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CHAPTER 1

OUTLINE OF ELECTRIFICATION



CHAPTEE 1. OUTLINE OF ELECTRIFICATION

1-1 Effact of Elggtrificatian

1-1-1 Present Condition of Electric Traction in Japan

TEE_prusenE_cnnﬂitiDn of electric tragtion in Japan is
shesam in Table 1-1. Of the JHNR's total route length of 22.%97 km
{of which 1,176 k& kelong to the Shinkansen line), 9,611 km are
electrifiad, accounting for 42.5% of the total route length. The
traffic volume by clectric traclion accounts for £4% of the toral,
showing that the JIR'S main means of transportation i; based on

alectric traction.

Dircct curéent of 1,500 v was invariably uscd for electrifica-
tien until 1957. However, with successful commercial applicarionsg
of altemating cur:entl electrification Oy this current has expanded
rapidly, acgounting for a half of the total electrified route
length at present. With private railways, of their total route
length-of 5,599 km, 4,907 ﬂm, or B88% of the watal, are eleckrified,
COVoer alﬁnst all major routes [operating mainly on 1.500 V direct
currcent), The sections of the JNR under electrification work at
present £0t31 1,888 km, including the Tohoku and Joetsu Shinkansen
lines (scheduled to be open in 1982 with a total route length of
B3l ko). Whet these Sections are completed, the total electrified

route length will be 11,500 km {electrification ratic of 49,13 .

The share of railways in Japan's traffic wvolume in fiscal
1979 was about 40% in terms of passenger-km antt about 10V in teres
of ton-km. Since electric traction are the main means of trans— '
portation for passengers, electriec cars number about 35,000,

accounting for 75% of the total passenger cars.

hs rogards locomotives, almost all of them are for freight
trains except for long-distance sleeper trains.

{See Tables 1-2 aad 1-3.)



Table 1-1 Electrified Route Length by Type .
funit: km)

x — =
Under Total km in ,
1500 v . service cation
1500 ¥ 20 kv 25 kv ratio
and
others
TR . L [B435] [21421] [39.4]
45965 3470 1176 9611 22597 q2.5
. : (60D V) ’ '
Private
1 7.
c ay 1147 3747 3 4907 5599 1 B7.6
Total | 1147 87112 3483 1176 14518 28196 - 51.5
{Under construction)
JHR. G982 " 75 B3l 1888
Figures in sgquare hrackets Exclﬁdu the .Shinkansen: -
Table 1-2 HNumber of Cars by Type
' {unit:car)
Electric Electrie - . Diesel
, Diesel
Cars locomotives locomo-
: cars tives .
DC AC-DC |. AC oC AL -DC AL
(2415)
JHR 12126 2088 2582 | 1002 229 625 L03s . 2109
Private 17260 | - 130 | 202 - - 205 206
railways
(2415)
Total
ora 29386 | 2988 | 2712 [1205 | 229 | 625 | 5243 2115

Figures in brackets indicate those on Shinkansen

lines,

In addition to those shown above, the JHR owns 6,000 passenger

cars and 100,000 freight cars.




Table 1-3 Domestic Pasgsenger Transportation in Japan

{Fiscal 1979)

Moans of
transpor=- | Railway Bus - |Automobile|Aircraft| Others Toral
cation
100 mil-
lion 3125 1083 1199 302 64 7773
passen-—
ger-km
Ratio % 40.2 13.8 41.1 1.9 0.9 R4}
Donestiec Freight Transportaticn in Japan
{Fiscal 1979}
Means of [
transpor- | Railway Truck Coastal shipping, etc. Toktal
tation
100 mil-
lion 4131 1729 2260 4420
ton-km i
Ratio 9.7 39.1 51.2 100

1-1-2 Progress of Electrification foar the JNR

It was 1219 when elactrification of the JNR emerged as Japan's

energy policy.

At tha£ time, in view of the rapidly increasing

demand’ for industrial cocal, the JHR, which was consuming 12% of the

rotal ccal consumprion, forﬁad the view that a change ke made to

electric traction to save coal through hydroelectric power genera-

tion and decided to electrify its trunk lines and to construct

hydroelectric power statlons.

From then on, the efforts made by those concerned gradually

bore fruit, though hindered by variocus obstacles including changes

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

War II.

Thus, by the time the IR was reorganized as a public

corparation in 1949, it had electrified a total of 1,600 ko



Among the pelicies adopted hy the JHR since it was recrgnﬁized
as a public corporation, “"Adoption of. AC Electrification”and "Hotive

Power Modernization” need special mentjoning.

After conducting a large-scale survey ©on the method of AC
electrification based on a commercial frequency and & speclal high
tension voltage, the method which was drawing attention as a new
mathod of electrification for its advantages, the JNR decided to
adopt it on a full srale.‘ As a result, the first route bhased on
this method came inte being in 1957,

This successful electrifjcation by 20 kv 60 Hz {Booster Trans-
former System) gave Japan's electric railways an opportunity to
learn a greaﬁ deal and the knowladge cbhbtained had a great imggct on ..
a wide-ranging fleld of technology. The results of numerous tech-..
nological advances thus brotught-about:laid .the foundation for the

construction of the Shinkansen line seven-years lateroin 1964.. .

The Motive Power Modernization Program formulated in 1959
stated: "Thé JHR must electrify 5,000 km of its unelectrified main
routes and adopt diesel traction for other routes in 15 years®
time at the latest, abolishing steam traction”.

At that time, Japan's industry was uwndergolng extensive moderni-
zation through technolegical renovation and only the JHNR was mainly
based on antiguated steam tracticn. The program was formulated to
meet the urgent needs for the-mmdernizatieon of transportation and

streamlined management:

This program was carried out step by Step under leng-term
planning by the JNR. ~As it had been planned, skean traction was
completely abolished in fiscal 1975, and newly electrified lines
anount to 5,100 ko of its ?cﬁtes {excluding 1,180 km of the

Shinkansen linel.

The program thus achieved its goal and alsc produced additicnal
results such as the developmont on a commercial basis of the Auto
Transformer feeding system as a new electrification type, (See Fig.
1-1.}
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1-1-3 Effect of Electric Traction
{Compared to diesesl traction)

The changeover to electric traction not only has a merit in
terms of cost because of the change in energy from oil to electri-

city but also improves railway management in numerous ways.

The effects of electric traction can be summarized as below.

{l) Effect due to Improved Car Performance
« Increased effect of infrastructure of railways -

The tractive capacity increases due to the characteristics
of electric motor.vehicles, thus_ingreasing.the transport capacity
per train., The headway can also be reduced by fast acceleration

and- deceleration:(ingrease.in transport .capacity).

Thhse,effects:lead;tu:an'increnEE'in:the:quantitatiVE'qapa——u

city of .-railways. .

{2) Reduction in Running Costs,.

= Funning costs, e.q., power cost, ‘repair cost, personnel cost,

can be raeduced. -

Since electric motor wvehicles require lower power and repair
costs, this economic merit can adegquately cover the additional ..

expenditure for maintaining electrification facilities,

In addition, it will be posgible to reduce the number of
crew members with the increased train speed and the increased

tractive capacity.

{3) 1Increased revenue due to Improved Services

- Revenus is to be increased Hy providing comfortable trans-
port services with the increased train speed and a low
pellution level {no smoke, no smell, low levels of noise

and vibration) -
The reduced transport time due to the increased train speed
serves as a significant benefit for passengers, resulting in an

increase number of users.



" 1-1-4 Effect of Improved Car Performance {(Cases)

{1} Traction Characteristics

To show the difference in performance between electric and

diesel locomotives, DL-DUS1 and EL-ED75 models currently used by

the JUR are compared below.

Table 1-4, Specifications of EL and OL

hydraulic type BC 20 kV
oL EL
{DD51) (EDTS)
Weight glvg4 t 67.2 t
Service rating 2200 ps 1900 kW
(1100 ps x 2) (475 KW x 4]
hxle'arrungenﬂnt BE-2-B P-B

The traction characteristics of EL and DL show that EL is
far superior than DL in traction, particularly in low and medium
speed ranges. Moreover, when they are compared with regard to
traction, assuming the speed to be constant (40 km/h}, we find
that E{, is 1.8 times larger than DL (EL 18.9 ¢ against DL 1D.5 t),
When they are compared in terms of balancing speed, assuming the
traction to'be constant {10.5 t), we find that EL is 1.6 times

faﬁter than DL (EL 65 km/h against DL ﬁﬂ km My,

Table 1-% Comparison of EL and DL in Performance

oL l EL ]
{DO51} {ED75)
Speed 40 km/H 40 km/H 55 km/H
Tractive 1
" efFort 10.5 ¢ BE.9 t 14.5 ¢
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{2) _ Improvement in Speed .

As regards the improvement in-speed by electrification, the !
JHR records show that standard traveling time was shortened about

10153 after electrification. {See Fig. 1-5.)

Moreover, since electric cars produce fast acceleration and
deceleration, the headway on high density secticns can be reduced.

