 
type is available) 

O"' 0.5\S/Iuo.) 

20 "- 2,000[m) 

0.06 '\. 0.2íl 

3 position indication 

Possible 

400 (A) 

Less than 2\k:D] (less than 
15\íl} transmitting L ~e
ceiving cable) 

50 or 60Hz (40\All, 25 or 
30Hz (1.8(11)) 

-30"' +70\"CI 

Less than 95' 

+lO, _, AC 110 [V] 

No-modulation phase dis
crimination 

25 or JO I!Z 

l 
l 
l 
' ~ 
J 

' 1 

1 
; 

1 
1 
1 



" Transmi tting systcm 

., Tramnnittinq power 240[VA] 

" l<pparent powe.- 900[VA) 

" Receiving system 

., Receiving end level l(V] 2.4 [A} 

,, l'.pparent power 220 [VA] 

-e) Track relay (rated voltage or current) 

··Track'side AC 0.7!;[V] (0.9Q(V]) 1.25(A] 

LOcal side AC llO[V] 0.43[1\] (0. 36 [A]) 

Wit¡h-SO.Hr.; inside is 
in.theocaee·of 60-Hz 

{b).' Construction.of Track- Circuit 

The structure of the divided-and~ltipled frequency track 

circuit is as shown in Fig. S-12, 

................... ·-··<· ..,.., ""' ..... ,_,. 4hl60< ... - <for h_.-oy 4'"'"'' '"" 
ooltipll"<l ..,ltipli"l 

fe, € 
........ , ...... .¡§ ;--............ 

·~""'"' -
~ ........ 

"" .. ..., ... , 
'" 

" ... ''"'"' ~ ....... nq-.1 

" >OI60)MI 

"'''"'' '"''• 
" ··-nq """"'' '""'"' 

n :rro<l .,¡,, ... "'""' "'""'"""' ,. 
\wJ 'bu! 
[l .. p 

rig. 5-12 Construction of Divided-and-Multiplied 
Frequency Track Circuit (double-rail) 

Principle to Produce Divided Frequency 

~s shown in Fi9. ~-lJ, t~ iron corea are wound separately 

aroundinputcoil N¡, and CXJm::DOnly with output coil N~. 'J'he N¡ 

- 24 -



coils are wound in the inverse polarity ~ each other, and ue 

connected in a series through the silicon diode. 

The N> coil on the output side is connected to a resonance 

capacitar e,, so that it ~y resonata to 1/2 or the input fre-

quency, 

Wh.cn AC input of 50 Hz 

(or 60 Hz) is supplied to 

this circuit, it is a half-

wave rectificated by the 

silicon diode, and given to 

.NI coils as the DC bias. 

Because the induot¡mce 

varies periodically, due to 

the so-called parametric 

excitation, the oscillation 

of the divided frequency is 

produced. 

Fig. S-13 Circuit Connection of 
Frequency Divider 

(5) Divided Frequency Track Circuit 

{a) Outline and Major FUnctions 

The divided frequency track circuit has been developed to 

replace the conventional MG track circuit. This sytem contains 

frequency dividers for track use and local use, and drives the 

track relay of 25 or JO Hz, with a 2 phase 4 line structure. 

In this system, there are few parts and it is highly reliability. 

The frequency divider for track and the frequency divider for 

local are used in inverse polarity, and the power source ef

ficiency is good. This system has been used in the station 

tracks of JNR, in the case of more than 10 track circuits. 

The major charactcristics of the divided frequency track circuit 

are as the following: 

1) Conditions of track circuit 

a) Kind of electrification 

- 25 -

AC, DC and non-electrifica
tion 



b) Place used 

e) variation of leakage con
ductance 

d) O>ntrol length 

e) Train short shunting 
sensitivity 

f) M.ulti-indicaticn ability 

g) Rail breakage detection 

Staticn tracks (also single 
raíl type is available) 

O"' 0.5(S{km.] 

20"' l,OOO!m] 

0.06"' 0.2[0] 

2 position indication 

Pcs&ible 

h) Maximum current cf electric 
rolling stock . 400\1!.\ 

i) Scope of"device·ccncentra-· 
tion 

j) oisturbanee curren t. 
resistivity 

" Conditions of ""viromnent 

•1 Surrounding temperatura 

"' Hurnidity 

o) P""'er -= 
" Track circuit type 

., 

., communication methOO 

"' Frequency 

Transmi tting sy&tem 

a) -rransm.itting po"er 
(per yaid) 

Less. than. 2\Jcm.l--lless .than . 
15!nl transmitting·G re
ceiving.cable) 

50 or 601Hz] {40(Aj), 25 
or 30(Hz] (1.8\A]) 

-30 "'+7ot•c¡· 

Lesa than 95\ 

'" AC llO(V] _
20

\ 

NO-modulation phase dis
crimination 

25 or 30\l!ZJ 

('JYPII 1)- ('l"ype· 2) {'I'Ype 3) 

1 (kVA] 2(kVA] 3 !)<VA] 

b) Apparent power (pcr yard) ).3(kVA] 6.6\kVA] 9.9(kVA] 

- ?<. -



S) Receiving systea 

al Receiving end level 

el 'l"rack relay 

Same as the transmitting 
systent 

(rated voltage or current) 

Track side 

r.ocal sid" 

When 25[H~], 20[V] 0.075[~) 

When 30(HZ], 24[Vl 0.075[A] 

25 or JO[H~]: llO[V] O.S[A] 

{b) Construction of 'l"rack circuit 

The construction of the divided frequency track circuit 

is as shown in Fig. S-14. 

---H-·· -· --·- -'--·--+-!··-

Q;l L•n• tun<fonou 
(!) Po""r oo~rco o~itch for 

dividod !roquoncy tucl; 

cir,.,lt 

~ 
""'"~ dotoot•<m rel¿y 
tn>qoonoy dividor 
Tr""sfo.-.r for divcdod 

®
@ ~-typ< U~<• r~Sistor 

l~podonoo l>ond 
® uloy tranoformer P~-2 typ<f, 

)0-2 t~l 
@ nook rdoy 12>/l0-2 ty¡><l 

Fig. 5-14 Construction of Oivided Frequency Tn.ck Circuit 
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As shown in Fi<:J· 5-15, 

the power source ""i tch for 

use with the divided fre

quency track c;i.-cuit (FV-COD) 

consists of switches S 1 and 

s 2 tor the no.-mal and spare 

line transfo.-mers, switches 

s 1 , s,, Ss and s, changing 

over the normal o.- spare 

treQUency divide.-, the low 

voltage detector·tor input 

voltage (LVR), the phase 

detector;·fo.-· 'r ·and:L. 

phases of the-frequ...,cy 

divider output; and the

dcvice for phase reve.-sion. 

(6) 80 Hz AC COde Track Circuit 

(a) outline and Functions 

~T 1.1"" ....... .-. 

Fi9. 5-15 Construction of Power 
swrce Switch for Di
vided F.-equency Track 

\ The-80 Hz AC code .track circuit •is a syste¡n-in. which.80 Hz 

frequency is adopted as the carrier·in·order·to·avoid the·d~in 
• of low frequency oscillation from the thyristor control car to 

to..,. a lon9 track circuit and to avoid the elect.-ic rolling &tock 

and its ¡nultiplied frequency, and in which low frequency modula

tion is ¡nade to increase the safety. The electric rolling stock 

current resistivity is the ~ as with other track circuit systems, 

and it can be used on 50{60 Hz electritication line. When the 

length of the track circuit ia 4!km), it has 4 shuntin9 sensitivity 

of ¡nere thán O. 35 H1l ; the device is small in size and conserves 

ener<JY. 

The majar characteristics of the 80 Hz AC code track circuit 

a.-e shown as balow: 

1) OOnditions of t~ack circuit 

a) Kind o! electdficat:ion AC, OC, and non-electrification 

,_ 



b) Place used 

e) Variation of leak.age 
conductance 

dl control lcngth and 
shunting sensitivity 

Double-rail 

o"' o.S[S{km] 

20 "'2,000[u], more than 0.8[0\ 

2,000 "'<I,OOO[m], more than 
0.]5(0] . 

e) Multi-indic:ation ability 2 position indic:ation 

f) R.ail breakage detection Possible 

gl Disturbance current 
resistivity 

h) Maxil:owo current of 
electric rolling stock 

i) Scope of device c:on
centration 

2) ConditLons of enviro~ent 

50(&;J. 40(A). BO(H:t). 2(A) 

AC 400 (A] 

Control cable length 1 "' 3 (km] , 
40{0] 

bl Humidity Less than 95\ 

e) Power source oc 24 ]VJ i 10\ 

3) lmpedance bond 

4) Transmitt.ing systEUQ 

a) Modulation type 

bl Carrier frequency 

e) MOdulation hequency 

d) TranSD'Iitting po~o~er 

e) Transmitter load 
impedance 

f) Po~o~er conswnption 

- " 

l(mH], 200[11/rail] 

Square wave amplitude ~ula
tion 

80 [Hz] 

2.5[11z] (150 code/minute), 

4.0[H:t] (240 code/tr~inute) 

MaxUnwn 40 (VA) 

600 {UJ 

NO~al state 50[W]; shunting 
state less than 72[WJ 



1 
' ' ' l 

' 1 

' 

" Receiving sy5tem 

•1 Dcmodulatíon type Envelope detection 

"' Receiver inp.1t 
impcdance 600 [rl] 

•"e) Minim~ operation level 15 [dB:n) 0.6[V] 

" Band-pass filter 
attenuation " ' 4[1!.:<), less <>= 6 [dB] 

" ' 20[H_"-], less <>= 40 (dB) 

•1 Power consumption l,.QSS th<in J.S[IoÍ] 

" Trae k relay - 7.S[V], 600[rl). ~· 

If,the·receiving.level eompen~ted is.l2 :- 13\dll],-when 

the ·Iength 'of ·the .t;rac:klcircuit .is .4 [km) ;.rail _breakage .detec"o

tion is·ponible; Refer·to Item.5-1-H2)[c). In this case, 

0.35[0] can be ensured as the shunting sensitivity, as seen in 

Fi9- 5-16. 

To prevent the failure of the track circuit in the case 

of breakaqe in•the insulation; the.track cü·cuits of 150 codes 

and 250 codes-are-used hy-placing the:m.alte.-nately. It--is also 

posaible to·develop,this•to:ATC by·increa~ing-it·by·se~eral codes. 

' l 
' ' ' • 

' ! 
' ; 

tf\, •• 

~ ~ 
/ 

~ 1\ 

~ ~ 

'·' ••• '·' ' • • ..................... , .. , 

/ 

, . 

.. r·1 
0~: ~I .. IO·· ............. 

,,_ .. ·--· ··<• ... ,.. ...... , '·"' ... ,_ .............. . 

Fiq. 5-16 Characteristics of ~ceiving Level Variation 
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(b) Construction o! Track circuit 

The ocnstruction of the track circuit is sho~ in Fig. 5-17. 

The block diagram of thc transmitter and receiver is Fig. 5-18. 

The signa! level diagram is sho~ by rig. 5-19. 

r--- ...... 4000.. ----+---,...... 4000.. ----1 
u " " 

.. 0 00()1: A):> l~ COOE 

~ '" rn•Jx 1: 

-1 
·;¡,~ 

1 ti •, 
f<• ' zo, l"-pedan<e -·' 

Ar' .... , . .,., 
" .. oonanco <O<>odonocr 

1 , 1 _j • 1 " tror.O~>tte< 

" ~oc•""' 

ll j 
1 

,., Trock rolo~ 

!><: I'V 1 ,. 1 OC l4V 

Fig. 5-17 COnstruction of 80 ~z AC CoCe Tr~ck Circuit 

[M<:Olvor] 

FUur 
S•l~.:tlvo 

amplUtor 

Fig. 5-18 Block Diaqr""' of 1'ranSil1itter and Receivar 
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The 013jor char;,.ctcristics of the M' tr .. ck circuit (conccn

trated device type) are below: 

1) Conditions of the track circuit 

al Kind of electrification 

b) Place used 

e) Var~ation af leakage 
conductance 

d) Control length 

e) Train shunting sensitivity 

f) Multi-i.ndication abi.hty 

g) Rail breakage detcction 

" 

li 

., 

h) Mnxirn· m currcnt of electric 
rolling stock 

i) Scope of dcvice conccntra
t~on 

j) Disturbance current resi
stlvity 

Conditions of enviroMlent 

•1 Surrounding tcmperature 

"' Hurnidity • 
ol Power Sourcc 

rrnpcdancc bond 

TranSP>itting systern 

•1 ,.,,. 

AC, DC, and non-electrifi.ca
tion 

Between stations 

O"' O.S{S/krn] 

20"' 2,000 11'1 

0.2"' 11\1] 

2 posi.tion indication 

POssible 

400 {A] 

lO[I<m] 
(PE star-type cable 1.2~) 

SO or 60{Hz], 40(Al 

The higher h;,.rmonies co~po
nent of thc electric car 
current 1S signa! wave +)OdB. 

-10 "1. +40\"C] 

l,eSS than 95\ 

AC LOO(V] t 10\ 

l(mH] at l[kMZ] 

CO<nbination of 2 frequency 
\<aves 

- 33 -



b) Signa! frequcncy 

A Une (up~track) 

B line ldown~track) 

615, 630 HZ and 915, 9]0 Hz 

565, 580 Hz and 865, aso Hz 
IRefer to Fig. 5~20) 

e) -rransmitting power +38 dllm lper si.ngl~ ""'ve) 

Si 

dl -rrans,.itter load impedance 600 [rl] 

•1 Redundancy system 

" App,arent pawer 

Receiving syste~ 

•1 Dcmodulation 

Rece1ver input impedance-

•1 Min1mum opur.at1on l"vel 

Stand~by reservation 

r..ess than 150 (VA) (per track 
circuit) 

2 frequency amplification 

600 Ull 

~lo d!Jt". (per single "'ave) 

" Band~p.ass filter attenuation 

e) Redundancy system 

f) Apparent pewer 

g) Track re~ay 

Parallel doublc system 

Loess than 40 [VA] (per tr.ack 
circuit) 

24]VJ, 200 [[}), NR4N4R4 

The AF tr.ack circuit syste= is .a systern which concentrates 

devices at each station and which is equipped with the redun~ancy 

system. Thcrefore, it has the characteristics of h1gh reliability, 

easy maintenance, easy detection of trains bctween ~tations, .and 

can be ea~=ily removed to thc ATC. 

(b) Construction of the Track Circuit 

The construction of the track circu"it, the block diagri!lll, 

and the lcvel d~agram are shown in F~g. 5~21, Fig. 5~22 and 

Fig. 5~23 respectively. 

" 

' 
1 
' 
1 

1 

1 

1 

1 
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Distributlon o! frequency 

•o 
~· •• 

: 1 

' i 
00 •• •• 

A line: 615,630 '"nd 915,930[!1z] 
8 line: 565,580 '"nd 865 ,9f!O [f!~¡ 

Harmonics of 50(Hz] 

~ ;JH .. r:-..onics of 60(Hz] 
•o •• .. 

'1 '. 
" 

1' " i! " 1• 

00 o •• o •• • 

rig. 5-20 Distribution of Signal Frequency 

l{l<).m. lTI ~· ~1 
U:•>'•"" >TI 

HOIIHzJ I~IIHz] 

8801Hz1 

~ 
S80JHz] J 

S!qnol 

' ¡:--
1- i ~~'~ft· 

devlc• •~•d 

• r· oo· 

;• 

"' ' S!qftd ~oble ISQUI 

1 
' 

0ovn \HR 1 :: '"' ''"'" '"~ 

..C IOOV 

Fig. 5-21 Constructlon of the AF Track Circuit 
(concentratod devico typel 
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~ 
1 ' 

2nd syatem 

---------

)iMR•-11.. 
[MR,_,l_ 

~-------

2nd system 

'" 

Fig. 5-22 Transmitting and Receiving Block Di.,grilm 

to tuck 
drcuit 
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(8) tlon-insulatcd Track Circuit 

ln the non-insulated track cir~it systcm, the track circuit 

itself exists, but th~re is no rail insulation of the track cir-

c:uit boundary. Although the maintenance for the rail insulation 

is not required, train detection noar the track circuit boundary 

does not exhibit sharp performance. Therefore, ~hen signals 

exist, if the detection accuracy varies greatly, the signa! is 

changed te red by the tra1n itself, ~hich ~ust be lookcd out for. 

Moreover, the non-insulated track circuit generally has a short 

track circuit, and the shunting sensitivity is low. 

The non-insulated track circuit is divided into 3 kinds, 

according to the receiving syGte~: namely, the voltage receiving 

systcm, the cu~~en~ ~CCC1V1ng system and the volt~gc current 

receiving system. In the case of the voltage ~eceiving system, 

the ~ccuracy of detcction of the boundary 1s low. The~efore, to 

i.J,provc it, thc use of a highe~ frequency ~s necessary. ·¡,J_ though 

~he detection accuracy with the cu~~ent receiving sys~cm is qood, 

there is much varia~ion in the detcction accuracy due to the 

shunting rcsistance of the whcel axle. As to ~he voltage cur~ent 

receiving system, although the ficld equipme.>t is complex, the 

high detection accuracy can be obtained evén wlth a low frequency. 

The non-insulated track circuit is divided to two k1nds by 

the place of transmission: the central transmitting type and the 

end transrnitnng type. In the central transrnitting systern, the 

receivcrs are installed at both ends, so its construc~ion cost 

1s cheap. Although the construction cost of the end transmitting 

type is high, it has the merit that it can be developed to Ate 

easily. 

(a) Cent~al Transmitting Type Voltage Rece1ving System 

The majar charactcristics of this systcm are as follows, 

Carrier frequency 

Hodulation frequency 

Track circuit length 

S waves, 6 '\o B(kllz( 

21 (llz) 

500(ml (ene sidc) 
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Shunting scnsitivity 

Transrnittinq powcr 

HOre than o.s(nl 
+38[dllm) 

An exarnple of the tr~ck circuit construction of this system 

is sho..., in Fig. S-24 below. 

t .. 2kl:l 

(Al¡T) (AhT) (BJ¡T) (Bl¡T) 

-,, 

Al ¡'!' 

' 

' ' 

A] TR ' \1, 

M 

' 
Al2TR 

\1 

' ' ' ' ,, ' ' 
__r::;:#t r 

AJ¡T Bl ¡--:' m 1\3 :1' 

' ' ' ' 
" " \1. " " V,,:_, ___ ( OC NV 

F~g. 5-24 Example of Central Transmitting Type Voltagc 
Receiving Sy~tem 

(b) End Tr"nsrnitting Typc CUrrent Receiving system 

An example of the construction of this track circuit 15 

shown in Fig. 5-25, and the majar characteristics are Listed 

below. 

Major fcaturcs' 

carrier frequcncy 

f\Odula,ion frequency 

'!'rack circuit.length 

Shunting sensitivity 

Transmitting power 

6 waves, 2 "' 3 (k Hz 1 

16 '\, J6(l!Z) 

4 waves responding to G, YG, 
y' Y'i 

l,OOO(ml 

MOre tha.n 0.2!nl 

+38 (dBm] 
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' ' ~f? 
,, 

~~ 
,, 

t ! 
' ' Fig. 5-25 Example of End T~ansmittíng Type Currcnt 
Receiv1ng System 

(e) Centr<>l Tran=itüng Type Voltage cur.-ent Receiving System 

.An e~ample oí this track circuit construction is shown in 

Fig. 5-26, and the ma]or characteristics are listed below. 

Majar fe<>tures :' 

Carrier frequency 

MOdulation frequency 

Track circuit length 

Shunting sensitiv1ty 

Transmitting output 

t-1 or 2[1un] 

1-0 
(A3Tl 

' ' 

6 waves, ~20 ~6201Hz] or 

6 waves, 2 "' 6 [kllz) 

6, lO[!lz] or 16, 211Hz] 

l,OOOlm] or 500(m] (ene sidel 

MOre than O.J[Ü) 

+38 [dBm) 

,, 

-_JLó'To''-JL _____ c_ __ '_',ltJ'c_.__'_(¡,T¿'_.,_< • - (oc ~4v 

Fig. 5-26 Example o( Central Transmitting Type Voltage 
Current Rcceiving system 
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Table 5-5 Sources of Interference curren~s in AC Electrification 

Electrifi- Oivision 
cation ,,. 

Track circuits 
Source affected 

AC substation tligher h~o:monic current 
AF track circuit ) 

Thyristor controlled car 
High<>r harmonic curr~nt 

Diocle car Rush current LF track circuit) 

tUe<;:tric (70 "' 400 HZ) 

railway Thyristor controlled m w• frequency osc~llation k\/ 
syste"' 

"' DC substation (AC/DC 1ffc connected .-ail) 
oc stray currant LF track circuit 

(20 "-JO "' 
Otl!ers ·~ sl.,ept!r section 
etc.) Polarization 

OC track circuit) 

Other CUrrent supply line rnduction 

V industrial 
systems General ph.nts "' st.ray cu.-rent 

------------·------
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o Wi th the advance of the control technique, the occurred 

current of tite cven han:>enics is about L/10 of the odd 

hannonics. (See Fig. 5-]0) 

o The gencration of thc l~ frequency oscillation tends ce 

dccrease remarKably 1n compari~on with the 1970s, due to 

advanced analysls of the gcneration ~chanism and car 

technoloc¡y. 

(b) Rush C\lrrent 

When the AC electric locomotive or the AC electric car 

passes a dead section, or when its pantoqraph is rai,;"<l, tli~ 

air blast circuit breilker (ABB) 1s operated, and a~ the 

transient phenomenon of the main transformer on the car, a 

rush current from the cxcited current is c¡enerated. Because 

this currcnt contains a larc¡e amount of DC compenent, it 

sometirn~s affects the DC track circuit. Therefore, when a 

DC track circuit is used, anti-interference planninc¡ ~ust 

sufflciently take the rush current l.nto considcratiofl. 

Fig. 5-31 shows the re

sults of actual measuroments 

by the Jl/R for the Ef70 type 

AC electric locomotivc. The 

rush current (DC co¡npenent;) 

which flowed alonc¡ the rail 

whcn the Ae6 was operated 

was 30 "'- 70 A. IUthough the 

~ttenuation during 0.3 ~ 0.5 

second is large, later the 

attenuation is ~11, and it 

takes 5 seconds until it be-

'" 
" .. 
• 

t-·· .. t. ... ... ·.·· 

Fic¡. S-Jl OC Compcn~nt of Rush 
CUrrent by AC Electric LoCO
motive (EF70 type) 

COIIles about 1 A. In the case of the new type electric loc~tive, 

further improvcment is cxpected by makinc¡ the muin transformer 

small. 
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(e) OC Stray CUrr<int 

past actual ~easure~ents also clarify that if the~e is 

a oc substation near the AC-DC ccnnecting point, thc current 

of the DC electric rolling stock flpws, even severa! tens of 

kilomete.-s of rail into the AC electrified section. Fig. 5-32 

shows the feoding c>rcuit, in which the AC electrified section 

and the oc electrified section are directly connected and the 

return rail is uscd by both. 

oc electrificd 
sect.ion 

) ( sect~on --ó~;-~ AC electrified 

I Contact; wire 

OC su!Jstation Load 

------'-----------<é-------,-1------)>c---"'' 
x•O x~~ Ix 

Fig. 5-32 Fecding Circuit at AC/~ COnnecting Point 

oc stray current lx flowed to AC electrifiad section can 

be obtained approximately with the following formula from this 

figure. 

' ~ • - 2 lE: 
l -o.(x-i.l 

+ 2 lE 

Whare, I - DC load curren t. [Al 

Attenuation [1/km] 

r • Rail to G~ound DC ~esistance [U/km) 

,,, 

9 " l!ail to Ground leú;dge conductancc [S/km) 

Fig. 5-33 s~s thc calculations of the DC stray cu~rcnt 

which flowed along thc rail in thc II.C clcctrified scction, 



' 
when the ground Leakagc con

ductance is changcd to the 

oonditions of a Load current 

of 1,000 A and a load posi

tion of lO or 20 km. Fro'" this 

figure, it is understood that 

the smaller the leakage con

ductance and the longer the 

distance from the oc sub

station to the AC/DC con-

necting point, the larger 

the OC stray currcnt becornes. 

Bccause the leakage 

range of the OC stray cur

< --: l-ll'~ 

• 'l-10'" 

" •-r.-nr.~ 

g-01-l$¡.~ 

" " • 
" • ' o 
" • 
" ' • 
" " a 

Distanc!l x 
rig. S-33 Example of OC Stray 

Current calcu~ations 

rent is wide whcn the OC electrified sect10n and the non-eLec-

trified sectlon ar~ adjacent, it is a baSlC principl~ that tr.e 

DC stray current should be completely cut off by che rail in

sulation. 

(d) AC Stray Current 

At the boundary bet~o~een the AC elec~rified section and the 

non-electrified section, if the raíl lnsulation is sufficlent, 

the AC stray current to the non-electrified section theoretically 

does not occur. Uowever, if che rail insulation at the boundary 

shorts, or is broken, the AC stray current is generated through 

the ground leakage resistance, Therefore, in propertion to the 

value of the stray curre~t, the track circuit in the non-elec-

trified sectio~ is affected . .Uthough it depends on the type 

of track circuit in the non-electrifl~d section, basically, one 

of the following counte~easures is required. 

o If the stray current is s..all and the tranSCtitting device has 

sufficient po~cr capacity, a s~r~es resistance is insertcd 

at the receiving end to increase the transmitting output. 

(lmprovement of S/N) 
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0 When the ¡naasure above is not·effcctive, or if th':' stray 

current is large, the system must be changed to another 

type. 

For refercnce, the AC stray current when the electrified 

section and the non-electrified section are not separated fro::o 

the rail insulation is shown in Fig. 5-34. Variations of the 

AC stray current according to the train position are shown in 

f"ig. 5-35. 

" 

' 

" 
'• 
• 1\1 

• o 
o • o 
o 

' > • • ' o 
o • 

~ ' • 

' 
¡,_ 

,, ~ 
o ' • "' 

T<ack c"eun ¡~ no~·•loeulhed 
oect!on. "ono 
1\oil ln•uhtor at O<>un~ary' """" 

,, • •oo• 
'• ' <D >,O SI•~¡¡ ~' 

(j) o.• S/b\l.~ '-~1 

(j) "' "''""'1' M' 
'• ' Ac <troy curront 

' ' T<un'• dutonC• fcom t<>undao 

In•ido ' ' ohow• "" le~qtO o' ' when '• b>o,_.. ""'"""-~ 

\6) 

• • " 12 u , • 
O>otonce !rom b<>un~o.y !....,1 

.. 
r~g. S-34 AC Stray CUrrcnt in NOn-eleetrified section 
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resistance, etc. When thc AT distance is expanded from 10 km 

te lS km, if the leakage resistance is small, the AC stray 

current hardly chan9es. »owever, if the leakage resistance 

increases, the AC stray current will increase by about 20t 

at z.sn-km, and by 40 ~SO\ at Ion-km. 

The maximum AC stray current ~n the case of brokcn rail 

insulation is sho-.m in the exarnple calculations in Figs. 5-34 

and 5-35. Thcr~fore, if the track c1rc~it can be improved so 

that it resists th1s AC stray currcnt, it wlll be sufficient. 

Although only the problem of thc boundary bctween the AC 

electificd section and thc non-electr1fied section is described 

here, thc case of the boundary between the AC electr1fied sec

tion and DC clcctrified scct1on is the samc. 

{e) POlarization 

In thc case of the DC track circuit in the PC sleeper 

section, 1f thc PC slcepers are "'et, polarization of the plil' 

occurs duc to the DC voltage between the rails, because of the 

alkali ions of the concrete. Ther~fore, cven if the transmit-

ting power to the track circuit is cut off, the same polarity 

residual voltage exists ~ctween the rails. 

Also, the JNR has expericnced in the past polarization of 

the PC sleepers in the DC track circuit in tunnels. Thc chang-

ing time of thc polarized relay took 40 ~ 60 seconds, and 

severa! minutes were neccssary for 

return~ng it to the former normal 

current alter the track relay 

drop-away, d<Je to the p~ssage of 

a train. 

For refercnce, the relation-

ship ~tween the residual voltage 

after cutting the sending power 

and the amount of time passed is 

shown in Fig. 5-36. 
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This can be regarded as a kind of battery. Therefore, by 

increasing the no~l current in the track relay, the ti~e of 

discharge can be reduccd. Thus, the i~provc~ent of S/N of the 

DC track circuit oan be ach1cvcd by 1ncreasing the normal cur

rent at the receiving end as muchas possible, result1ng 1n 

advanced anti-interference ~ility. 

(3) COuntenncasures against the Elcctric Car CUrrent in the Tr<1ck 
Circuit 

' " ' ~ 
l 

(a) Track Circuit l.lnhalance and Mti-interference Ability 

• 
• 

, 

• 

Generally, the unbalance ratlo of the track circuit u8 is 

expressed by Ua ~ Ur t Uz 

Where, Ur "unbalance ratio of the rail current, and U~~ 

unbalance ratio of i.mpedance band. 

Ur depcnds largely on the geomctrical structure of the 

feeding circuit to the rail. rig. 5-37 shows an example of 

actual mCilSUrements 1n a BT-systern AC electr1fled scction. 

The larger the frequency, the larger the unbalance ratio. -l'.nd 

it also varies with the position of the train. This tendency 

is also appears ll\ the case of L~e AT feeding curren t. 

Uz was 0.4 '\. 2~ in tlle C<lSC <>fa conventional rail. 

However, for a recent product, it was Less than 0.1\, and Uz 

• 
1' 

••• 

" 

_y. 
" 

·/ 
. 

~~-~~ 

,. ... •• "' • 
............ , t••l 

Fig. S-37 Unbalance Ratio of Rail Current in BT-systc<ll 
AC Electrified Section 
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.. 
the trae k ~e la y fl"Om the return rai!_, and dangerous fai tu res may occur. 

1-ctuscalculilte th" rclation«hip betwecn thecontrol distance 

of a single rail DC track circuit and the interference current 

shunted into the track rel<>y, by tal<ing a. hypothetical v~lue 

for the DC current flowing into the trae!< circuit. 

When the train shunt circu~t at the po~er sending end 

occurs and no leakage of the track circuit exists, the current 

shunted into the track relay reaches the maximum. The equivalent 

circuit in this case is shown in Fig. 5-38 

'" 
,, 'o 

) 

1 : f 
> .. 

) ,, ,, 

'" - DC ¡nterfercnce current flowing into "" returil r<~il 
si de [A[ 

,, - Inter fercncc current flrn;ing into '"" track relay [Al 

,, -R<lsistance of return rail lO[ 

,, -Resistance o< signa! .-all lO[ .. -Resistance o< receiv>ng ""' (!"!] 

Fig. 5-JS Equivale~t Circuit of Shunting at thu Sunding End 
~n thu Single-raíl Tra~k Circuit 

With this equivalent circuit, IR 

Fig. 5-39 shows the relationship between the control dis

tance "1" and the interference current IR when Re is in the 

various conditions of In e lOO ~. RL • 50 ~/km, and R¡ ~ 

a o I:IÍ!/l<m • _ 

Because the rush current involves thc attenuation factor, 

In varíes according to the response t~me of the relay. As shown 

in Fig. 5-ll, the longer the respOnse time, the smaller 10 

becoC'll!s. While, IR also varies depending en the length of the 

track circuit, cr the receiving end resistance. 
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Conce~ing the trnck rel~y. it is desirable that its 

release current be about two times the interference current. 

Also, the track relay must have sufficient anti-interference 

ability, including transient response of the relay (action/ 

release time). 

The control distante is also limited by the traln shuntin<J 

sensitivity, leakage conductance, and the resistance of the 

power sendinq and receiving ends. Therefore, it is neceS5ary 

to decide the control distance taking the actual conditions 

of the yard and also the resistivity to the AC component inter

ference into consideration. 

(e) aasic P.-inciple~ of Measures for S/N Irnprovement 

As mentioncd ~n rtem S-2-2(1), the scope of the phenomenon 

and effect of the interference curre~t in the ~e electrif~cd 

section is not uniform. Thercforc, countenneasurc~ for thb 

must be consider.;;d for each type of trae!< circuit used. The 

phenomena produced by the intcrference current are dividcd to 

those resulting in safety failures and those resulting in 

dangcrous failures. Especially, the DC track circu1t causes 

dangerous failures, by turning into conditions for whe~ no 

train is operating at ti~es when trains ex:st, dueto the 

interfcrence by the rush current and the stray current. 

The non-modulation type track circuit ~y directly cause 

dangerous failures when the interference currents mix into 

thc signal. Further, it is rccommended that this kind of track 

circuit not be uscd. 

tn any case, the basic principie o! countcrmeasures for 

interference current is to improve the 5/N. To S, the improve

ment of the track circuit type, increasing the transmittlng 

output, improving the transm1tter, increasing the receiving 

~rent, and reduc1ng thc tracK circuit length ~re considercd. 

For the reduction or N, i~prove~ent of tracK circuit Uflbalance, 

adoption of a proper feeding syst=, and i.J:Iprov=ent of rolling 

stock are considered. 
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Feeding ~~~@ ciccu1t 
sy.stem 1'=71 

AT distance -tm 1'-""" '"' 

Track ciccuit 

Sim¡le-~ail 

tc.;~ck ci.-cui 0 " 

Doul.>le-rail 
tr.1.ck ciccu 
(only for 
ftldin t.rack) 

it- ~ '{ 
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Fig. 5-40 Feed1n9 Currcnt System and St-ltion Tc.;~c~ 

Circuit Stcucture 

....,~ 

NOr!l\al 

Durin9 
rail 
breakM¡c 

Table 5-6 rncre.;~se of Rail voltage at Time of 
Rail Breakage 

L,ekage~ Single-cail type '" an single-cail ""' =nstant stat1on tracks for side track 

o.' ,¡,., " ' '" 
,, " ' '" " '·' " ' '" 
,, " ' '" " • 

'-' ¡;o ' (230 V) " ' (lB V) 

,_, 
"' ' (180 V) " ' (14 V) 

nsi ' " show-. '"" rnCUO!Ollm voltagc 

to the rail insulation 

Ip • 100 A, based on the conditions in FLg. 5-40. 
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As to Table S-6, the values hardly change even if the length 

- of the station track circ-uit is varied considerably. When the 

AT distance is extended from 10 km to 15 km, the raíl voltao;e 

increases by about 2S\. 

During normal times, there is almost no difference between 

the double-rail type and the single-raíl type as regards the raíl 

voltage and the voltage· loaded to the rail insulation. These 

voltage values are in thc range of 15 ~ 20 V for load current 

100 1\.. uo,.evcr, i! raíl brcakage occurs, ·~hen a s:.c.91e-rail 

track circuit is constructcd for the entire station, thc raíl 

voltage reachcs as rnuch as 150 V, and the voltage loaded to the 

rail insulation reaches 230 V. 

When a main track is constructed ~ith thu double-rail track 

circuit, large voltag~ does not occur, even if one sidc rail is 

broken. 1-/hcn the entirc station is co~~tructed 'With a single-rad 

trae-k circuit, although l,u-ge volt(lge does not occ"r dunng r.ar;:¡al 

times, ~n the evcnt that the rcturn Clrcuit sida rail is broken 

in a section in "hich no more than 2 return cücuits in parullel 

are constructed, the return circuit is limited. Thus we tear 

larqe vOltage may occur. 

(2) Countermeasures to control Rail Voltage 

Fig. S-41 sho~s the var1ation of the rail voltage with the 

load. 

r Generally, the maximum leakage resistance in good lóCather 

is pres~ed as sn-km !or ordinary ballast. Therefore, the raíl 

'voltage during normal times lS aOOut 33 v. Further, the smaller 

the ground leakage resistance becomcs, the lo~er the rail voltagc 

becomes. 

Ho~ever, if the neutral point of the track circuit or the 

return rail is qrounded artificially, the ground return currcnt 

~ill incrcasc and the induction voltage in the comrnun1cation 

cable "'ill increase. 

In the case of the JNR Shinkansen bullet train, the raíl 

voltage reaches about 300 v even during normal times. Therefore, 

- " -
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LOad current: lOO[A\ 
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·0~------+-----~c-----~---------
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" '----+7'/q--~"'-----"r</---+''<---\------' 
1 11 0.4S/~ \ 

" 
/l 

\ 

o 1 ' ' • ; ' ' " ' " ., ~, 'T 
IAT: lOkm) 

D1stance of load p0sition from ;>.T [km] 

Fig. 5-41 V<Jr iatior> of Rail Voltage with Load Removal 

the voltage control device is 1nstalled near the passenger plat

forrn, by which only tho P""'"r source frequency is grounded through 

a low .-esistance. 

Also, as the voltage increasing cor.trol method when there is 

a rail breakage in the single-rail track c1rcuit, there is the 

DIEithod shown in Fig. 5-42 in which <> bypass cin:uit in purall.el 

is added to one return circuit sectlon. Ho..,ever, the breakage 

detection function of the r~turn rilil is lost in che p.ut where 

the circuit is c~posed in parallel. 

- 59 -

1 . 

1 

' 1 



:! 
(i) 

® 

" 
\ 

r-------, 
jRall voltag~ 1 

íl~o~t:l_cl::~'l 
-

/ 

/ 
/ 

® 
Countcrmcasure cluring normal times 
( • Adopted >n the Shinkansen of the JNR) 

L 

11ethod Wht'n I"ail breakage Occurs in single-rail 
track circu,t 

Fig. 5-42 Rail Voltage COntrol Measures 

(3) Incluction Interference to Signa! Equi¡>mcnt 

As the po~cr sourcc of the contact ~irc in the AC clectrificcl 

section, a high voltage of 50 or 60 IIZ is used. Thcrcfore, lnduc

tion voltage or induction curi"ent is gcnci"ated in signa! devices 

such as thc block circuit, ancl signa! control cable, ~hich are 

parallel to·or adjacent to the contact ~ire. Also therc is the 

poSsibility that the ti"ack cii"cuit installcd nearby may suffei" 
~ 

intcrference duc to clectromagnetic induction. 

AS types of induction interferencc,- there lS lnto>I"ference 

due to electrostatic induction gencrated 1n propoi"tion to thc 

contact wirc voltagc and intcrferenc~ due to thc electromagnetic 

induction gene,ated·ln propo,tion to the electric rolling stock 

currcnt. Thesc are summarized in Table 5-7. Incluction inter-

fercnce to the signa! ancl safety cquipment is mostly duc to 

electromagnctic induction, which can be reduced to s~ extent 

by screening. Ho~evcr, it lS p~actically impossiblc to reduce 

it to zero. 

_.,_ 
--~ . 
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Table 5-7 tnduction Phcnomena Affecting the Signa! Dcvices 
in the AC Electr~fied Section 

o< induction lnduced bodics rnterference Permissible in-
duct~on voaaqe 

"' Cable Nor..al umes: 

Electrostat.ic Possibility that óO ' 
" '" Bar e conduc- "'" ~' suHer Abnormal times: 

electric Electromagnetic 
,., shocl< '" ' ( oangerous vol- (Standards o< induction "' Iron tube, 
etc. ag-e) CCITT) 

POssibility <M< 
Electror:tagnetic 

Tracl< circuit 
000 relay =' induction r:alfunction 
(Ground cunent) 

(a) Affects on thc Human Body 

When the distance from the feeding- current condUctor is 

small, due to the contact wire voltage, a high electrostatic 

voltagc beyond the allowable range is 1nduccd in signal duvices, 

1ron tubes, steel cables, etc. Exa=plcs of electrostatic induc

tion calculations for the AT feeding current systcm of the JNR 

are shown in Fig. 5-43. 

In this fi_qure, (e) ""'ans the pos1tion of the signal device 

and "h" is its hcight. Because of the eff.,cts of the screen 

grid of PW, GW, etc., the electrostatic induction voltage of 

actual equipment is presumed to be lower than the values in the 

figuro. 

Moreover, through ground faults of the contact wire, etc., 

the rail voltage increases rapidly inst.un:ly. If the liUII\On 

body contacts these devices, it is dangerous. Thorefore, it is 

necessary grounding be performed that !or all devices which can 
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Fig. 5~43 Calculations of Electrostatic Induction 
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{b) Effects on Signa! Equip!:lent 

1) Slgcal control circult 

Accocding to past rneasurements, thereareno special pro

ble~s conccrning the effects of electrostatic induction on 

the sign"l control circuit. 

Also, concerning the e!fects of the etectrOQagnetic 

induction, the balance ratio of the vinyl cable for s>gnal 

use is 40 dB at the least, and that of the cable is 60 dB, 

in general. 

Therefore, it is consid~red that no effccts occur, not 

only in the case of short cables in the stat_ion, but ol= u1 

the case of loñg distance circuits connected with the DC 

device load. 

2) . Tr<tCk ClrC<!Lt 

Due to the AC electr>fication, so~etimcs the track 

ci.-cuit~ '" the oc elcctrificd scction and non-electrified 

section, which are parallel to or across the AC feeder lines, 

are affectad. Further, the range affected varies according 

to thc level of che electric rolling stock curromt, and the 

geomctrical relations of the positions. 

Thc cffccts of the utduction intcrfcrcnce by the AC 

electrification dlffcr depending on whethcr it occurs in thc 

station tracks or between the stations, In the case of the 

station tracks, for the track c1rcuit which ~erforms thc 

aPproach locking and the routc locking of the rclay intcr

locking device, a track circuit unbalancc ratio of lOO~ is 

cQnsidcred to allow safe operation even during abnonnal times. 

While if it is betwcen stations, a 20~ track circuit unbalancc 

ratio is considered sufficient. 

Also, thc allowable interference voltage loaded co the 

track relay at that tlme must be l/2 of the relay drop-away 

voltage, because the valuc of the vane vibration in the 2 

dimension typc track relay is 1/2 of the relay drop-aw<>.y 

voltage. 
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The allowable valucs of the interference currents in the 

track circuits cornmonly used are as follows: 

oc track circuit 
(smgle rail): 

Divided-and-multiplied 
frequency track circuit, 
and con'ltocrcial fre<¡uem:y 
track cücult; 

The allo~ablc interferencc current 
flc~ing into the track rclay is 0.4 l\. 

(Refer to Fig. 5-9) 

In the case of 100\ track circuit un
balance, thc limits of valucs of the 
lntcrference currents flo~in~ in th~ 
rail are shown ~n r~~. 5-44. 
The allo~able val~es of the interferencc 
currents obtained from thls fi~~rc are 
shcwn in Fig. 5-45. 

80 Hz AC codc track 
circuit; 

50 Hz 40 h, 80 H7. 2 l\ 

Refer to Ite~ S-2-l (6) 

AF track circuit (con
centratcd device typcl; 

600 CH 25 A, 900 CH 17 A 
Rcfcr to Fig. 5-23 
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Fíg. S-45 Allo...,.ble v"lues of Intet:ference CUrrents 
in Track circuits 

(e) calculations of Induction Interference to Tr<lCk CucuH: 

The electric railwa.y 

fo.ms the ground return cir

cuit. ln the case of lhe 

circuit ~hown ,. Fiq. 5-46' 

'"' induct.ion volt,.gc •• ,. 
"'' following fonoula OCCUI"S 

'• '"' ind<1cM circuit. . 

' ~r---
.;;}f 

Fig. S-46 Principie of the elec
tromagnetic Induction of the 
Electric Railway 
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V•-jwMli ,,, {f'o=ula ll 

When, ' - 'l'O·grouna induced voltage ~ "' induced circu~t 

w • Angular frequency (rad/sec) 

" -Mutual inductance !H/I<m) 

' -Length of parallel circuit ~ection '"'' I • Induccd current !Al 

-u '" {f'ormula 2] 

~~ere, i • Ground return current flowing in the induced 
circuit !111 

zR • TO·ground i~pedancc of the induced circuit !0~~-"l 

y • Tb·ground tran~iss~on constant of thc induced 
circuit (1/km) 

y•/zRy 

Y" Ground leaka<¡e adrnitt:.nce !S/k::o) 

,,, 

tn the case that the induced drcuit is a sigiLal cilble, 

besides the to·ground induced volt~ge "V" and the ground return 

curren t. "i", there is the problem of noise voltage generated 

in the cable core due to the ~;balance tO ground of thc cable 

core. 

Furthcr, when the induced circuit is a track circuit, the 

ground il"pedancc "ZR" is srnall, and the ground return current 

"i" becomes the problem. 

The actual calculation of the induction is not s1mple as 

in Fig. 5·46. Because there are sever~l electric conductors 

{T, PW, F, and rail, etc. in Fig. 5·47) concerning induction, 

the effect of thc induction from the each electric conductor 

~ust be calculated respectively and the vector s~ of these 

obtained. 

concerning the ÁT feedi~g current syst~, the curre~t 

distributio~ of the feeding current circuit becomes complicated 

due to the liT distance, the distance between the pw and the 

impedance bond neutral po1nt, the load position, the ground 

leakage admittance of the rail, etc. 
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' Fig. 5-47 AT Feeding Ci~cuit System 

Also concc~ning the t~ack ci~cuit on the induced side, the 

interference induction v.;rics iiCC:Ordwg ta the distance frorn 

the electric r;úl.,ay (II.C electnfied), the length of the para

llcl c:ircuits scction, the relativc position to tl-.e !eeding 

currcnt, whether or not there is screening, etc. 

Although it is poss1ble for these :~duction calculatio~ to 

be obtained manually, the calculations becornes conplex and it 

is diffi~~lt to obtain an accurate value. 

The JtiR !':.as established " syste.:~ which processes all the 

ahove calculatlOns wlth a large-scale computer, Lncludlng ~~e 

mutual inductance ~ and the ground return currcnt induccd in 

the track circuit. 

Concerning the JNR Shinkansen bullet train, part of the C<llcula

tions "'"' shown helow. Fig, S-48 shows the inducing cunent <~nd 

the induced current in the track circuit of which the distance 

is lOO~ when the train position v"ries. The distribution of 

the inducing current varüs rn<.1ch <1ccording to th<> position of 

the train. 

Fig. 5-49 shows the results of calculations in the mos~ 

severe conditions to undcrstYnd the scope o[ thc ind<.1ction 

interference fro~ the Shinkansen. From the·results, we know 

that the induced current in the t.rack circuit \ohlch is parnllel to 

the Shinkansen is as follows' 
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(Indueed current 
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" 

PositlOtJ of train (km] 

Fig. 5-48 Distribution of Induced Current when Train Positicn Varics 
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Both of the Sinkansen and conventional 
line are single track 

O. S S/ km Length' of P"ralLel section 30 km 

Ground conductivity 
_, 

lO S/1:1 

Fig. 5-4'1 Relationship bet.,een the oistance fi-om the Shinkansen 
and the tnduced Current 

When the distance of the track circuit frorn the Shinkansen 

is 2 km, the rnaximum induced current is 0.91 A, and when the 

distance is 1.5 km, the maxi~:~~ is 2.2a A. 

Generally, a commcrcial frequency track circuit is used 

for the convent~onal line, parallel to the JNR Shinkansen. 

- 69 -



• 

The scope and method o! improving the inductíon int~rference 

in thís case are shawn in Table 5-S. 

Table 5-8 Measures for Improving Induction Int~rference on 
the Commercial Frequency Track circuit t~hen track 
circuit unbala.nce raüo is 100\). 

Measu,es <o< illlproving o_nduction 
Oistance fi·om Disturbing cunen t. interferem:e 00 co..,-.rnercial f:-e-
Shinkansen induced ~ rail quency track circu~t 

~"" than ' ~ "'" than ' ' ~' necossary 

u ' 

"'" 

' '" ' ' ' ' Adjustment ,, resistance 

"'" systcm ,. changcd <o OC, 

than u ~ More than ' ' dividod-a~d-rnultiplied, dividcd, 

" Hz.or " track cin:uit.. 

Table 5-8 shows tlw case Of station tracks in generi!l, The 

t.rack circuit cmbal<HlCC riltio betwcen slations lS 20,. Thero

fore, the values can be obta~nod by mult~plying the values Of 

induccd inte~fe~ence cur~cnt 1n the table by fire. 

Accu~atc induction cnlculatlons are not obtaincd fr~ 

Table 5-B, andas was mentoioned befare, the conditions of 

scrcening and thc length of section ~ust be considered. 

(d)· Protection frorn' Surge Voltage 

As types of surge voltagc to the signal devices, thcrc are 

thunder surge which st~ikes throuqh the line transformer free 

the high voltage distribution line, thunder surge froo aerial 

cables, and abnontlill voltag" dueto Cont.act with wire ground

fault, etc. TO protect the signal devices from these abnor~l 

voltilges or thund"r surges, countermeasure& using insulated 

transforrners, prot.,ctive dev~ces, vaccum arresters, or zener 

diodes are requircd • 

1 



• 
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~3 ATS 

5-3-1 Classification of ATS syste.,s 

Althouqh safety in train operation dcpends on thc cautlon 

taken by the driver, "ith thc a<!•Jance of hiqh spced and hi<Jh 

density operations dueto electrification, it is desirablc that 

ATS (aut<>m.Jtic tr;,.in stop de,..ice) be installed for the ir:~prove

ment of safety. 

The ATS is a system in "hic!'! the brake is automatically 

operated when thc tr<>in has run beyol'.d the hruted spce<! through 

control "hich Operates "ith th<Í signal wdication. 1\5 sho""' in 

Table 5-~, there are var1ous types of 1\TS. {1\TS is sometimcs 

called ATP) 

(1) Control Syste01 

Information trans.,ission systerns to the cab are roughly 

divided into two types: thc point control system and t'<e conti

nuous control systern. The po1nt control system is operatcd by 

wayside co1ls which are installed en the ground; and the contl

nuous systemisoperatcd by utilizing the tr<>ck circuit. 

It is said th~t the point control sytstem is inferior to 

the continuous control system in 1ts adaptability to indication 

chanqes of the s~gnals and in reliability of the information 

transrnission systern. llowever, thc construction of the point 

control systern, including thc ground deviccs, is simple, and 1t 

is superior in maintcnance of the equLpment and econo~y. 

Moreover, when there are various operation sections of cars, 

extensions to other sections is possible only by installing 

siDlple ground devices. 11\eretore, for cases such as transport 

bet>;een cit~es, the point control syste"' is superior to the 

continuous control system, 

(2) Inforroation For., 

'I'he waysidc coil system is ~ modulation syste01 unlizinq 

droppin<:J LC osci.llator installed on the car. If the resonance 

frequency of thc ways'ide coil on thc ground LS sct at "f1", when thc 
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Tnblc 5-9 Classification of ~TS Systnms 

Infonnatíon lníonnation fonns checking 
J<;ind o< Name o< 

Control system transmission 
spced system brake type 

'o mcmory, 

Single ~nfonnat~on Point 
Opcrnt.ion after Eme.-gency o 
confinnation-
t.-eatment 

00 o= ~ith mcmory, Ditto ' step-pcittern 

Point control ¡.;ayside coil Multi-information Continuous 

llyltem ;¡¡ th me100ry, 
Ditto 

brake-pat tern ' 
"' mcmory Ditto ' 

G.-ound "' memory Ditto ' 
Point 

Single inform11tion "' m~mory, 
" '" 

Operation after 

track circuit 
00 m confirmation-

Ditto ' 
traatment 

lüth ,emory, 
NOI!U"al 

O:lntinuous ~ trae k 
stcp-pattern 

o 

control •y•tem circuit Multi-infonnation '" "' Continuous 
With memory, 
brake-pattern 

Emergency " 



device on the car passes over the ~ayside coil it can receive the 

info ........ tion of "f¡". Because about seven kinds of .,.ayGide coils 

on the qrc:undcan be in.st.alled, tñe car can receive seven kinds of in

fot"':l>!itiOfl. When the nu<nber of bits of in.for""'-tion is not suffic ient, 

by combining twn wayside coils, more ~nforrnation can be received. 

By locatinq the two .,.ayside coils at a proper distance, the passcng 

speed can be checked on the car. In the future, tha trilin· classlfi

cation and train nu_ober device can be equipped on the car, with-

out any ~ide reforrnation of the device on the car. 

COncerning the trdck circuit system, by inter~:~itting the 

transmisSion in the commerci<>l frequency tra'ck cncuit, J '1. 5 kinds 

of codes are produc~d; and by combining frequencies in the AF track 

circuit, $ '1. 10 kinds of inforrnation ilre continuously produced. 

(J) Speed Checking Syste~:~ 

The speed checking of the ATS is classified as the following: 

(a) Whether the speed checking is done or not. 

(b) Whether the specd is checked on the car or on the ~ound. 

When the checking lS done on the car, the .,.ayside coil system 

is easy.· Dcpending on the kind and distance o! the ... ayside 

coils, the car receives the speed l~mlt, which is compilrCd 

~ith the trair1 running speed. tn the case of checking o" 

the ground, the train running speed is calculated by the 

passing ti~ of the loop coil installed on ground, and if 

the train speed exceeds the speed linit, the ATS is ope~ated 

from the qround. 

(e) whether there is a memry on the car or not. tn the case of 

speed chcckinq on thc ccr, there is thc syst~rn in which the 

speed limit information received from the ground is put into 

the memory device and the speed is continuously checkcd, dnd 

the systc~:~ in which there is no memory and the speed is 

checked only at t:hat poin.t. 
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(4) Coofinna.tion Treatrnent or Not 

With sorne types of point control systems, there are cases 

where adapting to changos in the slgnal can not be done suf

ficient. To prevent this problem, the driver, after S~ltching 

te "confirmation treatrnent", operates the train with hls caution. 

However, 1f the "confirmation treatrnent" is done, the ATS 1s cut 

off and is not opcrated. Therefore, a system "'hich has the ATS 

ftiDction at. thc least even after the "confirmation treatment", 

or a system in "'hich the "confir<M.tion treatment" does not ex1st 

from the first is desired. 

(5) Emorgency Brilke or Nonn.:~l arake 

When a driver has :nade ao error, if.the A'I'S·is used te sup

port it, thc emergency brake is suitable. However, when we want 

to make minor speed control by the ATS, thc ATS will operatc very 

oftcn, and a nor~l bra~e is ~re suitable. Thcre!orc, a nigh 

class ATS is ene whlch !unctions approxi~tely the samc as the 

ATC (automatic train control device). 

Thus, each type of ATS has its respective features, and 

selection o! the appropriate type is gcne~ally dcci~ed by con

sidering the train dcnsity, kinds o! rolling stocks, the opcr~

tion o! thc section, the duties of the driver, and the 1nvestment. 

concerning the ccnventional lines of the JNR, the cars 

utilizcd l;nclude a·\li~e range, and the conditions of the sections 

used are very diffcrent. Thereforc, as ground dcvices, a simple 

and unifled sytstem is rcquired. Accordingly, except lfi commutcr 

traffic section in majar cities, the simplcst type of point 

control systern (Type A of T~le 5-9) has been generally used. 

MOwcver, systems in"which tncrc is a memory on thc car and the 

speed is continuously chcckcd, without the "confinn<ltion treatmcnt" 

{Type G of T<>ble S-9) has been developcd and its applic<~tion to 

main sections are being planned. 
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(3) Point Control Type cn-car Speed Ched:ing System 

The point control type on~car specd checkin~ systcm is Type 

D in Table 5-9. In this systcm, tho emcrgency brake io operated 

wheri the actu~l speed exceeds the speed limit, by comparing the 

standard time (gcnerally 0.5 or 1 second) which has been put in 

the memory on the car with the passing time of the dlstance of 

2 wayside coils. 

The system is used in so¡:¡e prívate raih•ays in Japan. 

Because there is no m~mory for the checked sp~cd, it$ const~c~ 

tion is simple and the adaptability to changes of the signal 

indication is good. By locating the wayside coils at suitable 

intervals of distance, the desired speed checking is possiblc. 

Therefore, lt is suitable for cases of future AC electrification, 

such as main lines·between citics. 

An examplc of this system is shown helow. The speed checking 

point pcrforms thc speed checkln<J in J steps (70, 30, O km/h for 

R signal). See Fig. 5-55. 

u 

' . 
Fig. 5-55 Example of point Control Type On-car 

Speed Checking System 

The kinds of wayside coils are as follows: 

wayside con A: 
waysidc coi.l B: 
Wayside coil e, 

free and stop 
Fr..., and speed checklll'l 
Speed checkinq 

Because wayside co1ls B and e are common for speed checking 

use, only the 2 kinds, A and B are sufficient. The ch~ngeover of 

each information is made by the ch~ngeover of the capacitar. 
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The distances for wQyside coils a ~ C are as shown in 

Table 5-10, accordinq to the checkinq speed for each 0.5 second. 

Tabla S-10 Distance between wayside ooils 
at Speed Check Point 

Olecking s¡>eed Distance between 
(kto/h) ways1de coils '"' 

' 1.34 

" 2.73 

" 3.42 

" 4.81 

" 7.59 

" 10.37 

.......... <""' .... ., ••• <h••• 
'"' ·-

The connecting dla

gram of dcvices on the 

ground is shown 1n F>g. 
' • ' • • 

5-56. 
---! ••. ,.1-- __¡..,,¡_ \.-., 0• This hTS system can 

e;¡ &t. [J t;l,,.. 
1 ..... 

., ... 1 

~L 
,.¡ - 1 
1 

... 
" 

also be used for chccking 

the specd lirnit at a point 

or curve, for preventing 

over-running of the stub 

track, and interlocking 

of the crossinc:i gate. Fig. S-56 standard Connecting Diagram of 
Devices on Ground Moreover, by add1ng the 

train number transmitter, the train number, etc., can be sent from 

the car to the ground, and the application to the train operation 

administration systern is possible. 
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current output. Such noise hazards are mitigated by inscrting 

into the o. c. output side of the rectifier"a wave filter which 

is cornposed of a reactor and a condenser and by 1mproving thc 

degree Of balance of the communication line. 

In the A.C. electrification of a railway, however, a corn

rnercial frequcncy (SO or GC Hz) at a high voltage (20 or 25 KV) 

is used, with the consequence that the induction thus produced 

is quite strong, not only produc~ng noise but endangering h~n 

Uves as ... eu. JNR sets the critica! voltage at lc&s than 60 V 

of the counte<poisc voltage at normal times and less than 4JO V 

at abnormal times. The tolerable limit of the noise voltage 

bet ... een lines is set at l mV for cables and 2.5 mV for bare wi<CS 

(both are the values assessed .. ·ith the auditory sensidvity taken 

into account). 

In the case of an A.C. electrificat;on, therefore, the high 

frequency waves are restraincd with the inscrtion of f;lcers into 

electric vehicles as a maasure on the inducing side. In addition, 

an attempt is al~o mad~ te lessen the induc:tion by using <>n "uLo

transformer "(A.T. type) and installing a booster transfo=er "nd 

negative feeders (B. T. type) on thc side o! the feeder c:ircuit. 

In foreign countries, en tho other hand, a feeder systern 

(direct feeder system) in "'hl.c:h neither B.T. nor A.T. is used is 

adopted. Thl.s simple system, which is equipped ... ith simple feeder 

circuits, cannot necessarily be dascribed as an effective systcm 

for urban arcas from the stdndpoint of the induction of communica

tion. 

an the induced sl.dC, an attempt i~ rnade to lessen the induction 

by enclosing bare wires in cables, using shielded cables and insert

ing neutralizing coils and feeder dral.ning coils. MOreover, a 

cumulation of the induction volt<>go is prevented by inserting in

sulating coils and sections. 
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6-1~2 Elect~ost~tie Induetion 

In case an ove~head eontaet syst""' o~ an electric power line is 

suspended a.bove the ground s.uf~ce in parallel with a comrnunica

tion line and their heiyhts above the g~ound ~re h¡ and h2, re

speetively; the eleetrostatic eapacity is c 12 and the eounterpoise 

electrostatie capacity is c,,.the voltaqe of the electrostatie 

current indueed in the oommunication linc is expressed in the 

equation of: 

where V is the counterpoise potent•al of the electrie power l>ne. 

This equation may be replaced by the following ene. 

,. • (h¡+h¡) 2 
>oo 

o, - " • (h¡-h¡) o 

' '"" "' 
" 

where r, is thc radius of the eleetrie power tine, b is the hori

zontal dist,mce betwcen thc electt"ic power line and the communica

tion line, h 1 is the hciqht of thc electric power line and h¡ is 

the heiqht of the co~r.¡nunicat.on Une. 

Overhead contact 
~ system or electric 

power line 

h¡ b ~ 

J 
,, " 

77«;?))))))))))/)J)/);(/) 

Fiy. 6-1 Electrostatie Induction 
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Une 
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A& is discernible from this cquation, the magnitudc of the 

electrostatic voltage is determined by the voltage of the electr 1c 

power line and the locational correlation between the electric 

power line and the commun1cat~on l~ne. The parallel length of 

the oommunicat~on line has nothing to do with the magnitude. 

When the electric cunent flows an electric p0""er line 'With 

the ground as its return route, a magnetic 1 1ne is generated as 

indicated by the dotted line in Fig. 6-<. Here, if there is a 

COltl!llunication in -parallel \<Ítlt the el.,ctric po-"'er lir . .,, iln 1nduc

tion voltage is generated in the co~unication line, depending on 

a change in the magnetic line. As the electric.current of the 

electric pewer line on its return route to tlte ground is l(A), 

the angular frcquency is w, the mutual induction coe!ficient of 

the electrü: po·..,.er line is M{].JH/krnl, and the parallel length of 

both lines is .i.(klol, the induction voltilge vm is expressed in the 

equation of: 

' ----' ' ' ' ' ' ' 
' ' ' ' 

' ' ' • 1 .- s> 1 \ .. __ • ¡/ 

'· / 

Vm • -jw~tr 

E:lectric 
power 1 ine 

"' 
C mnmcl!\ i e a -

tion line 

"' 

E:l.,ctric 
power l1ne 

1 

Fig. 6-2 E:lectromagnetic Induction 

Communic~

tion line 

The relative induction coefficient M is detcnnined by the 

distance between the electric pow"r line and the co~niciltion line, 

ground conduct>On rat" and frequency. The greater .the afore01entioned 

value, the smaller M. 
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This equation has been int~oduced separatcly by carson o[ the 

United States '"'<l Pollac>:Ck of Germany and.is l<.no;.n as the carson

Pollaczek formula. The equation is expressed as follows. 

" ~ [2 loq 

0.1544 - j 
,, 
' 

k (h¡+ h,))j 

where k- 2nhoc e is earth conductivity. 

As is discernibl<: from the earlier eq'-'ation, the electro

ma9netic induction voltage greatly varíes, depending on frequency, 

p..>rallel lrogth Of cornmunication Lines, etc. 

&-l-4 Earth Conductivity 

The lines which serve as the basis !or a prediction of the 

electromagnetic induction voltage are two parallel lines above 

the ground. The elcctric and communicatlons are normally composed 

largo numbers of parallel lines. Therefore, the electromagnetic 

induction which is generated bet~een both systems is clarificd in 

a complicatcd circuit equation with an application of the thcory 

of multi-line transmission. The si~plest basic circuit is the 

correlations between a Slngle elcctdc line and a ~ingle com

munication linc. On this basis, vanous, complicated pher.Ot:lcna 

may also be progrcssively clarified. 

Here, an important role is played by the earth. When induc

tion is studied, the earth is an i~portant par~eter which cannot 

be disregarded at any moment. 

This holds true in the case of electrostatic induction but 

the carth plays a ~re important role in the case of electro

magnetic induction. 

As a matter of fact, the earth features a biq resistance and 

its value varíes to a qreat extent, depending on the soil. This is 

known as the earth conductivlty. 

The earth conductivity is the reciproca! of the resistance 

ratio and exprcssed in sicmens (5/m) on the basis of the S.I. unit. 
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For the computation of induction, the~e is a need to compute 

the earth conductivity. Jh~ makes it a p~actice to measure >t. at 

a standa~d distance of 4 km. The estimated values of the earth 

conductivity are shown in Table 6-2. 

Table 6-2 

Soil O(S/rn] .. , SO>l 0.05 

Ory soil 0.005 

Clay '·' 
Choke 0.03 

w= 0.01 

Coarse sand o. 3 ~ ¡o-' 

Grav<>l o. 3 ~ lo-' 

1\.queous roe k (1 -" 101' to-' 

lqneous ~oc k to.J' 11 ~ to-' 

comparison 

Underqround 
water 

Iron 

Insul<~t.Or 

0.05(5/nl 

lXl0 7 [S/m] 

Less than lo-• 
(S/ m] 

6-l-5 Induclion Characteristlcs of Variou~ FeedQr Systcms 

Proqrruns for electrification under vilrious feeder systeros have 

been ret<irred t.o in other chapters. ln this chapter, an at.Ü!:'lpt 

will be made t~ introduce the characteristics of each feeder system 

with speci<~l reference to th<> inductlon characteristics. 

(1) oirect Feeder system 

The direct feeder systcm is t.he most basic of them all, 

composed of trolley Hnes (T) and rails ;R.). One varia t. ion is 

·a syste~ in whlch NFs are postcd in parallel with the rails and 

the rails are connected with an NF at every several kíl~eters 

with Nf" connacting wacs. Here Nf" serves as a prot.ectlve wire 

(Pii). 

The advantage of the direct feeder system lies in the fact 

that as the composition of its circuit is simple, this systec is 

cost-cffective and easy to m.:~.intain, whereas the dis.odv<~ntage is 

that as the rails in the ent.ire section is charged with the rcturn 

circuit current, the hazards of induction to the communication 
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line are great and the rail potential is higher than in any other 

feeder system. 

(2) B.T. Feeder Syste~ 

In the B. T. feeder syste01, a boost transfonr.er is installed 

at every four kil~eters or so and the trolley wires are fitted 

with B. T. sections to oontain and absorb the return current l."ith 

which the rails are charged, so much so that the effects o! a 

reduction o! co~unication 1nduction are of significance. 

The B. T. feeder systems come in two types -- a simple B. T. 

feeder systcm 1n which boosi transformers are placad between the 

trolley w1res and the ra1ls and a syste~ in wh1ch NFs are ln

stalled to absorb the electric current. The fonner syste::~ ü 

simple but far inferior to the latter in terns of the cffects 

of a reduction of cor-:nunication induction. But it goes "'"lthout 

saying that the B. T. feeder systems are better than the direct 

feeder system. In the rail lnsulation, there appears a voltagG 

at thc sccondary tcr~al of the boost transformcr and short

circuiting and opening are repeated by t.he whcels when a train 

qoes by, ~king the maintenance of the insulated section poor. 

A B.T. feeder systcm is thcrefore used in cases where the load 

current is not too big. 

In any cv~nt, the B. T. feeder systems excel in the reduction 

of co~unication induction, on thc one hand, and on the other, 

require B.T. sections, etc., so much I'O that the composition of 

their feeder circuit.is ~re complic~tcd th~n in the direct feed~r 

system and that the ~edancc of the feeder circuit is grc~t. 

When the load is extrcmely great as is the case .. -ith JNR's 

Shinkanscn, thc a.-c which is gcnera_ted ~n the booster section is 

largo and it 1s neccssary to come up with rneasures for its·elimina

tion. «ere, the contact wires become complex in composition. 

JNR makes exclusive use of a system in which Nfs are 1n ex

istence but B.T. systems without NFs are put to practica! use in 

some oountrics. 



(3) A.T. F~~der SysteQ 

The A.T. system is one in which the f~~d~r voltage f~ 

a transformer station is mad~ higher than that of the contact 

wires and dropped to the nccessary contact wüe voltage with 

an autotransfo~~r (AT) installed ~v~ry lO km or so along th~ 

rails. 

In the A.T. feeder system adopted in Japan, the fe~der 

voltag~ from transformer stations is twice as big as that of 

the contact "ires. lt wnuld be possible as a matter of course 

to make it further h~gher by changing the nuaber oí AT's turns. 

This systcm is fitted to the supply of massive electrlc 

powcr as the feeder voltage from transformer stations lS high 

( two times) • If the load capaclty is left constant, the 

electric C<.~rrent· is halved, thus setting the volt .. ge reduction 

rate at 1/4 and ~nlarging the distance bctween transformer 

stations. Por a single load, therefore, it would be theoreti-

cally posslble to make the distance betwc~n transforrner stations 

four times lon9er th;;¡n in the B.T. feeder system a..'"ld 2.5 tines 

longer than iiL thc direct feeder system. In actuality, an in-

crease in the distance bet~een transformer stations results in 

increasinq the nu_<ber of trains in between, so that the distance 

will be m'ade 2.5'\.J times longer than in the B. T. feeder system 

and about two times longer than in the direct feeder system. 

An extensicn of the distance between transformer stations is 

of advantage p;;¡rticularly ~hen the point where a power source 

is available is a long way off. 

Hcreover, as the load current is absorbed by autotransformers 

at right and left, the inducticn voltage c.: the long cOt:.nunication 

line is offset and the current with which the rails are charqed 

is ccntained, "Jith the result that the effects of a reduction of 

inducticn hazards is of significance. If the distance bet"Jeen 

autotransformers is about 10 km for a load which comes in the 

neighborhood of the load for the conventional railway lines in 

Japan, the characteristics of communication induction are practi· 

cally the sama as thcse of a B. T. feeder systern in which aT's 

are installed at an interval of 4 km. 
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In o~der to install AT's with a considerable capacity at 

every 10 Juo., ho~o~ever, there wculd be a necd to install trolley 

lines and feeder wires of one and the sarne insulat1on class. 

There would be no booster sections but the circuir ~uld become 

compl1cated in co~position. 

(4) coaxial cable feeder System 

In the co~ial cable feeder system, a coaxial electric power 

cable is laid alon~ a railway line in addition to a direct f~eder 

cin:uit (with NFs), and at evory several kilomcters, the internul 

conductor of the coax1al cable 1s connectcd with.the trolley line 

and the externa! conductor with thc rails. 

oistribut10n af the electric Current in the coaxial cable 

feeder system is s1mil<lr to that oí the A.T. feeder systoim, so 

much so that the effects of a reduction of co~nlcation induction 

is of significance. As the mutual impedance b~tween the intern~l 

and external conductors is great for a·coaxial cable, the recipro

cating impcdancc drops to a significant degree, and thc di$tance 

at which feeding may be done is as long as, or longer than, that 

of the A.T. feeder systcm, depending on the specif1cation (thick

ness) of thc coaxial cable. 

The coaxial cable feeder systcm is of disadvantage in the 

sense that coaxial cables ~re dear and it is difficult to restare 

to normalcy the coaxial cables which are out of order, but these 

factors must be taken into account as against the total cost of 

the system, mutu~l spare systems of the upper and lower coaxial 

cables and othcr operation methods. 

The capacitance to the ground of the feeder wire (interna! 

conductor of the coaltial cable) 15 about 10 times greater than 

in the aedal suspension typ<'. Given this factor, it is necessary 

to solve problems, such as on an increase in the act:¡.on burden of 

lightning arresters forthe feeder circuit in the light of an 

expansion of thc ha~nic current causcd by a significant drop 

in the resonance frequency of the feeder circuit as well as the 

ooordination of insulation. 
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JNR installs coaxial cables for several kilometers in a 

section o! Shinkansen's power transmission systc~, and the use 

has been favorable for several years. NOwadays, coaxial cables 

are adopted 1n the feeder system of tunnels on a full scale, 

albe1t for severa! kilometers. The reason is because the total 

cost of this system is lower than the cost of engineering works 

for other systems for which much space oust be set as1de for 

the composition of aerlal circuits. 

6-1-6 comparison of Induction Voltage between Feeder Syst~ms 

The simulated computation of 1nduction voltage in var1ous 

feeder systems is d6ne below. 

The eondit1on for this c-omputation is that an atte:o.pt is made 

te compute the induct1on voltage of the com:nun1cation line "''hich 

1s generated when a singlo load moves along the feeder c1rcuit of 

each model, and that the basic wave and an BOO Hz noise wave are 

taken up for a cornpariso~ that the direct feeder system, B.T. 

feeder systcm anU A.T. feeder systen are compared. 

(ll comparison of Induction Voltaga of Ba.sic W~ve 

Of the induction voltages which are generated in the com

munication lines (with route lengths of 1, 2, 4, 6, 16, 24 and 

50 km) pesitioned at a point near the feeder point of each 

feeder c~rcuit, a peint clcsc to its median peint and a point 

clase te its end, the greatest voltage is computed for separating 

distances of 50, lOO a,..,d JOO m, as indicated in Table 6-~. 

A study under JNR regulations shows that there is no in(luence 

in the B.T. feeder systcm as aga1nst the con~tant in~uction risk 

voltage cr~tical value (60 V) in the case of communicahon lines 

(not shielded) with. separating distance of SO m and that in the 

case of 50 km, the voltage exceeds the critica! value in the A.T. 

feeder systern. tn the direct feeder systern, cammunication lines 

with lengths of more than 4 l<m are affected. 
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system ----------

B. T. feeder 
system 

501-:J:l 

--- Routc length nf communicatLOil 
line (krn) 

Fiq. 6-3 Multiples to oirect Feeder Systcm 
Inductive voltaqe in lne case of f ~ 601\Z 

When the separating distancu is lOO m in the A.T. feeder 

system, the voltilge is lower than the crit~cal value. In the 

direct feeder system, the voltage exceeds in the critica! value 

when the communication lines are more than 16 km in route length 

even if the separat~ng distance is 300 m. 

From these rcsult~. the induction voltege increases virtually 

in the order of A.T. < B. T. < Direct when the communication lines 

are short, as indicated in Fig. 6-J. when the communic<~tion 

Unes are long, the OI"der is B. T. < A.T. < Direct. Particularly 

in the direct feeder ~ystem in which the communication lines are 

long, the induction voltage is about 7 _ 7 t:inles as big as in the 

B.T. feeder systcm. 
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llhen a co""'""'nicat.ion line, 1 l<l:l long, is hypot.hesi:ted u 1 

the posit.ion of each feeder circuit., t.hc maximum >nduction 

voltage gencrated in each communication linc with a length of 

1 k:n by a movement. of thc load is computed as shO'Wfl in Fig. 6-4. 

Direct feeder 
syste111 

________ / Ave~age 
hi-· . ~, (1.43) 

" 
' :;:;.~'''" '\ ' 

P"' ,.( Average 
. ......... ... ..,-- (l.O) 

lO /syst<:m 
A.T. feeder 

' .-. • y' ,( ,\ ~ 1', ' 

f¡'c'\- :·-·' ~ 1'- ~ /~-"' ,,_'cv_,\,-~''-'·cAvera'lc· "\ . ~- . ·-r- \ ,· (0 ... 0) 
\. •.¡ ··,¡ 

'./ "\_/ '• . .J V \_: 

1 
o 50 km 

Location of feede• circuit 

Fig. 1>-4 Maxi10um Induction Volt.age of 1-lr.l-long corru:r_,nication 
Line at Eve•y Kilometer in Feeder systems 
(separating dístance 50m) 

Whcn thesc índuction voltagcs are averaged for each feeder 

circuit, the induction voltage stands at about 15.7 v in the 

direct feeder systcm, about 11 V in the S.T. feeder systern 'and 

about 7.7 V in the A.T. feeder system. When thesc mean valucs 

are compared with that of the B. T. feeder systern at 1.0, the 

mean value is about 0.7 times bigger for the A.T. feeder system 

and about. 1.43 times bigger tor the direct feeder systcm. 
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- (2) Cornparison of Voltaqes of 800 Hz Nois.e Level 

Of the noise voltagas \longitudinal electro.,otive volt.agesl 

which are generated by a mov~ent of the load in the co~~ica~ion 

lines (with route lengths of 1, 2, 4, 6, 16, 24 and 50 kr.ll ins~al

led at a point near the feeder point of each feeder circuit, a 

point near its ~edian point and a point near its cnd, the maxim~ 

voltage is co~puted for the separating distances of 50, lOO and 

300m as indicated in T~le 6-5. 

In the table, the rOute length of the feeder is shor~er in 

the di.-ect ar.d B. T. feeder systerns than in the 1\. T. feeé.~r system, 

so that the route_length of SO km in the 1\,T. syste~ is added. 

Given this !actor, the longitudinal electromotive voltage of 

the communication line is computed in the state or a matched 

feede.- on the assumptlon that the next feeder circult (with the 

same route length) stretches from the sectioning post. Therefore, 

the load is sjnqle when the cornrnunicat:ion line extEnds ove.- both 

sides of the feede.- circuit of the sectioninq post, so that 

whichever large no1se is adopted. Here, as the exposed 

length of the corroounicdtion line becornes sho:r:t, the noise voltage 

beoo~s $m3ll as indicated in Table 6-5. 

From these findings, the longitudinal electromotive voltage 

becomes larg~ in the order of A.T.~ Direct~ B. T. when the cot:t

munication line,is as short as 1 km, as indicated in Fiq. 6-5. 

In proportion as the route length of the co~unicat1on l1ne in

creases, the voltage increases in the order of 1\.T. <B. T.< Direct. 

When the co~munication l1ne has a route leng~h of ~re than 13 km, 

the volta¡;,~ 1ncreases in the ordcr of B. T.< A.T.< Direct. When 

the CO!Mlunication line is longer than 24 km, the voltaqe is about 

6.5 times biqger in the dircct feeder system than in the B.T. 

feeder system. 
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Fig. 6-S Multiples to Direct feeder Systcm 
ooise volt3gc in the case of f ~600Hz 

When this is compared "'ith the basic wave {60 I!Z), the 

effects of thc degrading current by the ground lcakage adm~t

tance of the rail in the case of the noise voltaqe is smaller 

than in the case of the basic wav~, so that when the route 

length of the.communicat1on line is short, the noisc voltage 

conservely bccomes higher in the direct feeder systen than in 

the B. T. feeder system. floweve.-, the ratio is smaller- than 

in the case of the ba$ic .,ave. Whcn the co~~unication line 

is more than 24 km, the ratio in t:he direct feeder system is 

about 6.5 times than ~n tha a. T. feeder syster.~, smaller than 

about 7.7 times for the basic wave. 

When a conununication line of 1 km in length is hypothesized 

for each feeder circuit, dhe biggest longitudinal electrccotive 

vOltagc ~h~ch is gcnerated in each communication line of 1 km 

in length by a movement of the load may be computed as indicated 

in Fig. 6-6. The results indicate that the maxir.~~ and minimum 
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breadths of the noise vertical voltage 1n the entire section 

of the feeder circuit are greater than ~n the case of the 

induction VOltage of the basic ~ave. 

When the oca><im= noise volta9e in each section of the 

1-km-long eommunication line 1S averaged for the entire section 

of the feeder c~rcuic, the noise voltage is about 2,920 (n'l] 

in the direct feeder system, about 3,470 [mV] in the a.T. feeder 

system and about 2,120 [mV] in the A.T. feeder syste" when the 

separating distance is 50 {m]. From these rcsults, the logitudi

nal electromotive voltage stands at about 0.61 t~ in the 

A.T. feeder systcm and about Q.8S time in the dircct feeder 

syste= when the noise vertical voltage of the e.T. feeder system 

is s~t at 1.0. When they are comparad with the induction vol~age 

of ~he basic ~ave, there are converse signs that the noise 

vertical voltage is somo~hat ~maller for the A.T. feeder system 

(about 0.7 ti"'e olS large as in the case of the b,_s~c ~,_ve\ <>nd 

that of the dlrect feednr system (about_l.4J timu~ as bigas in 

the case of the basic ~ave) is smaller than that of the B. T. 

feeder system. 

6-1-7 Measures nqainst Induct¡on !lazards 

Whcn measures against induction hazards are to be taken, they 

must be studied from the diversified technoloqical standpoint ~hile 

returning to the original point of the electrification program. 

For exumple, density of public co~unication lines by the 

economy and citizen's activity, critica! values of induction voltaqe, 

etc., and legal restrictions in the country ~here electrification 

is to be stepped up must be studied in a comprehensive manner to 

work out induction measures. If an en:oneous step ~as t.'lken, ~hat 

~as done for an improvement of rail~ay transportation ~ith electr~fi

cation ~ould llkely to result ~n generating induction hazard~-

The flow of me<>sures aga~nst ~nduction hazards in no~l cir

cumustances is shown in fi<¡. 6-7. 

- 101 -



0 ...... , .. , •• ...... -•• , __ .. , .. ... 

' 

0 ........ 
'""'" •• .,.,., .. •• 

"'' 
• 

C"'"""'''"''"" '''" ........... ·-"'""" _ ...... 

,..,....,_ 
, .... 

'"" 

,.. 

"'''"'" to •• """ 

"" "'" '"""'""" ''"' 
"""' of (j) 

CQmu,, .. ,,.,. 
\ !'• • "'' 

Q '"+'""''' .. ·' ,..-.om-•, 
'"" •• .. ,<\,no . ""'" 

<Mn'"''l oC ,... • .......... ~ 
'""'' 

-

... 

'""'"''' to "" '''"" "" ..... _,.,""" "'" 
'""'• ''"• '"" . ... .., o< <D ... 0 

Flg. 6-7 Measu~es against lnduction Haza~ds 

- tn? _ 

( 

! 



,. 

1 

1 

1 

1 

' 

As indicated in the figure, the induction ceasures for A.C. 

electrification ~Y be di~ided into the following types. 

Measures on the feeder's side 

Measures on the electric ~ehicle's s1de 

Measures on the communic~tion route's 
side 

l Induction side 

Side of the induced 

As far as induction measures are concerned, the induction 

hazards should be restrained as much on the induction side as 

possible, bofor~ steps are taken on tho side of the 1nduced. 

As measures on the siUe of thc f~eder, the·B.T. and A.T. systems 

are widely in use. As regards electric vehicles, induction 1s 

generated by the thyrlstor of the phase control, so that it has 

become a practice to take harrnonic wavo measures. 

Even if these measures are taken, tl.~ induction hnzards on 

the side of the induc~d cannot be completely eliminated. Given 

this factor, it is necessary to take ''">asures ilgainst induction 

hazards, such as for co~unication routes. 

The induction hazilrds ~ith A.C. electrification co~e 1n 

electrostatic and electrocagnet>c 1nduction. 

The electro~gnetic induct1on volta9e is generated by the 

added voltage of electric vchiclcs, givin9 rise to serious hazards, 

such as noise in the cowmunication line, difficulty to listen to 

in telephone conversations ~nd erroneous connection of exchilngers. 

As for the countermeasures, scopes, methods, etc., are determined 

on the basis of a preliminary induction caiculation, but they ~re 

co0lp1icat<"'1 and difficult. Non:~ally, the c=unication route is 

shielded with a cable and the track circu1t is altered, such as 

with a change in system. A& a matter of course, the track circuit 

for electrifi<;ntion itself uses a feeder cir<::uit and rilils, ·so 

that the insulated current of the contilct wire is mixed, bringing 

ahout " direct impact. For this reason, it is necessary to chango 

the system of the conventional track circuit. 
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tn the !ollowing, an attempt will be made to int~oduce the 

basic matte~s ~elated to contermeasu~es.against elect~omagnetic 

induction. 

(ll Measu~es on Feeder Side 

In the B. T. feeder system, as is discernible fro,. Fiq. 

6- B, the retu~n current which has leaked to the qround lS 

boosted by the boostinq line due to the Loostlnq effects of 

the booster tran~!ormer, <1nd the volume of Índuction to the 

outsldC varíes, depcndinq on the locational relation betwc~n 

the elect~ic vehiclc and the boosting line. The volume of 

induction is greatest when the location of the elcctric vehicle 

coincides with that of the booste~ transformer. The interval 

for lllStallation of booster transformer can be deten:lined ""ith 

the volwnc of induction to the exterior taken into considcr~tion. 

In JUR, the dist~nce is about 4 1un in the suburban <~reas and 

1.5 k:n in thc built-up area. 

rn the A.T. feeder system, as is discernible from Fig. 6-9, 

thc currcnt whlch bas leakcd to the ground flows to thc ATS at 

both cnds of thc load point, the dircction is ~evcrsed, and the 

distance at which ind\>ction is given t~ thc outsidc coincides 

with the distance bct~een AT and ~T, the elcctric current being 

less than half that of the B.T. systcm . 