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

1-1-5 Reduction in Punning Costks

{1) FReduced Power Cost

Since the product of the power consumption rate and the unit
price of power determines the power cost, it is necessary to take
_these two factors into account when comparing power costs. The

power consumption rate fluctuates according ta varlous factors

- 11 -
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4

including the train type, the speed, the track condition, etc..
However, an average figure for the JNR as a whole is used here

for macroeconomic comparison.

gince the unit price of power greatly varies acgording to
the energy situation in the country concerned, it cannot be
applied universally. The unif price of power for the JHR is used
for the data here. I

Table i-6 Comparison of power Costs

The unit:prices-are-for:fiscal 198G,

As Table l-6 shows, the power cost per car-kilometexr of

electric cars is about 40% lower than that of diesel cars, while

the power cost per hauling weight kilometer for electric locomo—

{(Fassenger}
[ . .
Puwe$ ConSUnE linit price Power cost Ratic
ticn rate - -of power
Electric.cary L.67 kwh/Car km'| 17 Yen/kkh - 28 Yen/Car-km 57
piesel.car~ |. D.641 -%/Car-km| 78:Yens/L.. | .50.YensCar-km= |’ 100: . .|:
: : 3
[Freight)
Electrie 2.2 k¥h/10l 17 Yen/kwh | 37 Yen/100 km 48 -
locomotiva Ton-km Ton-km 1.
Diescl 1.0 &/10f 78 Yen/% 78 Yen/100 160
locomotive Ton ko Ton-kn

tives is about 50% lower than that of diesel locomotives, showing

“that the power cost is lowaer with electric motor vehicle with the

JHR. '

Hepdless to say, the unit prices of electric power and light

oil are greatly affected by crude oil prices. Consequently, the

above-menticned relative relations of the power cost also fluctuate.

Fig. 1-7 shows the rate of increasc in unit price for elect-
ric power and light oil in the last decade, There was & marked

difference in the rate of increase between the two, i.e., l4% per

- 13 -
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Fig, 1-7 Changes in Energy Prices

year for electric power and 21t for light eoil.

As a result,

Mota: BSank of Japan Wholesale Price Index.

the

merit of using electricity has been increasing in recent vyears in

Japan.

With the recent commercialization of regenerative cars by

means Of thyrister chofper control, the energy consumption 2ffici-

ency of electric cars will further improve.

energy wWwill be dealt with in detail in 1-2.)

- 14 =
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In general, the car maintenance cost for dlesel cars tends to

Raduced Car Maintenance Cost

be higher than electric cars because of a large number of parts

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

because of a high degree of accuracy reguired in assembling the -

engine, the torgue convertor, etc.

according to varlous inspection standards.

Car maintenance is carried out

Tablg 1-7 compares electric cars with diesel cars in terms

of annual maintenance cost {personnel and material' costs} based

on the JNE recaords.,

Hith-bﬂth-ufﬁthem,mthefunit maintenance -cost. of,elecktric-cars 1ls,.

If the annual total running km is the same

about “S0T0 of-diesel cars; showing-the:goodreconomy ‘of  the.-

farmer. ..

“h -

- LY

Table 1-7 Cooparison of Maintenance Costs per & GCar '

LR Y

s

1

" Electric car
{direct current:
suburban type)

EMI(120 kW X 4)° 4T

Diesel car-

[cﬂmmuter-typel-

180-pg .x 2.

Maintenance cost
£1,000 yen/year)

(45) 5,900

(1o00) " 13,000

Electric locomotive
425 kW x &

Diesel locomotive

Liguid type 100 ps % 2

Maintenance cost
(1,000 yenfyear)

{73) 156,500

{1o0) 22,600

Figures in brackets are index figures.

{3} Other Effgcts

The improved car performance due to electrification increases

the train speed and reduces the train hour {decrease of 5%10% with

the bHR].

ieproves and it is possible to reduce the personnel cost.

Piq- l-ElJ

- 15 =

v

Af a result, the operational efficiency of crew members

{(See

LY

LR
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Fig. 1-B Comparison of Passenger Train Hours
h before and after Electrification

Furthermore, the JNR was _able to combine or abolish car
sheds after electrification because of the reduced number of cars
and that of inspection and repair personnel. Such as incidental

merit should also be considered.

{4y Increased Expenses due to Electrification

Electrification requires maintenance work for ground facili-

ties., The recent JNER records are as sShown below,

Maintenance persomnel: 0.17%0.4 person/km

Material cost : 600 thousand yen/km

s regards the additicnal investment jin electrification
facilities, expenses such as depreciation and interest form addi-

ticnal expenditure., These expenses should be-evaluated in relation

to investment effects (1-1-7).
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1-1-6 Increased Revenue due to Impréved Services

It is considerably difficult in general to assess to what
extent the revenue increased because of improved services., This
section is intended to cutline the results of an analysis of the
passenger traffic induced by the increased train speed_ and the

higher frequency resulting from electrification.

The induced effect was obtained by 1) forecasting the passenger
traffic (passenger-km} without transport improvement and 2} obtain-
ing the differenca in percentage with the results of improved
services.-The induced effect on those sections.where transport

improvement was carried out.was obtained.as below,

Co * | ! ordinary-passengers - Commuters
. . I -
Electrified.. .

' " - " 14y o
sections (9) 3% 1 2% 14y
Un&ln;ect‘nfied 27 6% ﬂ N By
secticns (4)

The above' figures-showiclearly-that-:the.induction-rate:was::

higher on .electrified:sections with'both-ordinary-passengers-and-

1 .

comnlters.,

It gan also be congluded in general terms that the induced
effect of impraved services on passenger demand tends to increase
in proportion to the population denslty., the traffic density and

the ratio of tourists in the section concerned.

Other results of the analysis also show that the effect of
higher freguency on induction was large om commiter lines and that
the induction rate was mainly dependent on the rate of improvement
in train freguency. They also show that the effect of the higher
train speed on induction was large on those trunk lines where the

long-distance trains are lgportant. (See Fig. 1-9.)

.17 -
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1-1-7 'Assessment of Inavestment Effect

The JHR has used the additional investment yield racio to

assess the effect of investment for elecrrification.

Increase in Expenses for Expenses far

Roturn rate of 2arnings - glectrical + diesel operation

additional lnwest-  _ operacion

menk Investment for _ Investornt for diesel
electrificaticon operation

Expenses : power cost, personnel cost, repair cost, depreciakion cost

Investmant: ground facilities, cars

This return rate of additicnal investment ascertains the merit
of 1nvestment statically ata point of a gspecific fiscal vear. Accori-
ingly, it does not take into account the fluctuztions of Eccnnmlc_
factors relating to the effect of inves-ment. Nor is it necessarily
appropriate for agscertaining the overall effect of long-term invest-
ment. - Therefore, the DCF method {discounted cash flow method] is

mainly wused at present.

{1} Method for Assessing Investment Effect (DCF me thod)

tne of the characteristics of this method is that the future
cost {or cutflow] and benefit (or inflow] are discounted to pre-
sent values for comparison., In this way the rate of disgount can
take into account the rate of inflation and factors of uncertainty

in the futureo.

As regards indicators for asscssing the effect, various
methods are generally available to caleculate 1) cost henefit ratie,
2) ecurrent net value and 3} internal rate of retdrn. The NUIR usas
the internal raté of return method which iﬁ useful for ranking the

investment effigiency.

After obtaining the internal rate of return yo which sacis—
fies the formula below, it is compared with the standard internal

rate of return'TB which can serve as the criterion for detemmining

- 19 -



the feasibility of investment. If ya> YB. it can be cﬂnélud&d

that the feasibility of investment is positive.
H=re,

Yo: I Ve + g __ - Io =0

z=l (L+Yo)® {1+,

Ve: Ve = (Ryt - Ree) - (Oont - Oct)

Fy: forecast earnings afrer investment
Rp: forecast earnings without investment
on

1 estimated expenges after investment

{excluding depreciation cost and interest)
Og: estimated expenses without investment .
¥ {excluding depreciation cost and interest)

Y¥o: intermal rate of return

In: initial investment

T : project life:

S : residual value of fagcilities after T years -

‘{2) Exemple of Economic Calculation. -

Table 1-B is the economic calculation.ﬂf investment for ele-
ctrifying a suburban line decided recently by the JNR. In this
case, the rate of inflation for ecach factaor is 0. This M an 5

that the effect of investment is most conservatively estimated
in this case.



Table 1-8 Compariscn of Electrification and Diesel
Traction regarding Earmings and Expenses
(million ven/year)

Electrification Eizziinn Differenca.
® ® -
Total expenses 414 881 - 467
Power cost 183 281 - g8 '
Rolling stock main-
tenanco Cost, 177 I S = 140
Gr?und facilitlies 33 ) .6 12
maintenance cost . - . T .
© personnel cost ™ - 243 - - 2434 . ‘-
¢ Miscellaneous cost. e 22.7 : a0 . --18 ~
| Increass in eamings- 15 = -— ! 15 . :

Personnel cost are for crew members and inspection and maintenance

personnel.

Investment: ground facilities - 3,100 million yen ' -
rolling stock - . 2,200 milliom yen -
. Condition.of. transportation: +about:4;000. train-km/day - .. L Fene ’

about 16,000 car-ka/day

Internal rate of return :  15%

1-1-8 Benefit of Investment for Electrification for the JHR -

{1} Asgessoent of Previous Investment for Electrification

As described above, the effect of investment for electrifi-
cation covers a wide-ranging field. It is therefore difficulr to
quantitatively assess everything. In particular, analysis of the
affect on earnings poses a difficult problem. Accerdingly, the
effect of investment for electrification-carried-out-up-until now-
was calculatad tentatively only on the basis of expense; which

were ascertainable in fiqures.

bl
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As regards the methed of caleulation, on the assumption that
all electrified sections of the JNR (a total of 8,435 ko at pre-
Eent excluding the Shinkansen line) were operating on diessl
traction, the expenses {repair cost, persnnnel cast, pouer cost
and depreociation oost} were first obtained. . They were then COm~

pared with those in the case of electric traction to obtain the
difference.