.JNR standardizes the A.T. interval is set at 10 k:n, but in 

a cocprehensive perspective, the induction degrading effects 

are practic<~lly the s~ as in the B.T. feeder syste~. 

The distribution of thc load cu~rent in the A.T. feeder 

system is not so simple as in the B. T. feeder system, and there 

is no simple way o! knowing at ~hat load po~nt tho volwne of 

induction becomes greatcst. Consequcntly, this computation is 

diffic,lt to make, unlcss a computer is used, and the induction 

is coCiputed after defining A::lp. km. 
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The distribution of the lo~d current is_ virtual! y determinnd by 

the section between the load point and the boosting line, and 

even if the load moves, the induction voHage remains virtually 

constant. 
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Contact wüe 

Comrnun 1ca ti on 
WHe 

Fiq. 6-10 Arn·J(J:t of Feede~ Cireuit 

{2) /ol<!asu~es fo~ Elec-t~ic LOco,.,tive 

When an elcc-tric locomotive controlled ~·ith a thyri~to~ 

chopper travels in a section electrified in A.C., a harmonic 

wavc is generatcd in the feeder circuit, so that filter5 are 

installcd in thc elcctr~c locomotive, the number of divislons 

on the sccondary side of the lllilin txansfon~er is incrcased, 

cumulative control and othcr mcasures are taken. 

0n the other hand, in thc computation of the noise voltage, 

the equivalent disturbing currcnt (Jp) for which the harmonic 

wave of the electric locomotivc is assessed is used. The induc

tion voltagc is in proportion te the equivalent disturbing 

current. FOr any elcctrlc locomotivc and car, >t is necessary 

to minimize the equivalent disturbing current. 

(3) Measures on CO!mlunication Side 

~ccording to the equation for the prediction of induction, 

the induction voltage may be rcduced if the ~tual induct>on 

coefficient, lcngth of thc communication route, shiclding cocf

ficient of co=munication cables, degree of equilibrium, etc., 

are reduccd. 
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(a) Method of Rcducing Mutual Induction Coefficient (M) 

"the mutual induction coefficient (M) is a constant which 

ie detercined by the separating distance between the feede~ 

circuit and the co~nication wire, c¡round conduction ratio 

and trequency. 

The ea~th cor4uctlvity is detennined by the soil and the 

frec¡uency cannot be chanc¡úd. Qcnsequently, the separatinc¡ 

distance cust be ll'.ade longer to reduce 11. Cocmunication linee 

other those used for a railway L~ne -- i.e., public and other 

cornmunication lines in areas other than those in the raily 

site -- cust be moved away as far free the ~aily line as ~os

sible, such as by chanc¡inc¡ their routes. 

Ho·,.ev<>r, it is diffictilt !or the sake o! security and 

reasons to ~eep a railway communication route free the railway 

site in normal circ~stanc~s. Given th~s factor, it is im-

possible to reduce M. 

Inc~dentally, the rclationship between the earth con

ductivity and the separating distancc and tne mutual ~nduction 

coefficient i~ shown in Fic¡s. 6-ll and 6-12. 

(b) com:::unic:ation Circuit 

The :~~unication c1rcuit is divided as it is put in with 

insulatinc¡ coils atan appropriate interval as shown in Fig. 

6-13. 

Here, the distribution of the induction voltage in the 

communication wire is shown 1n the lower part of Fig. 6-l~. 

However, this system is applicable te for a o.c. circuit and 

in case small sections are prepared with a large number of 

insulatinc¡ coils, the loss in transmission cannot be ic¡nored 

in the light of the loss resulting fr~ a combination of 

insulatinc¡ coils. 
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(e) Method of Using Shielded Cables 

AS regards the shielding coefficiont of a ~hinlded 

cable, the largcr the inductance of the cable sheath, the 

better the shlelding effect. Consequently, sheathing with 

steel belts which raises the pe~cability is of much effect. 

The smaller the value of the earth resistance for the earthing 

of the sheath and that o! the sheath, the greater the effect. 

K- (Ro + R¡,)/(Ro + Re + jwL) 

where K is the nereening facto:.:, Ro is the resistance of the 

sheath tn/km), Re is the earth resistance of the sheath tn(km) 

<md t:::. is the reactance of the sheath (íl/km.). 

As is discernible from this quation, the screeninc:~ factor 

against noisc is smaller than that for the c~ercial frequency. 

The specifications of al~inum-sheathcd steel belts for out-of

town communication c~les, as indicatcd in Tabla 6-6, are that 

the screening factor is set at less than 0.6 .. ith thc electric 

current at SO or 60 (Hz], the electr>c field at [V/km] and 

the earth re~istance at 1 tn/km]. ror Shinkansen, however, the 

screeninc:~ factor is set at 0.4 with the electric field at 100 

(V/km] and th" eart,h resistance at 1 [0/lm), as the inducing 

current is big. 
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Table 6-6 Sp<>cifications of Screcning Factor of c.ú>les 
in Sections E:lectrified in A.C. (J'NRJ 

""" of cable Screening factor rnduction electric 
field 

cables <o' conventional 
railway lines ~ .. than 0.6 50V/k<:l 

Cables for Sh~nkansen Less than 0.4 100 V/km 

Of late, cables with electr=agnetic steel belts wlüch 

are designed to raise the penoeability in order to set t.'le 

screeninq factor at less th= 0.1 ha·:e been developed. 

In prlnciple, an und<!rground burying <:~ethod is used for 

alwn1mm sheaths. rn order to reduce the oonstr.,ction cost, 

the cables the aerial suspens10n of which is made possibla 

by corrugating alwninU<:~ have al50 been developed. 

As regards the earthing of )ong shielding cables to be 

installed near a railway, JNR makes it a practice to set the 

res1stance at less thiln 5 {Ü], while tal<ing account of ilctual 

construction, ~d carry it out at places at an interval of 

several l<ilometers where earthing resista~ce may be readily 

secured. Accordinq to a trial co01putation in ·.mich a v<>dety 

of con~itions is hypethesized, the shielding effect "'"Y be 

iQproved if·earthinq is done halfway in addition to both enes. 

However, it ~ould not be of effect if the earthing resistance 

at a halfway point is greater than that of both ends. 

(d) Met.hod to Minimize Balancing Deqree oí Cln::uit 

rn normal circumstances, a c~unication route is com-

posed of two lines. If the ground electric potential of each 

line is equal, no induction voltage will be generated between 

two lines. In i!Ctuality, however, the lines will be out of 

balance due to the electrostatic capacity and line impedance. 

Cables norQallY have a balance of 60 ~ SO dB but the balance 

.oí the equipment with which the cables are connected is lower 
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in many cases, so that the balance oí the lines as a whole is 

~educed. TO l:lilke up for an imbalancc of the lines. it 1s 

advisable to insert lines of the kind ~hich may assure a high 

impedance for the ground and a low impcdance bctween the lines. 

The N-shaped repeatinq coil shown in fig. 6-14 has Such func

tions. 

• 
.--------, 
' ' ·1 "looooooJ" 1_ 
' ••----1:,--.. J ID 1H H L : 
._ ______ .J 

Fig .. ó-14 -N-shaped Repeating Coil 

(e) Other 1'\et.hods 

• 

• 

Carrylng is done with the use of a frequcncy Which is not 

affccted by 1nduction noise. The abnormal voltage 1S chased to 

the ground w1th thc installation oí arresters, draining coils, 

cte. The methods cmploycd by JNR are shown below. 

The induction measures of the exchange telephone and dis

patching circuits for which shieldi~g cables are used are 

indicatcd in F'igs. 6-15 and 6-lG. Arrcsters are used for the 

arrcSting of lightning and other induction mcasures and other 

measurcs are taken. Whercver ncccssary, insulation coils, 

N-shapcd repcating coile, etc., are also used. 
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Fig. 6-16 ~x~~ple of Ind~c~ion Measures 
of Dispatching Circuir 

6-2 oomposition oí Transmission Rcutes 

6-2-1 outline 

Carr1er - ter01inal 

- Telephone 

The gravity oí telecommunications in the rail~ay transport 

systcm increases 1n the information-orientcd society. 

Teleco~unications take charge of transm1ssion routes. 

the transmi~~ion routes may roughly be divided into two systems 

wire and wireless systecs. Both syst~s are linked to each other 

and intogratcd to form a network oí communication routes. The 

networks of transcission routes vary, depending on ~e substance, 

reliability, distance, number of routes, etc. For the composition 

Ot a network of transcission routes, che most economical and 

effectivc mcthod fitted to the characteristics of each net~ork o! 

transmission ~outes is !ormulatcd. 

rn the days ~hcn tcleg~aph and telephone lines played the 

leading role, aerial bare ~ires constituted ~st of the tr~smis

sion .-outes for raih•ay co:r.:tunic:ation. In .-ec:ent years, 

however, it has beco~e indispensable te t.-ansmit, proccss and 

control info~tion in o~der to assure the smooth ~nagement and 

inc:reascd sa!ety of ~all~ay enterprises. Given th•s !acto.-, the~c 

hal been a sharp rise in the demand of t.-ansmission routes and 
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there have arisen strong calls for an improvc~ent of their quality 

and for a retaining of their credibility. Aqainst this background, 

the bare wü-es which have intrinstic defccts in the form of limited 

route capacities, induction hazards to com=unication by A.C. ele

ctrification and instabllity caused by disasters, meteorol?gical 

conditions, etc., have been replaced by SHF radio syst~ and coaxial 

cable carrier for long-distance transmission routes between the head 

and regional supervisory bureaus or central provincial institutions. 

For medium-range transmission routes between a regional superv~sory 

bureau and wcrlc. sites and bet<~een wodo; sites, the use of cables has 

been stepped up. Due an improvcment of thc quality of transmission, 

data cornmunication, centralized t~ansffic ccnt~ol (CTC) and cen

t~alized substation control (CSC) systams wh~ch are not directly 

linked to various c0111puters have been developed for the soph~sticated 

transmission, p~occssing and control of info~tion. 

Table 6-7 provldes an outline of the frequency belts used by 

JNR's t~an~ission facilities. 

-Table 6 7 Frcquency Belts Used by Transmission Facilities 

Type of 
e lec trie rrequency Facilities used 
wave 

"' 3,000 MUz "' , 
'"' Mic~o,.,ave route (7,500 I'Jlzc) 

Train telephone, train crew's 

""' '" MUZ'\, 3,000 ~· radio telephone (400 '1Hz) 

~' " ~· ' '" ~· 
Various types of liaison 
(150 Mllz) 

"' ' ~· ' 
, 
~· Snc,.,-plO'WS ,, Mllz) 

For maintenan<::e of pawer trans-
~ • lOO 10{:: "' '~· mission lines and for ships 

" ~., rnduction radio, cable t.rans-
u 30 IO{Z '\, '"" "" mission rcutes 

C&rrier circuit (bar e wires and 

"" ' m<' , ~ 
teleg~aph) 

Telephonc wires, c;;>.rrier te le-
u lOO 1\Z ' ' rn• graph (vocal) 
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ó-2-2 cable 

The railway transport system is based on rnils, along which 

a variety of fa~ilities are installed, and ~ere arises a need to 

assure a flow of information and liaison along them. ror this, 

it is necessary to install wire routes alOng the rails. In the 

old days, bare wires were used primarily for this purpose. The 

bare communication wires are of such a s~ructure that their electric 

ch4racteristics tend to changa greatly under the influence of 

meteorological condit1ons and to be af!ected by storms, snowfalls, 

lightningandothcr natural disastcrs and ""'':1-made happenings, such 

as robbery. Moreover, as thcir capacity is limited, virtually 

every bare wire has been repla~ed by a cable for modern rallways, 

thus turn1ng out to be muse~~ pieces. 

(1) Wha·o >S the cable? 

NO~lly, the cable >S a bundle in the shape of a rope in • which a larga number of rhin cocentric wires, known as core 

wires, are insulated, twisted together and sheathed. For the 

communication cables, the core wires are standardized at 0.4, 

0.65 and 0.9 mm in di~eter. Other diameters include 0.32 mm, 

1.2 mm, etc. For the signa! cables, sorne are twisted with seven 

soft copper wires; soce use soft copper wires as their core 

wires. 

For the insulation of the core wire, it used to be a practice 

to use dry paper or vinyl, but at present, polyethylene (PE) or 

foaming polyethylene (PEF) is used. · For PEF, fine a ir bubbles 

are contained in the inner part of PE and the character>stics 

of its tran~ission are inproved. PEF is used as truck line 

cables, such as for carrier cir~uits. 

For the protective sheathing of the consolidated core w1res, 

it used to be a practice to use lead, but since 1955, it has 

become a practice to use polyethylene in most cases and vinyl 1n 

sorne cases. NOwadays, aluminum and Alpe~ shcarths are also·used. 

When a cable is to be buried in the ground, it is sheathed wi~ 
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a steel belt, vinyl, PEor sorne othcr material for anti-corrosion 

and the prevention of externa! da::.aqe. FOr co=unic.u.ion cables, 

two core wires are equally twisted at an appropriate pitch, or 

tour core wires are equally twisted in the shape of stars and 

they are asscrnbled in layers. Or unsheathed cables are suspended 

from catenary cables with hangers. 

In sections electrified with 1\..C., an aerial suspension 

method is not used as aluminWII-sheathed cables are used. In 

recent years, alurninum-corrugated cables have been developed, 

making lt po~sil>lc to use an aerl"l suspension method ""d strive 

to reduce the cost. 

6-2-3 Carrier Comr.~unication 

A communication cable is thc most baslC route of transmission 

but in general terms, the cable is compOsed only of ~ pair of oore 

w~res for a single circuit. oonsequently, in case there is an 

increase in the vol~e of telephone cor.cunication, there is a need 

to increase the logarithm toa point where the dernand rnay be 

satisfied, but it would cost an eno~us amount of money to in-

crease the nurnber of mediurn- and long-distance routes. lt "'OUld be 

extremely economical if a method with wh~ch a plurality of com

munication could be simultaneously "ith a single circuit. TO satisfy 

this call, carrier communication and multiplex transmission tech

niques have been developed, and what has been perfected by such 

techniques is carrier tachnology. 

(1) Carrier and Multiplex Transmission 

In radio broadcast, sound waves ~re converted into storng 

and weak electric waves by means of microphones in the studios 

of each broadcasting station, but they cannot be broadcas~ as 

electric -..~ves as they are. Given this factor, each broadcasting 

station carries (transmits) electric waves at a specific fre

quency to a receiver at each family. With the receiver, a neces

sary channel is selected and volees are reproduced. 
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In carrier co~unicat1on, therefore, the hiqh-frequency 

electromdqnetic ~ave (carrier wave) which takes charqe of the 

carrying is converted into a voice siqnal or other ~~ve (or 

modulated) and transmltted, the signa! compOnents provided te 

the carrier ~ave are taken out on the side cf a receiver (or 

reccvered) and reproduced in voices and others. 

As indicated in Fiq. 6-18, A represents the frequency range 

(audio band) and is put to common use for cables. The ranges 
' other than·A are normally open. If thcy are C!Sed -- e.g., t.he 

signal wave ~hich 1S the compenent of each unit of communication 

is put in the B, e and P frequency ranges 1n an orderly manner 

~it.hout beinq m1xed ~1th adjaccnt signa! ,,aves -- a plurality of 

signal waves may be transmltted by a single route. 

lJ 1 ' 1 ' 1 ' 1 ' ' 
' 4kH~ 12kHZ 16kHz 20kHZ 24kHz 2Bkl\~ 32kHZ 

Audio band Frequency ~ 

Fiq. 6-18 Prlllciples of Frequency Division Mult:iplex 
Transolission 

The system in ~hich such a plurality of indepcndent signa! 

waves are accumulated in a carrier route and at the saroe time a 

large nutiber of signals are transmitted is called a multiple c~

muniCation systcm. Of the multiple communication systems, the 

system in which indcpendent signals are arrayed in terms of 

freqClency an¿ many sign~ls a~e t~ansmitted is called a frcquency 

division system. 

In orde~ to use ..any c.ircuits in a single carrier syste,, 

efforts are made to efficiently transmit siqnals in carrier routes 

in high frequency ranqes. As a result, c~rrier cables, coaxial 

cables and microwavc communlcation have becn dcvelopcd. on thc 

basis of these dcveloprnents, short-distance cable carrier tete

phony syste10s, coaxial carrier telcphony syst:ems, SHF systems, etc., 

have been developed. 
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(a) carrier Telephony 

The multiplex carrier telephone the installation of which 

is ~st popular at present is of the aforementioned system. 

This system uses cables, more than 0.9 mm in diamater, and is 

composed of 12 channels in a frequency range of 12 ca 120 kH~. 

This system is also entirely solidified (transistori~ed). 

with a cable core wire of 0.9 mm in diameter, there is cuch 

decrement for such trequenc1es, so that a repeater is installed 

at every 12 km or so. \oo'hen the distance exceeds lOO km, the 

distortion of the wave pattern bcco~s great and the S/N ratio 

worsens, so that the standard is confined with this distance. 

In Fig. 6-19, the composition of the system and the arrangement 

of frequencies are indicated • 

.. ,...c., 

Ola<t o( Dutub•t,cn o! '<"''o~na;u 
(CO~le C...."er Telep,.,ne) 

crr
1
''''''"'"""[ /IM.:1Mt'vV1tVv) 

K~, KH< 
u-· ''""'" ol '""" 60 

'""'"'"''"' 

llZl<IOII .. OU" 
N'N\N':-, "'-.'>.'\N>,t>. 

)(lh lili• 
7< oer""p of "''"" l lO 

"""""""'''' 
0 lO lO lO 00 10 60 10 &1 00 lOO 1\0 uif" 

Fig. 6-19 Composition of carrier System (FD) and 
Arr<Ulgec>ent of Frequencies 

In addition, thcre is a coaxial carrier system with 

large-capacity carricr circuits, making it possible to compase 

960 channels in a carrier range of 60 ~ 4,000 kHz and setting 

• 
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the ~elay distance at ~out J.a km. For JNR's Shinkansen, CTC, 

CSC and various other info~tion and control channels are ac~ 

commodated in prepar1ng a b.isLc carder rcute. 

Fig. 6-20 cable carrier Terminal Equipment 

(2) ca.-rier Teleg.-aphy 

As a means to transmit telegraphic siqnals, a cable 15 

directly charged with the direct current for transmission at 

close distantes. As the signa! pattern is distorted in the 

case of long-distarice transmission, a carrier wave with an 

appropriate frequency is modulated with telegraphic signals 
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and sen~ o~~. The receiving side recovcrs it and reprod~ced 

telegraphic ~lgn.,ls. This carrier telegrapby systCID is 10 use. 

There "re a variety of carrier telegr.,pby systems, but che 

principal ones includc an a~:~plitude modulation systeOJ. (AM) in 

wbich the carrier ~""" is made intermittent with telcgraphic 

signals and a frequency shift system (FS) in the carrier ~ave 

frequency is shift by the mark space of the teleqraphic signal. 

The AH systern is of the singlc-current type in which the carrier 

~ave is made lnterrnittent, ~hereas the FS system i~ ?f the 

metallic ret~rtJ-cunQn~ typ~ in •.;hich the c"rrier '-'""" c"ner.:: 

Wlth varied frequencles is used. 

<>poon ..... ~4lroct 

tletallic 
cunontl 

••'"'"-
~., .. .,. ... 

"~"·"' 
curren< 

M 

"~ Clo ... d 

"~ """""' M 

single· 
(A \torna te curren< '" <Yr<ent 

"~ 

Fig. 6-21 Code CUrrent Transrnission System 

ror JtlR, the FS syste~:~ is mainly used for low-speed trans~ 

missiort in that no distortion is caused either by noise or level 

vibration. For thc data tran~ission o! ~re than 2,400 bits(sec, 

a phase modulation systeOJ.·is adopted. 

JNR's FS systems come in two types -- a system for audio 

frequencies in which frequencies ~~thin the audio r~ge (300 ~ 

3,400 Hz) are used "s carr~er waves anda system for super

audible frequency a~e u sed as catrier f~equencies. For che former, 

a carrier or SHF tclephone circuit is used and 6 or 12 telegraphic 

channels vith a speed of 200 bits(sec are used. In the latter, 

up to six channels may be accurnulated in a pair of cables but 

there are di!ficulties about the quality of thc channels. In 

practically every case, the former system of audio frequencies 

is used. 
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6-2-4 SIIF 

As the ~ernization of transportation is in progrcss, it has 

become indispensable that tran~ission routes should be dcveloped 

to cope with massive information and respond te ca1ls for lnStant 

deliveries of information. 

SIIF is the highly reliab1e and stable transmission routes 

by which an adequate nwnber of channels "'"Y be offered and which 

are high in transmission qual1ty, proof against disastcrs and 

hiqh stable. In JNR, the distance of about 2,000 km between 

Hokkaido {northern"island) and Kyushu (southern island) is placed 

under this SHF systems. The SHF systems total ahout 6,500 km 1n 

aggregatc "tcngth, fonning part of the basis for a rodernized railway 

today. 

(1) Characteristic~ of SHF communication 

(a) Wide Transclssion Band -- Multtplex Co~ication 

The SI!F system uses high frequenc:ies of 3,000"' 30,000 KHz. 

.For transmission "'lth 1,200 channcls placed in thlS systetD., 

a frequency width of about S MHZ is required. As this is 

1/1,000 that of the basic frequency and therefore comparable 

to a frequcncy width of 0.001 Ml!z in tenns of a l Hl!z belt of 

radio "'aves. The greater the basic frequency, the easier the 

broaden•ng of the frequency ~ldth, thus makinq it possLble to 

transmit muen information. SHF for JNR's truck systems use 

a 7,500 Ml!z band 4nd the section ~ith the greatest capacity is 

1,200 cnannels. 

{b) Good Dlrectivity of Antenna -- NO J~ing 

When the frequency is high, it is poss1ble to come out 

with an antenna with a sharp directivity (travel of electric 

waves in a specific direction). · JNR's pnrabolic antennas 

transmit P=<~llel electric "'aves like " searchlight. This 

suqqests thnt even if the same frequency is used at one and 

·the same time, there "'ill be no jamming as lonq as different 
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routes are used for the electric waves. In JNR's SHr relay 

system, two frequencies are normally used on an alterna te ~sis 

with a view to econo<!ÜZing el<><:tric waves. 

(e) High Gains of Antenna -- with Srnall Transmission Qutput 

The electric waves which are projected from a parabolic 

antenna beams in a narrow space, so that the gains are higher 

than those of the standard antcnna. Therefore, the transmit

ter's output may be rclativcly small evcn for co~municatlon 

at long distances. 

(d) Straight Projection o! Electric waves -- -rransrnisslon with 
uigh Reliabillty and Stability 

In the SHf' band, electric waves beam straight, so that 

they are restricted by thc distance of an obstructed view. 

~s the transmission is stable and highly reliable, it is 

possible to transmit them at long and medi~~ distances with 

reflectors and repeat~d. 

(e) Little Noise -- ExcEllCnt 0\annel Quality 

In the SHF band, electric waves are little affected by 

nat~al and artif1cial noise and the good quality of circuits 

is assured. 

(fl Invulnerable to Disasters 

ror a wire route, wires are stretched at long distance 

but the travel route is space for the SHF system. In additior, 

meas~es are taken against fires, sto~s, earthquakes, snow 

disasters, floods, etc., for the relay substations and rc

flectors undcr the SHf' systern. 

(<¡) tow Construction and M.:lintenance Costs 

An SHF system is composed of an extrernely large numbe~ 

of channels, so that the cost per circuit is low, making 

this systcm cconomical. The only construction required for 
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this system is that dlll;ing which itS relay stations a~e 

constructed. the constructio" pcriod is shorter th<m that 

o! a wire c:ircuit. 

(2) OUtline of JNR SIIF Co=mication 

(a) Con:munic:ation syste~;~ 

The Sl!F co=unication system for JNR' s truck lines is 

known asan 55-FM system. In order to multiply many calls, 

the arnplitude is ~ulated with different frequencies for 

each circuit. The g.oup of frequencies thus produccd is 

frequency-oodulated with a radio transmitter and beaced as 

elect~ic wavcs. · 

Then there is another frequency mcdulation system in 

which a nurnber of circu1ts are arrayed in time under a puls 

cede modulation system and then frequency-codulated. This is 

known as PCM-FM system and u~cd for sorne sections. 

(b) Spa~e Routc and Set Systems 

For the SHF route for a trunk l~ne, a spare route syste~ 

which may assurc a high credibility is adoptcd. In the spare , 
route system, indicated in Fig. 6-22, two sets of radio 

facilities with two different frequencies are installed 

one for ene route and the other fo~ two routes -- and the 

transrnitte~s of both routcs are in operation at all time~. 

Here, either of the two routes is used by the receiving side. 

For this rcason, two radio routes a~e in operation at all times 

and even when one route ~s put out of orde~ due to sarne reason, 

the normal route rnay be autornatically and instantaneously 

switched on the receiving side to assu~e the continuity of 

communication. This systcm therefore is highly credible. 

A spare set systern is installed in SHF sections otber 

t.ha.n those where the Spare route systern is in use. In the 

Bpare net system, as ·indicated in Fig. 6-23, only one ~oute 

i• installed but two radios are installed. If one radio has 

bcoken down, t.he other one is automatically switched on. 
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T Terminal station equipment 

V Video c~iner equipment 

' Branching device 

w Supe:nlision .-acl< 

E Relay and exchange system 

TR1 Transrnittcr-receiver for detection and relay 

TR> TTanst:>itter-receiver for Hete.-odyne relay 

11 Mtenna 

Fig. 6-22 Comp.-che,sive Systems Chart of Spare Route System 

-
~· 

"i iF~ 
- " 

T Terminal station's equipment 

TR Transmitter-receiver 

SW Wave qu~de switch 

Fig. 6-2J Spare Set system 

NOwadays, there are ~y cases in which the spare set system 

is preferred to the spare route system in the light of the ~

proved reliability of the equipment and the allocation of ele

ctric wave frequencies. JNR makes it a pract~ce to use the spare 

set system for new installations. 
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(e) Relay Systec 

SllF features a long elect:<ic ""velength and is clase in 

wavelenqth to liqht so.that it takes on the character of 

straiqht propa<ption like electric waves. In arder te esta~ 

blish a lonq-distance circuit, therefore, a relay station will 

be set up within a vi~ible distance (30"' 80 km) and the electric 

""ves will be relayed fro01 one such relay station to anotl\er 

to connect a plo!ce at" faraw:..y place. 1\t relay st.~tions, such 

as supe~visory and cont~ol stations, whe~e ~ny circuits have 

to be branched and plates where circuits have to be branched 

to raise t.he cO<>fficiency of use of t.he cücuits, 11 video 

relay systec is used. For ot.her stations, a heterodyne relay 

s;ystem is employed. In case t.he visibility is obst~CUcted by 

~rWJUntains, etc., as relay S'¡ste::.s do not hil.ve to be introduced 

as the distance between rel<~y stations is not long, a reflector 

plate is placed at a pl<1ce frac .mich both relay stations are 

visible for a non~fecding relay. 

6-2-5 DiqitalizatLon 

(1) What is the Diqital? 

The n>oderniu.tion of railway tro!nSportation is gettinq all 

the more brisk in conjunctwn wi.th the SOF:üstication of se<:ial 

activity. rn· this environment., there has appeared a phenooenon 

of rever~al by circuit in which the conventional telephone system 

sustained by analogs is replaced by non-telephone coromunication, 

such as facsi~ile co~unication, data communication and cont~ol 

COIIIC!I.Uli.cation. There are siqns of a further adva:nce in the 

appearance of this phenon:enon with the developli1En1: of on-line 

computers. 
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0n the othe~ h~nd, the advance of seciconductor technology 

and digital signa! p~ocessing technology, to say the least of 

LSls, is remarkable, and it may be predicted that dhe~e will be 

rapid progress in the digit~li~ation of transmission routes. 

Such siqns are not confined to transmission routes and the 

digitalization of e~change and terminal equip~ent will ~ke 

progress, shifting to the !o~rnation of a co~prehensive digital 

network. 

(2} Merits of Digital Communication 

The merits of digital communication are as follows, 

(a) Strong against induction noise and little effect from a 

level change. 

(b) The c:osts for tonninal equipment and repeaters are 

greatly r~duced due to tho introduction of LSis. 

(e) su.blo and high qu<>lity of transt:~ission. Th~s particularly 

holds true in the quality of the transmission of data. 

The PCM system is compared with the FDM system in Table 6-8. 
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Table 6-9 Comparison of PCM and FDM 

ltem or coo!p.oriiiDn ·~ oyotem f[ft oyste.. 
. 

(j) Noioe resistanC@ '" As the pulse " re¡¡r<XIuce<! 000 '" ~· noho which l-nterferu '"" rolayed, thero ,. no !llultiplica- mlxes in the "halo of a tun.,.i .. ion 
tion o! Ml->e, ól>tortion and route h .. 11 acc~loted and ap¡¡eoro 
lea<age '" ... tranomhsion routa. aj CHCU!t noiOO Ot "' final recoiv-

ing end. 

"' The S/N rotl-O o! rand""' noiu in "' M S/N utio "' 65 "-7S "' la requl<od 
one rehy sectlon " ,.oo en.ough for one ulay ""ction. 
.,,_.h 20 dB. 

0 C.oblo uaed C>ty PC cable us~lo Out•O(-tO'-"' PEF cable 

(¿) Leve! moduloti<>n " ol.,ctnc ~"v"• oU reproducud, " luvel ch•II•J•• " "' '" function ... 
rebyud and trano~.itted otter they tho•• " ••• eompro .. or ond the tumlnal 
hove been conve<ted >nto pulse codeo, otot>on's equ>r-ent "" <akon into oc-
tilO cban~e• '" '"" lo•• of '"" tr.>ns- c-ount, " .. OOOC$5dCY to oot tlle "" ml-SO>Otl rau<o do 1\ot appN< •• lcv<Jl <Hi<> at ' '". changos in tbe cucuit. "J"here are 
ali~ht levol chango< '" '"' ten>inal 
st:.tion's cqu1p~ent l.iliuut u "' . 

0 ·~ .. tran-.$- '" lt.Ox1mllll frequency, l. 544 Hllz '" Y<equency l>.ul~' 12 "'-120 1<11~ 

·o ion fnquency 

"' ~ola y dlotanco' Rcquirod .. '" kohy dlnenc~• Requiro~ ._, overy 

evcry 2"-lhfo< ~0.9 """ca~l••· 10" lJ •• !or ~0.9 ..,. c.ol>loo • 

(j) OO•t-e!!ectivonu• Expenoivc "•ve flh"ro ,,.. nct uottd. Exf'<'OOIV" "ave hite.-. ••• "'"" both " 
OJ.g>UI " .. f>ttod to md55·produc- t~rnun•l stot>ono ... ... ropcatO<B, 

tion. l>m1tlng '" re<luctl<>n <>f tho coot. 

1 ~ flex>~llity o! Tl">eru .. """ klnd of channol vano l. ~· 
>nterch•n9o>bla bec•u<e fllte<O ""h 

channol panel Interchangeoblo '"' ... c•ll Chdtl" ditfercnt fruqucnc1oS "" """d '"' call 

ncl>. channolo. 

(j) superiority '" dato .. '"" transm••sio11 •iqnalo aro In g~ncrol, Lhe tron•lft>~51<>n oc~//1~1ont 

transrniuJ.on puh<11 '" '"''"' "' the quontity .. lcap~cny of t<ano¡n>o»on ot doita Ol-gnolOI ' 
diq1tol& • ., .. .,ve i~fo~tio~ may be •lk1t diff•<~nt dc¡,.ndu>q on tlou •P"od 

tc~n.,.itted eff>clontly ~nd h19hly ond procesolnq o/ the data •• qn.ol ' .. 
qual 1 t>Uvu 1 y, dopon<11n9 on thu ~oto less th~n '" that "' '"' [•CM sy•tom. 

o1gnal pro~u"''"~ •Y"""'· 



(l) Digiulization at .JNR 

In .mR, the~e appeared a pheno~enon of reversa! in 1980froc 

telephones toda u channels, cont~ol channels, etc., by type of 

channels. At present, practically every transmission route 

is of the FDM systec ~hich uses analogs and the circuit coef

ficiency cannot necessarily be described as favorable. 

Given this factor, JllR, attaching .U:.protance to the merits 

~hich are to be qained from diqitali:ation, acts in concert 

with the tr.,nd ot CCIIT and NIT (t.:ippon Telegraph and Telephone 

Public corporation) and intends to digitalize transmission 

routes, exchange cquipmcnt, etc. 

As regards the present digital POI system, specifications 

are set for: 

wire system: PCH-24 (l.S Mbfs, 24 CH) 

Wireless systcrno 2 G!tz POI (1.5 Mb/t., 24 O!) 

(1.5 Mb/s • 2, 48 Cll) 

The varlOUS problcms posed for a shift f~om FDM to PCH are 

und"~ study at present. 

One characteristic fcature of the ~CM systcm for which 

specifications are set by JNR is that as transmission routcs 

are prepared in parallel with ~ailway tracks in railway com

munication, the drop and inse~t of transmission route is of 

merit. Orop inscrt, as indicated in Fig. &-24, is a system in 

~hich only the necessury channels aro branched and th~ elcctric 

waves are converted into voice signals and other channels aré 

relayed in the form of digitals. In this syste.,, Stations a 

&lld e adopt the drop and ~nsert system as indicated in Fig. 6-25, 

and thc transmission route ..ay be constructed at low cost . 

... 
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6-3 Optical Fibei Communication 

· 6-3-1 Optical rib"e" C<>lmwlication 

Ten years or so have elapsed since the full-fledged research 

and development of optical communication with light as the medium 

was started. 

ln this system it" is feasible to comp:>se favorable cOll'.munica

t~on c~¡::cuits by taking advantage of the characteristics of optical 

fibe¡::s, such as bread band, low loss, non-induction, small diameter 

and light weight. ro" this reason, optical fiber co~nicatian 

has been developed toa point.where it may be put to pract>cal use 

not only in public teleccmmunications but in railway co~unication 

as well. 

The use of the optical fiber co~unication syste~ makes lt 

possible to transmit picture images b~·::.ad in band and data the 

quality of which must be high. Multiplex co~unication, be it 

larga o" small in quantity, is also possible in a flexiblo manner 

and transmission may be done at low cost. 

Optical cornmunication is expected to play a major role in the 

COIIIpOSition of cost-effective digital cO<:clunication net>10rks in 

future. 

6-3-2 Oeveloprnent Lase" and Optical Fiber 

(1) Oevelopment of I.aser 

Light is a kind of electrn=agnet:c ~ave. The light which 

is available in nature is a cornbination of electro~gnet~c waves 

the band of \lhich is ve¡::y bread and \lhich does d"'"ped oscillauon 

(Fig. 6-26). In 1960, however, Mairunan of the United States 

s~cceeded in experi~enting the oscillation of ruby laster. This 

laser, quite diffcrent from light available in nature, is co

he¡::ent light in terms of space and time with a narrow frequency 

b~ like electrom:>gnetic w<~ves, such as mic¡::owave used in 

radio c~unicat~on. In 1962, Nathan et al. succeeded in de

veloping semiconductor laser >~hich oscillatcd "infrnred pulses 

at 77(K). Many ~rovements have since been made and semiconductor 

' 
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laser which continuously oscillates at roo~ te~perature with a 

' life span of more than 10 hours has been developed. Semi-

conductor laser has ~y features. COmpact and lightweight, 

it may be oscillated by s~ll electric current and if this 

electric current is ~ulated by signals, the output light may 

be directly modulated. Se~conductor laser has become the 

principal optical source for optical fiber cornmunication. 

Fiq. 6-26 J:iifference between Incoherent Liqht, Such as 
Natural Light, and Laser Light 

Laser light has a frequency of severa! hundreds oí thousands 

of GH~. that is, ·more than 10' times as big as the rnaximum fre

qucncy oí severa! tens of Guz {~illiwave band) of the clectric 

wave used in communication at present, and has the potenCial of 

carrying infonnation more than 10~ times as much as that which 

is carried by the electric wave. 

(2) Develop¡oent of Light Fiber 

EVen laser light which has the above features is subject to 

dispersion and degradation in the a~sphere and cannot be trans

~tted as long in distance as the electric wave. Photoccnductive 

wave routes with tenses had been under study but were not put to 

practical use as there are many difficulties. 
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Fig. 6-29 36-core Optical fibcr Cable 

- ·w . 
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Fig. 6-JO Cross Section_of GI-type Optical_ Fiber 
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6-3-3 Merits and Applicability oí Optical riber Co~unication 

(l) ?<'" Mcrit of Optical Fiber Co!MI<Jnication is That Transmission 
Large in capacity is Possible 

Optical fiber co~un~cation features lower loses and larger 

. capacities than the conventional coaxial cable co~~unication. 

This is still under study, but if an opt~cal ~ultiple system is 

used at the sazoe time, it will be possible to further enlarge 

the capacity. The specification of oonventional coaxial cable 

communication and opti~al fiber co~unication are compared in 

Table 6-9. 

Table 6-9 Comparison of Coaxial cable Communication and 
Optical riber eo~nication 

Relay distance aand width 

Coax~al cable '"" " "" 
Single-mode fiber 

'" "" " Mbit/S • l. SS \.110 LD . 
GI-type fiber " "" wo MbitfS 
+D.B '1. 0.9 1.tm w 

• Under study 

This feature might be described as thc primary reason why 

high hopes should be pinned on the future of optical fiber 

communication. Optical fiber co=unicat~on is used for large

capacity cornrn",.,nication at short and medium dist .. nces, such as 

puhlic telephone chcuits, TV sign"l"' a.nd picture-i=ge info.-

mation, and for long-distance coromunication, such as seabed 

cable communication. 

(2) The Optical Fiber Cables are sma11 in Diameter and Lightwei9ht 

The optical fibers are extremely thin or 100 "' 200 ~m. 

That is why they are thinner and more lightweight than the co

·axial cables. This fe~ture m~kes it possible to do construction 

work with ease and in an economical manner and optical fibers 

are usable for the interna! wir~ng of the machinery which have to 

be lightweight and for which the saving of space is mandatory, 

such as aircraft and ships . 
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(3) There is NO Electromagnetic Induction NOise 

FOr wiring alonq electric power trans~ssion lines and 

electric railway linos and inside industrial plants, optical 

fibers are of advantaqe as they are not affected by induction. 

Particularly for railway COI::m.l,ll\ication, drops in the cost of 

the optical system would make it possible to make it non

mctallic, as there is no need to come out with induction 

,.easures. 

(4) Thcre is NO Cross-tall< 

With light used as the transmission medium, there is no 

electric cross-tall< as iS the case with metallic com=unicat1on 

lines. 

(5) Resourcc-saving 

The matcrials are inexhaustively available and there is no 

danger that they will dry up, ~aking it possible to produce 

low-cost optical fibers in the future. 

(6) Proof against Water, Moisture and Heat 

Optical fiber cables ~Y be used in such an unfavoable 

environment which cannot be put up with by convcntional coppcr 

wires. 

Optical fiber co~unication with sudh a variety of features 

has also a variety of applications. Te form economical and 

optimum syst~s in cach field, there is a need te choose appro

priate luminarias, light transmitting and rcceiving devices. 

As luminous elements, light emitting diodes (LEO) are uscd 

in addition to semiconductor laser (LO) to which re!~rence has 

been l'lolde earlier. 'LEO is a semiconductor which eiDits incohcrcnt 

light but low in cost and long in life, being full usable for 

811111.11- and mcdium-capacity cooonunication at short and mediurn 

distances. As the linearity to the exciting current is favorable, 

optical fiber cables are fitted tQ the transmission of analoqs, 

• 
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such as ITV, and also local communication of several kilometers, 

such as the terminal circuit of data comrnunication. 

stcruct"rally, the optical libers co:oe in the SI. GI ilnd single 

"I!IOdes. The cost .-ises in this order. The single-mode fibers 

CKcel in bands and the GI-type fibers ¿n non-relay transmission. 

The componants include quartz, ~hich features a low loss but is 

expensive, plastlc the features of which are to the contrary, 

and multi-component glass which comes in between quartz and 

plastic. Then there are quartz core plastic-clad, mult1-component 

glass oore plastic-clad and other oompound f1bers, and each has 

its own features. 

Lcw-cost Si-pin photodiodes and Si-APD which is somewhat 

costly but excels in senstiv1ty and response speed are used as 

light intakc elcmcnts in thc 0.8 \.IJll band. In the 1.3-1.6 ¡.¡m bar.d, 

the only liqht intake elernent which is usable at p~esent is Ge

APD, which has such dernerits as hiqh cost, much da~k cu~rent and 

poor moistu~e characterist~cs. At p~e~ent, the devclopment of 

devices with new mate~ials is beinq b~iskly ca~~ier out. 

6-3-4 Optical riber Co~un~cation in JNR 

The q~eatest merits wh1ch are qained from the use of optical 

fiber co~~unication -- in which thc characterLstics of optical 

fibers are put to effective use and which are rnade up of routes 

highe~ 1n quality and eftlciency than eve~ -- as railw;o.y ccmunica

tlon are: Q the loss is low and transmi,;sion rnay be made amon9' 

severa! stations without a ~elay, Q) its b~oad band may be put 

to effective use in forming systerns for the transmission of sur

veillance picture irnagcs and for rnultiplex transmission, and Q) 
the ~outes '-'hich are not affected by electrification noise and 

impulse noise may be forrned, as thc optical fibers are not affected 

by induction noise. 

JNR has the following concept for the sectors in which optical 

tiber communication systems may be used in the fu~ure while makinq 

full use of the above features • 



(1) Extension of circ:uit for trunl< transe~lssion routes. 

(2) Replacement Ot FOWc:arrier. 

(JJ Transmission ot lTV and terminal circ:uit ot data c:o~unication 

(local system) 

(4) Lonq-.distance transmission of TV (band compressinq system) 

The secondary PCH qroup (9& CH vocalized at &.J Mb/s) and the 

tertiary qroup {480 CH voc:alized at 32 Mbjsl c:onstitute the main 

par t. 

The secondary g~oup (6.3 Mbjs) us1nq the optical systern 15 

structurally shown in Fig. 6-Jl. 

Tenninal PCM 
station A 

P0!-24(1SYS) 

p0\-24(2SYS) 

6M·~UX '1' o 
P0!-24 ( 3SYS) "' o 

Multlplex Optical 
d<'vice exc:hanqe~ 

·pCM-24 (4SYS) 

4SYS 
(24CH X 4SYS g 96CH) 

Fig. 6-Jl secondary Optical Group System 
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C!IIU"''ER 7. PERFORMANCE OF Al: I:LOCTRrC ROLLillG SI"()Cll: 

1\ND R1\Tll~G OF MI\.JOR EQUIPMDIT 

7-1 Baste Performance 

7-1-1 Introduction 

The overall perfon:ance of e1ectric rollinq stock is th" 

synthesized result of various performanc"s which are the bases 

of the operation of trains, such as traction performance, runninq 

perfonnance {runninq safety), brakinq performance, and current 

collectinq p"rformance. In this section, the traction performan?e 

of el.,ctric rollinq stock is described. 

7-1-2 Traction Olaracteristícs of Electric Rollinq Stock 

Force required for traction of trains is called tractive 

effort. The tractive effort usually varies wit.h speed' The value 

of th" tractive effort ts determined by t.he speed-trsctivo-effort 

characteristics which depend on the pri~e mover of the rollinq 

stock {traction motor) and by adhesive characteristics which 

depend on the friction between rails and wheels. The adhesive 

characteristics wtll be descrlbed in section 7-2. In this sec

tion, the traction performance will be explained. 

rn qeneral, the traction cotors and the wheels are directly 

linked by the qears in the electric rollinq stock. Therefore 

the traction characteristics are determined by the characteristics 

of the traction motor. DC series mctors are pri~ri1y used for 

the traction motors of the electric rol1inq stock, and the DC 

series motors will be described in thia section. Tha sarne 

concept will be applied to other DC orAl: motors. 

{!) Characteristics of Traction MOtor• 

The general equation of the characteristics of oc motors is 

' " E-E - I·R~.¡o;.¡p.- ~K .¡p.n 
t a 60 

where E: Induced voltaqe (V) 

Et: Te~nal voltage {V) 
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" A=<~ture curren t. '" ,, Interna! rcsistance o< motor (O) 

,, Number o< peles 

"' NU<:lber o< """ature circuits 

" Nlil:lber o< anoature conductors ,, Effective magnetic flux for each ,.,. ) "") 

"' Number o< revolutions per minute (rpa~) 

From the equation 
E 

"4 
(!), the apeed characteristic becomes 

Since the output of the motor is E.I (W), torque T (kg·ml 

becomes 

E·l · To(J,976 • -0.976 .K¡ •<P ,JEK2 •$• l o . . 

In the,series ·1110tors ,-. thec<~.rm.,ture ocurrentoi!l• equal <t.O.t.he" 

field current; or there is a constant relationship between both" 

currents. Therefore, there is a definite relationship between 

$ and I in above equation. The relationship i~ referred toas 

the so-called saturation characteristic and varies with such 

structures of the mctors as the number of turns of field windings, 

field.cores, and.amatu.-e.co:res, bnd:the Uka. ln:the :r<Wge 

whe:re the cu:r:rent value is small, ~ is app:roximately p:roportional 

to 1. lf 1 is increased, ~ is also increased but tends to satu

rate. For simplicity, it 1s supposed here that ¡p is proportional 

to I, and the equations·~ and {¿)are transformad as follows 

n Kí · l 

The number of revolutions is prop;>rtional te the voltag~ and. 

inversely proportional te the current. The tcrque T is propor

tional te the square of the current. 

!2) Characterist1cs of ~olling stock 

tlo~o~ let us consider the characteristics o! the electric 

rolling stcc~. en which this traction cotor is mounted. The 

relationshlp of the rolling-stock speed V (kc/h) and the tractive 
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1 
1 

i 
1 

1 

' . 

~ffott < lkg) on driving ~heels ~ith respeet to the nuttber of 

revolutions n of the traetion cotor and torque Tare 

' 
60-•-D-n 

' 
< w-• 

' 
2-G-T.N-n 

' 
~here O: Oiameter of driving wheel 

G: Gear ratio in reduetion gears 

N: Nll:Dber of motors 

n: Transmission efficiency of gears 

0 
(i) 

Jn this case, the gear ratio has a very large characteristic 

factor. With the same traction motor, if the gear ratio is large, 

law speed but a large tractive effort are ohtained. On the 

contrary, if the gear ratio is stUll, high speed anda small 

tractive effort are obtained. The former is suitable for com-

guter trains and suburban trains in the case of electric cars, 

and for freight trains in the case of loeomotives. The latter 

is suitable for express or limited-express trains or locomotives 

for passenger trains. However, on recent traction motors, wider 

weak field control is used. The weak field control correspond 

in principie to the change of gear r"tio. Therefore so.oe electric 

10CO!I10tives can be used both for p<~ssenger trains and freight 

t.ra!.ns without discrioúnation. 

The output P (kW) of the rolling stock can be obtained by 

the following equation from the speed V (km/h) and the tractive 

effort < (kg) on the driving wheels: 

"' p 0.367 " 

There are rated output, rated tractive force, and rated 

spced in the rolling stock. The rated output is the maximum 

output when the traction ootor is operated at a specified (rated) 

voltage under a specified cooling condition (ventilation) for 

a specified number of hours (continuous or l hour: continuous in 

general) and the temperature dcies not exceed the specified temper

ature rising limit. The operations of electric rolling stock 

are not limited within this rated output, and the electric rolling 

- 5 -
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stock can be used in a reqion exceeding the rated value for less 

than e specified number of hours. 

An example of the speed-trective effort cherecteristics in 

the actual operation of electric rolling stock is shown in Fig. 

7-1. 

1 
! 
1 
' 

Fiq. 7-1 An Example of OUtput Characteristics of Rollinq Stock 

At the start, acceleration is achieved at an approximately 

constant current'within the.limit of adhesive performance (there

fore et an approximately constant tractive·effort); At-thia time, 

the terminal voltaqe is increased in proportion te ita speed. 

When the terminal volteqe reaches its mBximum level, it is u&ual 

to perform the weak-field control (in some rollinq stocks the 

control epperetuses ere not providedl , with the voltaqe beinq 

kept constant. In general, since the field is weakened so that 

the armatu~e cur~ent becomes constant, the input becomes constant, 

and the output ~egion is also constant. That is, the t~active 

effo~t decreases·in inverse propartion·to-the speed. There is 

a limitation in the weak field depending en the conditions of the 

c~utation and the like in the t~action ~otor, and the field 

ratio (ratio between the ficld current and the armature currentl 

cannot be decreased below a &pedfied value (minil:lm:~ f1eld). 

If the speed exceeds this value, the tracttve effcct rapidly 

decreases, and the output o! the rolling stock alsc decreases. 

- ' -
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Therefore, there is no direct relationship bet~een the a~tual 

output and the rated output, and sometimes the former be~omes 

nearly twice the latter. The lim1t of the output ls determined 

by the adhesive performan~e. the overcurrent and overvoltage 

resistance of the traction motor, overspeed resistance, and the 

like. 

Therefore, the excellence of rolling stock performance is 

dependent not only en the rated output but also on ho~ bread the 

output characteristics are. Rolling stock ~hich is provided 

with a large caximuc output, a bread weak field region, and a 

high allo,.-.ohle maxi10wo speed can be regarded as rolling stock 

having excellent performance. lf the temperature rise of the 

traction motor is considered, it is advantageous to have rated 

tractive effort. 

The traction performance of rolling stock is described 

above.· ~5 for trains, train resistance is added to the traction 

performance, and the accelerative force is then obtained. The 

train resistance co~prises running resistance, grade resistance, 

and curve resistance. The difference between the tractive effort 

and the train resistance is the accelerative force. The accelera

tive force is sOQetimes called acceleration resistance. 

The runninq resistance is resistance caused when the train 

runs on flat, straiqht rail track. The runninq resistance is 

mainly composed of rollinq_frict1o~ resistance between the wheels 

and the rails, friction resistance of bearings at various por

tions, and air resistance. The values of these resistances are 

different depending on the type of rolling stock, and experimental 

equations have been obtain~d through running tests. When the 

rolling stock is about to ~ve, an especially large value is indi

cated. Thls is called startinq resistance. 

When the train runs on a qradient rail track, the train 

receives grade resistance which is the component of the wei9ht 

of the train. 'Ihis value is proporti<r~al to the va.lue of the sine 

of the angle of qradient. The curve resistance ... aries with the 

radius of the curvature and the rail gauges, and its maqnitude 

' 



is inversely proportional to the radius of the curvature. ln 

general, the curve rcsistance is small and does not pose a 

serious problem. Ho~ever, it should be considered ~hen the train 

has to start on a gradient rail track ~ith continuous sharp 

curves. 

The relationship bet~een train resistance and speed is 

sbown in Fig. 7-2. Tractive effort 11nd train resist.ance are shown 

in Fig. 7-3. "Ihe portien whorein the tractive force excecds the 

train resistance expresses the accelerative force, 

i 
' ' ' • ' , 

~···· ' 

.............. ._.. 

--· , .... 
"'- ...... -. 

'"""' ........... ·Fig.-7-2. Train Resistance curves 

' ' • • 
' ' . !~ 
t! .. . . .. 

"""•• 

. ....... ,,_ ..... 

Fig. 7-3 lt.cceleration Force Curves 

If thc tractlve e!fort is lawer than the train resistance, deceler

ation occurs. lt.s a eatter of course, the tractive effon ~hen 

. ' . 
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the t~~in st~~ts should ove~come the t~ain ~esistance (va~ies 

with the wei~ht of the t~ains and the g~adient). lt should be 

deterrn~ned in due conside<ation of the conditions of the ttain 

dist<ict whete used and the t<ains. The tractive effort at the 

start depends largely on the factor of adhesive performance 

which w111 be discussed below. The rolling stock performa.nce is 

greatly affected by whether the adhesive performance is good or 

not. 

7-2 l'.dhcsion 

The prob1ems of adheSion can be divided into three; the p<Oblem 

of the coefficient of friction (coefficient of adhesibn) between the 

rails and wheels, the p<ob1e~ of effective utili4at~on of the 

coefficient of adhesion, and the problem of readhesion. 

(1) coefficient of Adhesion 

The ratio between the maximum limit of the force of the 

driving wheels which can transmit power without'slipping on the 

.rai1s and the weiqht on the wheels is called the coefficient 

of adhesion (~) . ~ example of the coefficient of the friction 

measured on dry rails is shown in Fiq. 7-4. Tbe average va1ue 

is 0.41 and standard deviation is about 0.048. When the rail 

1 " 
' • 

•• •• .. 

... , ... ..... 

• • 
o ... , .... , •• '"""· ......... 

Fiq. 7-4 Oistdbution of Coefficient of Static Friction 

surface is wet, the value drop slightly. If oil is applied, the 
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value drastically decreases. For actual rolling stock, since the 

boundary between. the adhesiva state and the slipping state is not 

clear and the weight of each a><le varies, the coefficient of the 

adhesion as the rolling stock becomes apparent value. Furthermore, 

the coefficient of adhesion decreases with the speed. The cause 

is considerad to be the effects of the variation in axle weight 

due to the up and down move!!lent of the vheel and axle. The 

coefficient is considerably reduced by rain, frost, snov, corro

sien, dirt, oil, etc. on rail surfacea. The coe!ficient of adhe

sion is increased by scattering sand on the ralla. Measured 

examples of the speed characteristics of the coefficient of adhe

sion. in:Japan· are:shovn.·in·Fig. 7-S. 

" ·' • . 
• • .. ·. ·.l. .. .. ' 

..... ....... -· ""'" ..... ,' '" 

.. ' 
l • . 
! ' .. .. , . 

• • . 
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'•'"' .·" ' ' 1 • ,. • •• 

' 
' • 

.. . 
·. 1 1 ... 
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. ¡¡o 
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Fig. 7-5 Distribution of cocfficient of Adhesion and 

Speed Characteristics 
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When slippinq occurs, slidinq friction is caused, and the coef

ficient of friction rapidly decreases in oppesition te the slippinq 

speed. The coefficient of adhesion itself no the wet rails does 

-.not decrease very much. B01o1ever, since the difference between the 

coefficient o! adhesion and the coefficient·of rolling fricticn 

• 

is small, slipping is ccnsidered likely to occur. Measured examples 

of the ccefficient of the rollinq friction Of AC electric locomo

tives in .Japan are shmm in fiq. 7-6 • 

• 
" 

• • • • .. 

~ .. "' ~ ... '""" 
• 

' ' 
,., ... """· 

"""" .. "'"""' .. ~ .. 
• ¡ ' 

" " 

• • •• • " ·f.--------,---------,,----..... ,., ....... '"""' ,,. .. ,_,., ..... Yo .......... ...... .. ·~· 
Fiq. 7-6 Example cf Actual Mea&urement of Coefficient 

of Slidinq Friction (ED75) 

(2) Sffective Utilization of coefficient of 1\dhesion 

rn arder te obt.a.in as larqe a tractive effort as pesaible, the 

followinq matters should be considered: 

(al Increase Axle Weight 

Axle weight cannot be increased too ~:~uch. Beavy axle 

weight would break the tracks. ~le weight is limited by the 

structure of rail tracks and bridges. 

- 11 -



(b) Reduce Axle Weight Shift 

At the time of starting, movcment is caosed by the trac

tion force on ~e rail surface and the difference in the height 

of application points. Therefore the pressure of ene axle 

applied on the-rails, that is, the axle weight, is shifted. 

The shift of axle weiqht is reduced te a minimum by lowering 

the transmission surface of the traction force as low as possi

ble or by improYing the transmission mechanism. Or the IU:IOunt 

of the shift of axle weight is compensated by changing the 

individual torces of ~e motors (chanqing.the field.ratio or 

the voltage) and.the. like. 

··¡e)- Scatter Sand on.the·Rail·Surfl'ce-s·· 

{d) Increase the Number of Control Stages of the Motors {or 

Provide Continuous Control) 

The average tractive effort is brought near the limit of 

adhesion by increasinq the number of the control.stages. 

(e) Increase the Readhesion Characteristic 

As for slipping {sliding), once the vheel beqins to slip, 

so-called sliding friction is caused, the slipping can not 

generally stop, and tractive effort disappears. When 

slipping occurs, it is important to have the wheela readhere 

as quickly as possible and to prevent the loss of tractive 

cffort. Readhesion performance determines the value expected 

in the distribution of the coefficient of adhesion having 

bread dJ.spersion. In the case o! good readhesien performance, 

a lngh adhesion ceef!icient can be Obta>ncd. In DC electric 

cars which do not have readhCSlYC function, a 0.15 adhesien 

cocfficient is the lJ_c,it wh>ch .,..._., be expected in the ac

ccleratinq rcgion. On thc other hand, in AC locomotives whcrc

in readhcsion can be perfo~ed, a coefficient of 0.3 can be 

e~sily obtained. 
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As for the ~ethods of readhescon, one Qethod Ls to detect 

the slipping "ith a sltpping "'"'~or <>nd forcthly <lCCO:-.¡>ll~h 

rl!<idhesion by t.'le use of sa.nd sc.>.ttcrtng, notch returntng, <lrr.a

t;ure shuntinq, a ir brak<is, and t.'oe lii<e. Thc othcr ~thod es 

natural !N><lhc~ton by thc u :;o, of circllit structure and ~electton 

of cirCult con~Wnts. The ,\C locomotives ha,•e excellent re<>d

hesion charactenstics because of the latter. 

'· 

Fig. 7-7 

In f"ig. 7-7, the tr01ction fot:c<~ b•"comes lar<JC! than the 

adhesion traction force ~W, and the slipping is supposed to 

start at To in the figure. A~ the slipping speed increases, 

traction force decreascs in accordanco "ith the characteristic~ 

of tho motor as sho""'- by curve A or curve B. Whilc ~W beco~es 

the rolling friction with the slipping speed, the value of u 

becOCI<!s s=ll and changes as sho""' by a curve ~W. lf the 

characteristic of tho motor is as shown in the curve B, the 

slipping is not stoppcd and dispersion occurs. In the case 

of thc curve A, the balance is obtained at the slipping speed 

V o, and the readhesion is acco01plished. As sho>m in the 

Figure, ho,.ever it is not best for.the tractive effort to be 

in this lo-Jered st.>.te, and it is e><pected that V o "ill become 

zero at the next chdnce. In the case of rhcostatic control, 

or when the traction motors are connected in series, curve B 

is obtained, and·the readhesion characteristics are not good. 

·When the traction motois"are all connected in parallel, and the 

voltage requlation at the te=inals of the motor is s=ll, 
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the readhesion ls readily performed as in curve A. 

In AC locomotives and rectifier-type locomotive5 !'.ave 

better readhesive perfon:>ance. They are provided with main 

smoothing reactors, and as a result the readhesive charac-

teristics are improved. Fig. 7-B shows the state of the 

readhesion. When a reactor is not provided, the c~rve is 

,i-----1 •. .------
- "'""'"' ....... 

Fig •. 7-B Readhesion of AC Loco::>Otives 

described as broken l1ne A. When a reactor is provide?, the 

reduction in the current oí the motor delays is as shown by 

curve A', and the slipping speed becomes larger than V o, a 

loop is described in the direction of To toA' to T¡, and th~ 

readhesion is complctcly accomplished. In this phenomenon, 

if the value of the r~actor is small, the loop is small and 

converqence occurs at V o. If the reactor 1s too large, the 

decreasc in the current is delayed, and dispersion is caused. 

Therefore it is necessary to select a suitable reactor inductance. 

1-3 Kethod of Oeterminlng the Rating of lmpcrtant Equipment 

7-3-1 Method of DetePnining Performance of Rollinq stock 

The character,stics of elcctr1c rolling stock are desc~ibcd 

in secti.on 7-l. rvcn thouqh the ~eight of a train is given, the 

load of the elect~iC rollin~ stock var1cs With the con~it10ns 

of thc radw~;· tc"cks {qr.1d1cr.t, ~¡x·~d llr.:lt, ""d the lüe) and 

the Of"'r,1t10n,,l cor>~ltlori:;. Th1s load 15 peculiar and different 

1 
i 

1 

1 
• 
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tent, var:y from time to time, ollld temporarily e><ceed the nting. 

If overload conditions e~ceeding the rating continue for a long 

time, the ternperature in the wtndings and the like of matn

circuit equt~ent such as traction cotors and main transfo~ers 

rise too much, the life cf tJ\e equi~ent (.,specially insular.ors) 

will be drastically ~hortened, and the equipcent will break. 

This means that the determtnation of the ratlngs of the ioportant 

equtprnent of the electr>c rolling stock ~!lould not be =de by 

the ma><imum load but by understanding the overall operating 

conditions. 

The basis ot the dete=inanor> of the ratings is the tempera

ture rise. The estimating calculation of the temperature rtse 

can be best perfo=ed by a siomlated run in the actual tra>n 

distrlct. How~~cr, tho calculat>on is tr~m~ndously cornplicated 

and takes a lot of ti~. Therefore, the manual calculations 

have until reccntly been perfon::ed on a s.!..rnr>le and short railway 

track which imitates the actuill tnlin district. HowBvor, :11nce 

a method of simulating operations in the actual district by 

computer has becn duvclopcd recently, it is usual for this 

mechad to be e~clusively used. 

A cons>deritbly accur.ue estlr..HeoJ C.J.lculation of the te:::pe~

ature rise in equipment can be pcrfo<:med through si.mula.tion. 

The root mean square (RMS) current serves as a·yardstick in 

determinlng the temperature rise or rating of the apparatus and 

is coñvenicnt. The RMS current is a root mean square current 

expressed by 

RMS current 

where T: time i: current 

The temperatura rise of the wind1ng of the electr1cal 

equipc.ent is proportional to the square of the current (in 

cases where the ternperature rise of the equ1pment i~ supposed to 

be based on the copper loss), and the current that gives the 

equivalent temperature r1se is the ~~ current. 

On the other hand, in detcrmining the rating of the cquipment, 

- lS -



the thermal ti~e constant of the te~perature rise lS an l~port

ant factor toqether w1th RM5 current. The thermal tic.~e cor.stant 

is required in esticatinq the temperature rise at the overload 

in a short time. Especially, it is required in calculations 

for determininq whether the rolling stock can be used in short

time overload when the rolling stock stops on a gradient and 

restarts. The thermal time constants of important electrical 

apparatu~es are shown in Table 7-1. 

Table 7-1 Thermal Time Constant of Main Electric Apparatuses _ ... ~ ... '''"'. """""" -~ --· ·--"~" 

,,,, .. ,,,,,.,,., "''" -·· '""''"" '"'"'"' '''"'"''" 
,,.,.,0 ,,,_ 

""""" ..,,., 1 
Sol!·v.Ohh,ooo 

1 "''"' 
~'"-

rtold ... ,, .. ,.., )0' .. 0 ••• ....... 
·--

1 
O< 0 •«"·'''·- 1' .... ,~,., ' •· • .... 

Co!l 
..... ~lod 1 l[Y•)O •"· "'" "~···,_, '" ·-· 

'"'"'"'"" '" 1 OU·c.-<vl" l"'l• """''"'''" ·- .,,_ 

···-·· '"""""" ·- , ... A!<·co<>l,. ....... oyd" 

""""" •«tl"" ....... "" '" '" '" .... ...,.,, ... 1 ·~·'" "'"''"' 
'"«"' """'"""" "''" :lo-

SOOOtM•O ...... , ooLl 

"" ....... ....... -· 
In determininq the actual ratinq, as shown in rig. 7-9, 

the ~eiqht of the train and the railway-track condltions 

(gradient, speed li~its, interval of stations, etc.) are qiven, 

the performance of electric rolling stock (rated speod, rated 

tcactive effort, st.,rting currunt, deceleration pcrfon:>ance, etc.) 

~s ~ssumcd, and the runninq s~mul~tion ~s proqr~~ed. ln ~hlS 

way, the Rl'IS current of the traction o::>tor, thc t~~¡>er.,ture nse 

~n the Cl.'lJOr app.,ratuses, operilt~ng ti01o, e.-.crgy co,-,~:.:::¡>tlc:-L, and 

the like are c"lcul.,ted. A sort of est~="tlon can be ~ade on the 

volue of the rating for ea~h ap¡>"ratus. Ho,.,cver, the v.:>lues of 

the rated speed and the rilted tract1ve effort of the roll~nq 

stock are not al~ays thc O¡>tl~~ valu~s. Therefore, in general, 

the r.:~ted spced lS ch.,nged (corr>.lspor.duq to th<' ch.,,-,ge in qca,-
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Fig. 7-0 Flow Chart on Oetennining the Rat1ng 
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.ratio of tha driving gea~), the simulation is further repeated, 

and the optimum pe~fo~nce of the rollinq stock is detercined. 

In "Fiq. 7-10, an "'"'"'ple of t.'lc relationship" bet,..,en t.he P...'IS 

current (correspondinq to output), the operatinq time ~nd the 

rated speed when the rated speed ¡s chanqed is plotted and 

illustrated. In this c~se, if the rated speed is inc~eased, 

the operatinq time is shortened to some extent but is not 

shortencd when the rated specd exceeds that point. Beyond 

that point, only the RMS current increases (the larqe-output 

there is a suitable ratcd spucd . 

• 
' ·~ " " ' ,. 
' " ~ " 
" " • o 
" 
&~ 

L 

Operat1ng tl::-., 

l!.ated spccd 

f'iq. 7-10 Ch.HaCtcristlc bct,.een RMS Current, Operatinq 'tlrnC 
and R<>ted Spced 

'the rat1nq is dete~incd as described above. Ho,.ever, 

furthcr considcrdtlon 15 rec;¡u.ned at the steepest q~<>dier.t in 

the d~strict, wherc thc rcstaninq should be made. ln th1s c~se 

the temperaturc rlse in equi~cnt in a short t~c should be 

considcred. A number of tr~~t~on ~otors are prov1dcd ln clectr~c 

• lS -
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Th~rcfo<e, !S ncces"''r¡ to .considcr the cut-ocll:-o¡>cr<>tions of 

the motors. 

7-J-2 T<<><;Cl<>n ,'!otors 

nw ch<>r<>c::~u~tlc~ of rolltng stock clu¡><md on tbc chdrdO:

teristics of the tracuon =tors. ,Even thouqh tl':e s=e tr<>ction 

:ooto<e is uscd, the c~Mractcristics of the rollinc¡ stock can be 

chanc¡cd by Chdnc¡inq the qca<e ratio of the dtciVtnc¡ gc<>r. Ir> 

general, if the qea<e <eatio is tncre<>sed, thc t<eaction force at 

low s¡>eeds is increased (tn electrtc cars, the acceleration 

pe<eformance is lrnproved), acceleration at hiqh speed is reduccd 

conversely, and the ~xicuo speed is supp<eessed to d iow leve! 

(due to the licitation in the <:~aximum nu=.ber of revolutions 

of thc tractton motor). lf the gcar r<>tto is made small, the 

hiqh sp<>ed rerfornlance is uoprove<.l but the trucoon force (rated 

traction force) ata low spced become~ soall. "he qear ratio, 

espect<llly, wh~n a one-st<.lqo rcdu~~ion qcar is used (d.,pendu,q 

on thc ~dule and the di~cters), has l~itations and can~ot be 

increased infinitely. 

is4to5. 

In crdinary locomotives, che qear ratio 

The ratlnq of the cain motor is determined by the method 

described in 7-l-1 in the previous section. Hawever, in the 

actual traction motor, the allowance wherein selection is made 

Qecomes broad dcpendinq on the diameter of the wheels em¡>loyed 

and the qear ratio. It is impo<etant to determine the rat~q in 

considcration ~f che balance hetween the cechanical problems 

of the tractlon motor and the driving gear and the rcctifying 

performance of the moto~. 

Furthe~re, the thermal capacity in the armature of the 

series motor is generally different from that of the field of 

the moto<e. And if the rated current of the field is reduced 

(weak ficld rated cotorl, the motor becomes compact and light 

weiqht. 

The limit of the tecperature rise in the traction motor is 

determlned by the lifeof the lnsulator. Even though an ¡_nsulator 
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of the same insulating cltss is used, the limit of the a~atu~e 

is different fro<O that of the field. Since the a=,n.ure is 

~otated, its tecperature rise li=a~ 1s s:::aller tha:-. that o! the 

field winding. The licit of the temperature r1se 1n a~cordance 

with the insulation cl<lss of che traction motor is shown l."l Table 7-2. 

Table 7~2 Temperature Risc Limit of Traction Motors 
for Roll ing stock 

''"'''' ·~' 
Cloos ol IOsuLauon 

COD,.,.~ntO 
CL• .. • Cl¿so ' e loso • 

SU<.Of w!nd!ng lr~oiotan<~ .,.thodl DO '" '"" 
A=<ture "in~Lnq lros!StO~ce ~othodJ "" '" ''" 
C"""""Utor (eloctrlcal '"''"""'""'"' ... <hodl "' 

" '"••<>no ..t.ero)r. "'"""" wi~h 
,~ r.~o<-t'>U04:".00 '" "'"CI ae•nnq (t.be=aaec•t cethodl 

" (Ot_bet <h•-' ..t.¡, .• , 

7-J-3 Main Tr.~nsform~rs 

The rating of the main transformer is calculacerl by che 

method as shown in 7-J-l. At present, most of Che rn~in trans-

fonrncrs are of an oil-circulatcng air~cooled type, and che the~l 

temo constant is vcry large. It is necessary to determcne the 

rating by furCher adding Che loads of auxiliary m~chines to the 

~~ current of che craction motor. 

The winding ratinq of Che ma1n transformer does noC always 

coincide >Hth that of the Craction motor. In general, che _rating 

of Che n.~1n transfon:oer is smaller. In the case of tap connol, all 

secondary ~lndings are not used at all tices. tn che case of 

phase control, the secondary-w1ndcnq's current is changeable 

accordlniJ to thc cont.-ol ar.glc a. The r~ting can be reduced by 

thc Mlél'~nt corrc~po:~dlng to thc total thc=al a=u.'lt, 

In thc ca1n cransfor:ers !or thc·rolling stock, che raCed 

current dcnsuy of the "'inding is usually larger than Chat of 

general transfonocrs. TI1ey <>re u~uall:¡ ""'d<· of coppcor 

rather than 1ron. Thc teoporary ovcrload 15 1ncludcd ln the 
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load of thc rolling stock during the operat~en, and the dl.ffer

ence in t=peroltuce bet·.,~en the "'indcng and the cooling od l.S 

large. Therefoce, care shculd be taken in the partial te:per

ature rise in each "'indLng, and the temperature of the \óindLng 

at the ti.ce o:: restarur.g s!:ould be considered. In additicn te 

the rating ~speCidll:t ·..nth reg~rd ta the 111ain trdnsfomer en 

locor.>otives, ct 1~ """~sso1r¡ te reduce the voltaqe requl.,t~.on 

of the oc volto1qe on the traction cetor side in order to c:prov~ 

the se.lf-rC!oldhesl.on perfo=ance, and also it ls necessary to 

reduce the leakaqe reactance and to l.Ciprove the po·~er tactor 

lll arder to r"duce the illducti'-'e di'>turbJ.nce 

to the ce~~Uill.Coltion line, a large reactance is adopt~d. 

The problem of Ln~uct1ve dlsturbance is especially conslderable 

disturbance can be reduced by providcn<J the muluple ''"'-"'>":¡; cr. 

because reactance characteristics can be selected at will, and 

the many opposing surfaces between the high and lew voltages 

can be providcd. 

Table ?-3 Temperature-Rise L~it of 

.control Apparatuses foc Rolling Stock 

,._ ........... ''"" ·~· '-···· ,,,,,._, -·- .... ...-... ---
"''' • ""'"'~ .. .. "" 
'''" • .. ~'"'"' •• • ., ... 

......... <! ... • . ......... "' • U lOJ 

, .... • .. .. ,. ..... "' '" '"" 
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7-3-4 Main llectifie.-s 

ln recent .-ectifiers in roll1ng stock, sillCCn d1cdes and/Or 

thyrlstors a.-e used. Since the t.heroal capacltles of these 

ele10ents are very srnall, it is requued 1n the .-atlng des1gn that 

the elements withstand maximum load cur.-ent and that no fault 

occurs from the overcurrent at the t1~e of s~ort circu1t (at 

the tLme of flashover of the tract1on ~otor). h load pqttern 

unde.- the severest condLt1ons, Which w1ll actually occur corres

ponding to the adhesion limit or the maximum acceleration 

current, is established, and.the rating is dete~ined. An 

example is shown 1n Fig. 7-11. The actual t<tted curr~nt is 

ordinanl¡ nor.:inated 1n a s1mplcr p<ttt.er.n in the !onn of con

tinuous operations plus a 10-~1nute overload. 

, .. 
-

coou..-.o """'04 on ""'"" ''"'""" ,._, ........ ~ ... ,... . ....... , .......... 
""" ... ., .... , .. . 

Fig. 7-ll Exacples of LOad Patterns of Rectifiers 
(ED75 series) 

7-3-S llati.ng of Main smoothing React.ors 

flere characteristlCS are si,..ilar to those of thc tractlon 

~tor. The t.cmpe.-ature I"ise has the same tendency to change, but 

the thermal time constant. of the open-core, forced-ventilatlon 

type reactor is smalle.- than that of traction mot.ors. In orde.-

to improvc reliab~lity and ma1ntcnance, lt is usual to add some 

allo~ance. As fo.- thc inductance characterist.1cs, it is necessary 

to deten:nne the characteri~t1CS from the pulsat.1ng current. 

characteristics of the traction motor and t.he permiss~ble l~~t.s 

;of turn~ng current on and off. In general, so· asto get t.he hyper· 

bolic induct.ive charactcr~~t.1cs and constant ripple factor against. 



' 

the cu.-n:nt, various .ür q~ps ~re provided and/or l:la<Jnetic p4ths 

are joined togethar in iron cores. furthennore, ¡t is necessary 

to consider the value·of the lnductance in order to ll:lprove the 

readhesion character1stics. 

7-1-6 Others 

With t:<!Spect to other electncal equip:::ent, for example, 

convertors in ~ain circuits and switches, the current ratl~q and 

the siz<> of the electdc wüa <>re <leteu.aned in th" sir.li.Lar way 

as described ln the detCr::>lfld.tlOn of the aboc·e-centioned app<lr

atuses. It is especially üoportant 1n dete=inHl<J the raung to 

know the then:al ti,e conse.>nt of the equipment, 
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CHAPTER 8 

MAIN CIRCUIT SYSTEM OF AC ELECTRIC 

ROLLING STOCK, ITS CONTROL Al'ID 

· CHARACTERISTICS 



CI!APTER 8. MAIII CIPCI.:lT SYST~l OF i\C EL.ECTRIC ROLLltlG STOCK, 
ITS CO!iTFDL ;,::n C!I,".!'..;Cr.t:P.ISTICS 

8-1 ~in C>~CUlt Sy~t"'"'• Centre! ~etl".od and l'<!<ltur<>s 

The control ~ystcm of AC elec~rlc rollinq stock lS c~a~g>ng 

from the ~ystem of dü~ctly c!r1ving AC comrnutoltOr motors ·.Hth 

special fr<>quency (16-2/3 Hz) (duect system) which was eo-.ployed 

in Switzerland, Gennany, etc. to the system of driv1ng ce motors 

using rectifi~rs with a commercial frequency systnrn (rec~1f1er 

system). I'Or the 16-2/3 Hz syste::>, a .-ectifier system is mostly 

beinq used. T~is is ~stly because a rectifier sy~te~ can use DC 

motors of excellent pe.-fo~ance and easy maintenance while th<! 

dir<>ct system requires substations to convert to special frequoncy, 

because thcre were disadvnntn<¡e~ 1n tha maintenance of cor..mutator 

jO<HfOn:t.lriUú coqJ.lr~c! ""Íth th<! direct systef:\ an<.! is r:-.ore st:O:.-,=>le 

for larger output capacity. l-'.Oreo,·e.-, mercury are ~e<:tifiers 

have now been replaced by silicon diodes and thyristors and lheir 

performance has bean graatly improved. 

For voltacJe control sy~tems, there iS a tap chan9ing system 

which changas the ta¡> of the main transformer and a system of 

controlling the phase with thyristors, etc. Also, syster..s are 

now beinq tested in ~hich the oo~utator motor is driven by once 

convcrting t.o DC witll a rectifier and thcn reversing to three 

¡>hase alternating current with a thyristor invertor. 

tlle'representative systcms are introduced below. 

8-1-2 Hi<¡h Voltage Tap Control 

Sorne of 

The tap changing system has t)\e advantag<>s of no powar loss, 

all parallel connection of traction ~tor nnd better re-adhesion 

perfor!l'.lnce. The systcm of to1king out this t.>p from the prii:111-ry 

winding side {high voltag" side) of the muin tran~former is called 

the 'hi9h voltage tilp cho11191ng ,;ystem', 
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At the early stage of AC elcctrification of the Japanese 

National Railw~ys, a high •roltage tap changing systc, was mainly 

adopt"d for the following reasons: 

(ll Although high vol"~gc, tr.c tap Cilll loe chanc¡e.O by brcai<ong 

small currcnt and there is littlc wear in the changeover 

switch due to are. 

(2) Thcrc is a greater n~cr oí windings on th" high voltage 

si de and more taps can b~ taJo: en. 

On the other hand, the pri!:'.<!.ry high voltage tilp changing 

system has the following weak points: 

(3) For insulation, the changeovei" mechanism will becowe 

lar9cr and it rcquires ~re t~e for changeover. 

(4) The main transfonner requircs tap t•ansfonner and step-down 

transform~·r and ü will be heaviel" anJ bulkicr. 

Although it has advantagcs and disadvantages as described 

above, in the case of the low volt~ge tap changing system, 

qreat wcar of charigeovcr switch due to hrqc curr<ent occurs and 

it is unfit for large output. Therefore the high voltage tap 

changing system was adcptcd. The h~gh voltage tap changing 

system ls, !or the reason of ~ts construction as mentioned above, 

normally equipped with tap trilnsforrners and step~down trans-

fonners. As shown in rig. 8-1, a tap is drawn fro~ arcund the 

:<ene near input volta<Je cf winding on th« prilnary side te low 

voltage zonc and it is stcpped down to rcquired voltagc with a 

Btep-dowr'l transfonoer. Required vol tagc on the s_ccondary si de 

is deterrnincd by traction ~tor voltage and then because the 

locomotivc"as parallel conn~ct1on of all traction rnotors is 

qcncrally sclccted to improve adhc~ion per!on=nce, voltilqc on 

the S<.'"COnd.>ry sidc w>.ll l>e n<>ar Ule rate<l OC voltil<¡e of Ule trac

t>.on <:>Otors. 

_,. 
.. . .. -· 

' 
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Fig. 8-1, General Systern of High Voltage Tap Control 

• Tbere are many ways'to change taps without interrupting 

currcnt but in the caso of high voltagc tap control, as linc 

hi<¡h volta•;c is ir.pressed on the t<lp chanqer, insulation of 

control ci<cuits and operat-lng 1:1echanis:os, et:c. becof:les ir..portant. 

For this reasan, the changer becornes bulky and its opOr<ltion 

slower. On the other hand, however, as the n~~ber of taps in

creases, a si~:~pler changing systern is uscd: 

Fig. 8-2 shows an 'inchwo.m' advancu systcrn and Fig. 8-3 

an alternating advance stage syst~, both showing a figure of 

principie of mechanism. Both c:h¡mc¡e t.lps by I'>OVJ.ng sliding 

elements (brushes or rollors) on a series of conductivo segments 

connected to the taps. Closing(breaking of current is done with 

a changeover switch interlocked with shifting of the sliding 

element and a control scqucnce wh>ch does not generate are is 

requircd bet.,.een the scgment and the sliding element. Only 2 

changeover switches are required for the inchwo~ advance stage 

and its construction is simple. But high accuracy is required 

for installing the s.,.itches between the ~egment and the sliding 

element and there is the disadv<~ntage th<>t sufficient clearance 

cannot be provided between the segments for insul<1tion. In 

arder to elimin<lte this disadvant<~ge, there are ~ethods such as 

shifting the sliding elernent independently like an inchwo~ 

only when ~ssing over_ the segments. 
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Fig. 8-3 Theory of High Voh.,ge T.'P C:hamnn<J 
(altcrnat>ng progrcss1on) 

For tlw altcrnat1ng .,dvance stage systern, a series of 

se~ents is arranged separately for odd stages and cven stages 

and the sliding scg:oent is,shiftcd, so _not ~:~uch accuracy is 

reguired for installat¡on and thcre 15 " sufficient clcarance 

bet'o<ccn seg:ocnts for >nsulat>on." Four changeovcr 5\olltches 

beco~ nccessary,however, which ~kes the syste= heavier and 

bulkier. 

·JO 
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For either of the above systens, eurrent l~>t resistance 

is required to control the short cucuit current, bec~use the 

current bet~een taps is t~~pOrarLly short-circuited. If its 

perfor=nce is r.ot "deq\ldte, a current limitinq reactor '""''!be 

used. Since t.hc systezn using th<> cunent lir.ti.tinq re.!ctor has 

disadvd.ntage~ Ln \óelght, sue and pnce and thc breal<.in<¡ lO.ld 

of the ch.>n<¡~OV'lC ~"'ltCh beco"'~~ sevcre, howevcr, th•:re is 

little ~erit in usinq the system except for such special pur

poses as obtaining inte~ediate voltage between taps. 

For sLmplifying the maintcnance of changeover switches, 

there are methods such as using vacuum switches with hiqh 

breaking perfor::-.ance and thyristors, etc. llefore resorting to 

these ~ethods, arclcss t~p changing of low volt~gc tap changing 

sy~tcm has bccn put into practica! use and the low voltagc tap 

changing system 'With higher re-adhesion perforrrnnce has been 

adopted. 

B-1-J LOw Volta•¡e Tap Control 

ThP. low volta<¡e tap cha.nging sy~tefll haS thc following 

advantag~s' 

(l) Main transfonro>r 1s compact and li<¡ht ·~eight. 

(2) The tap changer ~y co~rise a c~shaft control unit and 

unit switch, etc., 

while it has the follawing disadvantages' 

It has large control current. In the case of are hreaking, 

as the maximum current is limited by the breaking performance 

o~ changeover switch, it is not suitahle for large output. 

(4) There" is a li.mit to t~king out a great nurnber of taps of 

low-voltage large current.from the winding on the secondary 

. side and a small nu::lber of taps can be taken out. 
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When using the syst~ for ele~tri~ ~ars, it does not require 

much ovorall output and the traction motor can be u~od in series 

conne~tion, so pra~tical application is made poss>ble when an 

insufficicnt nu..,.bur of t~ps is supplenoentecl by 50"'' m•,aou::t~s. 

Fig. 8-4 shows so called cu=ulativefdifferential ~vement 

system. Thc secondary winding of main transfo~er cons1sts of 

tllp winding and bilse winding and by 

(differcntial) or positive polilrity 

ehanging to negative polarity 

(cumulatlVO) with combination 

switches K¡, K,, thc apparent 

number of taps can be doubled. 

MOreovcr, as the inte~ediatc 

voltage between taps can be 

obtained with a lilniüng 

current reactor wi th inter

media te taps, the number of 

tap stages are redoubled. 