The _results are given in Takle 1-9, which shows that electri-
fication meant a saving of about 230 billion yen a year for the

JUR., eguivalent to as much as 1ll% of the total expenses of the
JHER.

Though this assumption that the present electrified sections
are operating on diesel traction was made in order to calculate
the macroeconomic effact on expenses, it must be pointed gut that
this assumption, is considerably unrealistic. Por it is difficulc
in reality, for!instance, to carry out transportation of such a -- -
high density as required for the Tokyo Metropolitan zone with
diesel cars. That is to say, it can-be concluded that the pre-
sent burden of transportation cannot be carried out unless it is
based cn electric trastion in a considerably large number of
areas. Therefors, it must be emphasized here that the effect of
invesement for elecrrification is not only the reductiom- in-- .
expenses as calculated abgove but alsc the good services to com- ...

pete with other means of transportation such as automobhiles and
aircraft,

{2) Benefit of Investment for Electrification
{Present state of the JHR)
Of the JHR's route length of 21,300 km (excluding the
Shinkansen line), those sections of doubla-track and above total

about 5,600 km, while electrified sections total about B,400 km.

In the case of investment for electrification, the larger
the traffic wolume the higher the benefit of ths section. Accord-
ingly, the JHR electrified its main trunk lines of double-track

except those sections with special conditions. There is no doubt
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Table 1-9 Comparison of Expenses between Electric
Traction and Dieseal Traction

(Unit: 100 million yen/year)

" Electric Diesel bifference
traction Frnctiun
® ® -
Expenses iga9 7178 - 3289
Maintenance cost a71 } 1696 ! - 825
morting seocx |1 - aess | L
mertiwes | U U
/Parsonnel-cost:: .- ETI.:'l 1+ lde8= -‘LEEET;.';""'_' "
Rolling-stock-*1i|.-  -g05:% ! l4eB o Y
; el s e e
oReitites |0 NP
Power 'cost 981-: too2122 -11417
Iepreciation cost 1166 - e 1892 - e'.-'!ﬁ
t_Rolling-steckwe2wy 10833 [0 iez- 41
;; ?:2?2?;1e5- ) 103~ |

*1: Personnel cost {cars)- ig for inspection and repair persennel

other than those personnel at Railway Factory.

t2: Hased on purchése prices.

about the profitability of investment for electrification on those

sections where the traffic volume makes it necessary to operate

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

ing to single-track sections.

The track capacity (the number of trains which can be operated

per unit hour) depends on the nature of the section (the ratio

between passengers and freight, the station interval, the

- 23 -



signaling system, night trains, etc.). In the case of the JHER, it
i{s about 80VIO0 trains/day. '

Fié. 1-10 presents in model form the expenses of electric
traction and diesel traction (for single-track sections) with the
number of trains as a parameter. This was prepared on the assump-
tion that the expenses concerning cars are roughly iq proportion
o the traffic volume and those concerning electrification facili-

ties roughly at a constant value to the traffic volums.

Electric Diegel
traction traction

annueal expenses (per route kml

-} 1Diesel Reoll-
Electric ing stock
Rolling

stock

1 1 i i ] 1

0O 20 A0 B0 B0 100 B0 S0 40 20 1]

- 1ITrain frequency ___ I“'“' Train frequencyi
(total of both (total of both
directions] directions)

Expenses: personnel, majintenance, power,
depreclation and interestc Costs

Fig. 1-10 Comparison of Annual Expenses and Train Frequency
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E‘.i.g. 1-11 shows t.hesﬂ expenses in terms of unit expenses
a per train frequency {excludinq interest} . The two sygstems show
the same running cost at the train freguency He, However, invest-
ment for electrification cannot be justified for the benefit of
this size of traffic volume, The economy of investment for ele-
S gtrification'can-be approved-if the traffic volume (N1} increases

further and the size of the benefit (Byi) seems to guarantee an

~ appropriate and sufficient return for investment.
c -
E : %dva g T duanEnge - : |
T I :.4: e.'l.‘ af-electric| | . .
i I : ~
3 .
n ' 3 ' | -
1
1 m I
= I & - — .
&, . - J
. ¥ - |, 4 I' | Investment. for
W | electrifica-
I ! | tion'feasible
|

-—'—Diesel,fractim:"

,\1 By1 © - C

O
o

ks ®

[ —==—— _—— Electric tractien

et e e —— e —— e —— -]
ht e e e — — f— —

No Train frequency

=
-

Fig. 1-11 Comparison of Expenses per Train and Train Freguency
e - In order to increase the benefit of investment for electrifi-

cation, the JMR's engineers have made every effort to reduce the

investment cost for electrification and maintenance cost.
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As a result of these efforts and fluctuations in economic °
factors due to the oil erisis, the range of profitability in
investment for electrification has extended in the case of the ‘
JNR, i.e., sections with a train-frequency of around 60/day ten
years ago to those with a fregquency of 30n40/day. The JHR intends
to continue to make efforts-to reduce costs in every sector in

crder to increase the benefit of ulectrié,tractian.

1-1-9 Conclugion

The effect of electric traction in the case of the JNR has

been described above mainly by comparing it to diesel traction.

The JNR has a total of 9,600 km of elactrified sactions at
present; it will exceed 10,000 km when 800 km of the Tohoku and

Joetsu Shinkansen lines go into serviece this vear.(See Fig. 1-12.}

Almost all of these electrified sectiun; were completed one by
one ag Japan recovered froﬁ the devastation left by Werld War II,
taking a total of #&bout 30 years. Electrification aé the initial
stage of reconstruction was a means to increase the tfransport capa-
city in response toc a rapidly increasing demand for transpartation.
After the Japanesebecun;my assumed a somewhat settled tone, it was
to improve services so that more attractive services could be pro-
vided. Afrer the wave of increasingly rapid motorization began
to affect railway management in Japan, it became an important mana-

gement improverent policy, placing the emphasis on the reduction of
transport costs.

The effect expécted from eleétrifi:aticn has ﬁhus changed in
weight in response to changing circumstances. However, we hecame
convinced from experience that the unchangeable usefulness of
electrification lies in that it strengthens the charagteristics of

_railways as a system of public transport such as mags transporta-
ticn, rapid transportation, comfortabkle, safe and ihexpensive means

of transportation.

The contents of this chapter entitled "Effect of electrifica-

tion" are inseparable from economic values unlike technical. themeg
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for ChEPtEr 2: FeEding S5Ystem and following chapters. hccnrdin‘;l?-
it should perhaps be added here that the fizures given in this chap-
ter values ascertained amid the actual envirpament of Japan inecluding

the economy, 2ociety, culture, etce.

1-2 Electrification and Energy
1-2-1 Outline of Supply and Demand for Energy in Japan

Energy consumption in Japan increase:". with its econcmic
growth, but remains almost at the same level since the 911 crisis
in 1973, +reaching 399 millicon tons.in.1379 when l:r:nvarted "and
totaled in terms of oil, .

The supply of energyrin Japan is characterized by-its.high
Y+ reliance-oniimports-86%:in Fiscal:Year {1979)- and heavy: dependence , -
onsoil (71%), especially -as seen by the situation:where-almost ;1_11 i
of the oil is imported. '

In view of the anticipationvthat. oil.supply will becoma.more ..
and more difficult to obtain it is now the most important and
urgent national problem te get the energy saving measures .thoroughly
implemented in every field of activity, and. strongly promote -the
development “and - introduction.of: substitute energy -for oil in.order -

-

to reduce dependence en oil.

1-2-2 Epergy Consumption iﬂ the Field of Transportation

The total amount of ;nergy consumed by Japan's domestic trang-
port systems in fiscal 1979 was 568,000 billion keal, nccountlng
~~- for 14.6% of Japan's tutal energy consumption of 3,900 ﬂﬂﬂ billion
kecal lequivalent to 390 million tons of oil at a conversion rate
of 10,000 kecal to a kilogram}. As the breakdown in Table 1-10
shows, cii supplied a total of 533,000 billion keal, or 24.4% of
- the total domestic oil consumption, and electricity supplied 37,000

billion kecal, or 2.8% of the tetal domestic consumption.

Electricity is geperated from diversified sourcessuch as oil,

LNG, coal, atomic power and hirﬂraulic power as primary energies.



Howover, since ©il supplied S2v of the total power generated, the
oil} encrgy censumed by the transport section actually amcunted to
552,000 billion kcal, or about 194 of the total domestic oil enerqgy
consumptien of 2,890,000 billion kecal.

Table 1-10 Energy Consumption by Source  Fiscal 1979

e pELE Corexstlc LiadRport
Sguroe ol anerFgy OGP L | D 1yntama .
’ e Cemzunpt Lon (1) ] v (B (R
|
LLE:] ! 4.6
ratal D 1 won | | 1
Toral T3 | 186§ 411 | 4.4
Gasglbne (to.oD0 kit [ 114%1) 297 |I [BTEFRD) 194 r ]
Lighe il (E0,000 kL) 12154 19% (B3N] 171 Bl
- (K 1 110,000 11227 la7 1174) 11 q 14
o
Kl TOAE R
’ I9E FL]
qmc ail 110,000 W B 12730 a4 i 1 il
Heavy oll $10,000 kb 1EL4%1 Bk (15 Tl v
Other types of all 4"l - -
Elacericivy '@ 13540 1359 11500 17 i.B
100 milluoen kWHb
Othar 4n#CTLen '@' 1% - - -
Electricity gansratsd with 104 1
okl
total 0i} coargy (D (@) 19 557 19.1

Combumprion wilts 1,003 BlLllion kedl
{pgquivalent ta 100,030 eows of oill.

Figyres bn brachety are actudl Thgurds.
Motes] 1) Sourcer FReaowrces and Lowfgy Agency, Comprahendlve Enesgy Svstiscice
2] 51 af electricity iz watleated to ba supplied by oil-fired

R T ACLon .
Fig. 1-13 shows the percentage of traffic volume (passenger-
km and ton-km) and the energy consumption shared by each of the

transport means as classified broadly into passenger and freight

servicesg.

The share of railways in Japan's traffic volume in fiscal 1%79
was about 40% in terms of passenger-km and about 10% in terms of
ton=-km. In the same year they consuped about 39 x 10'? xecal of
energy, or about 7% of the total energy consuned by domestic trans-
port system. Accordingly, in rough figures, railways in Japan
carried about 30% {pagaenéer-km.and ton-km) of the total traffic

-voluma, consuming about 7% cf the total energy consumed by the
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_entire transport Sector, These figures indicate that Japan's rail-

ways provide transpertation of high energy efficiency.

{Sea Table 1-11.)

Table 1-11 - Praffic Volume and Enerqgy Consumption : .

(Figcal 1979)

= )
Domestic Raijlways } JHE
total
® ®@/@ v ©e/®
"P“?‘;Eﬁ“;;::ééixﬁu‘““ 2708 ) 3125 (40.5) [ 1947  (25.2)
- 111 i - o
PPRlIT e volwme o s 431 (e.8) | 423 {9.8).
ﬂ““ﬁgﬁ’:’;‘ﬂ’ﬁ“m? * 5970 |4 o393 (6.5ha.|. 26 (4.4).
Source: Traffic volume from the Ministry-of Tranépnrt statistics:
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Transport

1-2-3 Enerqgy Consumption Characteristics by various Means of

Table 1-12 shows the energy consumptlon units by various meang

of transport as calculated from the actual results recerded in 1977,

From the macroscopic point of wiew, it can be sald that the

traHSporé means of good cnergy efficiency are railways and buses

for passenger traffie, and railways and ships. for freight trans-

pnrtatinn.' Takle 1-13 shows the energy consumphion units as analyzod

in further detall on passenger transportation.

These snergy <on-

sumption units are largely affected by technological elements

concerning the propulsion afficiency of the transport means them-—

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

namely the lead factor {seat-load factor or freight-load factor).

Tahle 1-12

-

Transport Means (Fiscal Year 1877)

[1] Passenger trafiic

Consumption Units of Operating Energy by Various

Ttems Traffic Energy Ensrqy Inden ]
v lume eonsunption Consumpkion numie ¢
Transport (100 m1llinn (10 pillion unit [kcal/f P Psileay”
meang passengar-km} kcall passenget-km| taken az 1)
Railways 1,113 1,162 101 1
JHR {1,937, {2,028 ‘(1oL
Private rdilways 13,126} (1,134} {10t}
Buses 1,046 1,483 1d2 1.4
Butomob il et 7.640 1n,a0% 7711 7.7
Airplaney |Downstic) 235 1,613 28 7.9 _J
(21 TFreicht crraffic
Itess Jraffic Enaragy Energy lndax
v lume cenpumpbion conswnption nurbar
Tranaport [100 millien {10 billjon unit lkgalt {"JNR" taken
neani tra-km) kcall Lo -kml) as 1)
JHR 405 57e 142 1
Trucka 1,411 19,896 1,330 9.8
|Busineas) 18001 {5, Jed} (610} (9.8
(Frivata) I631] (14,533} 12,304] (1,2}
Ehips lInternall 7.0:23 5.34n 764 1.9
3 -




Table 1-13 Consumption Units of Operating Energy in Passenger T:affic

Losrgy ?
Number of
) COH T T 1o : Capaclty
1. Xinds of CTanaport maans unit (heals SCIURATLE , {persons/car)
pastengar-kn} (persons/car
" Shinkansen 140 a5 "
JNER Comouter electrls tralne %Q BD 140
Local diesel trainm . 1eo - b1} -
[trban high-apesd 1
i -
Friveote Tal lvayy 0o 6 ' ks
f“ Iways Local passenger y ' -
b 160 11 -
rajluwayw - '
Business  [Genwral} ~ ' 220 1 - 14 "o
- w = " {Chartered) . - an . 17 -1 § !
Puses L .
N - IExpressl-- AL IRRE ¥ 1, I . 25 * 40
Frivate . . g - .. 100 L - . 2% . .
—1
Automo-.-| Buslnesw : ' 1,370 ’ c.8 - e ANS '
bilus . Privace 140 1.4 < 4ns

..On.the other hand,..there-is.a prablem with such‘simple comparisons -
.+ . bascd-on macroscopic average. values, when.:cnsider%ng:that e;;h:"
means of transport offers a variety of transportaticn services. 1In
this sense, we wish to make some analyses on energy consumption
 rates {or specific energy consumptions) on the E;Eis of some Eﬂncrat&

*

axanples,

{l) Comparison af V;riups Interurban High-speed Transports

with Respect to Energy (Case 1) .
We wigh to make a cﬂmparisun of the representative interurban
high-speed transportation with respect to consumption units. 1The

. section batwaen the .two kiggest cities of Japan, Tokyo and Csaka
—— 4 (2bcut 500 km in distance) is a section of. the most.active flow of

passengars in Japan. Table 1-14 shows the energy consumption of

. three principal means of transpart which are used between thess

two cities - JNR Shinkansen railway, airway and super-highway.-

- 32 -



-

1

e T

. v
am n +
T

n

!. -
S B
-

Table 1-14 Comparison of Energy Coasumption in the Route between
‘ Tokyo and Osaka (Passenger traffic)

' f:::::ka.::un Alrplans Alrplans | Autorobile
" (BT4T=5R) toc-10) {2000 cc
16 carw)
1 Rute, Dletance B Cween B twasn Betwaar Bacween
dtaticnms Airports airparts city conters
S5 km 500 km 310 ko 550 km
2 Humber of Ecats L 433 D0 11 ]
1 Energy consumgtion *1 "1
(e~ ay] 20,300 kwH 13,100 ¢ 9,800 L &l L
4 Convergion fackar 2,450 8,900 &. 900 B. 600
v kealWWH kcal/tL kcal A kcalst
5 Enarads " w7 w95 x w6t |'116.6 x 10* [B7.2 x 10* 5z.5 x 0%
{34} LA T Y keal * | . keal kcal
e . AVErADE Tiser of g3 |- a1 = 271 TN
cut | o USES + passengurs -;| passangers | passengers |2 passengars”
F} - - B
17 1| Coefficlant of . ] . - - b -
16/2)°' [ utiliratiom = ' NS B " o 40% |
1g «| Enerqy:consumptions- | 53.200:kcalr| 281,000 keal) 222,000 kcal} 263,000 keal |
iga"ﬁi' , PRT perRon s, /passanger. |*/passanyers{ passengerrct] Jpassenger - |7
| (Rakda) =@ I TR {4.9) :
3 . Enezgy conmumpiion . 19} keal/: |. 510 keal/ &07 kecalf 417 kcalt
18/1) unit pACSetiger-ke | paszengecin pu}unge:-k- Paskanger-km _
{Pratla) (Lo - {5.1) {5.%) i4.6)
. Travellng time 1M T 1M . gHzom ’
-
Waiting, Access ste. 5H 1H3gM 1H 30N g
- *1 _Mat.including sccwss wnerqy to alrpork, -,

7 -.pmwsumkd value -1 the bational-average - is-L.4.}. - - .

Although it may be necessary to take into consideration the time

required to cover the distance, the.energy consumption units te

airplanes and automcbiles are 5 to 6 times ag large as that of

Shinkansen.

In Fiscal Year 1977 the Shinkansen carried 29 billion pass-—

enger-kms , consuming electric power of-1.6 billion kWh, which

corresponds to 440 thousand ki (2.8 million barrels per year) of

poWer generation.
carried by airplanes or automobiles, 5“6 times as puch jetc fuel

or gasoline would have been needed, which fact will prowe effac-

tiveness of Shinkansen railways for oil saving.

-3

heavy ©il, supposing the electricity is wholly produced by steam—
1f this amount of traffic volume had been



{2) Comparison of Various Urban Transports with Respect to

Energy (Case 2}

The Tokyo Metropolitan Traffic Area and the Kinki Traffic
Area are the two biggest urban areas of Japan, which include the
population of 24 million and 24 million residents regpectively in
a gircle each with the radiuvs of about 50 km. Table 1-15 shows
the traffic volumes by varicus transport means in Fiscal Year
1976 in these two urban traffjic areas. In.both‘nf the areas," the
mass transpOrt means such as high-speed railways and buses have a
high share of 75% to 700, and automobiles have only a small share.
It can be considered that this is because in thesertwu big cities
the railway networks, both national and private, have been well
developed since early sEtages and alsc because the ipprovement
and expansion of high-speed railways was actively undertaken,
including the ‘comstruction of subways in the center of city to

keep pace with the recent centralization of population.