Thus a 25 stage notch curve is 

ol;tain<!d by volta<J<! differen

tL>ls hc:Oween thu G-stage tap~ 

..-.nd both wind;ngs. This systel!l 

is used for the old-typc of 

'"' '""" 

'' 

Shl.Ill<anson electric cars of ,. ' • ' • • ' >g. -~ Low Ve tage .ap LOntro 
the Japanese National R.lilways. (Cumulative/Differential Type) 

The cumulativc/differential mov~nt syste~ when used for 

locomotives is disadvantageous With regard to re-adhc~ion per-

fo~ce. Thc cumulative/differential movoment syst~ is a low 

voltage t.ap used for pull~ng out train~ and most o! the secondary 

windings are arranged in series and then reactance of the r.din 

transformer becornes largcst and the regulat~on of DC voltage 

beco10es large. 1-o'hen the volt.>ge regulation· is lnrge, OC current 

greatly increnses when sl~pping and this ndds to further slipping 

which is not desirable !or prllctic.>l application. 
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TO improvc rc•adhcsion perform.mce "hen pulling out train~, 

it Üi necessar¡ to reduce voltage requlation at lo1.1 speeds or 

!'eactance of ,. .. un transfonoer at low voltage t.op. For th1s, a 

system such as that ohown in Fig. B-5 "h~ch simply takes out 

taps fro"' the second'lr¡ "'incling side is desirable. Ho\Jever, ,.s 

"'-Cntioned befare, such a low voltage changing system has an in

sufficicnt nurnber of taps. Fig. 8•6 sho~o~s a syst~m wh~re the 

tap changing system is replaced by thyr1stors and the changeover 

switch is turr.ed te arcless changing and where continued control 

between the taps is made possible by adopting phase control be

tween.the taps of the thyristors. This systcm consecut1Vely 

turns on and o!f S S"'ltches en an even series and odd scr1es 

just as alternating advanc~ stage of high voltage tap changing 

and intermedi"te voltage is obtained by dividing voltage bet,.een 

taps as ~equired and giving phase angle order to thyristors. 

f'iq. B-5 General System 
of Low Vol W.ge 
Tap Cont~ol 

' ' ' 
'i'""l 

' ' 
'· ..... • , .... 

' '· ; 
o : T ' c ..... !; 

~~ • ' ' • -1 "'""~' ,, .. 
... ,, ,, ,, ., •• '"'""' - . ....... 

' o ,.,._,. 
'" ,·"l::>r' ~ <<-•nU 

• o o - ... '" .::::. .::::. _, 

• o o " ,.,. -·· ~.:.::. "'-•nu 

• o o '" • ~ -· 
' o o , .. ·-·· o' §;3. -., __ , 

riq. 8-6 1\.rcless Tdp Chanqtnq for Both 
Continuous Voltdqe Control 
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The advantages of this systeM a~e that arcless tap changing can 

be done, the reactance of the ~in transforme~ is small at low 

speeds and has good re-adhes1on performance, and the pr;ce is 

cheap because the thyris~r has good voltage resistance between 

the taps. It also has a better po'«er factor and !ew harmonics 

compared with all stage thyristor phase controls system which 

'-"Ül be discu~s~d Ldo·-·. ':"~-~ s¡stem '«<IS made possible by the 

developmcnt of a thyris::O>r a.~¿ the thyüstor part coulcl be sub-

Railw,.ys first used r.~agr.cttc <U11f>li~Hlr systrun bcfor<> t~,e ad·:ent 

of thyristors and th<:n changed to the thyristor syster.~. Thi.s 

system can be called a co'"pleted fonn as control systrun of taps 

and is used in representative AC electric looornotives, ED7S and 

76 OIOdel, of the Japanese National Rail'Ways. 

8-1-4 Phase Control 'With Thyristo~s 

When a thyristor for electrical power was developed for 

practica! application, 'the thyristor phase control system' which 

controls the total OC voltage ~ith thyristor convertor was put 

into practica! use. 

In the case of mercury are recti!iers, the rectifier system 

used was singlc-~ay system {push-pull oonncction), but when 

diodos and thyristors come to be used, the double-~ay systern 

{bridge connection) was adopted. The rectifie~ bridge cornprising 

t.hyristor ar.1 diode is called 'Hybdd bridge' a.~d the one corn

pris~nq only thyrlsto~ is called 'thyristo~ bridqe'. "11le hybr1d 

bridge is used fo~ AC electric rolling stock requiring only volt

age control "''hcn powering .o.nd thyrtstor bridge is used for 

elect~1C rolling stock using ~C regcncr~tive b~akes which is 

also cap.1ble of b•:<Htor or.cration of convcrtor. The thyristor 

control syst~ has thc following characteristics. 
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,., Sinqle ""Y '" !;Ouble wa.y 

f'ig. B-7 SingLe Way and Doublc way 

(1) There is no contaccor such as tap changer and ~intcnance 

and inspection will be easier. 

(2) Full notchless control will brin<¡ about S<:\ooth a.ccelerat:ion 

períonn.;1nce and high adhesion cha.-.. cteristic. 

(J) Thc thyristor phas~ control systcm C<ln z:educe react<>nce oí 

the rnal.n transformer and i.mprove re-adhcsion perfo..,..nce of 

the locomotive. Whcn automiltic fixed voltage restriction 

(AVR) is used.to maintilin fi..xed Ix: voltage again~t current, 

re-adhesion perfornance is further i.mproved. 

(4) 'I'he equipment can be made compact and light :--eight. 

Wh<m phase control is madc, there arise the foLlowing problems 

with- voltage and cux-nmt "'avefonn cornpar~d with the case of 

sl.mple diode convertor: 

(5) 1'0>/er fa.;tor will decrease. 

(6) Oeflection of AC current and voltage wavefo~~ ~ecomes 

greater and irnpediment by high harmonics will increase . 
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These problems will bc'corrected by the following mcthods. 

(1) Divide the windings on the secondary side of the mai.n 

transfo~er into several sections and connect in series. 

(cascarle connection) 

(8) Improve overall voltage and current waveform and' phase 

relations by devising control systerns such as asyrn::~etrical 

control, phase stop control and fixed width control, etc. 

(9) Connect resonant filter te high hilnnonics and absorb 

certain hiqher hilrmonics. 

The aforementioned 'arcless tilp changing systcm' is 

similar te multi-stage connection in series corresponding to 

severa! steps of tilps <Uld improves problcrns of the afore-

mentioned t.h:¡ristor control rollinq stock. Fiq. 8-8 al o.. dl 

show representative main circuit system which controls thyristor 

phase. 

'o' l!ybnd bridgc 
(Symmetrlcill on AC s>de) "' l!ybnd bridge 

(lnverted parallel 
thyr1stor on AC sidel 

rH¡, 8-8 VarlOUS Sy~ter.s of 'l"hyrlStor Ph11SC Cont-rol (1) 
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(e) llybdd bridge 
{Symmct~ical on DC side) 

(d) Thy~istor bridqe 

Fig. 8-8 Various Systru:l!i of Thyristor Phase Control (2) 

Sya<:~etrical conncction of !<C side of al is a ¡:¡ost repre-

sentative mLed bridge and has the possibility of dccrcasing tl-.e 

nl.l!tlber of diodc series com¡>olred with the system of bl but it 

~equncs a protective !use since the AC ~ide is short-circuiied 

when the thyristor brcaks down. 

Reverse parallel oonnection of thy~istor on AC side of b) 

may increase the n~ber of diodes compared with the systcm of 

a) but when thyristor breolks down, short-circuti current does 

not flow and a protective fuse is not rcquired. 

Symmetrical connection en the DC side of e) shows the 

oommutation failure phenomenon when a thyristor to be ignited 

in.isfires, so it is necessary te install a bypass diode separately 

or install limit which will not choke the phase angle too much. 

The system of e) requires only half the number of diodes 

compared with systems a) and b) but because of the aforement~oned 

problems, i t is not used tor rolling stock. 

Fig. 8-9 shows the fon:~ of current carriage on the hybrid 

b~idge. 
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Fig. 8~8 dl shows a thyristor bridge. Fig. 8~10 shows the 

form of current carriagc on thc thyristor bridge. The figure 

shows a systC!!I "'hich simultaneously ignites thyrist_ors on 

opposite sides and is called 'symmetrical control', while a 

system which ignites each thyristor sep.>rately is call~d 'asym

metrical control'. Fig. 8-11 show5 the form of current carriage 

of asyrnmetrical control. 

occ 

] 
'.' 
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(a) Main ci~cu1t (b) Fonu of carrying current 

Fiq. 8-10 Fonn o! Ca.-rying Current on Thydstor !lrid<¡e 
(S'f"!>et.-ic.>l control) 

~;.'--< 

J 
C'luunt 

,, f%154 
s, ?7/ZI fín:i¿j 

(a) Main circ:uit tbl Form of carrying current 

Fig. 6-11 Fonu of Carrying Current on Thyr1stor Bridge 
(l'.syrnrn~tric"l control) 

- 39 -



' 

As sho\o/T> in the !ig,.,re, in the cas~ of as'¡l1mletric:al control, 

voltage c:hange c:orrespcnding to s~e thyristor control phase angle 

is about one half that of sy~~et.rical control and it is ~re ad~ 

van~"'''ücus (or ~ngh fr,.c;uency control. llut twice as many phas" 

control devices are required co.,pared with symmetrical control. By 

adopting thyristor control, automatic fixed voltage rest.rict.ion 

(AVR), and automat.ic: íixed curren t. restriction jACR), etc. as wcll as 

continuous voltage control can be eas1ly undertakcn. Thcrefore, 

H. can be M id to be the most suitable CO.'"ltrcl system as well as 

chopp<lr r.ont<Ol, etc., for f1xed Sp<!üd Cf.<,Cüt.J.on central b;• sp<>ed 

direct.1vc type and auto~ tic operation lATO), etc. 

8-1-5 Other Control Systems 

~he first of these is a cotibination o! the main transformer, 

main rectifie.- and resistance control as shown in rig. 8~12. 

Starting resistance 

oc 
motor 

Fig. 8-12 Rheostiltic Control Systern 

This syst""' is a sir.lple addition of an .1\C-oc convertor to the 

OC electric rolling stock. It is heavy and no únprovrument can be 

~de in performance but it: is easy to apply te t.he rolling stock 
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wh1ch is directly Of'C!ated throuqh different ¡:>O"Jer suFply s"/stc:::~ 

(1\C and OC). 

The rectif1cr plu~ chopper system shown in Oi<¡. 8-13 is 

used to control AD/OC electr:ic eollinq stock as "'"11 as t.''!e 

resistance control system. As a control syste"' o! the exclusive 

AC elcctric rolbn<¡ stock, inprove:nents '!11 perfo=.ance "'"d 

elirnination of contactors !or c-.ain circuits are r..ade possible 

unlike the resistancc control. lt is ;,.n ir:prov=enc over the 

factor is beccee ce"'p"red ·.áth the phdse control sysv,c .. 

. 

1 chopper 

¡¡¡ 

A oc 
motor 

Fig. B-13 Chopper Control System 

Fig. 8-14 shows a driving syst= of COI<'.mutacoeless JOOtOr by 

the comb~nation of AC/OC conveetoe and thece phase inveetor, and 

induction motor is mostly ,_..,¿ for traction motees. Induction motors 

are qenerally lightcr compared with OC motees of thc s=e output 

and the wcight of a teuck can be reduced but the toca! weight 

including the convertor wiU be greater. Regenerative beaking 

will become possible when an AC/DC conveetor is added with in

version function. Also for :U:tpre"ing the power !actor of an 

AC/DC con"crtoe, a systcm equipped with forced co~utation dcv1ce 

is tried for 16-2/J Hz, etc. (CJ<. Quadrantal cenvertor of OB, 

3C-LUB for ET420, etc.). The circuit shown in Fig. 8-15 (al is 
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Fig. 8-14 AC Motor Traction Systern 
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(b) Method o! pha&e control 
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Fig. 8-15 Circuit Ec¡uippcd "'it..'> Forccd Co=utat.ion 
Circuit and ~athod o! Control 
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Since the hybrid bridge system's OC output voltago can not turn 

to negative voltage, it cannot make invertor operation. On the 

other hand, the all thyristor bridge system has all a~s com-

of the sarne phaso. (This is called sym.":letrica1 controL) '" 
this case, the current carrying anglo o! each a~ is about 180" 

regardless of control angles so far as OC current is nct inter

rupted, and a negative period appears en the OC cutput voltage 

waveforno.. In case of a control angle of o·~a<90", the ~vcrage 

value of the waveform is positive but in the caso of a control 

angle of 90"<r~<lao•, it bccorncs nagative and invertor operation 

angle a is madc too large, commutation fails. In the practica! 

circuit, as shown in Fig. 8-17, as there is always reactance en 

thD. AC s;dc, AC cwcrcnt is not instantly in"JC!"tcd whcn the 

thyristor is f1red and overlapping angle u ;s-creat~d. Thercfore, 

the currcnt carried through thyristor arms 2, 4 will not turn to 

O at 0-, and it will only turn te O at O + u (- S-u). Thyristor 

arms 2, 4 start to extinguish at this poi:>t.. l•ihen .ongle o! leild 

oc........ <••· 

... , .. ""•-· 

. - . ·"' 7/'7 ... '•' /.-/·-

... '""""' ~~''" 
O<>!., " 

, .. - -· 

Fig. B-17 Wave!or::> cf rach Part d~~lng O;>cration o! Invertor 
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of control a is SMall, current on the.thyristor a~ 2, 4 cannot 

be co~utatcd to thyrl~tor a~s J, 4 and ~ter voltaqe on the DC 

side and AC voltage overlap durinq the ncxt half cycle and 

overcurrent is produced. T~.1s 1s called coc"l1lutatlon fall'lre. 

The angle of lead of control requ1res J:Jinir..= value of g min. 

which will not cause co:mutation failure. Thls value ::-.ust be 

rnade larger, the l<trger thc react.>ncc on AC S1de. 

B-2-2 Syc:metrical Control 

The symmetrical control is the saJne control syste:n thcoreti-

cally explained in B-2-1. It is a syste!l\ of controlling voltage 

by having sorne producing pclsitive voltage ·Hith a at less than 90" 

(powering arca) and others producinq negative voltage with o at 

IOOre than 90" (regenerating are<:~) and making their total any 

positive volt<:~ge (during powering) or any negative voltage 

(during being regenerative). 

Fig. B-18 (al shows a case where dle secondary side of the 

main transfomer is divided into tour parts and 4 thyristor 

brid<Jes m connected '" series. " ~hOióf\ "" the figure, ""'hen 

0 ""' 0 O <O controlled with a~ o• ~' 0 ""' 0 w¡th " -
max1murn <~ ' "'in.), '"" total output voltage be comes alr.>est 

~ero. The passage of current is formed with each arm and the 

secondary winding. By bringing the control angle (2) from this 

position close to zero, up to 1/2 the positive voltage is 

obtained as shown in the samc figure {b)-(1) and by further 

bringinq the control angle @ close to zero, up to the total 

positive voltage is obtained as shown in (2J. This sho"'s durinr¡ 

powering, but during regeneration, the control angle (2D is 

gradually increased from t.he condition as shown in t.he s=e 

figure (a) toS min., then up to 1/2 of negative voltage is 

obtained as shown.in (b)-(3) and lóhen 0) is contro_lled to 

a min., the total negative voltage is obtained as shown in 

( 4) • 

" 



....... 

1 

"' "' 
(a) Control of each unit (b) Control angle and output 

voltage 

Flg. 8-18 Sy~etrical Control 

8-2-3 Asyv.metrical Control 

When syrnmctrically controlled, each unit bridge naturally 

gcneratcs eithcr positive or ncgativc vcltage and in cffect it 

is same as thc numbcr of stages of s~ries connections being 

reduced to one half. Therefore, it is better to control both 

&ides of the AC terminal of the bridge separately (asyrnmetr>Callyl 

and ~kc the passage oí current without producing unnece~sary 

voltage. This is called asymmetricill control. 

In Fig. 8-19, Arns 1 and 2 fire every half wave at the samc

phase angles of a 1 and n 2 and completely apan" from this, 1\nns 

3 and 4 !ire every half wave at the same pha~e angles o 1 and a,. 

This will mnke two combinations o< current carrying arm 

(eg. 1-J and 1-4) ~d produce a pcr10d of producing voltage (whcn 

the oppositc arm ;e carry1ng currcnt, cg. cond¡tion a. c.) and 

period o! not producing voltagc (whcn thc a~ adjaccnt to AC 

teno.inal is c"rry1ng currcflt, cg. condition bl .. There!ore, with 

a¡, a,~ O when"o., anda, are controllcd, only the positlve 

voltagc zonc can be controlled and convcrsely with a 1 "nd a. 



clo~e ~o thü ""-"i.:c.t.:::~ val'-"' of !80" (.lt !8'l' co=utat:ion bccome,. 

i.a1po~stb!a, therefore to .-. rc¡n,) wnen ".<1 ilml .-,, .He controll•,d. 

only the negativ" volt<><¡a zone can b,; controll<'d. 

'· . /~"·" 

"" ,_. ·"·" 
• 
• 
• 

O•"""' 

. ·;"""'o .,.,,,._, .. -
••• 
'· . 
• 

' . , ... -
···'"'·"····¡ , .. , ... , 

' • • • 
• •• 

Fig. 8·19 Conditions of control and output Voltagc 
undcr ASYF.~ctric<>l Control 

In other words, in the b<>sic circuit shown in <>9· 8-16, while 

in the case of syrnmetrical control, o• "'90' are positive voi.tagc 

and 90'"' 180' are negative voltage, in the case of asym:•etrical 

control for the same circuit, there are 2 sets of gate control 

systems with positive and negative control ranges from o• to 180' 

respective! y. (Fig- 8-20) 

• v . , 
'" 1 
"" 11 g~ B:i~ . 

• 
+-a control-). 

" 1+ 6min 
1~)" ¡ga" " o control_,. 

¡ 1 -
:,__ --

1 _,, 
Fig.·B-20 Control Characteristics ducing 

As~etrical Control 
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The same applies to series connection and an ~arnple of divisíon 

in half is given in Fig. 8-21. While powering, a group of Cia. 

Clu and rl, 1 ·•J 1 ¡ is fixod at o• anrl a group of ''1'"''1' and "''l· 

a,, is controlled. Llkowts~ w~ile regoneratlng, a group of rl;). 

C11; and tllJ•rl¡' is fU<P.d at r.lint::tum 8 anda group of ('11""-ll 

anda,,.,,, is controlled. J\s observe<.!, while asym::-.etrical control 

has advanu.ges in ripple factor, po·~er factor and higher harmonl.cs, 

a phase ccncrol systcm req>Hres twice as 0<1ny nw:!ber of series 

connection bridges. 

Fig. 8-21 Asymmetrical Control during Series Connection 

8-2-4 Rcduct.icn of Third Hannon1c and lmprovemont of Pov.•er Factor 

In the case of single-phase rectifier type rolling stock, 

harmonics as ~ny as power·source ftequency ~ultiplied by odd 

number, are generated on AC s1de. Many counte~casures are 

undertaken but the third ha~nic becomes a prcblem wit.h respect 

te the power network. 

ln F>g. 8-16 Thyr>stor Bridge Circuit, and S~et.r1cal 

Control, thcoretically the )rd ha~nic current contains 1/3 

or 33\ of the tasic '"·ave. Under asyr.=:>ctncal contn>l, just as in 

tile case of the hybrid bndge, thcre is no dif!erence in the absolute 

value of 3rd ha~n>c port>on but the basic wave portian decreases 



in p~oportion to the bettcr po~er f~cto< ~nd thc pcrccnt~qe of 

thc content ~ill be qreatcr. 

The """"" trend <lFFC~rs '"hcn p0>1cr factor is ¡_.,~rovcd by 

series conncction. 

Thereforc, ccrtain counte=casurcs 1JÍI1 havc to be ta•.en, 

~hen it is nece5sa~y to control t!>e ¡;crccntag<> o! cc:o::er.~ o~ :lrd 

harrnonic belo~ c<:rt.u~ le·:cl. 

One of tilc methods considered is to !Mke t:he \Javefo= of 

AC currcnt ene ~hich contai.ns a srnall arnount of Jrd l".anoon~c. 

When ~avefon• of 1\C current is rnade r<:ct<~ngular, the ab5olutc 

value of the Jrd h~rmonic '"ill be yreatest ~hen currcnt is 

carried <>.t " full 180° .,·idth of thu half wav<: and at 60" width 

and it IJill be zero when current lS carricd at 120" ~idth. 

Thercfore, 1t wdl be possibl<: devise a 111ethod of control 

and dccrcas<: thc Jrd "-amonio. Whcn rcqcnerativc brakes are 

used, the thyristor bridge will be oper~tcd as a separately eY.-

c i t"d in ver ter •lll d the ":' :' "ct by thc CO-" ::rol ang le ~ i ll be come 7 re,lt . 

To r~<luce thl! uffuct, lt is n<Jcessary to fl.lrth~r enlarge reacca~c~ on 

the AC sld" and ~o enl~rge t.h~ an<¡LP of G rnin., but th<> po•.,.,. f~~tor 

"'lll<¡odo>m. V~~i.ottsme<.l~ures to !Ju und.,rt..Lk~n.>tthG roLling s~ock 

end for rudLLcin<¡ hdrmonics will !Je discus~''d in detail Hl 8-4. 

Anothcr method considered is to install an LC rescnance 

power filter for absorbing the Jrd harmonic at feeder transformer 

on the qround. (It is nearly ~possible to ~unt ~~e equip~ent 

on the rollinq stock bccause of ~ts weiqht.) At the sa.-::e tune, 

this filter ~orks as a phasc advancing cdp!!citor and il•.proves the 

po"'er factor. JNR has substations installed with Jrd harrnonic 

filtcrs which also improves the p0>1er !actor. 

l } '" ""'"'"''" 
e~ """' 

....... ...... 
~iq. 8-22 Example of Installing LC Resonant P~cr Filter 
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8~2~5 Effects 

The effect of power saving ~lth AC regcnnrative brakes >n 

the Japanese Natlonal Rail'Ways is dis=ssed below. In October, 

1968, JtlR changed electrification sy5tem of continuous ll"loo grade 

section which had herctofore becn DC po'Wered to single phase 50H~ 

AC and started to use regencrative brakes for balancing braking 

by the loco~tive. 

The topography of the district is as shown in f"ig. 8~23 

and electric: 1oc:01110tives o! 8~2-B and B-8-B type are uscd to 

pull passcngcr trains and freig_ht trains.' Electric cars "hic:. 

do not have regenerative brake are also used. Regenerative 

brake efficiency (regenerative energy divided by cnergy conc~ed 

during powering) est~~ted fram thc actual ~asured value between 

FUKUS!"~MA arod Ym:EZAWA is 35 "' 37\ for passing trai::~s a.""ld about 

JO~ for local trains and overall power saving is est~ted at a 

little over JO\. 

As an exarnple of saving purc~ased po~er, after AC electri

ficntion in October, 1968 power consumption after electrification 

dccrca~ed to about 84\ of that of OC electrification. The val o e 

includes th~ ¡m¡Ount of power cons_umption in othcr than gradcd 

sections, as 1.·~11 as by elcctric cars ~>thout r-egenerative brakes 

and increased numbar o[ trains after AC clectrification, which 

·will also show great effect of AC regenerntive brakes. 

AC regenerative brakes are not only more advantageoos in 

power saving but also in ~e¡ght and performance of electric 

locomotives compared with rheostatic brakcs. 

8-J W:. Motor Orive Systern and Its Problerns 

8-J-l Background 

The system of driv>ng AC'rolling stock with an AC c~utator 

100tor is gcnerally uscd in Wcst Gerr..any and S~.<it:erland where a 

special 16-2/3 Hz frequency is uscd. Also in Japan in the 

beginning of AC electrificat10n by c~~erc>al frequcncy, severa! 
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models of motor~ werc manufacture<! and cornparcd with the system 

using oc motors. Acco.-ding_ to the results of various •.ests, ~he 

OC motor syster.~ usin<; the rect.Eicrs on the car h~S since been 

,.dopted do,.estic<tlly in Jap<>n. 

On the other hand, the AC motor traction discussed here is 

a traction syst~ using the so called AC non-co~utator notors 

such as induction motors or syr.chronous rnotors, etc. Outside 

Japan, a m"thod of direct control by changing peles using 3 

phase induction motors and collecting power frcm multiple AC 

trolley wire or such ~nethods as driving 3-phase induct.ion 

100tor5 b:; changing single-phase AC to 3-ph<>se Wlth il r.tOtor 

gcncratoi havc long been put into px-act:icnl application. 

Although these mcthods have the advantagc of simplifying ~he 

cons~ruction of the rno~or, they have disadvantages in ~heir 

cqui¡>mcnt ar.<.i'con~rol mcthods, so thcy are not w~<.icly used. 

ThcHJ!orc, a ~erious ~tudy of IIC motor tr.>ction srs~cm has Only 

bcen :;-::artcd since sta'::ic in•;urtors with a la..c¡e !Xl'-'Cr thyn.stor 

could bu tmt 1nto pract.ic<>l u:;e. 

1\ccordin~ to thc publi~h<'<1 litcra~urc, tllU carlicst '.:;ype of 

rolling stock usir>g a thrce phi! S<" invcrtor traction system is a 

dies<!l electric locor.<>tn•c which was rer;"'dclled by Brush co. in 

England in 1965. It had a synchronous gcncrator driven br a 

diesel cng~nc and thc AC output was commutated to DC by a diode 

bndgc. rour AC tr<lction motors of 168 l<W ""re contr<>lled to 

O"' lOO Hz with 4 ~nvertors installed separately. In those days, 

thc rating of thy.-istor clemants was <;:mall and requircd rM.TI):" 

series and p~rallcl units, m~k~ng the invcrtor bccarne large, so 

only onc I"'dcl -..as r.><tnuf<~ctured. This locc::otive '-'<>S a dicsel 

clcctr1c locomotlV<> <>nd 1t "'"" not an IIC bne system. In 1968, 

AC lTI[-Ut tri'' VL80):. VLSOD !'1odel loco!T'OtlVc~ · ... ere manufactured 

1n ussr.. 
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VLAOK is lnduct 1on :-ooor t:tr" "''d •;;.o·:u '~ a -;ynchr~~~-,., 

motor type, both of ·o~iu•ch ~"' 4-<.ln•rin•¡ .lXlu~ type lace.-¡;,~,-.-•. " 

and pennancnt connccuon t"i?<>S. 

synchronous ::.otor t:;r.c ·o~u.h 8 duv1nq ;;ucles. 

JNR conduc~•:d ;:;;:-::JY,', 731 tn:e clectr>C car cqut¡.¡:•ld t~e 

synchronous """'tor in 1~72 .:md a test run ""as achtcvc•l on t::•, 

NIPPO main linc. 

Also a test of an induction motor system ~as conducted lll 

rrance and AC electric locc~tives such as El20 typc of OB and 

Ee 6/6 II ~del of SBB were introduc~d. 

In 1980, ,J:;R 01ade a trial production·of a 650 kW i.nduction 

motor and ,\C/DC. convertor, DC./J!AC üovertor, etc. and var!OUS 

tests are be1ng cm<Jert11<:en on thc test rack for p•actical us<e 

in thc futun!. 

8-J-2 Characteristics of AC ~tor Traction System 

Compadng the AC motor t~action systern ~ith the OC moto~ 

t~action system, the follc~ing- points are noted on the r..otc<. 

(1} AS thc<e is no co¡n¡:¡utator, maint~nance is not requir~d. 

(2) Squirrel-cag-e induction motor and synchroncus ¡r-otor using 

a non-contact excitcr h11ve no brushes and if the motor is 

excited ~ith a slip rinq for synchronous motor, as there is 

little brush wear, ~intenance and inspcction ~ill be easier. 

(3) As there is no corn:nutator, the hiqhcst nurr.her of revolutior.s 

can be enlarged and the motor can be ~de compact. Thereforc, 

the weiqht of the truck including the traction motor can be 
• reduced. 

(4) Especially in the ca~e of an induction m.1chine, axial 

d~rection will be shorter for the size of ~otor and it """ be 

rnade co!Op.lct. 



{5) A squinel-cage inducticn motor is cf sitople ccnstruction 

and ca~ier te build. 

(6) The~e a~e no accidents caLised by flashovcr. Mlsc its per

fo~nce has the following ch~actc~istics. 

(7) By the specd-to~quc charactcristics of the traction meter 

and quick b~ake response, adhesicn pcrfo~ance between the 

rail tra~k and the wheel is itoproved. 

(B) There is no litoit te the .field .factor unlike DC rnotcrs, so 

high speed performance can be increased. 

(9) Thcre is greater poSS>bility .for regeneratlVe brake. 

While they have these advantages, convertinq syst~s such 

as invertcrs, cyclo convertors, etc. are required and many 

tec-hnical problerns as cc10plex circuits and cormtutation limit 

and physical and econOI:lic p~oblems restricting the cuter shape, 

weight, pricc, etc. 9f the whole vehicle must be sol ved. 

In addition, if multiple AC rnotors are run with ene convertor, 

control of different wheel diameters will also bccome a problcm .. 

6-3-3 Types of AC Motor Traction Systerns 

When AC motor traction systems are classified, they are 

grouped by motor into induction motor systcms and sync~rcnous 

motor systems, ~nd by power convertcr they are g~oupcd into 

cyclo convertor systcms which directly covert AC input of a 

certain frequency into AC output o! variable frequency and a 

system usin9 invertor Wh>ch once cc=utates AC input into rx: 

and furthcr convQHS it to AC o[ van;;ilile frcqucncy output. 

Thc c¡clo convcrtor systcl:l, thc former. lS only li.mited to 

the currPnt tn~' bllt t~l~ latt~~ or the syst= U5lng rcctifier 

and invurtor 1S furthcr clas~ified >nto thu voltnge type and 

the currcnt type. 
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(1) Induction :-:<>tr>rs .1ml 5"/nchronous :!Otor~ 

When us ing a synchronous ,..,ter, as 1 t is ir-poss ibl" to 

control torque 1.1ith an 1nvertor of sop.>rate control t-¡pe which 

gives froqucncy from outsido dnd as therc ls a possibility 

of dissynchrornzatlOn, an automaucally cor.troLlcd in•1ortoc 

is used in COI:"bination to dct<Jrt:anc thc nU!l'-b<>r of its o·~n rQ

volution by input po·,er. ;.lso the c-urrent t:¡p<> >S US•!d for in

vertoror cycl.o convertor and co~m~ut;,.tion 1S done by rotating 

!!'\achine ' S coun ter e lec trot:'.ot i ve fon:e and t imin<¡ o f COC'.tnU ta tion is 

matched with appropriate phase of counter electro~tive force, 

SO the·position detcctor to transm1t the [>OSltlon of rotor to 

the invertor sido beoo~s indis~ensable. As 'observed, the 

c~utation of invertor or cyclo convnrtor is c~rried out 

through the count~r el~ctro=tive force of the coto:r and compie>< 

cornrnCltation Clr<:tlit becom~s unnecess.:.ry, ~<hichha~ tilo advantilge 

of elimin<>ting the use of <> high s¡med thyr~stot. Qn the 

other hand, it is ilnpossible to operatc multiple motors with 

single inverto:r, and each motor must be equipped with an in• 

dividual inve~:or, with respectl.ve rotor position detection 

sign.i.ls given to the invertor. 

Gencrally, the revolving field type is of silnpler con

struction, but ~li¡> rings, or a non-contact exciter or other 

<neans becor.te necessary to excite the field magnet. 

For the~e rL'asons, as t!le const!:-UC~ion of the roeor is not 

as simple as that of a squurel-cage l.nC.uction ""ltor, it is a 

little ;nferior to the Lnduction rooto:r in achieving a higher 

nwnbe:r of revolutions. Therefore, the induction motor is more 

likely to have advantages in terms of gize and weight. 

Judging from t.he :relations oí cor,,¡rutating voltage as 

described above, input voltage and input current become nearly 

same phase and operation ata high power rate becorneg poss1ble. 

However, with moto:rs ~<ith a rat;ng of several hund:reds te 

lMW, as its size is determined by ot.hcr f<lct:ors, the advantage 

of ~king it compact can ha:rdly be achieved. 
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On the other hand, in the u9e o! inducticn rnctors detec

tion of the numbcr o! revolu~~ons is required for controll~ng 

torque but detection of rotor phnse is not noces~ary and an 

invertor in a separatc "-'<Citing systc:t~ which determines f.-e

quency with an outside oscillator can be used. 

However, as cn~utation of the invertor is not coordinated 

to induced voltagc, it lS neccssary eithcr to use a forccd 

camrnutation circuit using oscillating current or to use semi

conductor elements with self extinction ahility such as a 

gate turn-off thyristor (GTO) or transistor for large powcr, 

etc. 

Also when the differenc~ in the di~etcr of the wheel 

which is dn·,cn by respective moto!"s >s cQr.trolled \.inder a 

srn.>ll value, rnultlplc n>Otors """ b" rll:¡ in parallel 'WÍth a 

single invc~tor. Tn the case of squirrel-cage ~nduction 

rnotors, it·can b~ run ata high numb~r of rcvolutions, so it 

can be made 0010pact and lightweight •. 

fran the for~going, if cc~~utation of the invertor can 

be done with a simple ClrCUlt by using GTO, etc., there are 

rnany rncrits ~n using the induction motor and.the record shows 

that more inducticn motor syst~~s have becn produccd to date. 

Trial production using synchronous motors has been undertaken 

as rncntioned before, in cases such as the VLSOB of the USSR 

and the KUMOYA 791 type electric car of JNR. In about 1981, 

the french N"t.lon"l Railways (SNCf) ran tests with a current 

typc invcrtor syste:o. Those using induction r.10tors include 

El20 typc of l<o'cst Germ.ony ¡md F.x 6/6 Il type of SBS for areas 

of input !requency of 16 2/3 !IZ !or trial use. With input of 

co~crcial frequency of 50 Hz or 60 Hz, trial production is 

being Cilrned out in J"pan and 1-;cst Ge=ny. 

(2) Voltage 'l)•pc Invcrtor and CUrrcnt Type Invcrtor 

In case ind~ction motor is used !or hC motors as ment1oned 

bcfore, 2 types of invertor, i.e, Volt.age typc and CUrrent type 

can be ccns>dcred. 
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Cover>oor Convertor systcm Motor 

Cyclo convcrtor --- ~urrcnt typc----- Synchronou~ r:-.otor 

RE'.ct~fl<:r • 
ll'lvertor 

~Voltagc 

Cunen t. 

type ---- Inducuon motor 

typc ~ lnductlon <r.otor 

Synchronous ~otor 

I'ig. B-24 

Fig. B-2S sho~s a compari~on of voltag~ invcrtor system 

and current invortor syste~ ~íth clcctric rolling stock of AC 

trolley lin<>. 

~ VOlt•>• , ... ''""'"' """'"' ,.,, , .. ,.0, 
• 

Ch-.· ,,, -

""'" 
e;- ~ _¡_ 

, .. , .... ~ ') - ;;< ¡- ' 7 1-. T .,_ . 
'T -r . 

'• ... 
co ......... '"-""' """'"""' '""'""' 

""''"' D u ........ " ' ' \J 
C!ooo " '"""' -- o Lno --

""''"'' 
/'-._ • D ........ , ':..Y o 

.............. """ .... 
"'''"' Hl.k opood <byrloto< .,.., .... .,. .. "''""'" 

Fig. B-25 

With a volti>ge type invertor systern, oc volti>ge is maintainCd 

at a cert.,in value with ~n input rectihcr. ~totor volt.lge ar.d 

frequency are controlled with a voltage type invcrtor. On the 

other hand, with current type invcr>oor system, •nput voltage form 

the invertor is oontrclled with a rectifier on the input side, 
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and only frequcncy cont.-ol is carried out te simplify th" ci.-cuit. 

With regard to the ~in circuir, a 1~.-ge cnpac1t0I" i~ rL~uired 

for a voltage type inv~rtor systems to maintaln a certaln voltage 

on the OC portien and a large current =oothing reactor is rec¡uired 

for current type invertors to maintain certain OC current. ~~en 

a .-egenerative brake is used, a current type invertor can con~ 

struct th~ brake circuit by revers1n9 the rectifier on the side, 

reversinq the direction Ot voltage and without l!laking any addi

tional circuits. 

With voltage type inv~rtor systems, it is necessary to add 

a set of reverse series drcui ts te the rectifier Or> the input 

side or te use a .-ectifier on the input side or to use a 

mechanical convertor to reverse the voltage of the OC portien 

increasing the nur.~er of pieces of equlpment used. 

From the voltaqe and current ,·aveform of the <r.otor, a voltage 

type inv~rtor systcm has a squ~re wavef~rm for volt~ge wavefonm 

and current wavefo~ beco~s nearly sine wave. Th>s relation 1S 

I"Cv~rsed in the currcnt type inverto.- sy~tem. 

Gen<!rally the current type invertor system is sir.pler in 

overall construction from thc standpoint of the compo~lt1on of 

commutation circuits, etc. 

When scmi~conductor elements ~tth s"lf extinction ~ility, 

such as GTO, etc. are used, tl>e voltage type invcrtor systcm 

will become similar. The select.ion is madc according to thc 

output of electric rolling stock and conditions of input voltage, 

etc. 

B~J~4 Evaluat¡on Based on the Actual Structure o! Rolling Stock 

The application of AC motoi"s to AC electric rolling stock, 

has becn tried and testcd, as ;.~enooncd before, 1n J~pan, the 

USSR, ~cst Germany, s~•t~crl~nd, etc. 

havc alrc~dr t..Xcn steps tO\<ard pr~ct1cal applicatlon ahead of 

others. 
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In particul~r. the r120 rnodcl loco~otive manufactured by 

Gennan fcder.:~l P-lll'J~'l~ for its o.:~ in Lines in 1979 has received 

worldwide attcnt<on as a full-scalu larqe output induction motor 

system locc::.:.t.ive. 

The Get'I:l.ln Fcderal P..illoay specially required co,.,pact size 

and li9ht •,;ei<¡ht a~ '"'"ll ,,,. large output, a:-td much cófort has 

been P<lid to :o.ú:e tlle "hole equ>p::>ent in co::-.pact su:e. 

The !':120 model is Bo-Bo rutial a:rranqe"'ertt type and ·-~L<J!'~ 

84 tons. The we1ght of the a>< le is 21 tons, and cor..parin9 with 

the AC cor=utator "'otor which was qenera_lly u~ed by the Gen:l.ln 

Fed•nul f.>ih~y. ~"~ rd.>u-,, ··'"''Jht of u·.c :'1otor i~ li•;c.~~• 

and the dccreased truck weight including the traction motor 

gives less load on the r.lil tr<lck. 

Table 8-1 Comparison of Elemcnts of Main Locomotivas 

~" 
1 

EllO IOH •• 15000 

1 -"' ~ ~ 1 
1 
1 

~ 
~ ~ ~ 

4400kW sue>w U6<1>W 

~·1 lOOO•w l197>.w 11DO>W 

A.C. l!kV A.C. 25>V 

Elootrlo oyo<•~ 
16->/JH• 16-l!lH• 50H< 

Control oyot.., ' Qvodrdnt convPrt~• Thyrlotor ph••• Thyn•«>< P'"'" O<>ntrcl 
an~ f>W>I lnv<rtcr ~<ivo 

1 ~~:;< Nn~faotmd ION 1974 ¡n¡ 
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rrom the standpoint of overall construction, the main trans

form~r is susp~nded belo~ the floor as in electric cars, producing 

pore s¡>'lcc at.o·:c c).o flc.Cr. 7hc ccntcr pa::;~agc is inst'lllcd en 

the floor with cquip..,nt arranged on both sides, which sho-.... s that 

much effort has becn made to utili~e space (Fig. 8-26). 

""' 
--~p:¡¡::- ' 

h o~'"" i - '. 1 (' . ... ' ' • "; \~(') "i' [ .. i,h ;, r· .. ,_ 
• r¡ 1 '; ' ' • " 

' 
1 ' j; '[TI][J\iP,, oJJ~ ~ ~ \f o . " _:B[1-;-1 

• 
' ' • 
' 6 
1 

,, 
: 1 .!..!~ /1 ' 

' ; . 

., 1 
' 

Main trao1>!ormer ' Switchgear lor au>iliaric< 
Traction oow~r conweno-. ' Convenor lor three-phase au,iha"•' 
Bra~ing '"'i"ances " Comprcssor 
Traction mowr choio.es " Comprened air and bral.ing enuipmono 
Translormer oil cooler " Con!rol equiomerH 
Switchgear and caoacitors " Electronics module 
Tracioon mooor blowors " Contool des\; 

Fig. 8-26 El20 Type (DB) 

The El20 was originally built as a co:con lo~tive which 

did not require a change in gear ratio betwcen high speed pas

~engcr trnins and heavy freight trains. For this reason, the 

required output of the locomotiVe is large but use of an lnduction 

gQtor greatly contributcs to the incrcased output of the tractlOn 

motor and to reducing the truck weight. 

Further, the induction motor systcm has greater pulling 

strength for rucle to iJnprove the adhesion perfonnance of the 

rolling stock (Fig. B-27}. 
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rrom the standpo>nt of the circuit syst~. the control 

circuit, such as thc >nvurtor, becomes more cornplicated comparcd 

with U1e clectric rolling stDck. 

Whilc reliabil ity and case of JM.intennnce of the traction 

1110tor are improved, there are certain disadvantagcs. !<lso initi.al 

cost at the tir.le of C~anufacture of thc rolling stock tends to 

be higher. 

lt is U1ought that this will im;>rove in the future as 

reliahility is enhanced and prices lowered by ""'ss production. 

The cvaluation of induclion "'otor traction ,-ystcm will 

likcly change in the future when the reduction of the volume of 

~intenance work for the rail track and rolling stock is also 

consi<lercd. 

8-4 The Probler.:t of Harmonics 

B-4-1 Analysis of Charactedstics of Rcctifier cl.rcuits 

Thc main cu~tnt of AC c-lc~tr><= rolling stock is gcncrally 

a rcctifier type with substantial reactancc on thc AC side, anC 

load currcnt on the DC side is not fully smoothcd oc but so 

callcd pulsating currcnt with large ripples. 

Therefore, when planning is ~de without considcring the 

fact that the main circuit is a pulsating currcnt circuit ~~d 

ripple current, voltagc rnay not be obtain~d as planned and in

creased tenperature caused by the pulsating current of the 

equiplt'Cnt and increase of """""'utation flash will rnake the 

equipl:\ent unusilblc. 

Also steps r.ust be takcn against the problem of harrnonic 

fault cnuscd by the flow of ha:rnonic currcnt through the t.rolley 

line and the rail track. 

(l) setting of Basic Single Phase llectifier Circuit 

There are ,any rectifier circuits used for !<C electric 

rolling stock, and here a single phasc bridge circuit is 

tllken up as shown in Fig. 9-28. 