Table 1-15 Passepger Traffic Velume by Various HMeans of Transport

(Million passengers)

Transport .= metrzzzizfan -~ s Kinkl. x
means area area
Total 16,060 }DD-U 8,065 100.0
Bigh-speed railways 9,522 59.3 4,298 53,1
TR 4,112 125.6) 1,165 {14, 4)
private railways 3,606 (22.5) 2,331 (28.9)
Subways 1,804 (11.2) BO2 (10.0)
Buses & others 2,505 15.6 1,361 l&e.B
Hired cars, taxicabs 285 5.5 488 6.0
autocmabiles (Private) 3,148 19.6 1,918 2319

- 33 -




Next, the energy consumption by various transport systems-
in two metropollitan zones was analyzed. Ip analyzing the aoount
of energy, the concept of so-called life cycle energy, including
not only kinetic energy for transport vehicles used previously,
but also miintenance and control energy for transport facilities
and transport vehicles, construction energy for infrastructure
and manufacturing energy for cars, was adopted. Furthermore,
access transportation to railways was also taken into account

to coppare door-to-door total energles.

Tahle 1-16 shows the results of the analysis. When the door-
to-door total encrgies are compared, we find that the energy
efficiency of electric trains is 12 times higher than avtomcbiles
{fprivate}l and 3.5 times higher than busezs. In other words, a
well arranged network of electric railways forms the framawork qf

transportation in metropolitan areas In Japan (a total of sbout._ . .

Table l-16 Energy Consumption by Passenger Trans-
- port Systems in Metropolitan Areas

T Transport _
Electfic cal Bus hutomobi la
leocauter typel {large] (private}

Item ¥
Elnetic #nergy  kgal/um 1 4,200 xcal/car-k 1.400 moalfcar-k 1,000 mealicar-h
Haintenance and - 2 1,390 - 110 " 120 -
control anargy

* Conatruction - ] 200 - &0 - an -
energy

Car manufactor- . 230 - 220 - 100 -

ing snerqgy

“Total energieg | T - - -

e 6,020 4,410 1,140
1 + 140 + &

Average number of
paSIEngurs ) 15.8 1.4
Pagpenger/car K

Yinsric 1 F M 51 . 1% T4
Energy El <1.0% tq.1> <11, 7>
unit Totsl T /M 5 280 290
kcalf EZ <1.0* 31> “<11.8>
paTIen—
quT-hm, Doo - o £} B8d 180 0
door €1.0% <152 <18

Figures in < ¥ are inter-aystem index flqures with the ainisom valoe being 1.0.
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3,200 km in Tokyo and Kinki regions), supplemented by bus services,

forming an extremely energy-saving transport system,

*

Nepdless Lo

- say, in provincial cities where mass transport Systems are not so

complece as in metropolitan areas, the degree of dependency on

automoiriles (private) and buses is bound to be high.

(3]

Long Distance Freight Transportation [Case 3)

In the case of freight transportation, various transport

systems are likely to coppete in the field of long distance

~, transportatien. .In this case study, the energy cnnsumgtinn for °

. - - . . . mil T
. wnothe, transportation of gundries.botween Tokyo and Osaka, the -~

A

Y

section with the heaviest freiqﬁﬁ'flow in Japan, was calculated

on F@elbasis of the,route currently cperating and tr;nspoft'

conditions (transport ugq!pment; cperating schedules,: etci) . -

In crder.te ascertain.the effect of the load factor on- energy

consumpticn, it was caltulated for three load factors: actual

factor,

100% and 50%,

-

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

ency wag highest for electric railways and centainer wessels while

the ehergy consumption-of freight ferries was about two times

more. and- that of trucks :about-three times more.

Table 1-17 Energy Consumpticn by Freight Transport Systems

waye: 10% wcalftoa)
Transport .
EYRptem Electric Shlpplnq
- Tayluays Trucks {11t) Freight Container
S {orries vegRely
ATRa l
logs 4. -
Tokya s Osaka LY 15.3 1X.1 4.8
Eoy 6.4 27,5 .9 a.7
Record €l.1»5.5 €3 1+18.4 2. 4>x11. 2 €1.6>%, ¢
T I . ] ) G0y * SoL
histance KH 555 547 20 =01
Timo H.H. 10* 38" 10774 20* 15 gt
iy - -
Maximum freighe load t 445 Il _‘_ 2600 JEQQ

Figures an < 7 are andex [iqures with contajner wesLels ap 1.

" Eatimates
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1-2-4 " Trends in Energy Consumption with the JNR

The cnergy consumption by transpart systems as a whole has= been
outlined above. This section is intended to describe the condition

of energy consucption with the MR,

The JNE pushed forward the changecver from stoam locomatives
to electric or diesel traction over a leng period of time, hAs a
raesult, steam traction *as completedly abolished in fiscal 1975,
The adoption of electric or diesel tractieon was extrezely effective
for improving railway management, i.e. increasing the transport
capacity, lmproving services and reducing transport costs: it alsa

resulked in a signiflcant reducticn in ensrgy consucpticn.

Fig. 1-14 shows the long-tern trends in traffic volume {weight
# distance) and energy consumption by type of traction. Though the
total traffic weight (A curve) increased by 2.3 témes between fiscal
1250 and 1978, the total energy consumption (B curve) decreased by
18%. As a result, energy cunsumpﬁinn rate {C curve) decreased to
about 1/3 (energy productivity improving by about three times}.
This is due to the fact that while the energy efficiency of steam
locomotives is several %, that of diesel and electric cars is 34

times higher,

As regﬁrds the encrgy for cperating J¥R trains there was a
shift from coal to electricity or oil until fiscal 1975 and then on
from oil to electricity. BAs a result, the total energy consumed by
the JHR in fiscal 1980 ampounted to 8.1 billion kwh of electricity
and B30 million liters {4 million harrels]l of light ¢il. At the
rate of 2,450 kcal to the kwh and 9,200 kcal to the liter of light
ail, electricity accounted for as much as 77% of the total energy

consumed for operating JNR trains.

* Conversion of electricity into caleries:

1 kwh=2,450 kral, 7This means that electric energy of

1l kwh=Hb0 kcal was cbhbtained by oil fired generation at
an energg conversien efficiency of 35.1% {record of
the electric power companies in Japan for fiscal 1364).

{860 + 0.351 = 2450.}

- 37 =



b

,r-l""n.f“ L‘..'I-h
5 tio -’ -f }—
. 100} Energy consumption .f r 2o
. ' ' Diesel
k1 traction
. ag B
parii 113 I
]
g g
- T,
e
o —
~ 25 200 Q
= L
— Steam . : -
. traction I T
E_.n . IElectric §
ox2 traction’ : H.
_ 130 o i
K H o F_—
= i -
. ul.: . -
E' HE] g' .
P 100 & 0~
a -
& ]
E 10 - B:
- I Y]
o
: :
5 -
- u . -

1 1 1 - -
1950 1855 1960 1945 L1970 1975 1976
Fiscal year

v

Fig. 1-14 lmg'-tr.'.rm Trends in Energy Consumption (JNR)

1-2-5% Trends in the JHR's Energy Costs

As Fig. 1-15 shows, the ratio uf energy oSt in the JMNR'S
nperatan costs tpersannel cost, puuer COSt, Iepair Cost, business’
cost and taxatxun} fall every vear from 20% in fiscal 1950, reaching
the bottom at 4% in fiscal 1978, This was dus to the fact that
while electrification and diesel tractiom des:ribed-nbﬁve reduced
the energy cost and the unit energy cost per unit traffic volume

decreased because of stable unit prices of electricity and light



oil, the rate of increasc in personnel cost, repair cost, ete.

continued to be-at a high level.

LY
. 0.4
20 F -
15.0
]l
jLE 1
1 8.4 ’ 7.2
!_] 5.5 5.2
O . {_l [-]
1950 55 60 65 Fit) 15 BD Fiscal
' year

Fig. 1-15% Trends in {energy cost}/(operating costs) (JHR)

Aftor the oil crisis of fiscal 1973, the fate of increase in
energy ¢ost rose rapidly. Compared with fiscal 1973, the unit
price of EiEctricity in fiscal 19B0 was up by 3.9 times and that
of light oil by 5.3 times with the result that the total Enefgy
cost went up by 4 times. Consequently, the ratio of energy cest in

operating costs turned upward, rebounding to 7.2% in fiscal 1980.

. It should be pointed out here, however, that even during the
pe;iod from fiscal 1970 to 1980 when crude oil prices showed an
abnormal rate of increase [annual rate of -34%), the rate of increasc
in unit prices of electricity was 14% par year, relatively low com-
pared to 2Iv for light oil. This shows that electricity has mora
resistance to increases in crude oil prices, providing us with

valuable information for our future selections.

l-2-6 Comparison of Electric and Diesel Traction in
Energy Consumption

Transportation of the JHR can be classified intc five types
" for passenger and twe types for freight, Fig. 1-16 shows the

- 39 -



Fiscal 1978

Passenger Freight
E 117 -
= (.00} 128
- v C - - (1,000
o 1 .
&
~
r 97 . 106 _
21100 (0.71) 91
' i 75 [(1.00}
. 10.62)
g ' P 53
IR ] . - . L] . 2!
| o - N - T - v .= -
"k - i RN I i
co 1. - A ) . _ID.EE) : E
o . ISR A . !
1 .- 3 . “ -
+ i l 1
B eI Rk 1 : sf._i.j e o) |
L 1 3 il S B B
4 M L R EN R i
] Iy . j | P _E . o Tl
- 'I'- . "
! ¢ T % )8 B
. 5By gu T Mo “ 4
- e Pm . wYD ., ] o o2 oo Bt —
" L R ¥ L BT m e = e W
: 5@3 ﬂ-ﬂE — - - c £ :jg i
' - -E" E gﬂﬁ I'.ul'l.lI lﬂﬁ L L l.qu'::-—u
-gE8 cZEe o8 skl @il (egd &53
- - - - ol
SRR A f£5pssp|as’® agl

“Car-weight-km: -1 ton - %X 1 km

Figures in brackets show the ratio of slectric

cars to diesel cars,

Fig. 1-16 Energy Consumptlon Ratic by Type of Traction
(kcal/fear weight-km)

basic units of energy consumption in macro terms according to this

classification,

Apart from the Shinkansen lines with the train speed greatly
£ ':'différent froe athers, in th_%zcgs-e of passenger trains, the energy
| _ ‘consumption ratio of electric Cars is about 30V lewer than diesel
‘cars. With lncnmctiVE-ﬂaﬁiedtﬁfains, the energy consumption rate
. of electric lpcomotives is 40% lower than diesel locomotives [(diesel
"‘locomotives of the ONR'aré all of the diesel hydraulic.type}. .
I

4
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. Since the energy <onsumption Of trains is not determined only
by the engine efficiency of the energy used but is also affected by
the speed, stopping frequency, conditions of routes, traction effi-
ciency, etc., all trains do not necessarily show the above differences

in energy consumption. However, they seem to be appropriate figures

in macro terms..

1-2-7 Energy-saving and Qil-saving Effects of Electric Traction

il Energy-saving Effect

The epergy-saving effect and cost-saving effect of electric

traction were tentatively caleculated in macro terms.

v wese =. . Assuming that the already electrified sections excluding the
Shinkansen lines [about 8,400 km as of the end of fiscal 1980j
were all diesel sections, the reguired energy was calculated as

about 309 X 10" kcal as shown.in.Table 1-18, This is a saving.of

-

Table 1-18 Energy-saving BEffect of Electrification

Preasgnt condiclen {l980) All diesel
Electric | Diesal ' Tocal traction
1 ]
Tral(fi¢c welght-ka II :
(10* ton-kml - (D 185 ) a9 228 - 228 -
1
Powur condunption : : ,
et ken, 10°0) @ 770 0 | 635 (b 1185 14
|
Energy contumprion " _ ! . .
(10" xzal) 6] 141 | 58 | 199 9
1 * |
Ererqy saving | |
t1e! keall . i
ISaving racle % . 4 110 |3&n}
nit poer prices @ 17 [ Yen/¥uH) E 78 (yen/l) 1
. []
- T
Power cost : ] .
{100 millicn yen} 981 -1 1 1am - 2617
1 i
Caving In powsr cost l I
(100 millica yenl
{5aving ratio %l 111 T4as]

fata of energy converslon:, 1 kwh=2450 lu:.ll_. 11=92100 kvh
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about 110 x 10 kcal iequivalent to 1.1 million tms of oil)

ot . compared to the actual recnrd for fiscal 1980, which was 199 X

101 xcal. This means a large saving of 36% compared to the

case of nen-electrification, This also means a saving in enerqgy

cost of about 114 billion yen/year (at price in filscal 1580).

(2) Oil-saving Effect

Japan's total power generation lexcluding private generation)
-

in fiscal 1980 was 514 billjon kwh. The composition of primary

- W

. ‘ghergieg used wWas as ?hnwn bgluw.

r

£ - -

Breakdown of Primary Enerqf'ﬁginurcE5 Used for an
Power Generation, (fiscal 1980F ° o ' )

ar e . -

t

— — .
Vil | o ArAUT o omic. | ©LING. Coal?! | ‘ Others~|= Total.
lic 4 | s o -
44.0 16.6 | 6.0 ! 1s;0 |, aaz|. 4.0-] 100.0.
i T i

As the table above shows, the degree of. dependence on oil was ~

as much as 44%., Bused on the view that oil prlces will cnnt1nue -

_"'1

ta pe at-a high level in.the future, Japan's power" 0perntur5 are

FE TS

pushing :forward with the -diversification of- enerq? sources .{atomic,

power, coal, LHNG, hydraulxc gecthermy, etc.), * Df_cnurse, thig-—

policy of changing the source of energy is faced with many dif-

ficulties such as delays with the construction of power plants,

e.q9., atomic and coal-fired, because of envirommental problems.

However, the power operators have set positive goals on the basis

1
of the national policy for stable supply of electricity.

7}
et us examine the affect cof electrification from the viow-

point of oil-saving. If the energy-saving effect of electrification

is I0%, the amount of 0il required will be reduced from 100 units

far diecel traction to 70 units even if the power is entirely

supplied by oil-fired thermdl power qenerhtinn. Since Japan's

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

electric traction will reduce the amount of ©il required to 31 ' -

(0.7

® 0,447,
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If the degree of dependence on oil falls to the 20% mark in
the future (target figure for fiscal 1990-1%9%5), the amount of

0il required for electric traction will decrease to 14, resulting

in the cil-saving ratio of B6k. (See Pig. 1-17.)

o \
AN in Energy-
A saving
T
"
Y
; 6% -
0il- e
saving 1 il -saving
100
. 1 il [ l ]
- - 1 il . 1
H| L
i 1‘ 13
______ 1 i
- T
Diesel Electrig - Electric
power " -power
{1980) {1990 95 plaaned)

Fig. 1-17 Qil-saving Effect of Electrification {JUR)

Thus, it is clear that electrification-of railways-is-an -

effective means of saving oil which is-comstantly becoming scarce
in the world.

(3y Effect of Power Regeneration Effect

The DC electric cars with chopper control by thyristor
_produce a large power-saving effect as they have no power loss
by resistor during powered operation and, in acddition, the kineti-=
energy of the car ig converted inte electric energy during brakins

and regenerated on the catenary side.

Commercialization of chopper control cars in Japan is most
advanced with urban transport such as subways aid ahout 1,600

cars were already in use as of the end of fiscal 1973, preducing
stable.results,
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wfie'l

e L E

LI S

The JNR :ompleﬁd the development of ,faster chopper contrel .

cars because of the necessity of regeneration’ in a higﬁéf'speed .ot

LS

range compared to subway cars and, began placing them in service "

from fiscal 1%9B0. Bs the number of these cars increases in the ’

oy

~ future, they are cxpécted'tq result in a power-saving effect.

As the INE np'erates-"abﬂut 8,000 cars in the two maijor Mtrﬂ"l.'
politan transport zones Jf Tokya and Kinki, if they are all changed
to chopper-control cars. an annual saving of power ls expected
to be about 500 m1111on kﬂh Moreover, since power- regeneratinq

Lttt TR e .
. car; hased on chagper cnntrul technigues can fully make use of
llL + Ya

the characteristics of eler.:trir: raj.lways. the economy - of eler.‘:.'l:.ric

. ’

traction is. expacted to: further. 1mprave in the future.

»

[T -

The ﬁPEllCdtlﬂnTOfEEhDPper cnntrnl_techpiques te AC-electric.

]
o

cars will be dealt with under Theme 8. . ) . TN

1-2-8,; Conclusion. .

With the oil Cr1515 prnvxding an impetus. the develnpment nf
- the energy prnblem began to exercise a serluus influence on .the -
econoty. and society- ufwth: nation. The cnra of measures. to cope -
" with the problem of the limited.deposits-of fu$51:1 fuels 'dhiCh"’,'p-
emerged at a global level, seems to be how:to-switch-over to * - .
- - alternative energies with little confusion-as-possible while using

the limited rescurces with a maximun efficiency.

The transport sectar is faéed with the same problem. Howaver,
in the case of trhnsport systems using &il as the fucl, it seems

* O be considerably di.ffi:ult to switch over to alti:rnati've‘energies
compared with the industrial secior. Accordingly, the main task
in the transport sectar for the time being-will be an "efficient

use of energy”.

It is a well-known fact that among the various modes of
transportatjion, railuayé can serve as an economical-transport eys-
tem if their characteristics of mass transportation and speed can

e fully utilized and that they have the merit of a high energy

LT ek, s

efficiency. 1In particular as the data in‘this section have
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fully proved, electric traction has a high efficiency even among

railways.

The difference in power cost due to the difference in the types
of traction naturally varles according to the prices of oll products
and of electricity in the country concerned. In the case of Japan,
however, even electricity using imported oil as the main fuel ig
under more fﬁvcrable conditions than diesel traction based on
light oil.

Finally, same commepngs on the outlook of the energy problem

are in order,

First, on the outlock of energy-saving. - It will be difficule
to achieve such a drastic improvement in energy efficiency as has
. heeh accomplished by the JHR during the process of shifting the
energy source from coal to electricity or oil. However, there
seems to be a possibility of inproving the energy efficiency by
10020% through the extension of electric traction, adoption aof

electric regenerating cars and technological development in the

future.