·-·----
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ip Xp 

Xd id ., 
Ep sin e 

Fig. B-28 Basic Single Phase Eectifier Circuit 

ror a !~ed number of circuits, therc are impedance of 

electric trolley line and ~pedance of the main transformar on 

the car as impedance {Xpl o! the AC side, and a!ter the racti

fier, there are inductance possessed by the =in s:::oothing 

reactor and Lraction motor and impedance (Xd) on the DC side. 

Also .the traction motor generally has counter electrotrOtive 

force (Ec!) "'hich is generated by re"Jolution. 

(2) CotmiUtation and Phcn=.enon o! Ovedap 

Like a diodu bridge, the operation of a ractifi_cr noL 

controlling pr~sc immed~ately make co~utator when power source 

voltage is rev·1rsed as shown in Fig. 8-29, when there is no 

reactance on the AC side. 

But when there is react.ance on the AC side, current can

not shift instantly as shown in Fig. 8-30 and for a certain 

period both the arm changing current and the other starting 

to carry current flow si~ultaneously and current 1 and current 

2 overlap. This is called ovcrlap. Thc period is c"lled 

overlap angle. OUr~ng the overlap angle, the circuit is short

circuited on thc arn of thc rectifier and part of the oc volt"qe 

wtll be olissed. "!'he lowering o! average OC voltaqe due to the 

missing OC volt.>.ge is called 'co=ltation reactance voltaqe drop. 

'I'his will qreatly affect thc characteristic of the rolling 

stock. 
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Fig. 8-29 CuHent Voltage ;;'av<lfC.ITJ 
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Fig. 8·30 Pheno~enon of Overlap 
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(3) The. Characteristics of sasic Rectifier Circuits 1'\Lll<ing 
OC CUrrent Full S=othing C\lrrent 

Table 8-2 Shows the cha~acteristics of a single Fhase 

rectifier circuit analyzed by the Perfect S~thinq Theory. 

(4) The Characteristics of Si-ngle Phase Bridge Circuits in 
COnsideration of Pulsating of OC current 

Equivalent circuit of single phase bridge circuit {uni

forrn convertor) is shown in Fig. 8-31 and wavefo:nn of each 

part is Shown in Fiq. 8-32. 

Xp_ ip 

Xd 
id 

1 
M Ed /2f."psin0 

) 

Fig. B-31 Equivalent circuit of Single Phase Rectifier 

Fig. 8-32 Waveforrn of E:ach Part When DC CUrrent PUls<>tes 
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In this ColS~, a~ circuit rcsistance is not <¡an<:r.,lly 

larg~, analysis is made without regard to thi~. 

A drcuit equdtion is prepared frorn cuncnt ami vott<lqe 

of each part and frorn this equation, oc voltaq<!, OC currcnt, 

overlap angle, AC current, power factor, and the harmonlc 

content rate are obtained. 

These characteristics drawn as a codel are given in 

u:c Pub. 411-2 (Power Convertors for Electric Traction) which 

was of!ercd coostly from Japan. An ex~~ple tunifo~ Conv~r~or) 

is given in Fig. 8-33 ~ Fig. 8-38. 

' '· 
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Fig. 8-33 OC Voltage Regulation 
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Fig. 8-38 . Contcnt of A.C. Side Harmonic Current 

(5) Characteristics of Cascade Connection Circuits 

I! there is only one rectifier set, power factor ~y 

deteriorate and harmonic current may increase, so it is 

customary to use multiple rectifiers connected in series. 

Fig. B-39 sh~s equivalent c1rcuit of cascade connection 

circuit and Fig. 8-40 shows waveform oí each part. 

Voltage and current of each part is obtained as described 

&bove. 
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Fig. 8-40 wavcfo= of Each Pa:rt of Cascade Connection Circuit 

- 7) -



~s co~utation is done separately by cascarle connection 

"ectifiers, the lllOVCI!Ient of ~e currcnt becomes two stage. 

This rnakes current movEment ~maller and helps contributc 

to the reduction of hanronic current <>nd iJnprovement in the 

powcr factor. 

Fig. 8-41 and Fig. 6-42 sho" P"""" factor against cascade 

connection stage and improved condition of equivalEnt j~ing 

power (JP) by lllOdel "aveform. 

Fig. B~41 Ch<>racteristics of POWe" Factor of Cascarle 
Conncction Circuit 

1 " 1 ..... 

" 
.¡::¡ 

• 
2 ..... ¡!¡ ' .. 

1 
.. ./ ..... J 

:.::r-/ " 'F1o •'-"o• 
__,¡-

• ' • • • 
• ' • • ·-

rig. 8~42 JP under Multi Stage Control (Hybdd Bridge) 
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When the nurnber of cascade oonnections increases, a 

greater ef!ect. m.a:¡ be brought about than those shawn in 

Fig. 8-41 and Fig. 8-42 by co~utation interfercnce dur. to 

~tual leak reactance ~nq the vindings of the cain trans

fo=er. 

In particular po~cr factor in the final condition and JP 

are the same regardless of cascade connection, but actually 

the greater t.he nunbe~ of series oonnections, the greater the 

po~er factor and JP tcnds ta decrease. ~s analysis of cha

racteristics requires a complex circuit equatian with many 

calculation elements involved and as it takes considerable 

time and labor for manual calculation, a computer is used for 

simulation. Fig. 8-43 sho..,s a flo~ chan of the calculatian. 
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Also for attesting the results of s~lation and obtaining 

dyn~ic characteristics, sometimes final dete..mination of a 

fixed number of circuits is made by using an m<nct I!!OdCl 

si:oulator "'hich e~actly si,.ulates actual circuits elCil'ents 

and collcct~ng var~ous data. 

S-4-2 Ha~onic Influence due to the Rectifier Rolling Stock 

The rectifier rolling stock by its nature includes many 

ha~nics in voltage and current. This is because DC current is 

smoothed as much as possible for ~se and current suddenly char.ges 

by the comrnutation phenomenon occ·~rring at "each cycle. 

Many faults occur due·to such high ha~nic voltage/current. 
' 

The main faults inculde inductive disturbance which is causad by 

inducing voltage on adjacent co~ication lines and mostly 

causing noise and S>gnal disturbance ~hich causes mis-operation 

on the signal track circu>t due to the passage of load current 

of the electric rolling stock through the rail, and the effect 

upon the p~er supply systcm. 

(1) Feeder Systcm and Inductive Disturbance 

The inductive disturbance oí cornmunication lines includes 

etec~roroagnetic in'ducnon and static induction, but in m:>st 

cases only electro...,gnetic induction JM.y be considered. 11.s 

voltage is induced on adjacent_communication lines by trolley 

line current and retu~ current of the rail and ground, a 

roethod of reducing induction by collecting return current to 

the return circu¡t installed comparatively near the trolley 

line is adopted. The method includes the booster transfo~er 

(BT) systeJD shO'o'n in Fig. 8-44 and the auto transfonner (AT) 

system shown in Fig. 8-45. In the case oí the BT feeder, the 

current of the negative feeder line and that of the trolley 

lineare the same but in the case oí the AT feeder, as current 

is divided in half and passes through the negative feeder line 
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1 

=d trollcy l1ne <1nd feeder volt<~ge is twice as much, volt<~ge 

being reduced to 1/2. Th~refore, feeder dlstance can be 

extended. 

¡¡;¡ 
1'-

., ...... , .. """' 
BT "'""""" 

,1, oolL>••""'' Occ<>C<>C<> ), .. "" :[' 
' .'""" 

J, H ~ e""""' dlv. .... 

í' '" "'" 

Fig. 8*45 Feeder Systcm (A"r) 

(2) Method of Shm.'ing Induction Trouble and Forecasts 

As a methOd of cvalu<!t~ng induction trouble, equivalent 

jamming power Jp is used on the trolley line side (inducing 

sidc). Jp is obtained fro<:~ the following equation. 

Jp • 1 !:(sn · lnl 1 

Where; Sn: noisc evaluation factor (Fig, 6*46) 

In: n*degree harmonic current content 

As an equation to forecast noise voltage induced upon com* 

munication lincs from Jp, JNR uses the following equation. 
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Evaluation 
facto.- (Sn) 

' 
' 
' • 

' • 
' ' ., 

1\ 

1' 

1 
1 

w ~ = 

" " "1 1 
1"\l 

1"-
~ = - ~ = -Frcquency. 

Fig. B-46 rloise EValuation Factor (1952 CCITI) 

-,, 
Noise voltage VN E Wogo•Mooo·Jp-t-K,., ~ l0- 1 (rnV) 

Provided, w,,, " 2rr ~seo 

Moco: Mutual induction factor of trolley line and com
munication linc at 800 Hz 

t: Parallel length of trolley line and c~unication 
linc 

Ktoo: Electr~gnetic induction reduction factor at 800Hz. 

Jp obtained' from the ha~nic current calculated in 8-4-1 (4) 

is shown in Fig. B-47. The la.-ge.- the reactance on the AC side 

and the la.-ger the ripple factÓ::, the S!Mller Jp bec<>~nes. 

" . ---------'-
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Fig. B-47 · Relations b~t".;een Ripple Factor and Jp 
{!lo phase cont.-ol) 

·S-4-J Problems regar~ing Ha~nics and Counte.measures 

Generally harmonic current generated by the rolling stock 

on the thyristor side is Larger c~pared with the conventional 

diode rec,;ifier rolllng stock and va>:ious tnmbles are liable 

to result in electrical systems, so various eountermeasures 

are undertaken at both the rolling stock and the electrical 

equipment si de. 
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(1) !'tulti Divisions of Secondary Wir>ding of Main '!'ransfonoer 
(multi~stage cascade connection) 

As given in 6~4~1 (5) ahove, ~er factor can be improved 

and Jp can be reduced by dividing the seoondary ~inding of the 

...ain tran~fonner into nnny stages, But there is a lillitation 

to the nur.her of divisions from the standpoint of design and 

fahrication and the effect of hamonic reduction decreoses ''ten 

the n~er of divisions exceeds a certain level, so 4 or 6 

stages are us"d in practica! application. J!;R uses 4 stages 

for 711 type, 781 lype electr~c car and E077, E079 ty[.e AC 

locorootive and 6 stages for EF71 type li.C locornotive. 

(2) Vernier Phase Control Syste:n 

'!'his control syst""' is a syste~ of reducing harmonic 

current by increasing cquivalent d'.vision ~ith a small nurnber 

of divisions. 

200 typ<! Shinkansen electric cars of the J!IR divide the 

secondary winding of the ma~n transformer into 6 s"ctions and 

adopt the vernier phase control systurn. 

Fig. 8~48 shows relations of notch orders of th~ master 

controll~r and the operation of rectiiier units o! 200 type 

electric cars. 
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Fig. 8-48 Explanation of Notch Order =d Rectifier Unit 
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'The voltage ratio of each secondary ~inding of the main 

transforr.er of 200 type electric cars is, as shown in Fig. 8-48, 

cornprised of 2 ~indings of ratio 1 and 4 ~indings of r<~;tio 2 and 

equivalent lO stages is carried out ~ith a total of & sets of 

rectifier units (hybrid bridge), In Other ~ords, orüy the 

rectifier ~ith winding of voltage ratio 1 of No. 1 unit (l/10 

of total secondary volt!'gel is a continuous phase control stage 

and others are ON/OFF control stage at the control ph~se angle 

o•. When tlle control an~le of tlle phase cont•ol stage advances 

frorn 180• te o• and oc output inc:reases to its rnaxU.urn, output 

of the phase control stage is reduced te O and at the s~e 

time the second unit is fully outputted and volta<;e is tal<en 

over. Then the phase angle.of phase control stage is again 

controlled frorn 180" to o• and voltage is gradually taken over. 

This is callcd vernier phase control. 

Befare and after taking over/ch<>nging of control stage 

voltagc, DC output whole voltage is const<>nt ar.d continuous 

ph<~se control over the full voltage .-ange becoroes possible. 

Hannonic cur.-ent '""' be 111<1de ¡¡¡rnallcr by =king the voltage 

of phase control stage 5maller and using it repeatedly. 

(3) Method of Increasing Corn.':lutation Reactance 

Enlarging the overlap angle is effective in .-educing the 

harmonic cuirent. For enlarging the ovcrlap angle, it suffices 

te enlarge reactance on the powe.- supply side. But the power 

!acto.- decreases and voltage .-egulation increases and then 

the specified pe.-formance of the rolling stock cannot be 

obtained. Such disadvantagcs ~~~ weight and econ01t1y are brought 

about ~ith the increased .-ating of the =ain transforrner (kV~) 

and the increase of n~r of stages of cascade connection due 

to insufficient output voltage. 

JNR mostly uses around 20\ of"vottage regulation dcfined 

by the following cquation at maxuuuro voltage. 
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' - E<l.o- Edr 
X 100 " 

Provided, E Voltage regulation ¡,¡ 

.Edo: Non-load OC output voltage (V) 

Edr: Rated voltage (rated voltage of ~1n trans
fo~er x nur.ber of traction rnotors 1n series) ,,, 

t.Ed ~ Edo- Edr 

~Ed includes voltage drop o! reactance oí ~in trans

fomer, voltage <hop of OC resistance oí """in transfonner, 

forward voltage drop of recti!ying device and drop of OC 

resistance of ~in srnoothing reactor. 

lf the vernier phase control sys(~ is adopted, there is 

a method of entering the reactor on the ~C side only oí the 

phase control as an effective method ~o reduce harmonic by 

enlarging overlap angle. 

Troot(o 
' ' ' ' ' ' ' ' • L_-;7.---;::~;:;;:, 

- 1dr Tuctlon ""<or cunont IAI 

Fig. 8-49 Characteristics of D.C. Voltage Regulation 

(4) Method of Controlling Thyristor Bridge as Hybrid Bridge 

If the rolling stock is equipped with AC regencrative 

brakes, as it is necessary to have the function of reversing 

oc powcr to AC power, all arms of the bridge are comprised of 

thyristors. As ~plained before, such thyristor-bridgc gate 

control systeiDS have sy¡:;netdcal control and asym;:¡etrical 

i::ontrol. 
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AC locomothres of the JNR ~quipped >Hth the ED78 <1nd 

E.F71 type re<¡enerative brakes oí l~<:i8 adopt recti-invcrtor 

type as~trical control. However, this systet:~ has, as sho'""' 

in current waveforM of Fig. 8-50, such disadvantages as get

ting lar•_;~ "'.oving range o! thc cuncnt due to the existcnce 

of mini.":o:.."' control advance "r.gl~ :O ~:in. in thc lc·s ·.vlta<;e 

(low speed) arca and getting large equivatent jam::üng power Jp. 

' " " " " " ' • 

' 

Hlqh 

·~~ 

b'" 
: """'' ..¡_.: 
~ . 
1-oL"' . ' 
'o " 

' ' 

• 
' • >o •• 

'"' • • 

o 

Ou<loq 
lot ..... control: 

'
'''----if--c.c---·~''i"' 
1 :' 

-:- L..; : ..... .., \ 
• •nol• 

lr>d ••••• 
«>ntrol. 

~ ' • -. ., 

lr~ stoo• eontrol ' 

' . ' ' "' 

<th ><•o• «>ntrol' 

• 
"· ' 

Hcqh ····d 

~· 
1 
~-····d 

"' ourino pOWe<lnq "' Our¡nq '""""""t!'o bra>;nq 

Fig. 8-50 Trolley Line Current wavefon~~ of ED78 Type 
Regenerative Bral<ing System t.oc=otive 

As a new gate control system, a system of controlling thyristor

bridge as hybrid bridge has beoome the Principal system of the 

rolling stock equipped "ith AC regenerative bral<es for JNR in 

the future. This contpel of thyristor bridge like hybrid 

bridge type control (this is also a special type oi as~trical 

control) is the systel!l as shown in Fig. 8-51, where.a black 

eoated ene side whole arm thyristor is fired as the free wheel 
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diode of the hybrid bridge. 

ay this ~thod, the sam& 

wavefocm is obtained for 

oc current during powering 

as thdt of the h:¡l:.rld 

bridge, and when regene

rating,control is obtained 

by selecting AC winding 

according to the mov~~ent 

of :h.; ~¡.c:od ~nd tb~ 

currcnt moving range at 

e min. bccames smallcr 

compared with recti

invcrtor typc as;=ct.rical 

control. Fig. 8-52 s~ows 

thc trolley line current 

waveform in t.hc case of 

hybrid bridge type control. 

i.."-• .. 
: ,.., ... 
: oo~l• 

:~ ' 
)0=L::J 
; ' : 
• 

~·..... : 
·~' :r . : 
T~ . . . 
• • • . . 
: a. 

'h . ' : : uc 

fig. B-51 Hybrid <lridge Type 
Control 

!'- ...¡ : . "-' : 
• 

. " 
' - ' u ,..,u. : 

t:: 
• 
' 

Fig. 8-52 Trolley Line CUrrent Waveform of Hybrid 
Bridge Type Control 
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Fig. 8-SJ shows a I'>Odel plan t.o indicate the trend of Jp in 

the case of asy=etrical control and hybüd bndge ty¡,e contwl. 

The reduction of Jp is an advantage of the hybrid brid~e type 

control, while the current r..,y pass through the black coated 

arm at all period (360") shown in Fig. 8-51 =d a thy<istor 

Voltage 

Fig. 8-53 Trend of Jp 

(S) Unbalanced Reactance Viewed from Each Secondary Winding of 
Main Transformer toward the Powcr Supply Side 

Nothing that making a gradual movement of primary current 

wavefonm during comrnutation will be effective in rcducing Jp, 

it is possible to slow the ..over..ent of· the pril::iary current. 

waveform by ~king the co~utation period of each unit unevcn 

by designing intentionally unbalanced reactance viewed fro01 

each secondary winding of the main tr~nsformer toward the 

primary side. Fig. 8-54 shows the AC current waveform of the 

rectifier unit and pr~ry current waveform ip when rnagnetic 

couplinc¡ of e~ch secondary .. indine¡ .. ith theprimary winding 1S 

uneven. 

Fic¡. B-54 sh~s that "'hen 4-stage rectifier units start 

commutation at the s~ time, primary current ip's ~vement is 

slowed down by sliding the commutation period \overlap anc¡lel 
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As obscrved, the r~duction of JP aru:l irnprov.,ment o! power 

factor have contradictory condition~, so" integral studi~s of 

these !actors are ~ad~ and reactance characteristics of thc 

IIWiin transfo.,er and e min. are set and the control systei!IS 

are decided. 

Fig. S-S6 - rig. S-59 show a cor::.,...rison of pawer !actor 

and Jp at the ti10e of pOweüng and regenerativ<! braking "'lt.'l 

main transformer oí the same characteristic. 
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CHAPTER 9 

DETERMJNATION OF SPECIFICATIONS FOR 

MAJOR EQUIPMENT OF AC ELECTRJC 

ROLLING STOCK 



CHAP'I'ER 9. DETI:R.'IWATION OF SPEClFICATIO:IS FOR ~OR EQUIPI':Eirf 
OF AC ELECTRIC aQLLING STOCK 

9-1 Co-ordination of In~ulation, Co-ordination of Protection and 
Protect~on Equipment 

9-1-1 Co-ordination of lnsulation of Extra Righ Voltage System 

Po-,.er systcm of electric railway including subst<ttion, 

contact line and electric rolling stock is an extra high voltage 

circuit of severa! tens of kilovolts, and counter..easures for 

lightning surge and switching surge are necessary as in the case 

of a general pow<>r syst=. However, it i~ useless and dis

advantageous tn h""" the same leve! of di.,lectric str~ngth to 

substauons, contact lines and electric rolllng stock. T~.er .. -

fore, it is necessary to make rational positioning of dielectric 

strength rcquirements for each of these ccmponent5, and keep 

clear of the range of protection role assignment for each component. 

An ex~ple of co-ordination of insulation for JNR's Shinkansen is 

shown in Fig. 9-1. Co-ordination of insulation ~hall be con

sidercd separotely for shock waves such as lightniny surges, 

switching surges, and abnorrnal voltage in oo~ercial frequencies • 

.. 

; 
¡ 
' ' 

' '" ' ¡ 
.. l 

' ' ' . 
' ' 

Fig. 9-1 Co-ordinat~on Of lnsulation for 
JNR's Shinkansen 25 kV B. T. Feeder System 

" 



·A di~ect lightning strike is discharged by the insulator line, 

and abno~al ~ulse voltage at a voltage lower than the 

insulator voltage is discharged by the lightning arrester, and 

the voltage for the lower systen is restricted. Because o! the 

large energy of the switching surge, it is generally devised 

not to be discharged by an arrester. 

Value of the test vt:>ltage for dielectric tests, and U.pulse 

voltage tests for newly ~ufactured electric rolling s~ck 

equiprnent is dete~ined based on the limit voltage of the 

arrt•stcr. Tabl~ 9-1 inChcates the values of dielectdc strength 

test voltages of ir.te=ational op<OcLfJ.cation (IEC 77) and Ji!R 

spccificat:ion .(JPS). ln the case of J~lR, vi!lues of d1electric 

strcngth for high voltage equipment are wet oondition for outdoor 

equiprnent and dry oondition for cab equiprnent. 

Tablc 9-1 nielectric Streng~h Test Voltage 
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9-1-2 Protection syst= of Electric Rolling Stock 

Failure in electric circuits includes insulation difficulties 

such as short circuits, grouncling, etc., abnon:~al increase of 

voltage and/or current, temperature rise caused by failure and/or 

perfon>ance rechJctior. of cooling equipr..ent, etc. Failure detection 

instrurn,mts will te rorep~red ~<ith corr~s¡.ontllng structure, and 

steps to be taken with respect to the failure are mainly taken 

by cutting out the circuit. 

Protection units of the main circuit are classified frorn the 

end, as traction motor circuit, convertor c~rcuit, and total 

circuit 1ncluding rnain tran~fo=er. The main circuit of J:iR's ;.e 

electric looomotive, type ED 77, is shown in Fig. 9-2 as a 

represcnt~tive example of a rnain circuit. 

(1) Protectio" of Tractio" Motor Circuit 

Traction r.:otors and their circuit switches, control equip

ment and cables are subjected as the object of protection, and 

their abnormal phenomcna and disposition~ against them are ns 

shown in Table 9-2. 

Table 9-2 

Traction motor 
over-current 

Short circuit 

Protection of Traction Motor Circ~it 

Breaker open 
(for silicone 

< 
rectifier lOCOI10tiove) 

OVer-current 
relay (MMOCD Thyristor gnte off 

(for thyristor 
controlled locornotivel 

Circuit ;rounding ___ Ground,o,;-----
relay (GD) 

1\BB (VCB} open 

Oetection sensitivity of over~ur.-ent relay is desHalJle 

to be selected to operate as near as practicnble to the maximum 

allo;,rable current of the traction motor, tnking also over-current 

protection into oonsideration. As for the protective cutout, a 
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line breaker as normally used ~or circuit switching is ~loyed 

as it is Íor the protectíve cutout. This ~thod was adopted 

for the reason that over-current in the case of short c~rcuit, 

etc., is relatively small because in an AC electric loc~tive 

voltage drop in the ~in transformer and main rectifier is 

large and the circuit voltage is also generally low. 

(2} Protection of Power Convertor Circuit 

Protection of the silicon rectifier circuit and/or thyristor 

contorlled r~ctifi~r cirCUlt include many it~s such as over

current protection, tc:o¡:erature protection of ele..,._errts, restric

tion of abno=al voltage intrusion, abno:rrnality detection of 

phase control device, etc. Items of detection, detection 

instruments ar.d protection procedures are shmm in Table 9-3. 

Tablc 9-3 Protection of Power Convertor Circuit 

Short circuit 

Elernent short >Ovcr-current ---, 
relay (I'.RtOCD) 

A.I!B (VClll open 
circuit 

Grounding_------Ground relay (GD} 

Abnorrn<'.l ¡---- rault dctecting 
phase control device 

High t..,.peratur., TOI:p<!rature, ______ Traction 1:10tor cir-
of element ----- relay - cuit open 

l'Jmo=l ele01ent Fault detecting ____ Indication (continue 
device operationl 

Abnor=l voltage --Suppressed by arres ter and surge absorber 

(3} Earthing Protection 

Because the secondary circuit of the ~~~ain transfo=er is 

cut off from the carth (rail, body), each instrurnent of AC

rolling stock shall be grounded at sorne place to fi~ its voltage 
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to ground to "ccrt.ain value. llonnally,, cilithing is !Mde 

through " rcsist<~ncc of about 1 k..'l to re:>trict the current under 

earth fault to about sevcral ~peres as woll iiS to detect the 

current to find out the earth fault. This will reduce ~ge 

to equi~nt cilused by earth faults, "nd allows a highly 

sensitive detection oí earthing. This current detector is the 

ground relay, which covers all the ~_ain circuit from secondary 

winding of the 10ain transfo=er to t.raction motors. Therefore, 

the protcctive cutout is to be perío=ed by cutout oí thc main 

switch (ABB) of prLmary side of the main tran~former. 

Too scnsitive a g~und relay may cause frequent operation 

even under Sm<lll reduction of insulation W>thout any actual 

druc..lge. 

Therefore, it is advisable to have detection ata value of 

about 0.2 ~ 0.5A. 

(4) Protection of Wholc Cücuit 

Ultimatu protcction on AC-rolling stock will be r.ude by an 

air-blast circui.t brcakcr (A!lB) or vacuum drcuit bre"aker (VC!l) 

which is a main switch. Thc~c rnain switchcs are ope~~tcd by a 

signal írom thc v~rious fa~lure detectors mentioned above. 

On thc pri,.ary side of the roain transformer an AC-over

currcnt rclay is also installed to detect ovcr-current caused 

by a short circuit or earth fault of the ~in transformer or 

tap changcr. This relay, however, is sometimcs devised oo·act 

with about a 0.5 sec. operation t~e lag. The purpose of the 

delay is to prevent mis-operation by excitation input current 

of the main transformer, becausc oí rnain breaker clos~ng or 

rcenergization at crossing the de~d SEction. Excitation input 

current of the main breaker varíes with the phase at the time 

of reenergization, and of usually 7 to S ti~s the current 

flows and takes about 0:2 sec. until it is stabilized. 

In rel .. tion to the protection of the ~in transfo~r, 

leakage ~pcdance ts larger for secondary side failure, and 
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Fig. 9-2 JNR Model ED77 AC Electric LocomotiVe Main Circuit Diagram 
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the pr~ry side fault current is relatively small, with t~e 

lag causing no probl=. 

On the other hand, fault current is very large "'ith supposed 

primary side metallic circuit shortage, may exceed the capacity 

of main breaker, and when n~ar a substation, the spread of 

fault by failing to cut out on the rolling stock can be con

:ndered. Therefore, protect.ion co-ordinatl.Ol'l Dil'J sor.ecuoes be 

necessary to protect the pr~ry side assigned to the on-land 

protection range. 

9-1-J Equip~ent for Protection 

(l) Arrester (Lightning Protector) 

Jl.n extra hi<¡h volta<¡e cücuit r:.<J.'/ be intruded with abnonoal 

voltagc caused by lightning surges, etc. An arrester is in-

stallcd to restrict the abnonoal voltagc value to a value 

lowcr than the insulation leval of the equipment. In Eur<>pe, 

simple dischar<¡e gaps only are sometimes applied in.lieu of 

expensive anesters. In this case, a trip arrester is installed 

in thc substation for discharge. 

The AC-arreslur is rnade to be sealed in a double porcelain 

tube structure, illld is filled with inert gas as shown in fig. 9-3. 

k> for the interna! circuit, the indirect line resistance and 

6 kV disch.arge gap unit are piled up in sedes in just the nuzMar 

appropriate for the rated voltage. The discharge qap unit is 

shown in fig. 9-4. 

Fig. 9-3 Model I.AlOSA Arrester 

it....,hn of 
<¡ap Wlit 

Ehc<rlo cc~c<>on 
of <¡ap ""h 

Fig. 9-4 Discharge Gap Unit·(6 kVl 
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L A ir eylindcr • Breaker r<>Cory cnsulacor 

•• Hdn val ve •• Blode •• brcak~r •• Circu>t-open>ng olectr-o-- "· Pmce!acn ·~· 
,,, ventdation 

maqnetio val ve u. Flnd eontactcr 

•• CireuH-clo;cng elect<o- u. Sprif<\1 ••• """·'ble eontactor 
magnetie val ve u. Movol>le cóntactor 

'· T<><¡qlo spnng "· Cove< •• b<eaker 

'· "'"''"' ope.r.tlún pis ton " Non-linear res.stanee 

'. Brooker operat•on cylinde< u. "··· 
Fig. 9-S Ope~ation of Air-blast C1rcuit Breaker 

is closed; and in the case of breaking, the main valve is 

opened and the disconnected portian is cut off while compressed 

air (7 kg/cm2) is blown to the spot. Extinction time of the 

are of the disconnecbng portian is quite short to be within 

1-cycle after cutoff, and the total breaking time is with1n 

3-cycles. Becau~c the surge voltage of the breaking circuit 

(switching surge) has a large influence on the excess voltage 

proof valuc and/or insulation specifications of main circuit 

electric equipment, non-linear resistance is connected between 

the poles of the disconnected portien so that abnormal voltage 

during switching will not exceed 200\ of normal service voltage. 
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(4) Vi>CUWO Circuit Breaker (VCB) 

This breaker ~ploys " vacuum Vi>lve circuit breaker for 

high voltage applying high dielecttic strength and i>rC diffusion 

action in the Vi>CUut!l, to the dis<::onnecting portiorl. Tr.e s<on>c

ture of the breaker is shown in Fig. 9-6. Cct~~Pressed air is 

used for 111a1<1ng; however, the breakirlg is perfo=ed by the 

spring force by excitir.g the tripping coil. Because of this 

s~le structure i>nd ~all action strokc (about JO~), the VCB 

allows a very sU.ple operation '""'chani=, s:nall and l;c¡htweight 

in comparison with the ABB. Sufficient attention should be paid 

to the sclection of non-linear resistance between polcs, ¡os the 

high performance of circuit breaking may .cause cutout before 

' Bollow> 

SOlonoid 

rl.><ln~ otud 

S.ollf19 pipo 

~•tollic t.oll""' 

1 •~, oblo polo 

-f-'-'-"-'c'c'--'±l_'c'li_'--=_-','-'--"-'--'-'if:é';'c':':'-i'~"'ll"q portien 

~, '~--!·· {-~-~-i .... r: ~<~~·:::¡J~ro"'· 
~~,-'!--;)_) . .:.--;._L_ .!.-----~- ...;.r 

~--~--_-__ -;.' ~~-==\: ·;::..,·. 
·--~----------- --!---- O¡>oraeion ha< 

\ \ llot.olllc 
C..~t.o ...,.,,..,. ohlold 

cb .. <yllrdor 
l'ig. 9-6 vacm.m Circuit Brealc.er and vacuum Valve 
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the ze~o point of current reversa1, ~csulting in the yie1d 

of a large su~g~ VOltage. 

Ratings of ABB and VCB be~ng uscd by JNR are shown in 

Tab1e 9-5. 

Tah1e 9-S Specification of Air-b1ast Circuit B~eake~ and 
Vacuum Val ve Circuit Breaker 

"'" ~· "' CBlOJ CB200 CB105, '" CB20l 

""""' series se~ies se.-ies sedes 
(for 20 kV) (for 25 kV) (for 20 kV) ( for 25 kV) 

R:>t~d vol tage "' 24,000 30,000 24,000 30,000 

Rated current "' ,00 "' "' ,00 
. 

Rated frequency ( I!Z) S0/60 " 50/60 50/60 

R.:!.ted cut.out wo )00 )00 lOO 
capacity (HVA) 

Ratcd contact 0.04 0.04 0.04 0.04 
!'<Uting bme ,,, 
R.:!.tcd inter~upted 

0.06 
3-cycles 0.06 

3-cyclus 
time '" (0.05) (O.OS) 

Opc.-ating pressure 
(kg/cm2) ' ' ' ' 

9-2 Pantograph 

9-2-1 Outline 

Various types of cu.-rent collecting dcvices are adoptcd in 

accordance with types, structures, conditions of rai1ways, in 

which pantographs ~d col lector shoes are most widely used at 

p.-esent, ~d tro1lcy peles, bugels, etc., a.-e also used in smaller 

proportion. Ameng those above, pantog.-aphs are used for catenary 

contact 1ine systems, and large capacity high speed elcct.~ic cars; 

and a variety of pantographs is used accórding te thc object..of 

service such as system o! elect~icity, st~ucture of car, running 

condition, etc. 
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9-2-2 Types of P<>ntographs 

Focos of pantographs include the Z-type and ttapezoidal-type, 

and each of these has " variety of types in accordance with the 

system of raising and lowering, th<: system of contact line, size 

and strocture of the frarne,-o::-k depending on the variation of 

contact line heights, differences in electric systcm, AC or OC. 

A coroparison of the Z-type a_y¡d trapezoidal-type •dll be discussed 

later, and types of pantogra~hs and their special !eatures are 

as !ollows: 

(1) Operation system 

(a) Spring Raising and P~.eumatic Lo'Wering System 

When raising a pan~ogr<>ph, the hook will be rele<>sed by 

an air cylinder or a solenoid, <>nd the pantograph is raised 

by the force of the spring, and is lowered by the air cylinder. 

'rhis systern is applied in ""'"Y of JNR's DC-cars, because 

it can be operated with a rna.nual hook releasing by combined 

installation of such "F<-aratus (in the case o! solenoid ap

plication, it is not necessary), in cases where a comprcsscd 

<>ir sou.rce is not available, and th" structure is rather 

siznple. 

tbl PneUI'IIIItic Raising and Gravity l.a'Wering Systern 

Force for raising the pantograph is by the spring force 

as in the case of spring raising, however, the spring is 

pulled by a pneU~>atic cylinder. When the pantog<aph is to 

be lowcred, compressed air in the cylinOer is discharged to 

reduce the 5pring force, and the pantograph will be lowered 

by its own weight. 

'l'his syst= has less possibility of da.-:oa9ing the contact 

line, bec<>use of lts i>!lility to control the.raisin<J speed, 

and is <>pplied in JllR r.:ainly for DC-electric locorootives by 

which thc amount of current collcction is largo. 
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(e) Pnelll:latic l!aising and Sprin<J Lcwerin<J System 

Raising and lo•,.¡cring action is takcn by cha.-;¡ing and 

dischax-ging air ~n the aix- cylindex- as in the case of pneu· 

matic raising and gravity l01o1ering system, however, a lowering 

spring is installed a5 well as a raising spring, and thn 

compresseil air is ilischarged to lower the pantograph. Also, 

during the raising, sprir.g force is killed by the air cylinder 

to raise the pantograph. 

This system allows a s~ler structure than that of 

pneumatic raisir.g and gravity lowcring system, anil is used 

wiilely on AC•, ACJOC·cax-s, electric loco::><:>tives of J!1R, etc. 

(2) Size and Stx-ucture of framc 

Sio:e of the fraroe..,ork 1s deten:oined by the required rooving 

range in accordance with the height variation of the contact 

line. Shinkansen <~llows tl'.e use of a sroall pantogr<~ph fratne 

fro111 its al,ost constant contact line height, however-, in 

cases of largc variations o~ height as in the convention<ll 

lines (low height portions exist in sorne tur.nels and ovex-· 

bridqed lines), large moving range shall be secured and the 

fx-amework consequently increases in siz~. 

Framework is struccured in most cases in trapezoidal form, 

however, in soO'.e cases when the occupacion area on che roof is 

required to be reduced, crossed lower fr~e type, wh~ch h~s its 

lawer half frame crossed, is also used. 

(J) Differen<;e by Electric 5ystem of AC and OC 

There is basically no difference in pantographs according 

to whether AC or OC current is used; generally however, by the 

large difference of contact line 's voltage betwe .. n 1\C·system and 

oc-syster.>-, difference of collectoc bow and nUIIIber of pantographs, 

diffecent materials of the sliilers are resulted in, and a l~ge 
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current collecüon t.ype is required by OC-rolling stock. In 

the case o! AC/DC~rolling stock, although changeover of 

pant.ograph bctween AC and DC sections can be adopted, at least 

it. is necessary to prepare the large current collect.ion abili~¡ 

required in the DC section. 

9-2-3 st~cture of ?antograpb 

A pantograph consists of a collector bow or bows to which 

slidcrs which contact the cont.,ct line are attach.,d, suspension 

device to hold the col lector ~. a framework which enables the 

collcctor to be- raised and lowefed in accordance with the heig!"lt 

of the contact line, and a base fr~e for supporting this frame

work, and also operating co~poncnts to raise and lower the 

pantograph such as springs, air an cylindcr, etc. The base frarne · 

is =ounted on porcelain insulators on the roo!. 

(1) Collector Bow 

A collect.or ~ is equipped with sliders which slide with 

the contact line, and the materials of the slider are sintered 

copper or i:on base alloy, melted copper base alloy, iron, 

carbon, etc., and shall be selected in consideration of current 

collection capac1ty including that for requirernents during 

stopping, resistance to wear, etc. 

(2) Collector Bow Suspcnsion D<!vice 

various structures of the devices to support collector bow 

are available, and two examples f~ JNR are shown as representa

tiva examples of them; Fig. 9-7 indicates principie of PS-16 

typc for catenary contact line, and ~ig. 9-8 indicatcs that 

of PS-21 type for rigid contact line (for joint operation with 

undcrground railwily). Basic structure is almost the samc 

.,ll?Win9 covement front and bnck, up and down, around and back 

by way of a c:o.o:bination of springs and links. "nle lattcr one, 

the PS-21 type, employs a spring system combining coil springs 
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and rubbc~ bellows betwcen the collectoi bow and suspension 

aoo in consideration of easy follow uv to fine variat.ion of 

positions, because of the rigid contact line systen of su~ays. 

Pin (A) C~lloctor ba~ 

'"""'l !'l 

Uppor 

Fiq. 9-7 Pantograph for Catcnary 
Contact Lin~ 
(JNR PS-16 Type) 

( 3) Frarnework 

' Poont O Sprino 141 

Fig. 9-8 Pantograph for ~igid 
Contact Line 
(JNR PS-21 Typel 

A frarnework consists of an upper frarnework an¿ a lower 

framework, to form an N-truss for thc upper framewcrk, N- or 

M-truss for the lower framework in thc case of a trapezoid"l 

structurc employing steel or aluminum pipe. However, stainless 

pipe structures are increasingly used in recent years to cope 

with the .-cquir=.cnts of maintenilnCe free structure or pre-

vention of strength reduction duc to conosion, etc. 

frame crossinq'type ~loys the same upper trame structure as 

that of the trapezoidal type, however, tapered steel or a 

square stainless tube is used for the lower frarne in lieu of 

truss structure. 

9-2-4 Pet:formance of Pantograph 

(l) Upward Force Charactedstics 

Upward force is a statie fot:ce pressing the slider of a 

collector 00.. to'the contact line. tt significantly affects 

the follow-up characteristics. The follow-up characteristics 

are irnproved "'ith inereasing upwat:d force, ho.,.ever, too high an 
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upward force ~y give rise to problems of inadequacy with 

contact line structure or increased mechanical wear of slider 

and contact line, and too low an upward force will cause 

generation of are as a result of a reduction of follow-up cha

racteristics and leads to the increase of electrical wear of 

the slider and contact line. J!IR is presently adopting an up

ward force of 5.5 kgf ~n the case of DC-car~. AC/DC-cars, and 

the Shinkanscn, and 4.5 kgf in the case of AC-cars, as the 

standard value, but those values lie in the lowest. group frorn 

an intcrnational point of vicw. The most suitable value of 

upward force_is desirable to-bc dctermined in overall consider

ation of oollecting current, service speed, structure and 

condition of the contact line, wunthci condition, mnterial of 

the slider, etc., which affect the C!esirable value. (Fig. 9-91 

Thc upward force is 

desirable to have flat 

charactcristics "athout 

relation to tho change 

of working heights of 

the pantograph. 

'" Follow-up 
Characteristics 

Follow-up cha-

racteristics are one 

of the ¡nost important 

items in the current 

collection syst~-

1 Mechanical wear 
( 

Upward force 

Fig. 9-9 h~lations between We~r of 
Slider and Upward Force 

The dewiring phenomenon is generated by improper follow-up 

characte~istics, and consequently magnitude nnd frequency of 

dewiring and rate of dewiring are used to evaluate the follo..--up 

characteristics. As the rnngnitude of dewiring, thoy are roughly 

divided into ~11-, rnediurn-, and large-dewiring. ~11 dewirinq 

in a phenomena of 1/100 sec or less dewiring for each time, 
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qiving rise to al.J:>:>st no actual d=<tge. Meditii:I dewiring is 

that of 1/100 to 1/10 sec. ~d in many cases arlses frorn the 

jlll"'ping oí the collecto"r bO\ol at a po>nt. of discontinuity in 

the contact line (hard point, variational point, etc.). Th~s 

may not C<tuse problems in cases of lo"' frequnncy, hO<o'CVP.r, it 

generates probl~ of increased slider wear ~~d partial wear 

of contact line, etc,, with increasing frequency. Large de

wiring is a phenomcnon of the dewiring exceeds 1/10 sec. at one 

time, and is =ostly caused by inability oí follO\oling•up by the 

collector bO\ol itself at supporting points oí the contact line 

or at section point~. This may cause not only abno~l wear 

of slider and contact line but also may have a bad effect on 

elcctric cquipmcnt, and rnust be rcstrictcd as much as possible. 

Dewiring r~te indicates rate of the time in which pantograph 

is apart from the contact line during the car running, and is 

normally said to be desirablc to be l\ or Iess in oc~lines and 

J\ or less 1n AC-lines. However, the value sa:u•tir..es attains 

to severa! tens pei" cent under high speed running or by a ri<;lid 

contact line, the effect oí dewiring has other relations with 

the size and frequency cf dewiring and the r~te cannot be 

evaluated unconditionally. 

(3) Capacity of Curr~nt Collection 

The capacity of current collection 15 very much different 

in conditions under stopping and running and it is necessary to 

consider them scparately. 