As reqards the érends in powar cost, the past trend that
the rate of increase in cost is lower for electric power thap for
light oil,is expected to continue as mentioned earlier; Further- _ _
.mnre. since d?mand for light oils such as.light.oil and kerosene
increases, their prices are expected to be at a higher level than
héavf oils. As a result, the’advantage of electric energy in

terms of cost is also expected to increase,

It is to be strassed in conclusien that in the field where
railways can prove their characteristics, input of necessary
energy should not be gpared. Rather, it is important to make
efforts to increase the use of railways by providing better ser-
vices. 'This will in the end contribute to energy-saving in the

transport industry as a whole,
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1-3 Education and Training concerning Electrification

» ' -

1-3-1 Maintenance of BElectrification Facilities

=i

= igf electrificaticn facilities, which ure now entrusted with private

j et

1-

" The wayof maintenance for electrification facilities seems to
he dependent naot only on the accumalation of technigues by railways,

the average skills of personne)” available and t.hm.r 1evei of techne-

- .

logical knowledge bhut largely on the level of development of

electrical industries in the country, concerned.

In Japan..durinq the pariod when the capacity of domestic

busmESEEﬂ was sma.ll.. the scnle l::f electnficatinn facilit.ie.r. was
et e et T et % . .

also smalll.- mrmé th].!-t_l parinﬂ,_bnth the construction and rupairi
i

businesses were - carried out under the ﬁirect management of the JNR;
These facilities expanded drastically in- 1-.he 1nst twn decadeg- orreo.”
At present, 1arge—sca1e.. replpcement:or renuvztion,_ and.mre:hnulh:th

of technically-advanced,equipment are entrusted uith-*privatﬂ-'enf

gineering or manufacturing businesses. ,. - el

t . -

ot Mamtenmce work by the J'NR personnel consists in daily inspec-—-

tion and, resulting sipple repairs, eacrgency repairs and breakdown

mpairs._-- .. ' .

' The-reliability of eguipment and.facilities has markedly -1 -
irr;provag“in recent years dus-to technological advances. Such shay-:
ing of paintenance work by p;_ivnm. businesgeg and the JHR seems to

be not only contributing to more Effi.II:inau'iﬂ:.-!';:a.i1*!.-1'&&19I management but

-'resulting in an appropriate distribution of skills and techanical

labor for the scciety as a whole.

3-2 Training of Maintenance Personnel

14
: Training af maintenance’ persmnel far eluctrifmatiun fncili-

t‘.].EE in Japan is carried out at two stages; training of recruits

anr.‘l training of maxntﬂnancehl foremen., AS regards the trnining of

recruits, they scquire basic electrical knowledge and also learn

. the copfiguration of electrification facilities and the function

-1 ea:h_' coemponent. The t.ui:ning is intended to train their ability .

!
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. s
to oparate, handle and inspect eguipment used daily under the

direction of maintenance foremen,

Training of foremen is given to those who have about five years'
experience in maintenance, 1t is intended to train their ablliry

to direct not only the operation, handling and inspection of equip-
ment but also the detecrion and repairs of breakdowns and the

formulation of inspection plans.

These maintenance foremen are expected, in addition to the
above, to be upgraded to maintenance managers capable of controll-
ing a group of maintenance foremen and of participating in the
formulation of equipment rengvation plans or new system plans

{management personnel of Railway Operating ﬁivisinn].

Accordingly, the scape of education and training concerning
electrification facilities is not'limited to specific equipment- -
but covers wide-raning techniques. :Thcugh they are c}assified into
two categories, power fagilities and signaland cormunication facili-
ties, each curriculum is formed in such & way that the trainees will

understand all equipment.

Training is provided in the form of lectures with textbooks
and practical training with educaticnal equipment. The contents of
courses, the training peried, etc. in tha field of technical train-
ing for electrification facilities will be given in the following
sections. | |

AS regards the training of mapagers, planning personnel of Rail-
wvay Operating Division, ets’, speclal trﬁininq courses are not provided
at present. -However, they acquire technical know-how effectively
by taking part in electrification work and conducting adjustment or

testing of various facilities.

1-3-3 Case l: Training Curriculum for the Trainees Recruited faor
the Maintenance of the Shinkansen Lines, Mishiza Technical

Training Schecl, A& Branch of the Central Railway Training
School '

- -

- Those recruited for the maintenance of the Shinkansen lines are

"~ placed on duty after completing a”three-month tralning course,
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Tabla 1-19 cutlines the part of
L i

cal training,

LS

the curriculum relating to techni- -

The scope of recruit training covers mainly basic technical

points, handling of equipment and the inspection procedurse with

lecturas and practical training conducted oo a priority basis. |

v

Tablie 1-19 Curriculum for the

Plectric Sectisnn (Shinkansen)

Momrs
[ T on
1 Al - mlt-!.tll r L ™ Contenls "
I T {Lecturwd) - P ' - e |0t liactures) ) B i
] - e IS . A
.2, erectriciry sn | 20" |oc ans ac 1. Electrloaty int] 2 "
'r . gaEnEra} ., Veie= thatrins ue qanazsl :I ® . ads
» | 2.t suseustion . 7 Jge " |Eaplanation of 1. Tranwaiaeion -, (- 1300
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-3-4 Training and Facilities at Chiba Railway Training 5chool

) i marked decrease iﬁ the inténsity aof maintenance work'by the
JHR personngl due to the contracting of repair work to private
businesses and fewer breakdowns of equipment due to technolagical
advances resulted in the merit of a large labor-saving effect. On
the other hand, since the number of opportunities for the JNR per- -¢
sotnel to directly handle eguipment decreased, it becams necessary
to take measures to maintain and improve their skills and technolo-

gical leval,

hccnrdlngly, such a step as.te conduct education and training |

‘heween works by : utlllzingitheﬂfac111txes for practical training.is .-~

taken throughout’ the.ccuntry. For 1nstan¢e,~the Chiba Bailway
Training S5chool under the Chiba Railway uPeratiné.Diﬁisinn is.pro-
vided with various educational equipment . shown.in Table 1-20 so
that each one of .the 500° ElEﬂtIiC personnel can receive- practical =

training- nnce a month.

Table 1-20 Egquipment for Practical Training

Electric power . - Signal and .
.- equipment . e comminications eguipment
1 Centralized remcte control ! | | Relay interlocking machine
device - ) 2 ﬁlectric switch machine
2 Substation interlocking
panel, etc. 3 Track circuit
3 High speed clrcuit breaker 4 OTC davice
4 High wvoltage distribution
panel | 5 Cable carrier telephona
Disconnecting switch system _
Electric pump - 6 Data transmission system
7 Cothers ra Pacsimile
A ITV | ‘
9 Agent set for automatic

. - seat reservation. system

10 Others
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In addition, overhead contact sys:te:n for training is pr::-_vide;.‘.l
for each m;intenance section as shown in Fig. 1-1B for skill train-
ing under such training items as shown in Table 1-21. These
training facilities are fully utilized for the training of new

recruits.

Table 1-21 Guide for Practical Training

[_

Tralning facilities Scope of training

Installation and removal of (emporary masts,
Instollatlon af cemporary stays.
installation of temporary heams.

Fapairing af damgged pasts and bhamy,

Suppart#

Prplacing of insulstors on foceder and mestenger
wire, .

Peplacing of side anchor insulators of the apan
L¥PE.

Indulators

Adjuscment -6f helght, diaplaces=nt.and sdgaing. _
Rastoratioh gf brocken contact wiive.
Restoration of broken mossenger wire,
Replacing of hangers and dreppers.
lakpection and raplaging of connectars.
Catunary 1line Installation of hj':nged :ull-nff army,
keplacing of hingwd pull-off ares and side anchore.
Replacing of insulators and conemcting rods of

fixed axtermination. -

[ Inspection and replacing af wood kecticns.
Inspectich and adjuscsent of autosatic tentioning
davice,

Restozation of broken wiring of sutomatic tension- |-
ing devics.

Wiring connection.
Feader RFestoracion pf broken Yeader .

Branching and anchoring feading llnes,

Inshection of disconnecting switch and adjustment
Disconnecting swikch .= | o! tha cortrol mechaniss.

Emtrgency repairing of disconnecting switch when not
apcept ing input. .

LIossing Yarning lntpection and sdjustment.
signs Resturation pf broken span lines,
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1-3-5 Training Curriculum for Inspector Foreman at the Central -
Railway Academy (Job: Chief inspector)

The Central Rajilway Training School provides skill training

{two months) for those selected by examination, K who have more than
five years' experience, necessary for being upgraded to chief

inspector.
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Below is an cutline of the sectlon of the curriculum relating to
technical training.