CUrrent collccted during thc stopping of cars is restricted 

by the temperatuu' rise of the contact point of the contact line 

and slider, ~nd it is necessary to be restricted to a certain 

range causing no decrease of tensile strength oí the contact 

line (about lSO"C cr lessl, being caused by heating of the 

contact line. In the case of a carbon slider, resistance value, 

and consequently the tccperature rise, is large, resulting in a 

small permissible.current. 
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CI,J.rrent oollect:ion dudng .-unning is rnostly deciiled by 

the ~ear o! the slider, the wear is also affected largely by 

other factors as stated, and is ~pirically decided by actual 

car tests, etc. ~llcwable current values by JNR are appraxi

=ately as given in the Table 9-&. 

Table 9-6 Criteria for Pe~issible Current Collection 
Value (per ene pantograph) 

~ Stcppl.ng Running 

Continuous Peak Continuous Peak 

Carbon l50A 260A 500A lOOOA 

slider 

Sintcred 
alloy 500A 1600A 800A 2000A 
slider 

Remarks: Upward force 5.5 kg 
Slider arrang~ent; 2 rows for carbon slider 

4 rows for sintered alloy slider 

(4) Wear of the Slider 

Wear of the slider is affected largely by various factors 

such as the oondition of the contact line, capacity·of currcnt 

collection, wcather condition, cte., among thcse the effcct of 

the material of the slider is the ~st significant. 

As ~terials for slidcrs, iron base material in France, 

caxbon base in Germany and UK are predominant. In Japan, 

sintered material, ~hich has superior current collection 

capacity and wear resisting Characteristics are most widely 

used, inspite of rather higher cost, however, carbon, etc., 

are also partially bcing used. Use of lubricant is effective 

to decrease wear of ~tallic sliders, and various lubricants 

have been studicd. In AC-sections, whcre current collection 

requircnent is ~11, use of a carbon slider which is good in 

lubrication characteristics is effective to prevent wear 
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' 
of the contact line, ha~~ever, mUed use of lfll!tallic and carbon 

sliders in ~ l~ne had bctter to be avoided, because of a 

tendency of increasing weaz. 

9-2-S Occparison of z-type Pantograph and Trapezoidal Pan~graph 

Z-type pantographs are widely used in France, etc., and 

were originally devised to reduce the installation arca for ap

Plication in the railway division with very large difference oí 

oontact line heights. There is basically no point which makes 

it superior in perfo~ance in c~parison with trapezoidal panto

graphs. JNR once designed and test manufactured a Z-type 

pantograph only te find out that trapezoidal pantographs are 

rather supOrior in total ,.eight, reduction of suspended equivalent 

~ss as the governing factor of follow-up characteristics, and 

the differences of link Dechanisc and aerodynacical characteristic 

by direction of running- were also srnaller by trapezoidal type. 

Where diffcrcnces in the hcight of the contact linc is signifi

cant, and a larqe operation range b; requircd, the Z-type is 

advantageous. Therefore, it is desirable ~ select a pantograph 

considering scrvice condition, r.aintenance condition, etc. 

9-2-6 Represcntative E:<a¡nplc in JNR 

Various types of pantographs are used by JllR for diffcrent 

purposes, and their represent<>tive ones are as indicated fro10 

Fig. 9-10 to Fig. 9-12. 

.-_~ 

Fig. 9-10 PS-16 Type (for DC-car) Pantograph 
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Fig. 9-11 FS-102 Typc (For AC clectric locomotive) Pantograph 

Fig. 9-12 PS-201 Type {Fcr Tohoku-, Joetsu-Shinkanscnl 
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9-3 Main 'rransformcr 

9-3-1 Main Transío~r íar Rolling Stock 

'rhe main transformcr for rolling sto~k has special ~hara~ter

istics different in a variety of points frorn general purpose enes, 

including: 

{1) 'rhe transforcer is of single phase, and the vave !ores of 

voltage and current are not sine wav~, because it is used in 

combination vith a rcctifier. 

{2) It is a spec:ial itarn which is cornt'act. lightweight, and 

shake, shock and vibr::ttion resistant, fitting into the space 

for equipJ:Ient. 

(3) Because of high currant density in "inding, and rnuch loss 

caused by their =all size and lightweight structure, the 

coolino; design becomes an important point. 

(4) 'rhe transfo=er has ro.a.ny t.<>ps for speed control, <>nd al so 

has rnany windings including a Jrd winding for auxiliary 

machines and a 4th winding for cab1n haaters. 

(5) 'rha transfomer is subjected to savere fluctuations ln 

voltage and load, 

9-3-2 Core Type and Shell Type 

Transformers are classified into core type and shell type 

írom their structure, '!'he core type has each prir.lary and second

ary winding 1n cylindrical form and are arranged concentricly. 

on the othcr hand, ~hell type has each pri!llary and secondary 

winding Co~d in plate type and are arranged in stratified fo~. 

Fig, 9-lJ indicatos tho basic structure of core type and ~hell 

eype tran~fo~crs. compari~on of core type and shell type as 

~~~a in car transfo=er lS shvon in 'r~le 9-7. 

1.1) -



Core type Shell type 

·Fig. 9-lJ Core Type and Shell ~¡pe 

Table 9-? Oifference between Core Type and Shell Type 

. 
Core type Shell type 

M.agnetic 
Core scci tonal are a Sl'lall U~< 

circuit 
<:ore ma.gnetic '"'" length ~"' Short 

Average coil length Short ~"' 
Voltage '"" turn Sltlall Large 

Curren t. 
circuit t;umber " turns '=' '"" 

Cylinddcal Disk winding, 
Coil arrangernent concentric alterna te 

arrange 

~e shell type is superior from both a structure and cha

racteristics p:¡int of view, and JNR adopts the shell type only, 

except for very early des~gns. 

The reasons for selecting thC shell typc are as follows: 

(1) Shell type allows relatively free selection fmm many possible 

arrangernents o! pr~ry and secondazy windings and there!ore has 

a large !recdom of design for leakage reactance. 1\lso this type 
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allows us to make dc~ailed dcsign con~idera~ions such as intcn• 

tionally giving variation to the reactanca of each split winding 

of the secondary side, to reduce higher hapmonic currents. 

(2) Core and windin<JS can be directly screwed and fi><ed with the 

tank wall, te make the arranger.ent of core and winding for high 

resistant to vibration, resulting in a higher vibration proof 

and shock proof structure. 

{3) The square type structure as a whole can reduce dead space 

in rolling stock "pplication, enabling snaller size and líghtcr 

weight, when considering an under floor structure as in the 

case of J!IR's Shinkansen-car, the core type c!esign is difficult. 

As an exa:ople of the shell type main transfom.er, the 

Strl.lcture of Jl!R's electric locor:o:>tive =in transfomer is shown 

in Fig. 9-14. 

1. High voltilge bushing 
2. Tan k e o ver 
3. Oil feed pwmp 
4. Blower 
S. Cooling pipe 
6. Relief va1ve 
7. Upper tan k 
8. Lower tank 
9. Core 

10. Coil 
ll. Insulation board 
12. Grooved insu1ator 
l3. Uppcr insert 
14. Wooden brace 
15. Lower insert 
16. Wedge 
17. Corc recciver 

Fig. 9-14 .Structure of She1l Type Transformer 

- 115 -



9-3-3 Tempe~ilturc Rise and Cooltn<; of Main T~ans!onocr 

. ,, .... 
1 o,' 

The temperature rise l~its of the ~in transfo~er is speci-

fied by .nm as shown in Table <;-B. Al"long these, dry insulation 

is disadvantageous in characteristics, heat capac;ty, ~eight, etc., 

therefore an oil circulation air cool systern is solely used by J:;R. 

Table 9-8 Tempen•tllre Rise r.~it of Main Trans!orner 
for Rclling Stock 

,""'" .. ,, 
~ O•i'>F' 

~ ~ ' ' ·-···""" -"""' ' t::: • • • ' ' l_' • 
' ,. - " " •• '" ' '" . • • 

1-·~ " .. .. " " i 

From the classi!ication by insulatlOn, oil filled type cor

responds to class A insulation (~~ allowable te=perature 

105"C.), howevcr, in the case of electric locccotives, the oil 

circulation air cool type takcs its standard ambit"'t ternperature 

' 

' • . 

¡ 

as 25°C (!or gcne~al purpose transfonmers, 40"C), and allows a 

higher temperature rise lim1t o! winding ~nd oil correspondingly. 

Temperature of winding is an average valUe by resistance cethod, 

and is determined to be 75 deg. in normal insulating paper assuming 

the di!ference to the rnax~um tempcrature as lO deg. In the case 

of applying heat resistant insulation paper, which is supe~ior in 

heat rcsistance, !JS deg. ;lill be allowed and in the case oí 

special A-class insulation (consists of polyarnidc paper, and 

silicone oil base insuation) up to lOO deg. are allowed. 
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Details on the tl!l!lpCrature rise in the case cf heat 

resistant insulaticn papnr are shcwn in Fig. 9-15. 

·-· 

•-••· ""'' too;.uotuo~ 

~·~···· 0011 '""~"'"'"'" !Odf•,.nco ol 0011 onO oil) 

;=====':·:·:·;·;·:~=·:':::;:: 
-+--· 

!OHf•roneo or oll ond ¡··-+--· 
tomporaturo or inoucatioqo11{ l 

" l,..rq¡n) de 0 
6XI«Je 

T-<•<"'" <ol•y utunq _ _ _ 

1 lO'C 

uo•c 

~o·c 

Ambi.ot '"~""''"'"'" t'<Loter] ---------· Ci__i__ ~~·e 

Fi.q. 9-15 Teo:pcr,~ture Rise Lio:it of Main Transfo=er for 
Rollinq Stock (with heat res>stinq insula~inq paperl 

Insulation oil for transforroers is uscd for cooling; ho;~ever, 

if the transfon:~er is installed under the floor, and flarne proof

ness is required, silicone oil is used. A comparison of the 

Ch11ractcristics of insulation oil is sho·.;n ,in T<lble 'l-9. 

Table 9-9 Typical Properties of lnsulating Oils 

"''" o< oil Silicone Miner.>l '" 
Specific gravity, 2S'C 0.95 0.87 (20'C) 1.53 

Kinematic viscosity (cStl ;o H " 
Pour point ( 'Cl <-50 <-30 <-30 

Evaporation, 9s•c, '" 
,,, o o.' ' 

Flash point ("C) no >00 DO (self-
extinguishinql 

Coefficient of e:<pans ion lQ.f>XlQ-· 7x¡o-' 7,4xlo-• 

(cc/cc.•cl ., , .. solubility ,., 
" ' 

, 
Die lec trie constant, '·' '-' '-' 

50HZ, so•c . 
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9-3-4 Design of Main Transformer 

A basic fac~or of ~he transformer design is to de~e~ine 

voltage per ~u.rn of the winding {V/~). The relation 

(V/~) x Number of winding • Ra~ed Voltage 

e.xists. Th~r~fore the nu:·.ber of windings increased by sclec<:oing 

~ller value of (V/~), to be so-called copper mac~in~, re~u~~ing 

in increased copper loss and reactance. On ~he o~her hand, by 

selecting a larger {V/t) value, the n~er of turns is reduced, 

to be a so-callcd iron machine resulting in increascd core loss 

and the reduced reac~ance. In the case of the rnain trans!ormer, 

(V/tl is detennined sm.>ller in cornparison with general ~rans

formers. A value about double that of the current density in 

conductor (6A/mrn'l, in cor-parlson with normal transforrner, is 

selected. 

c~ld rolled directional silicone steel sheets are used to 

the coru ~·ith the deslgn to mak<> a flwt density of ilbout l8000G 

under DallimLUO contact line voltage. 

Arrangcment o! windings will decide reactance character

istics, therefore the rnost suitable relation shall be made, 

&tanding on a wide range study of output charac~eristics, short 

circuit current, voltage variation under commutation, voltage 

variation of the thitd winding, etc., stability of control, re

duction of higher ha~nic currents, 

the rcactancc characteristics by tap c:hanging An exarnplc of 

system is sho>m in Fig. 9-16. ' . .... 
Also, a Jesign flnw charr 

for structural design and 

winding arrange111ent is 

sho>ln in Fig. 9-17. 

!: 
;¡ 

,_.,. 

t.! ..,,. 
• • : : 
!! 
g . ' 

O.Ol 

0.010 

..... 

Fig. 9-16 Reactance Perfono.:~nce 
(.JNR TMll) 
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9-4' St~tic Power Convertor 

·-

-
-
-

-
• 

9-4-1 Rating of Eler.>ent 

A static pewer convcrtor consists of siliconc rectificr 

elements and/or thyristor ele..,.,nts. Acco:rnpanied with de".'elopnent 

of manufacturing techno1ogy and cooling techno1ogy, the capacity 

o! these semiconductors has becnne larger. Fig. 9·18 indicatcs 

the transition of the increase of the capacity of t~yüstor 

e1ement, and Fig. 9-19 indicates a decrease in the n~ber of 

e1ements per unit capacity of static power convertor acco~nied 

by increasing capac>ty of an elenent. 

~ -
• • • " " o , 
• • " ~ 

• 

,_, .. ___ .-______ ----
' ' 

15001\ 6kV 

r 

.. ,, _____ 1'----------J 

Rated voltago 

1 -"··---y--'---' 

t-,---------
Rated current , 

1 ¡ 
tr·--

T- _, ,¡-
' ·----· 

1960 1965 1970 1975 
(Year) 

Fig. 9-16 Develo~ent of ~ted Voltagc, 
Rated CUrrent of Thyr>stor Eler.ent 
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Table 9-11 Pe::forJUallc:e o~ JNR Still!dard Thyristor 

Structure 

Ratcd average current '-'1 
Rated worl<ing peal< reverse 
voltage lVI 

Rated non-repetitiva peak 
reverse vol tage lVI 

Rated operation peak .for~<ard 
bloc:king voltage 

Rated gate voltage 

Forward 

Reverse 

lVI 

lVI 

[VI 

Rated gate trigger current 

"1 
Ratcd junction tcmpcraturc 

( "Cl 

Over-current (1 cycle, A) 

Forward voltage drop (V) 

Maximu:o revcrse leal<.,ge 
currcnt (rnA) 

Maximurn forward leakage 
c:urrcnt .(llll\) 

Minim\L-n gate tngger curn.nt 
(normal tcmperature, 11\l\.) 

MaJ<ir.mm gate non-trigger 
current (lllll) 

Maximurn g"tc non-trigger 
volt.,ge (V) 

Turn on tUne (]Js) 

Turn off time (I.Jsl 

1-:axi!nu::> thenoal rcsistancc 
("C/W) 

"' 150-10,-12 

Stud type 

'" 
1,000, 1,200 

1,200, 1,450 

1.000, . 1,100 

lO 

' 
' 

m 

5,000 

1.25 ' 1.65 

" 
" 

lOO 

'-' 

o. 15 

'' ' -
0.15 

- 122 -

400-25 

Fl"t type 

'" 
2,500 

2, 750 

'2' 500 

lO 

' 
' 

m 

6,000 

LS0'\.2.00 

" 
" 

lOO 

u 

0.15 

' " -
0.05 

lFo< ""'" sides) 

"' lOOQ-15 

Flat t"{PI! 

1,000 

2,500 

2' 750 

2,500 

lO 

' 
lO 

m 

16,000 

1.40'\. 2.00 

lOO 

lOO 

"o 

,.o 

0.20 

' ' lO 

-
0.025 

-· 
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9-4-2 Des>gn of Curr~nt 2<;~nnq Value 

Te decide currcr.~ c~¡,~city of a st.atic power convertor t.~e 

load p.>.ttern ¡-.:;~t !'ust t~ <.stablishcd. "'S the load pa>o>oern • .:;~;¡¡ 

asswncs grade-stolrt•r.q following cont•nuous operation, and tiJO 

ti~es of start•ng is .;1doptcd in consideration of failurc in grade

Starting. ~ ex~~ple of load pattern is indicated in Fiq. 9-21. 

The current value ot continuous opcration coincides with con

tinuous rated currcnt. Establishrr.cnt of such a severc, load 

pattern rnade J::R's statlC power convertcr e><hibit far hiqher 

reli.>bility in companson with European enes. 

post 

Fig. 9-20 Example Structurc of Flat Type ~lernent 
(Thyristor CSI 400-25) 

E075 AC electric 
locomotive (RS ll) 

426QA.40901\ 
/"-... """1-í3810A 

JJooil. 
28001\ Shinkansen car 

(RS 200) 

tsooA 

~ Continuous -!JI ..,. 11 """ ~ , 00."' Continuous !,......¡s0 M 

current 60~ 180" •<no·oo•>o· ••• current 10. 10. 

Fig. 9-21 Supposed Actual LOad Pattern 

Heat gencration of the element is expressed by the product of 

forward voltage drop and forward currcnt. A pellet of an ele~ent 

is very s~all and the thc~l time constant is also very short, 

therefore, cooling is a very irnportant tasx. ln the case of tem

perature rise, the t~peraturc of the element shall be designed to 

be l<ept always lowcr than rating junction ternperature of element. 
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When vcltage is partially born by a series connection of plural 

n~er oi each el~nt, a 10\ allowance will be included to 

cover the unbalance of voltage bearing. 

Number o! seri4lly 
arranged element3 • 
(S<.Iitching Surge) 

(2) Lightning Surge 

AA arrester 1o1ill operate against lightning surge and 

n!stri<;t!> th.o volto1ge, t)¡~refore, the maximum vo1lue oí the 

surge vcltage is presumed to be equ"l to the restric:ted 

lightning volt.,ge of the "rrester, and the surging transition 

rate is ti>ken <ls 90\ of the winding ratio including filter 

effect. 

Reverse voltage bearing value of the elernent is ti>ken as 

rated nun-rep.,tit~vc peak reverse voltotge. 

Number of serially 
arranged elements 
(Lightning Surge) 

Arrester Restricted Voltaoe 
'" Winding Ratio of M"~" Transfonner ~ 0 ·

9 

~ 1.1 ~ 

9-4-4 Selection of Cooling System 

' Rated Operiltion Non-repatitive 
Peak Reveise Voltage of Elernent 

~ cooling system of th.o elements includes: • 

1) torced air cooling, 2) oil circulation air cooling, l) freon 

boiling coolinil'. 

(1) f'orced Air Cooling Systam 

The syste:n is to cool th.e eler.>ents by torced air blowing 

on the element cooling fins. Because the cooling portian u 

~ressed high voltage, consider~tion against dust, ~ain and 

snov, and routine nlintenance are requi~ed. There are,limits 

- l2S -



.to the reduction of heating resistance, anda certain limit for 

application of modern large capacity elernents is caused by 

cooling capacity. 

(2) Oil Circulation Air Cooling Systern 

The oil circulation air cooling systern is further classi

fied into a type which places the el=ents in oil, which is 

circulated and cooled, and a type which sends oil to cooling 

fins o~ly and cools them. ~he fo~er type imrnerses el~ents 

in oil, therefore takes more time for maintenance work such as 

replacing elements, however, this pOint will be overcome by 

highly reliable design. '!'he latter one allows a ,.,re simple 

replacement of elernents or inspection of parts, however, there 

is the drawback of the structure of the cooling syst~ becoming 

n>::>re compl~c<>ted. 

(3) Freon Boiling Cooling Systero 

A freon boiling cooling systero cools the elements ~~loying 

vaporizing heat of liquid freon, and is able to attodn vecy 

large heilt dissipation. Fig. 9-23 is a drawinc¡ indic<1tinc¡ the 

principle of freon boilinc¡ cooling systern, and Fig. 9-24 indi-

cates a cor::parison of 

heat transfer coef-

ficients by air cool-

ing, oil cooling and 

freon boiling cooling. 

The freo" boiling 

cooling system is also 

classified into two 

types as in the case 

of oil circulating 

air cooling systctt>. 

One is an Íltr.lersed 

type which inputs 

J<.o41otlon to 
ouUI~ 

Fig. 9-23 Principie of Cooling Syst~ 
vith Boiling 
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Fig. 9-24 Heat Transfer Cocfficients for Various Coolants 

elcments ond related parts 

in liquid f:reon and sei!l 

the whole. 'I'he other is 

a non-i.tnp_ressed type 

{indeP"ndent fin c:ooling 

type) to cool only the 

interior of c:ooling fins 

by boiling cooling. The 

fo:rmer is si.l:lple in 

structure¡ however, as 

it'is sealed, replacernent 

of parts !s difficult. 

There!ore, it is euitable 

Condanur 

Hut Coll 
M 

Fig. 9-25 ~~~ersed Type 

for silicone rectifiers or the like, which c:onsist of fcwer 

parts and have higher reliability. Structure cf ~e i~ersed 

type is shown in Fig. 9-25. 

- 127 -



The principle of the 

latter, non-immcrsed type 

is shcwn in Fig. 9-26. 

Thh syst= has a ccr.pli-

cated structure, but 

allows easy inspecticn 

and replac=ent of parts, 

therefore, is adequate to 

be applied for a thyristor 

power convertcr which has 

more structural elcrncnts. 

Cooling by heat ex

changer (condenser) is 

also divided into torced 

air cooling and natural 

air cooling, and a cCIIO

parison of these co.~ination 

is shown ~n Table 9-12. 

Cor.o!•~••• 

Coolan< 
nu.-vo>r 

oell 

Fiq. 9-26 Non-J.m.-:.ersed "!'yp" with 
Linked Condenser and 
l{eservoir 

Table 9-12 Boilinq-cooling R"ctifiers 

"'"" Features 

IIM1ersed, with 
L Cornpact 

forced-air cooling '· Si.!:lple =' riqid 
ccnstruction 

L Comp:.etely static 
Imnersed, with 

'· S i.!:lple =' rigid 
r-.~tural-air cooling 

constructlon 

Non-Htmerscd, "~ 
L CO!l1pact 

forced-air cooling ' . ~ .. o< access ibi 1 i tY 

Non-ll::llersed , 
··~ 

L Caopletely static 

natural-air cool ing ' . Ease o< accessibility 
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9-4-S Gate C1rcuit 

Gate signals are required to control thyristors. The gate 

circuit consists of a phase sh~ft~r, gate signa! ~pli!ier and 

gate transfonoer. 

Follo~o~ing per!o=4tlce is required for the gate circuit to 

control rnain c~rcu1t of a rolling stock: 

(1) shifting phase angle shall cover the 'Whole range of o• to lBO" 

(2) the gate circuit shall be suitable for ter.¡:.erature and voltage 

change, vibration, and it shall have law secular change and 

(l) synchronizaticm of phase with contact line voltao;;e shall be 

"""intained, 

(4) tUne lag shall not occur because quick response is requued. 

Ampli!ier of gate signa!, is to genera te gate pulse of the 

thyristor corresponding to the controllcd phase angle s1gnal from 

the phase shifter. The standard g"te pulse wave fonn is a com

bination of narro1.1 ~o~idth pulses with steep and large peak values 

and a wide width pulse to secure stable conducting condition. 

The width of.the pulse shall 

be continued until 180" 

point 'Where voltage revcrses 

for the duration that the 

forward current is no~lly 

flowin9 to thyristor. 

st.o.ndard <;-"lte pulse wave is 

shown in Fig. 9-27. 

COntinl>.,. o¡> ro HIC" 

>O%~L_ _______ '~·'LA-;,~ 
'"' 

Fi9. 9-27 Standa~d Gate Pulse Wave 

- 129 -



9-4-6 M~in Smoothiilg Reacto~ 

OUtput vol~age and curr~nt from sta~ic po~er convertor h~s 

a lar9e ~1d~h pulse because of single phase full wave ~ectifica

tion, therefore, if it is directly connccted to trac~ion motors, 

that cause troubles in the point of t.emperature rise and co.=uta

tion. The pulsation factor of the wave fOLm shown in fig. 9-28 

is specified as, 

I!MX lmin 
Pulsation factor UP e ~ lOO (\) 

I,.ax + Im1n 

And in the case of AC-

rolling stock, the pulsation 

factor at near the rated 
j 

" 1 

, 
power is gcnerally restrictcd 

to 30\ or less by electric 

locomotive by which the power 

of t.raction ..,ter is large, fig. 9-28 Pulsat.ion Wave 
and SO\ or less by electric car. 

for the above purpose, t.he ~in smoothing react.o~s are in

putted between the static powcr convcrtor and traction motors. 

By setting the value o! reactance properly, this reactor 

exhibits lar9e effects also in the side of readhesion character

istics. Thcrefore, main smoothing reactors are inscrted for 

each traction motor by a locomotive in which high readhesion 

characteristics are required. 

On the other hand, pulsat.ion !actor is desirable to be rais"d 

from tl>e viewpoint of rcducing higher harmonic currents "nd Jp 

currcnt of cont .. ct line. 

The current-inductance characteristics of the main smoothing 

reactor are designed hyperbolic enes, so that practically a 

constant pulsation factor may be obtained in the pr~ctic~l load 

current range. An ~ple of the charac~er~stics is shown in 

Fig. 9-29. 

• 
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9-4-7 AC-filt:er 

AC-filter is installed 

between the second~ry 

windin9 o! ::".un transíorn>er 

and static po,..er convertor. 

The main role of the AC:-tilt<!r 

is to absorb the surge of 

intrusion as; 1) suppresstng 

switching sur9e, 2) lowenng 

transmisston rate oí lightn-

ing surge, 3) suppressing o! 

' • ~ 
' , 

" 
" 
" 
" 
" 
" u 
o 
o 

• • 

1 1 1 1 
1 1 1 1 1 

1 1 1 1 

' 1 1 1 

1 1 1 1 
' 1-.J._J 1 
' 1 1 1 -~¡ 

1 1 

1 1 u 
lDG lU~ 10~ ''' s.a ''' ,aa 

Curren< A 

dv/dt and current vibration 

wh<!n the elemtns are cOl!!-

Fig. 9-29 Charactertstics o! 

mutating. 

An AC-'ilter consists 

Main Smoothtng 
Reactor (Jll!t lC2J) 

of C-R filter, and each value oí e and R is selected with attention 

given to the following: 

(1) selection of value of e to suppress the voltage rise at switch

ing surge (transition o! exciting energy of the r..a¡n trans

foClller to the secondary side) to the allowable value or l""'er, 

(2) selection of value of R to be within the non-vibration range 

with secondary reactance. Further, R acts as potential 

·divided resistance for high freqUency sur<je, and in this 

sense, the =alter the value is th.,: better. 

For the purpose o! reducing higher harmonic currents, sub

stantially large capacity is necessary and t.hereíore it is gener

ally not pract~cal. 
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9-S Traction MOtor, Driving Gear 

9-S-1 Selection of Traction Motor 

MOtors for driving wheels o! electric rolling stock are 

called main motors or traction rootors 1 and the following perform

ance is required. 

(1) it sha11 be usable at high efficiency in a wide ~peed range, 

(2) easy speed control, 

(3) large traction force at starting or in grade section, 

(4) load unbalance shall be small under parallel operation, 

(5) can resista quick change of source voltage. 

Seróes 11>0tors are best suited to satisfy the above require

ments, and generally a direct current series motor is selected. 

However, recently separately excited motor 1$ also able to be 

Operated stably by virtue o! power-electronics oontrol. 

On the other hand, in case the F'O"Cr regenerative brake is 

used, shunt character1stics become necessary, and a compound 

motor or the systern to change over !rom series exciting winding 

to separate exciting only during the regenerative braking period 

will be applied. 

What are actually required as structures of a <nain traction 

motor are the following: 

(l) s .. cause install.,tion space is lilnited bet\oleen axles, the 

motor should be small and lightweight, 

(~) Because of severe contar.dn.,tion by rain...ater and dust, 

water and dust prevention shal1 completely be prepared, 

(3) In the case of non-suspended installation, the motor shall 

bear tolO g (q is gravitational acceleration, 9.8 ~s 1 ) 

of instantaneous vibrational acceleration, and to about Jq 

even fo~ suspended >.nstallation, 
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,(4) 'In M:-clect.ric rolling stock, pulsat.ion of current. a!ter 

p~M<!r conv~rtor lS largc, and considerations for pulsation 

shall be prepared, 

(5) Struct.ur~ of the r.>Ot.or shall be made to allow easy inspection 

of brushes and co::r:~utator surface, easy replac=.ent. of brus~.es 

and easy II"<Ounting <1nd disl'lOunt.ing o! the tr<1ction motor. 

9-5-2 Temperat.ure Rise and Insul<1t.ion Material· of Traction :1ot.or 

Because of its size restrictions, " traction motor usually 

employs high class insulation rn.>tenal. and non:>ally the tempcra

ture rise limit is set higher than in the case of general r.~chines. 

The maximum allo~able tamperature limit of various insulatiOn 

matedals are sho~n in Table 9-13, and allowable te111perature rise 

limit of a trac:tion m::>tor is indic:ated in Tablc 9-14. It is r.oted 

that the maJ<imum allowable 

temperature limit of trac

tion mOtor is ra~sed to 

the value of adding ambient 

temperat.ure to the allow

o.ilile temp<:rature rise limlt. 

This due t.o· the necessity 

to malee the 100tor smaller 

and higher in performance 

even at the cost o! its 

servi<:e lite, in cons~dera-

t.ion of the fact t.hat 

taaperatcre rise in actual 

Table 9-13 Ma.ximum .;uo,.,ble 
Tempe~ature for 
rnsulat.ors (JIS e 4004) 

Class Y 

Class /1. 

Class E 

Clau B 

Class F 

Class H 

Class e 

90"C 

105"C 

12o•c 
lJO"C 

lSS"C 

lBO"C 

More than 180"C 

operations differs according to the grade, speed, load condition, 

etc., and the ti111e subjected to t.he higher limit. of temperature 

is rather short. 
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Lap wir.dii-,g ~equires an equalizing bo11:, and also difficult 

to ~anuf~c~urc, however, ~Ave such advantage to pcrm1t large 

reductior. of commutator se~nt voltage, and so it is dcsirable 

to select l~p wind1ng for trnction motor. 

(2) Electnc Loading and Maqnetic Lo.:>.ding 

Output cocfficient of thc traction motor is exprcssed as 

following: 

C • (lll /60) •y • Ac • tlg X l0- 11 (l<.l<i/rcv/min•cm1 ) 

whcre: Y • Pele are length/pole pitch - constant 
value (about 0,6) depends en the st~cture, 

Ac • Ampare n~er of conductor/~. 

Bg • Flux dcnsüy <lt G<!p (g1luss), 

In general purpose ~chines, a largc Bg valuc is selccted, 

te ebtain an iron-rich machine, the so-c<~lled iron machinc, 

hm~cver, in traction O>Ot~rs, a largc Ac vaiuc is selcctcd to 

mal<e a =aller and liqhtcr ~chinc, to obtain a coppcr-rich 

so-callcd copper machine. 

In traction metors iln Ac valuc of about 400"' 500, Bg value 

ot about 8000"' 12000 (gauss) are standard. 

(3) COMnutator 

The diameter of the commutator is determined by its l~it 

to the periphcral spced (about 60 m/s) and thc lcngth by the 

li=.it of cunent dcnsity (about 15 A,lcm2). 

Connection of.armature strand and riscrs of ~utator is 

performed by TIG-~elding (Tungst~n electrode ~eldir.g in incrt 

gas). 

Determir.ation of c~tator bar voltage has a large effect 

on the voltage proo!ncss or flash-over proofness.· 
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(4) Countermeasures to Pulsation Current 

As counterReasure5 against current pulsation, thc follo~ing 

items are considered: 1) dividing pulsating current by diverting 

the ~in field ~inding ~ith non-inductive resistance (rate oí 

diversion is ahout 2\ to 10\ oí oc valuel, 2) decrease thc eddy 

current by larninating a part oí the interpole and magnetic frarne 

in addition to the main pole, 3) adopting a suíficitmtly large 

ampare-turn to 1nterpole, and reduce the magnetic flux lag by 

eddy cuxrent loss, 41 adoptlng a srnaller comrnutator bar reactance 

voltage to prevent yielding o! flash over and Lmprove comrnutation, 

5) consider on large temperatura rise. 

(5) ~':ase oí Mainten.,nce 

Routin<! check oí the traction motor is required on com

mutator surface, brushes and bearings. Extension oí inspection 

period and life is very advantageous on the maintenance side. 

In relation to the C01'011Utator and brush, application of a long 

size brush and constant Spring force brush holder are advantageous. 

In relation to the bearing, long terrn ~aintenance free bearings 

employing long liíe grease and larger grease packs are considered. 

9-5-4 Outline oí Axle Driving Gear 

lo\Ost elect.ric rolling stock transmits thc torque of the 

tract.ion motor by reducing speed'by gears to the wheel. The driving 

gear includc~ rnany systcms, and the type·and mechanisrn af thc 

driving gear has a close relation to installation systC!t\, size, 

perfonr.ance of traction rrotor, and it is important to make co

operat.ivc dc$1gn with those it~. 

Hethods of traction rnotor installat~on are gencrally classi

ficd into truck installation (suspended lnstallation), nose 

suspension (halí suspended) and installations in between these 

two. Basically a traction motor is an electric rnachine ~ith 

precision structurc, and truck installation is desirable íor 

- 1)6 -

' 1 

1 



b~tter vib~ation condition, h<Ncver, in this case, !lrudble joint 

o_r <¡ear box structure, "'hich ~ecure qood ::csh1nq accuracy of 

gears, is neces~<>~y. 'l"hese dri'J1ng systc= shatl be selected as 

the best syst""' stAnding on thc overall findings considenng 

factors such as use, P""''" <>nd per!om<>nce of tracnon rooto~. 

charactcr1stics o! d~iv1nq gear, ar~ang~~cnts and spaces. 

9-S-S Types and Charactcristics of Driving Gear 

(ll Nose Suspension Type Driving Gear 

One end of the tr;,.ction r.>Otor is rnounted on "" axle through 

a suspension bearing, and the other end is supported by a tr1.1cl< 

framc widh a projection made to the motor, and is a very sir.ple 

structu~e power transmission gqar (Fig. 9-30). 'l"his structUie 

milkes half of the motor weight unsuspcinded we1ght, therefore, 

is quite liable to be affected by shoc~ from the rail, and has 

difficulties such as the reduction of c~utation performance 

of the traction =tor or maintenance of bearing <>ttached to the 

axle. However, this system was widely used for old typc vohicles 

because of their simple structure. Esp~cially in the ~ase of 

narrow gauge electric loco~tives, which can afford only ;,. 

nar~ow space for installation of traction motors, this type is 

widely acccptcd for installation of hlgh output traction motors 

because of eliminating thc necessity for flexible ooupling. 

Fig. 9-30 Nose Susp~nsion Type Criving Gear 
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Plane bea~ing has been used fo~ conventional nose suspension, 

however, ~olle~ bearing was developed ~ecently and was tested 

to preve no problem, 

(2) Full Suspended Installation of T~act.ion Moto~ 

The system is to install a traction motor on a spring 

(truck fr~J. which solves problems occu~s with nose suspension 

type as above, however, it is necessary to prepare a rigid gear 

box and flexible coupling to ~int~in meshing accuracy of gear 

and pinion. 

In electric cars Cardan drivc specially parallel Cardan 

drive (Fig. 9-Jl) a~e most wid<:ly uscd. As for t.he coupling, 

the·conventional na~row gauge JNR Ca~ has adopted a flex1ble 

plate system (Fig. 9-32} which employs a hollow shaft to the 

t~action motor, and Shinkansen-ca~ uses a WN-type coupling, 

however, many other typcs such as ~ubbcr-types, hollow pinlon 

types, etc., were also developed. 

IUght an9l~ 
Cordon drlve 

··--r-;;--1 ' ' L.:'J 
"' nact(on =tor 

hralld 
<:ord.on drlvo 

K' rlu.ible «>"i'lin9 
o 

¡¡ ' 

Hollov ohaft 
pu-ollol Cardan dr>vo 

' 

Fig. 9-31 Cardan Type Drivlng Gea~ 

In t.he case o! electric looomotives, Cardan drive using 

WN-coupling >S also used for stand~rd gauge, however, for narrow 

gauge, t.hc quill typc (Fig. 9-J3J, "'hich makes a flcxibl" coUpling 

structure bet~een gear and wheel, or link typc driving gea~ 

(Fig. 9-34) were ~lso used, because of the unavailability of 

space for the c~rdan drivc. For JNR's electric loco:notives, 
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the qudl tJT" · •• ,,.adoptad !o~ a pol~t of the old :::odel, hoo,;cve~. 

all of tho~O! ·~~~e """diüed to the link syste01, hecause o! thc 

setf resonance of the pitch~g vlh~ation of trucks, colused by 

the soft shock d.hsorh~g spr~g ~ the gear, had generated. 

'Ihus, selectlon of the rotating di~ection spr~g and the rotat

ing ::-uss to ol"Joid resonance to be pracucally han•less is c:>e 

of the <<=~portant elemcnts in adopting a certa~ dr<ving gear. 

()) Ot.hers 

Other than the above, a se<t1i-nose suspension driving gear 

is adoptcd to JNR's l<>rgcst po....,red narrow gauge electr<c loco

motive, type EF66 (Bo-oa-Bo, 3900 kW). This syste"' has a hoLlow 

shaft over the axle, andan end oE the trolCtion motor 1s sus-

pended or>to this hollow shaft. The hollow shC~.ft is jointed to 

the axle throllgh flexible plates, and shock of the ~o~heel is not 

directly transferred to the uactlon motor. "nle be,.ong of the 

mounting is a roller beari.ng. This syste111 was developed for 

narrow gauge high speed use. 

Also a systeiO by which ene traction motor drives several 

shafts was adopted for tho:. type E!'"30 and type EFBO elect.-ic 

locomotive. M..tny of these types are <1dopted in french locomotlves, 

many of which adopt a link device between gear devi.ce <tlld wheel 

as " buffer. 

ol>afc 
co~plinq 

Fig. 9-32 Traction Motor and llollow Shaft Parattel 
cardan -rype Driv~q Gear 
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9-6 Truck 

Quill 
U<oll,.. 

9-6-1 Outline 

• 

Ololler 
b .. rin~ Cu.r 

F"ig. 9-33 Quill "l'jpc Driving Geu 

Fig. 9-34 Link 'l'ype Driving Gear 

An electric rolling stock truck has the functions of suppQrting 

the car body and running stably on t.he rails, as wcll as tra.ns!erring 
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the rctational force cf a tracticn r>:~tcr intc the !orr.o cf traction 

torce te the car bcdy anU/cr ccupler. Therefcre, cther than the 

truck ccmponents th.,..:.,sebres, an ete~tnc rctling stock truck 1s 

installed with tracticn 1:10tcr (in special cases alsc installed on 

the car bcdyl, driv1nq ge.u-, etc., however, those t""l it=s were 

already discussed and ""' avcid l:'.enticning th= aga>n. 

Te design a tn~ck, in case oí electnc c .. rs, the ratio of 

the driving shaft te the total shafts of the train i.s higher and 

the adhesicn perfo~nce is less impcrtant to care, but te sccu~e 

ccmfortilble ridinq up te the high speed range is llcportant, t~e.-e

fcre, a structure which places u.portanCe on preventing vibration 

or huntinq is selected. On the other hand, althcugh passengers 

de nct directly n¿e on it, the lccomotive truck is required to 

tract as much load as possible with a small nwnher of <lriving 

shafts, and the rncst important point is how high an adhesive per

fcnn<>nce or readhesicn perform.:.nce will be obtained, and by~ 

reducing we.ght transfer between axle, how effectively large 

traction force LS transferred te the coupler portion. 

9-6-2 Structure oí Truck 

A truck qcnerally ccnsists of a truck f~ame, swing bolster 

device, wheels and axl~s. axle bcxes and springs, etc. 

A truck frame consists of side beam, cross beam, end beam 

(sorne trucks lack end beams). Old type trucks are rncstly made of 

ene body steel casting cr ccrnposite asser.bly cf fcrmed steel using 

rivets or bolts, however, recent JNR trucks mostly ccnsist of 

welded structures of pressed steel parts in consideration of im· 

prove1:1ents in welding technolc9Y and I:lass· production structure. 

Swing bclster devices are installed between the car body and 

truck fr=e to give lateral rigidity between them to relieve from 

late~al vibration. Swing bclster springs (cOil springs or air 

springs) are installed between the car body and truck trame (oil 

d.,Pers are jointly used in rnany cases). Soft spring constants 
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are selected to obtain c~ortable riding, on the other hand, an 

anti-rOlling dcvice is sametimes employed to prevent tea much 

rolling. 

Sorne rolling stock does not use a swing bolster device but 

applies springs directly to connect truck and car body for the 

purpose of sirnplification of structure. 

As a means of supporting the weight of a car body. sorne truck 

supports maJOI" part of the weight at the cent~r of the truck and 

the other supports at both sido~. Thc fo~cr has good follow-up 

cha.-acteri~tics when passing curves or the like, but is apt to 

cause rolling and the latter has the reverse characteristics. 

An example of center pin structure is shown in Fig. 9-35. 

l. Body frame 
4. ·TI"UCk frame 

2. Center pin 
S. Bolster spring 

3. Bolstcr dcvice 
6. llanging link 

Fig. 9-35 EXample of Center Pin Type Truck 

As dcvices for transmitting traction force. the center plate 

system and draw bar systcsn are the representative devices. how

ever. the syst~ oí locmotive has ~cdiate relation with a device 

te prevcnt trans.fer o! axle "'"i9ht and is explained later. 

Roller and/or ball bear1ngs are p.-cdominating r~cently for 

axle boxes. and coil spi"ings are used as axl~ springs. Many axle 

box suspension systarns a.-e available, and are shown in Fig. 9-36. 
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1,:; t.ruc;.s !or clectric loc=tive of 1'> drivino;¡ axles, J sets 

of 2-a..xlc t.ruc~~ (110 -E0 -B0 ) and t·~o sets of 3-axle ttucY.s (c0-c0 1 

•re considered. 

JllR used J-axle trucks for t¡pe EF62, however, 2-a:<le trucks 

o1re r..ostly used recentl:/-

The three axle truck has the m~rit of $IIlall weight transfer 

between axles, and effective util1zation of under floor space ty 

reducing Spilce for trucks, however, it also has the de!llerit ~ha~ 

side pressure increases at sections of many curves causing exces

sl.ve wcar of rails and whe"l flanges. J:lR once """de corr.para~ive 

experiments of type EF 62 with J-axle trucks and type EF63 with 

2-axle trucks un.<ler the sar.-.e condLtion, the results of t.he test 

are shown in Fig. 9-J7 and Fig. 9-JB . 

rw•t• 

"""'" 
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Fig. 9-37 Ef-62 C0-Co Elect~ic Looo~tivc Flangc Thrust vs 
Wheel Lending Ratio (Stntic Axle Loading 16 tons) 

- 145 -



, ..... ....... 
' 
' • 
' 
' 
' 

' 
' 
' , 
' 
' 

u "''""' '"''""' .. , .. ,., ....... """'' """ .. , .. , ... , 
' ' • • • • ~ • ' ;, .• ., .. • 

' •• •<l•;··;¡ 

,, 
..• • ' . !. • 

·/:'l' • 
' ' • ' 

, 
' ' •• .. .. ,,,,,,,. ...... ..., .. ,, " ..... .. , "'""'' 

.. , ... 

• 

. . . ' ... 
k • ' • . .. . . ::•¡ .. 

''""!''' .. ......... , ... 
...... , ...... 
~ ,.,, .. "". 

Fiq. 9-3B EF-63 B0-B0-B0 Electric LOcornotive Flange Thrust vs 
Wheel Loading Ratio (Staüc l'.xle toadinq lB tons) 

The figures clearly indicate the difference oí the side pressure. 

In Japan, ailrost all recent loccnrotives are adopting a 2-axle 

truck, considering the many curved seclions in Japanese railways, 

as one o! the rcasons. In the case of B0-Bo-Bo arrangement, 

middle truck is requ~red to be rnade for easy side movement (about 

lOO mm on a curve of 100m radius), and two methods are available 

for it, ene is to employ longer hang.~ng links, and the other is 

to providc a roller for transfer to side direction. 

A simple comparison of the B0-Bo-B0 system and Co-Co system 

is shown in Table 9-15. 
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'table 9-15 Cc:::¡.ari,son o! J-&Xlc Truc:ks and 2•dJ<lc Trucks 

Whee l AdvAntages Disadvantaqes 
arrang=.cnt 

" Tot.>l bogie '-'Cight can ,, Ea eh axle, especi.llly ,. slightly dccrcased "" center axle, r.ms t 

co::.pared "'üh !!0 -B0 -B0 • allow • lar9e lateral 

" More between 
degree ol freedc::. •• space 

bogies, "here fuel 
deCr<!aSe "" flange-

tanks large itemg 
force. " complica tes 

O< 

"" ol 
ol electrical equip-

constructlon .,. motor susp<lnsion, 

~·· ••• 
, . installed. 

Co-Co 
b.-ake r1qgin9, .., 
~" guides. 

" Motor suspension 
direction rnust "" '"" ·- lo order .. óo-
crease weight crans-
fer, which restricts 
freedom ol desiqn: 

" Lower flange fo.-ce than " '"" center bogie nust 

Co-Co. ha ve • largc.dcgree o< 

" Easy dynar.~ic analysis 
later"l movement 00 

lolhen selecting "" 
follow track cu:-ves. 

··~ 
consideration 

suitable stiffnoss '"' "" given •• 
ea eh mer..ber m=< ~ ... ts ., C:CI'l-

B0-Bo-Bo pcrnent. '" '"' dcsign. 

" '" need ~ per=t large 
lateral 

~·· 
movmnents • . , Silnple cons truc tion, 

which sl.mplift"s ~m-
factur" and ~aintenance. 

9-6-4 Transfer of N<l" Weight and Devic" to Prev.,nt It 

In th" case of tracting a train, the difference in the heights 

between coupl"r and rail surfac~ wh.,re traction forces are acting 

caus"s moment. This moccnt is support"d v"rtically bctween trucks, 

and betw.,en axles within a truck, causing a differcnce tn the 

axle weight of each axle to that occurs during stopping. 

condition is called· transfer of a.xle weight. 

\ 
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An e.><azcple for axle weight transfer of a 4·axle locQI:IOtive 

'is shown in the following (see Fig. 9·39) 

,o, 

,o. 

,o, 

,o. 

<> 
& 1 " Cj ' ' FJ~~"f' . -

' 
h l r ' ' " ' ' e .. 

\ ' 

\: "' ' 
~ 

\ 
Fig. 9·39 EXplanation of Tr~nsition of 

AXle ~ei9ht of 4-ax!e Locmotives 

' AA'" [IW¡"· 
2F(H•h) ''" e ' 

' AA'" llw, • • 
ZF(H · h) 

' ''" e T 

J A><le llw, ~ 2F(H · h) ''" e ' 
4 Axle liW, ~ 

2F(H-h) ''" ' e ' 
Where: r: Traction force per ~le. 

H: Height o! the coupler 

h: Height o! the center plate or the traction 
force tran~ferr~ng point 

L: Distance between center plates 

1: Distance o! axles. 
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In thcsc cquations, the first te~ is transfcr of axle 

weight between trucks, and the second te~ is trans!cr of axle 

weight within a truck. 

In thc ca~e of a 6 axle locoMOtive, a s~ilar principie 

can be applled. 

l'!ethod of controlling C'~rrent to tr<>.CtlOn O':Otor :or e.lch sh<>.:t 

in accordance with such axle weight transfcr as can be used, 

howevcr, in most cases tract~on =tors and othcr cor.:ponents .ue 

~de to the same perform<>.nce, therefore, it is desir3ble to 

mechanically reduce axle weight trans!er as far as posstble. 

As a ccans o! preventing th~s d><le '"'eight tr"nsfer, lt is 

desirable to =ke force transttission vcctors of couplers mect 

as near to the rai.l as possible. Many dcvices are propased for 

this purpose, including a low center plate systern, V-shape link 

systcm and long-link system "s representative ones, and exarnples 

of each of thosc are shcwn in Fig:;. 9-40"' 9-42. 

Fig. 9-40 F.xample of Low Center Plate Truck (Type EF7ll 
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(Theoretical e~planationl 

' ' 

Fig. 9-41 Theoretical Explanation and Actual ~arnple 
('I'ype W72) o.f V-!orm Link Truck 
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The latter is used relatively widely, partially in con• 

sideration of the ~erit of allowing to make axle distance smaller, 

however, a controllable device is necessary for the change oí 

body support haight, and the angle of the link by waar-out of the 

wheel. 

9-7 Control Equipment 

9-7-1 High Voltage Tap Changer 

A high voltage tap changer is a piece of equipr-ent for 

changing output voltage by an arrangemcnt in which two rollers 

or brushes move·on segmcnts connected te a single wind coil tap 

of tM.in transfon>er a, shown in Fig. 9-'43. Changing is perforr.ted 

by a circuit brcaker operated under link nction with the roller 

so that the ~ain current will 

not be interrupted in the mid-

way of.changing. Generally the 

roller and segmcnt are placed 

in oil llrtd nttached to the body 

ot the ~a in transfomer. 

Intennediate >·Jltage between "'"• 

taps may sometimes be taken out, 

by using a current li~iting 

reactor instead oí current 

li.miting resistance • .-esulting 

in an approximate doubling of 

the numbe.- oí thc notches. 

Segments are arranged in 

longitudinal c.- cylindrical 

form. and a small elcctnc 

~tor is emplcyed for operation. 
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9-7-2 Lo"' '."oltag~ ~"-? Char.g"r 

A ¡ 0,. volt.>gc t.>? changer ~s connected to taps o! the second<><'/ 

winding o! thc m,un transfo=.c.r, and consists oí a cor.'.bir.nion o!' 

which <!o r.oc :or-'"" cuuont. 

capacity, hr~aKing of the cunent beCOTO"S difficult, ""¿ ,-.u¡r.•Jt>c 

atnplifiers or t.hyrJ.stors are used in t;hc circuit to change S'-'l.tch 

under no-are, and controls voltage between taps continuously. 

Fig. 9-44 indicates the principie oí no-are tap control. 

c-+~To th~ lcad 

C<>n«ol Uqnd 

Fig. 9-44 Low Voltage No-are T<>p Control 

9-7-J Main Circuit Switches 

(1) Unit SWitch 

A unit switch is an elect~gnetic air-blast switch, wit.h 

a ahort interrupting t~e by use of pressured air for switching. 

Also, a largc contact pressure is obtained. 

The operation is perforrned by electrocagnetic valve. 
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{2) Elcctron'l4gnetic Contactor 

An elcctrornagnetic contactcr operates I!IOVable contact 

piece by electrornagnetic pulling force without using pressured 

air, and·opcratcs undcr the s~ principie with that of clectro

~gnetic r~lay used in control c~rcuits. 

(J) c.., Contactor 

A cornbination of carn-shift controller and cam contactor 

is advantageous,whcn the switching sequence is predetermined 

as the selection switch of low voltage tap changer. This 

equipment is also used for the control of dynamic brakes, 

etc. Tablc 9-1& indicates characteristics of JNR's representa

tive main circuit switch, and Table 9-17 indicates the t~erature 

rise li..mit. 

Table 9-lG Performance of Circuit Brcakers 

oypo """"' 
Rating Brciaking Weight: 

(A( perfo=nce (kg) 

Cal!! contactor "'" "' 20 [!:IH) JOO[A] 6.; 

Electro::.agnc U e contactor SRGOl "' 
O[ml!] 500(!1] u 

20[!:1H) 350[A) 

Electromugn<!t:ic 11 ir switch 20l!:IHI 2,400[A] 
(unit switch) SIU14 "' 80 [!1'\H] 1,200(A] " 

4[dl) lO,OOO[A) 

High speed circuit breaker CB16 1,500 20!mH) 6,000[A) 205 
40[1:111) 2,SOO[A] 
SO[mll] l,OOO[A[ 

Note: Rated voltage is l,SOO[V] 
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'l";>ble 9·17 To=perature Rise Li.zn.it of 
ROlling Stock Control Equ>~ent 

Ter;perature rise Li=lit 

Location "' ' Reustance Thennometer 
tnethod ~:~ethod 

Class ' ~nsulo>tion "' " ( 9 S l 

Class ' insuhtion "' " ( 100) 

Winding Class ' insula.tion no " (110) 

Class ' insulation m n; ( lJSl 

Cl<>sS " insulation '" "' (160) 

Main contact:or - " 
Contacting 

Knife edqe coritacto.-

" -
portien 

(self force} 

Knife edge contactar - " (other force) 

Ten:Linal - " 
e"·='""') Flexible conductor 90 

be given to 
the near 
portien 

No h"= shall ,. given eo 
Bare conductor, bare winding 

'"' near portien 

Note: Tcmperature rise in ( ) is applü:able in the case of large 
currents anda low number of turns, such as the blow-out 
coil or current coil. 

9-7-4 Equi~nt for the Control Circuit 

(1) Elect.-ooug"netic Relay 

This equipment is usad to detect over-currcnt, ovcr-volt~ge, 

e 4 rthing, no-volt~ge, differential current, etc., for protective 

purpose. Currcnt limiting-, voltage limiting- and time-delay

relay are also available, for control application, and the 
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aqui~nt is also usad to rclay or amplífy signals. Sama of 

thcsc rclays are similar to those used for general industrial 

purposcs. l!owavcr, thosc dcs~gned for exclusive rolling stock 

use with increased reliability and vibratíon proo!ness are 

adopted. 

Vacuum relay which adopts a vacuum switch in lieu of a 

lead switch is also available for thc improvc~ent·of the 

reliahility o! contact point and ease of maintenance. 

(2) . Contactless Rclay 

Mechanic"l l~fe of normal relays is about 5-¡:lillion tir>es, 

and clectrical li!e is about 500-thousand tiltles. Although 

dcpendent on the structure, contingent contact failure occurs 

in once in hundreds of thousands o! tiJne. "!"herefore preventiva 

maintcnancc ü difficult for those being used I:lOre frequently 

than 100,000 times/year, and adoption of cont.actlQSS aquipment 

is desirablc. f'urthcr, electronized"equipment is des1ra!>le 

\otl,en quick operation speed, high operation accuracy or small 

differcncc of opcration and release point is required. 

A'contactless relay is an electronics circuit, applying 

thyristors and consists in a printed circuit or enclosed in 

casing and conncctor used ~n electromagnctic rclay. 

COntactless rclays ar" being applied co many sections in

cluding skid dotectors, protcction relay such as ov.,r-currcnt, 

ovcr-voltagc, cte., cam shaft motor short circuit relay for 

cam shaft controllcr. 

9-8 Auxiliary Machine System and AuxilL<ry Rot.ary ~-!achine 

9-B-1 Compa~ison o! Auxiliary Machine Systern 

AC-"l"ctric rolling stock requires many aux1li~ry motors for 

cooling of "quipmcnt, etc. Power source systcm of those auxiliary 

rotary machine is classífied as single phase AC, DC and 3-phase 

~. 
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111 Single Pb1se AC Syst= 

~he source is obtained by direct use ef the third ~indinq 

of the ruin transfor:cer. Secause oí single phase, t!'le 1:10tcr 

comes to be a single phase inducticn O>Otor, and capacitors !o.-

vcltagc fluctuauon 1s largc, ""d also w>ll direcel:¡ be affected 

by supply cutcut <1t crp~sl!l'J dead sections. 

(2} OC-systen 

This system is to receify (~ith voltage control devicc) 

output of the Jrd ~inding of !llilin transío=.er anC supply as 

constant volt~ge DC, the therefore a DC-cotor is used as an 

awuliary =ter, and can b<! said te be disadvantageous in VH!~ 

of wei<¡ht, price and maintenance. 

One of the DC-systems to use current transformer (CT) in 

the main circuit is available, which operates the auxiliary 

machine ~•th current proportional te the main circuit currcne, 

this system has sorne merits in that the revolution speed can 

be controlled; hc~ever it has many prcble~. because the motor 

stops as soon as ~in circuit is cut off, 

(3) 3-phas':' ;.c-system 

Single phase.AC is changed to 3-phase current, by way of 

a phase ccnvertor, motor-generator, inverter, etc. This systam 

allews the use of a 3-phase induction motor, and is most ad

vantageous for small lightweight cotor use. 

9-8-2 Phas~ ConV<!rtor 

A circuit diagram and vector di<~gram of a phase convertor 

are shown in fig. 4-45. Winding of the phase convertor is the 

same as that of a 2-phase induction motor and the rotor is a 

squirrel cage type. When the rotor is operating ata speed 

near the synchronizing speed, a voltage of 90" phase difference 
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with the sou~ce voltage is 

induced in auxiliary winding 

and a three phase voltage as 

ahown in the drawing is 

obta ined. 

9-6-3 MOtor-gencrato~ 

~ motor-generator systerns 

are also classified int.o 

Fig. 9-45 Circuit and vector 
Diagr~ of Pha~e 
Convertor 

single phase induction motor, nc-notor systEm and thyristor motor 

syst~ to be selected in accordance with the motor side system; 

and whichever system is adopted, the output voltage can be f:wced 

in spite of íluctuation of line voltage. 

(l) Single Phase lnduction Motor Syste;.~ 

This systc"' is advantagcous for sz>all c"p"city, hOW"evcr, 

when the capacity is large, the phase con~ertor mentioned 

abovc is more advantageous. 

(2) DC MOtor System 

This syste.m is more disadvantageous than thc phase con

verter in weight, price, end "'aintenance. However, it has the 

spec:ial íeature of being excellent in accuracy of frequcncy, 

and voltage fluctu<~tion range: 

(3) Thyristor motor systern 

This is to adopt " thyristor motor by which the corn.~utator 

portien of a DC motor is converted to contactless by w11y of 

thyristors, 11nd also is called a brushless motor-generator 

(BLMG). Although disadvantageous in tcnns of high initial 

investmcnt and with incr....,ent o! conversion part, it is very 

attractive becauso oí the substantial sirnpli!icaticn o! maln

tenancc. This syst""' together with the inverter Dentloned 
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b01lo:;·~ i~ co~.~•d~rcd to be a leading cqu•pment in the futu:ce. 

FLc¡. 9·~6 ,;.d1<:atcs t~e prindplc of BL'\G and Fic¡. 9-47 

indica tes t~c sect1on of rotati<mal 1:1achine body. 

Fic¡. 9-46 Schematic Dia9r~"' of A.C. Bntshless Motor-
9"nerator 

Fic¡. 9-47 Section~l View of Brushless.Motor-c¡enerator 

9-B-4 tnverter 

Acco .. panying the developmcnt of the largc capaci ty G"rO (qatc 

turn off thydstor), sca.ll size, lic¡htweight and hiqhly efficient 

inverter bec=e olVailable. 'I:his syst= is expected te ..ake 

significant dcvelopmcnt in spite of its weak point of not able 

to cope with power sourcc cutout such as point of cross1ng dead 

section (in the case of rotary ~chine, continuous supply is 

·available by inertia force). 
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9-B-S Auxiliary Rot:a.ry Machine 

(1) Motor Driven 1\ir Co!!lpressor 

This equip:-.ent is co!!lpressing air for use in bral<.e equip

=ent and control equiprncnt, and consists of a cnotor partion 

and air compressor portien. S!!laller :::.achines are =<le in onc 

body, and large capacity !!l<lchines are r.~<~de to be driven by a 

belt, raising the motor s¡¡ccd to result in srnaller, light 

weight dcsign. The motor is ratcd for short time (30 !!lin) 

operation becnuse of inter!!littcnt operation. 

On thc othcr hand, in 1\C-elcctric rolling stock co~presscd 

air is used for clo~ing of air-blast circuit brenker and raising 

pantograph. Therefore, a srnall !!lotot compressor using n battery 

for drive shall scparately be installed. 

(2) Motor Driven Blo.,.er 

The blo,.,er is used for cooling the traction motor, main 

transfo~r. static convertor, reactor, etc., and a centrifuga! 

type blO"'cr is used for large air quantity rcquirement, and an 

axial flo"' type is used for cooling the reactor or heat ex-

changer. 

The.capacity of the motor for driving blO"'er is given by 

· the follm..tng equation: 

Q·H 

"' 
[kWl 

Where; Q: Vol. o! nir (!11'/roin) 

H: Air prcss. (1!1111 Aql 

n: Ef!iciency of thc blower (\) 

k: A constant d~termined by the bl~cr, 
About l. 3 in this case 

(3) Motor Driven Oil Pump 

Oil circutation pur.p is necessary for roain transfo~er or 

static power convertor of oil circulation air cooling system. 

A centrifuga! purnp is used in many cases as the oil purnp. 
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CHAPTER 10 

MAINTENANCE OF AC ELECTRIC 

ROLLING STOCK 



10-1 Pr~ciples of Rollín1 Stock Maintenance 

10-1-1 Lifc Cyclc and Ma~tenance of Rolling Stocks 

The lifc of A.C. electric rolling stocks, as is the case \óith 

that of all industrial product.s, comus toan end, qoim; throuqh a 

process of ~nufacture to use and then to disuse. Until this 

process iS over, there is a need to Daint.ain thern as good as at the 

time of their manufacture in te~s of function and perfor~nce. 

lt is equally import.ant for thc sak" of railway =ndgernent. to 

pro1ong their life as lonq as possible. With this in rnind, i.t is 

necessary to take regular and te~::porary measures in order to 

restore to norrn.1lcy the devices and p«rts the function and ¡:;er

forounce of \óhich h<1ve deteriorated in the course of theu use. 

These mcasures, known 1nclusively as maintenance, are consiCered 

import.ant factors in the life cycle of any rolling stock. 

10-1-2 Aqinq and Failure of Roll~q Stocks 

After the use of rolling stocks for certain spans·of time fr~ 

their manufacture, thct:e appear a \óide variety of degenerating <>~>e

nomen<>, such as weac-and-tear and ilbrns1on wh1ch v.;u;y acconling to 

the conditions of theit: use and opct:ation, and fa~lllre and wc~<:-~nd

tear as a t:esult oí decoloration and erosion which take place, 

dcpending on the nut>ber of yeat:s of theit: use. The phenomena mlght 

porhaps be ca1ssified in the three patterns of l..nitial íailure, 

accidental íailu"e and failuce dlle to wea.r-and-tear (Cegenet:ation). 

"lnitial fnlure" is one which brcakS out due toan i<npcopriety 

of quality cont.rol in the manllfactlll"<J process and other rensons. 

tt occurs in tho> relative1y ear1y phase of the use. 

~Accidental fai1ure" is c~used by an ahrupt and e><cessive 

st.ress. For e><amp1e, it takes place when an electric or rnechanic.>l 

shOck, an intrusion of dust, s1111d, water, etc., andan overheating 

greatet: than anticipated at the designing time h.>VE! been produced. 

"Failut:e dlle to wear-and-teat:" ot: "fnilure due to degener<1t1on" 

as ro11ing stocks hnve come to th<J limit oí their life span due to 
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wear-and-tear exhausticn during their use and te deccloraticn and 

ercsion which take place in prcportion as the rolling stocks have 

been u1 use. 

Initial and accidental failure m~y be technically coped with 

te some extent primarily with improvements in the production and 

quality control systems or subsequent improvements. Insofar as 

failure due to wcar-and-tear is concerned, however, there is a need 

to replace or replace components as they have completed the¡r life 

span due te their wear•and-tear, deterooration or cxhaustion during 

the course of their use. 

The failure ratio of such products v~ries, depending on the 

lapse of time. The convention~l quality control system is in

adequate with no consideration provided·to a lapse of time, so 

much so th~t qualoty control must be done with full heed given to 

a lapse of time. 

Elec~rlc rolling stocks us~ large numb~rs of electrlc ap~li-

ances and parts. BCCOlUS~ of this, thc occurrcncc of cl<.!ctric 

degeneration and fa>lure {degenerated insulatioo, electtolyt>c 

corrosion, improper electric contact, cte.) is higher th.:ln is the 

case with other types of rolling stocks. 

Electric degenerat1on ~od failure may be greatly rcduced and 

the life s~n of thc devices and parts may also be greatly extended 

by accurately grasp1ng changes in their characteristics w¡th a 

lapse of time and by doing prevcntion and mainten~nce. 

10-l-3 K<ointenancc e! Rolling Stocks 

In case rolling stocks and equi~crit havc degenerat~d and 

their functions have dropped te a point ~o~hete they are no longer 

serviceable, it is desorable that the conditions be oormalized 

befare the1r failure to maintain rolling stocks in good condition 

at all ti!oes. 

In c:arry1ng out the c:heck, inspection and repair of rolllng 

stocks, daily c:hecks and ~intenance are normally perfo~cd at 

the dcpot and for regular inspections and repaits, which may be. 

l11r.encd to preventive t:ll!dicine, to be conducted at thc workshop. 

"' __ .. ___ _ 



The equit::::ent oltld ,;co-.ponents the functions of which have degcne:rated 

should once "'""'"t.<! m.>de fully serv1ceolble by ~estcr!.ng the !·"~-C

tions to no~l<:y '" one of ~he follcwing methods. 

(L) The equ>pment and parts in question wlll be replaced wnh 

new ones (te be thrown away after use). 

(2) The deqene•ated sections and c:omponents "'ill be ,cpaired 

(te be ma~ntained and reused). 

Here, "'hether they are to be thrown a~~y or ma~nta•ned and 

once again to puc u~e ~" dctennin~d by asseSS>nq the fcllol.llfi<J 

factors, 

(a) Deqree of difticulty in ac:quisition: purchase, storaqe ar.d 

manufacture 

(b) Prospe:;ts for recovery of functions: Technoloqy, facil~t•es 

~d numher of d~ys to be required 

1 ol Cost-effectiveness: Price and number of work processes. 

'nle caintenance of rolling stoclcs is closely tied in w1th the 

planning, desiqning, manufacture, opcration and scrapping o! rol Llng 

stoclcs and the ;.ike. Fcr the maintenance and control of rolling 

stoclcs and equipment, it is necessary to acquire informat1on about 

the ro11ing stoclcs designing and operation, supply information 

about thcir maintenance to the design or operation sector ~d 

manage the enterprise in an efficient manner to assure their normal 

oper.ation at all t1mes and raise their oper.:tion coefficiency. 

10-2 Systems of Maintenance 

10-2-1 Types of Maintenan~e Systctns 

The kind of inspection and repair which is te be conCucted 

for thc m~intenance of rol1ing stocks' performance and safecy is 

determined in all aspec:ts from the standpoint of cost-effcctiveness 

•s • ~tter of cou:rse. Here, there is a need to establish the 
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•method• anil "cycle" Of inspecticns and repairs in the most econcrni

cal system, and this is kncwn as a flsystern cf ~intenance." 

The basic system of rn-.üntainln'l roliinq stocks rnay rcughly be 

divideil as follows: 

(a) While layi~q hcld of the tendency cf relling stecks' fa>lure, 

their maintcnance is perfe~d in advance according te sorne 

rule. (Prcventivc maintenancc) 

'" A majcr functional recovcry cr improvcment is conducted. 

· (M.aintenance for improvcmcnt) 

(e) Mainten.,ncc is perfcnocil after thc perfono.,nce ef rolling 

stccks has dropped due to their failure or degener .. ticn 

and thcy h"ve re.,ched the servict' liro.it. 

rnaintenance) 

(1) Prevcntive Maintcnance 

(Bre"k do"-n 

Whcn equipmcnt h"ve greatly failed er degenerated, it re

quires huge arnounts ef rnoney to restore their functions te 

nermalcy and a great impact is produced en their safe operatien. 

The preventive maintenance systcm in which maintenance and repair 

work "re done on " regular basis befere the degree of failure or 

degcneratien dees nct go beyend the prCscribed l1mit is quite 

instrumental in "ssuring thc safety and extending the life span 

ef the rolling stocks. 

Fer prcventive mainten.,nce, it is a fund~ental rule to 

determine and enforce a cycle cf inspections (number of mcnths 

gone by cr number of kilometcrs cperat:Cd) IJhlCh starts IJlth a 

daily inspection and ends with an cverall inspectien. 

As fe~ degcneration, the ratio of electric degeneratien 

(degeneration with insulat1on, electrelyt>C ccrrosien, impreper 

electric contact, etc.), rather than degencration w1th abrasicn, 

is 9reater fer electric rolling stecks than for steam and diese! 

rolling stocks. 

When electric degeneratien has passed thc limit and dcveloped 

into a failure, the da~ge becomes exceedingly qreat and a huge 
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<llnOWlt of ror.ey ~~ re<;u1rcd in "'"""Y cases. Given this factor, 

thcre 1s a r.~cd to real1ze the tendency of electric degeneration 

and thc li!c span and c~ry out preventive ~intenance at an 

(2} ~intenance for I<=".provef:'.ent 

kJ the t1me span in which rolling stocl<s are "sed u long, 

they may be left behind thc advance of technoi.C>"JY and become 

obsolete. To prevent this, the !.a test technology is sometimes 

introduced, in part, to inprove the~:~ to a level where their 

perform=ce is better th<>n <>t the time Of their product1on. 

Toa line to which new rol.l.1ng stocl<s ha ve bcen assigned, 

OIOteover, rolling stocl<s so,.,etimcs have to be ~<:~Pr~>Yed, deper.ding 

on the conditions of the line, as it 1s necessary to prevcnt 

thc occurrcnce of fa•lure of the kind which is peculiar to the 

line. 

(3) Failurc M.aintenancc 

As regards thc sections and cquipmcnt which are requircd 

for the maintenance of rolling st.ocks' performance and thc 

assurance of their safe operation, it is necessary to kcep them 

normal with preventive maintenance. 

Howevcr, in respect to the scctions and equipment (customers' 

service facilities, scrvice equiprnent, etc.) which are not 

dircctly ticd in with the maintenance of rolling stocks' per

formance and safe opcration, it somctimcs is better, in terms of 

cost-effect~veness, to carry out break do~~ maintenance, as it 

does not directly hinder the operation. 

For the railways of foreign nations, the causes which may 

lead to failurc maintenance are surnmarized as follows with 

reference ~ those ~hich are required for the ~intenar.ce of 

rollingstocks' pcrfornance and the assurance of their safe 

operation. 
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(a) Economic problem: Shortage of budget and hard currency, 

belated acqu;sit~on of parts, shortage of spare parts and 

lack of rollinq stocks. 

{b) Technological problem: Extre,.ely sm"ll capacity of facili

ties, improper inspection cycle, technological inexperience 

and extremely small number of rolLing stocks by type. 

(e) Inforrnationalproblem: Inadcq.,ate grasping of the conditions 

of rollingstocks' mainten<>.nce and insufficient .-ecords. 

(d) · Others: Robbery of rolling stock parts and damage by 

accidents at railway cross>ngs. 

(4) Comparison of Mainten<Lnce 

The merits and dcmerits of preventivc and break down ,.ainte

nance are compared bclow. 

Table 10-1 sho"'S a comparison of cost bctwcen pn:ventive and 

br~ak down"maint~nance. The number of .rolling ~tock~, frequency 

of their operations, volume of their transportation, cost rcqu¡red 

for them, etc., vary, Cepending on the railway, so rnuch so that 

there is a need to compute all costs and compare and assess them 

in a comprehensive ~nner. 

The systerns of rnaintenance ~y be divided into the follawing 

four types. 

(a) Preventive ~~ntenance is done on all rolling stocks and 

equipment. 

(b) Rolling stocks are subjected to preventive maintenance and, 

in part, to break clown m"-intcn"ncc. 

(e) Failure maintcnance l.S conducted on all rollin9 stocks and 

equipment. 

(d) All rolllng ~tocks and cquipo1cnt are discarded "'thout 

break down m"intenancc (.-cpan "ork). 

Now that. rolling stocks ;md equip¡ncnt are relatively dcar, 

have a long scrvice life and are ~portant as assets, it is a 

"' 



norm"l r·~"cc>cc for each ~"il'"'ay to fonnulate and operate 

a SjiStL"' of ,-.. untenancc on tne forc::nse that thelr prcv.,ntlve 

•••untcn.>ncc >Hll be conducted. 

Table 10-1 Gomparison between Preventive ~~intenance and 
arcad D:>wn t1.>inten.>nce 

Maintcnance Pre•Jentive a~eal< óo~ 

Cost t:¡pe maintenancc m.>intenanC!l 

No =al .,aintenancc 
cost Large Small 

Repa>r cost Small Largc 

Incurred lo~s S10all w.rqa 

10-2-2 Typas of Inspections 

(l) OCfinition of Inspection 

Inspcction, as referred to hcre, is one in which the degree 

of degcneration of each assc~~ly of rolling stocks and equipmcnt 

and whether a failure has oecurred is check"d befare their use 

or befare and after t.heir repair so t.hat their use ""'Y not be 

hinderad after a functional adjustment and co01pensation. 

(2) Types and Organi:r.ation of Inspectlons 

The inspectiom• come in two types -- a periodic inspection 

performed on a regular basis and an incidental inspection con-

ducted as occasion demands. one exa:ople is shown in Table 10-2. 

Table 10-2 Types of Inspections 

Daily O"leck o' t<:ain '"' op<>r.üed) 
inspe~tion 

Che~l< o' "' train condition ""' function 

l'eriodic Intermed~ate Check o' principal parts (travet, drive 
inSpection inspection pO'W<"' b~.>ke) 

Ovcrall General check 00 disassemblcd principal 
inspection P<lrts 

Operation O>.eck ""' countermeasur~ng o' t.roubl~ polnt 
Inspection inspection dur1ng operdtion 
according 

Special Speciül check o{ \Ohole M rail-<o necessity • oc pürt 
lnspection cars after "' occurrenc" o' trouble 
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'!'he establish111ents "hich "ill t<tke charge of the ,ainte

nance of rolling stocks are determined, depending on the number 

of rolling stocks, geographical conditions, typcs of gauges, 

organization and capacity (facilities, necessary personnel, work 

process and materials) but not necessarily constant. 

In other words, it is ad~isable to select the most cost

effective establishment "hile taking account of the return of 

rolling stocks, transport of equi~nt, number of days w;th 

rollin9 stocks' Operation suspended, etc. 

An example of the types of inspections and the establish

ments in charge of the maintcnance is shown in Table 10-3. 

! 
" ¡ 
< 

1 

1 

' 

Table 10-3 Inspccting Establis~~ents 

Typc oC 1nspcction Place oC lnspection 

0\lerall irLspection Workshop 

Intermcd1atc lnspection lolor;;shop, oo,.,, 
Daily inspcction ~pot 

Opcration inspectlon Depot 

Special inspecuon Workshop, OOP'< 

Incidentally, the JtiR' s exazople is shown in Table 10-4. 

Table 10-4 Namcs of Inspections by Type 
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10-l-3 lnspect1on Cycle 

Periodic inspcct1ons are performed in a co~ination of overall, 

intc~ed•ate ~d daily 1nspect10ns. The inter~ediate and da•ly 

lns»ectwns "'"" not one type of inspection but sever"l kinds. · One 

exarople is g>ven 1n T~l~ 10-5. 

As regards a combinat10n of inspections, a daily inspect>On lS 

repeated and at the t1me of an 1nspection after a certain period 

(running distance in kilometers), ~ inspection of the next h1gher 

level is perfonn~d. Aftcr this inspectlOn is repeated, an ¡n~pec-

tion Of the further higher leve! 15 conducted. 

inspection 15 perform~~-

flnally, overall 

Tahle 10-5 Co~1nation of Inspections 

7<"'" ~'"'' on <<.""'" 
'"'""'"" t.Qn • '"""'''" 

"'"' .. "'"'" "·•><ot>On 
""" • L L 

'"'"""" 

"""'"" """' 

or:=+=¡-t+J ( 

Notes: 

o 

1 1 yk- t 

" 1 1 1 

i: T~ain inspection period 

X: Frequency of train inspections 

y, r.,equency of inspections of conditions and actions 

z: Frequency of intermcdiate inspections 

K: Daily inspection pedod 

L: lntennediate inspection pe.-iod 
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10-2-4 Octermination o( Inspcction Cycle 

The rollin9 stock comprises the car body plus various equip

""'nt, pipin9s and •»n.n9s. These compcnents are divided >nto a 

<,¡roup develcping gradual wea:: and deterioration in opcration and .a 

group suffering deterioration as ti~e passes, regardless of 

whether they are operated or not. "!"he trend and status of deterio

ration widely differ, depending on the environmcntal conditions 

(gradient, sand and dust, ~eather, rainfall, salt) of the section, 

operating kilometers, operaticn frequency, and running specd. 

The life span of rolling stocks is r&latively long and the 

technical lcvel prevalent at the time of their manufacture reflects 

their function and ccnstruct>on. Given this factor, there 1s much 

difference in degeneration, and the degree Of degenerat>on also 

varies, depcnding en the date of manufacture and the number of 

years gen~ by even for one and the s~e ti~ of rolling stocks. 

The period of a regular inspection of rolling stocks must be 

·determinad with these factors taken into account so that it may be 

performed at an appropriate t~. For this, there is a need to 

check, record and update degrees of degenerat~on and ~~ar-and-tear 

at each periodic inspection. 

with the aggregate running distance (kilometers operated) and 

the length of hours gone by (period), the period of a periodic 

inspection ~ill be made coincident ~ith a cycle of kilometers 

operated or periods. 

An e>taJ:tple of the JllR is given in Table 10-6. 
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Table 10-6 .nlR's Inspcction Syste:o. 

Compar~son of A.C. Electnc Locoo>c>tives (ACELs) and Diesel 

Electric LOCotoOtives (OELsl 

o 

!, ~ 
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~- .d. " " . ' •• • • "' • o 
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@-o 6 o 6 
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@-o. 6 o 6 
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f--- •·O ,.,, ot 

l> -tO$ Ot 100,000 ... 
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•• .. • • 
" 

' 
'' . . ' . . •• • • 

6 o 6 
J{l """'"' Ot >'0,000 .... 

l> _<l .. Ot 12>,000 .... 

f--- "" ,..,, "' ,,ooo""' 

l 
~ . 
~-
~~ 
• • • • 
@ 

l 
~ . 
~ . 
" ,. 
" @ 

•o """'"' o• IKIO,COO"' 

; 
~ . 
~ . 
" • • 
" @ 

00 OOatOO Ot 
-.ooo.,. 

The above table shows the running distance in l<ilot:~eters which 

restricts the return is different b~tween the ACEL and the OEL. 

This is because the ""'intenance of e"pendables tcylinder liners,_ 

etc.) for the engine are taken into account. In the s~e vein, 

the period of an inspection also differs between e lec trie and diesel 

truck ca.rs. 
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10-2-5 Substance cf Inspccticns 

(1) Daily lnspection 

(a) Cperation rnspection 

This inspection is directly tied in with the operat1on of 

rolling stocks and carried out in a cycle of short periods 

before their use. Jn this insp<>ction, ""pcndables and abradcd 

parts are supplied or replaced, and thc action and function of 

pantographs, bogie trucks, driving gcar, wheel and axle sets, 

brakes, electric appllances, door locking devices, indoor 

systems are checked. 

The inspcction, which is desig-nad primarily to check the 

functions, is conducted while an electric tra1n r~mains 

in the yard. 

Incidentally, as regards diese! rolling stocks, the actlon 

and function of their engines, pOwcr generators,·ecc.,.are 

ascertained in addition to the above points. 

{b) lnspection of Conilitions anil Punctions 

In this ~nspection, the conil~tions anil functions of spe-

cifieil parts wh~ch are directly tied in with thc operat>on and 

safety o_f rolling stocks <>re asccrtained. with each assernbly 

of a rOlling stock remaining as it is, the check cover of each 

assel!l.bly is taken off and a tester· used to measure the degree 

.~of degePeration anil the value of the characteristic of each 

asselllbly. Th.e ...,int"n"nce, cle¡o.ning, refueling ¡o.nd adjustrnent 

of contact and slid~ng plates in the electric appliances are 

conducted; carbon brushes, pantcgraph slippers, electric 

contacts, brake blocks anil other expendables.are replenished 

or replaced, and insulation and resistance te~ts are pcrfonned 

on electric parts. 

As regards diese! rolling stccks, their engines are checked 

and refueled with the rclling stocks le!t as thcy are in addi-

tion te the ;o,bove COil1ponents. 
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Table 10-7 tnspection of Major Equi~ent and Parts 

Ooll >ng . 
''""' Cl•" 1 f """0n " "''a"'""'l>n~ 

"" SlOUoo tqu•-·• Ov•••ll ¡nur ... d•n• ... _ .. ,. "·0f>*C<l00 • 
'"' ~' '""""''""'"""" """"' l ><4-p•« 

<nopOCtlOOI '"'~'*'"""' 
Po n t og <a ph • • • 
Alr bl•>t clreult ••••••• • • • 
~" ,,.¡«h .-d oro•••• • • • 

1101n cuc"it 

·~"- ~·· tcon>fo<M< • • • • 
~ .. !e<>ntcoll <«<>hec • • • • 
T<u<;<>on .,,,, • • • 1 • 

M<IUYO ~" 
l:nq<n< • • • 

~" ~nccator 

1 • • • 
Tr•Y• J • ' 

• • 1 • 
c~n«ol ..... ~ 

1 • 1 
,.,..¡ oon«ol 1 • 1 • 
COupler 1 • 1 • 1 • 1 • Q>uplor 

1 ¡ 1 1 Bu! fe. • • • • 
,.., ... '"'"'" 1 • • 1 ' 1 • 

""""'"" .. ., Sv>nq . , .... • • 1 • 1 • 
Spr>nq • • 1 • 1 • 
Wt><el and o. lo • • • 1 • 
roundAtlon buko t1qg1ng • • • 1 • ...... , .. ~~ 

1 1 Al< control volveo • • • • 
..., .. lluydcv.«O Au>lll"y ""tor . 1 • ' • 1 • ' ' • 

Tuln oto¡• ' • • 1 • • 
' 

S&foty denoo• 
o 11 o 

1 '""'""'"' • • 

o lnop<c<>on wnh tho aoeMno to.on off nd d> .. ne,..,lod 

1 lnopoct>on ~nh thc p•<t , .. ., Off out not duuoonl:>lcd 

O lnop<cUon w>t'h tho ~•<h>n< Ioft fltt<d ond d.l••,.<"'>l<d 

~ ln>f>*ct<on w<th tho ,..,, f<ttcd ond Ioft as <t ¡o 
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(0 

~·· 
Hacbine ACEL oec 

va. t:cster o • 
Ligbtning arres ter tcstcr o • 

Inspect:ion 
Main co=utator tester o o 

~' repaH 
o< electric Pantogr.oph tes ter o • • 
parts 

Engine parts tester ' o 

,., o< other testers o o 

Inspection 
Cleaning device o o 

•oo repair Brakc tester o o 
o< a ir 

Distributing 
brakes 

val ve tes ter o o 

'"' o< other testers, etc. o o 

Cleaning •oo polish1ng devices ' o 

Damage detector- • o 
Inspection 
and'rcp;>ir '" val ve c=c tester ' o 

o< engine Governor tes ter ' o 

Cylinder head tester ' o 

Engine performance tes ter ' o 

'"' o< otbcr cargo handling devlceS, etc. • o 

Comprehensive cncuit testing device o o 
Inspcction Fud •supply 
<o< lnOVC-

dcvice • o 
. 

oo< Trolley wire o ' 

'"' o< other testers, etc. o o 

The table shows considerable facilities and theretore land 

are required for the inspection and repalr of DELs. 

The overhaul of engines no~lly takes much more days than 

that of the repair of other dev1ces and parts or the bogie, so 

mucb so that it becomes necessary te do 1t by cxtending the' whole 

· worl< process or todo rep;>.ir work 1n c"ircles with spare enqincs. 

The coeffic:iency of use of the si te is accordingly dropped that 

IOUCh. 
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The JUintenanc:c of rolling stoc\<!1 is conductcd 
tn the phase 

concept and sys~em mcntlon~d in 10-1 and 10-l. .. :·: 
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'inspection , the re !or<: , the balance 
· :;•··i"."' : equipr-..ent and the enqu>e plus thc gerlerato~ ~ep~eserlts !rl ad-

balance of cYnnt:enarlC<! ..-orl< both fot l'oCIOLS a~.d DIOl..S. 

,r··-- 1_ .-.-;,:: _ :: ···- .. ~o!.1'~0n, the ma~nt~r.<>nce <:ost c<:Juld b<! made s.,alLEo< ;.CE¡;s c;.an 
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