{1} A.C. Electrification System (Lecture: l-hour)

[a)] ©Outline
{h} Classificatian

{c) Benefit of A.C. electrification system

o Comparison of A.C. electrification.system and D.C. electri-

fication system
e Various kinds of A.C. electrification aystem
fd) Problens

» Inductive disturbance

+ Unbalance of power source

{2} A.C, Feeding Circuit {Lecture: 2-hours}

{a] Power system

"

{b) Feeding circuit confiquration

v Scott connecticn and modyfied woodbridge-connection

» Substation (55}, Sectioning post (SP), Sub-sectioning pest:

{55P) r

{c] Protection of feeding circuit-~ -

o« Ground fault, short circuit fault
{1) Location of Substations [Lecture: half an hour)

{4} Overhead Contact System (Lecture: half an hour)
{a) Characteristics of overhead contact system

(b} Conditions required of overhead contact system
s Current capacity

» Mechanical strength, electrical'stréhgth

{c) vVarious types of overhead contact system

(d} Vehicle gauge and structure gauge
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Substation Facllities (Lecture: 38-hours)

| power receiving equipment (Lecture:; 1l2-hours)
-« B.C. disconhecting switch

e A.C. circult breaker

¢ Instrument txansfurmﬂr

v Lightning arrester '

Transformers (Lecture: lZ2-hours)
o Feeding transformer

» Distribution trarsforoer

-
- »

Feediné equipment {Lecture: &-houra)

* Feeding circuit breaker y

ke -

Prote:tivergelaying system (Lecture: 4-hours)
» Protection:of»power receiving egquipment
v Protection of transformers

¢ Protection of feeding Eq'uipmue;.nt

n'Culculatinn of fault current

Remote control apparatus for substation

« Various types (especially, TEKXEN-B type)

Ly

(6) Components of Overhead Contact System {Lecture: I0-hours)

fal

(b}

Supports

o Pole and mast

¢ Stay and strut

o Hinged cantilever and beam

= Ingulator

Catenary system (Lecture: 10-hours)
e Messenger wire

« Contact wireI

= Hanger and dropper

= Connector and feader fitting

© Hinged Pull-n;f

= Tensioning equipment



‘te) Feeding system {Lecture: 5-hours)
' o Feeder _

v Feeding network

« Switchgear

+ Yoltage &rop

4

(d) Return circult (Lecture: 2-hours)
+ Composition .
* Hegative Ifaader
» Booster transforper

¢ Auto-transiproer

fe) Protective equipment of overhead gentact system

o Lightning arrester
« Overhead earth wire for flashover

» Gap arrester .

(£ Maintenance of overhead contact system (Lecture: 2-hours)

I (7 siénal Facilities (lecture: 17-hours, Practice: 3-hours)

{ay Track circuit (Lecture: 9-hours, Practice: 3-hours)
o Cutline
o Compon2nt
» Types

¢ Measurement practice

{b) Signal apparatus {Lecture:~“8-hours)
= Significance and objectives
« Types and characteristics
o Signal
= Relay

(8) Compunication Facilitiea QLecturE: l2-hours, Practice: lZ-hours)

{a} Wire transmission (Lecture: 5-hours)
o Telecommnication cable

« Induction and the countermeasure for it



{b}, Protective device (Lecture: S5-hours)
. 1
e Fuse, gap, arrester

« Earthiring device
{c} Carrier-frequency equipment (Lecture: 2-hours, Practice: 12-
hours]
« Qutline ) '

° Measurerment practice
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CHAPTER 2. FEEDING SYSTEM

In this Chapter, the simple and AT feeding systems will be des-
cribed mainly, but for the sake of reference, the-BT feeding system
will also be described briefly.

2=1 Characteristics of Feeding Systems and Comparisons
between Them '
Z-1-1 Types and Features

e Tahle 2=]1 Ehows. the ‘types and features . ¢f the ac feeding

-~ *gygtems,- their ‘circuit cnnfiguratinns.and.npplicablﬂ districéﬁ:i

-

{1} Simple Feeding System

The nimple feedinQQEYstem-is the most fundament§1 onea,
comprised of ‘contact uiré'and rails., But,.as its variatinﬁ;‘
an NF sicple fgeding systenm with a negative feeder - (NF) extended
along and connected to rails every several kilometers by HF
connecting wires is available, This ‘system is advantageous in
that with NF provided, it is possible to gdetect an insulator
flashover ocgurring "in the feeding circuit with ease and thus
protect the circuit and reduce the feeding circuit ippedance.

The simple feeding system features.a-simple circuit con-
figuration. Thus it is economical with respect to the.feeding
circuit and permits easy maintenance. But its shortcoming is
that it has the return circuit current flow through the rail
oVer the whole gection. Thus, the inductive interference an
telecommunication lines is appreciabla, and the rail potential

- is higher than in any cther feeding system.
This system is the most extensiwvely used in the world, and

JHR is employing it in some sections.

{2) AT Feeding Systcm

The AT feeding system is a gystem having a higher feeding

voltage from the substation than that in the catenary line and_
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Table 2-1 Typesa and Features of AC Feeding Systems
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dropping it to a necessary catenﬁryﬁl}ne voltage by-autbo
transformers (AT) installed about every 10 Rm alﬂﬂq.thﬂ track
for supply of power to electric mator vehicles.

The AT feeding system in JHR has a feeding voltage f{rom
the subitatjion two times the cat¢nary line voltage, but by
changing the winding ratio ©f the AT, it is possible to in-
crease the feeding voltage.

This system is fitted for supply of large power as the
voltage fed from the'subatation is high (twe times the voltage
oo fed 'to vlectric motor vehicles) .. Further, on.account of less.

Fit féed current from the substation, that is, 1/2 of the current

titvin*the simple-feediné system,.this system has less voltage
- .. drop duc to feeding circuit impedance and allows installation
of‘sub;tatinns at greater intervals. -

Greater substation intervals are advantageous particularly
when the gource of power is located far away. In such
case, the total construction cests, ingluding transmission
lines, are lower than for the simple feeding system. -

Further, as the load current is boosted by AT's on the
left and richt sides, the indugtion voltage teo long telecon-
munication lines is set off, while the current flow in the
rails is limited, so that the system ig distinguisked in the
effect of decreasing the inductive interference.

The AT interval is determined in cunsideraéiﬂn cf the
telecommunication induction reducing effect, rail potential
and.voltage drop in feeding circuit,.but it is 10v1% km
normaliy.

" On the other hand, it is required to install AT's of a .
capacity ‘ofil/3%v1/4 of the train load capacity ar cvery
1015 kmralong the railway line and élso frovide a feeder of
the sape-jinsulation level to that of the contact.wire over |
the whole line, so that the circuit configuration is more

cemplex than that of the simple feeding system.



(3} BT Feeding Systen

This BT feeding system has booster transformers (BT)
installed every several kilameters {ah?ut 4 @) to bowst the
return current fleow in the rails. The current flow to earth
iz tharehy rEdUng 50 that the communication induction reducipﬁ
effect is great,

This system includes two types: simple BT foeding without
NF; and current boosting to NF with NF brovided. The former

. is simple bt is considerably inferior to the latter in its
telecarmuﬁicaticn induction reducing effect but not as much as
that of the gipp}e f%?d%pg system, Further, acress the rail
joint insulators, a BT secondary terminal voltage is produced
so that when a train passes, shortcircuiting and opening by

) wheels oceur repeatedly, resulting in poor maintenance of the

ingulatorg. Tﬁus, the system is used where the load current
iz not so large.

As disadvantages of the 8T feeding system, a complex
feeding circuit configuration due ta BT sections and greater
Jfeeding circuit impedance than that in the pimple feeding
syatem may be cited. Furtﬁer, greater AYe oocurs at the. ..
booster section with increasing load current when_a train

passes 50 that some arc suppressing measures are alsp required.

-
-

2-1-2 Feeding Circuit Configuration and Asaembling

Tha kind ¢f alectric wire varies with the load condition

of electric motor vehicle, but examples in the JMRE conventiconal

lines are-illustrated in Fig. Z=1.

__-H'"x_\- 62 -
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-2-1-3 Feeding Circuit Impedance
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2-1 Feeding Circuit Asserbling and Xinds of Wire
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The feeding circuit Impedance also varies with the kind .

of wire and-the assembling, but for the sake of reference, its

approximate values:asidifferent with the feeding circuit types

in"JHR are shown-in Table 2-2.-

Ag seen from the tahle,

the

a -

impedance of the AT feeding circuit is small, at 1/37v1/4 of the

other feeding system.
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Tahle 2-2 Impedance.uf AC Feedimg Circuits

e

e,

. Districty Frequency Impedance
Peeding systems clapsification . I8zl [ em)
Sigple feeding ' .
cystem Conyentional line . 50 &, 241+30.,492

Conventional line 23 g'ii;:ég';;g
AT feeding a . ) I
system : -
Shinkansen 50 0.020+$0. 185
60 0. 040450, 209
- —_— —_ —
convertional line gg g';gg:jg'ggg
BT feeding i} A
systom .
Shinkansen &0 E.iig:;;g.ggg
e e S s e e~ .—. e : ——-J

Hext, the\fmpedance characteriatics from the suhsﬁatinn to the
load point will be described. In the case of the simple feeding
system, the lwmpedance geen from the substation is linear to the
distance, as shown in Fig., 2-2. But, in the cases of the AT
and ﬁT_feEﬂing,fgstems shown in Figs. 2~3 and 2-4, the impedance
searn: frop the Euﬂ;éi;ian is not linear to the distance. It should
be noted that in the AT feeding system, it is 3 wavy curve and
that in the BT feeding system, it is stepped. The values of
impedance of rhe AT anﬂ BT feeding systems shown in Table 2-2 -
are, for the AT fEBdlng syatem,those of shorteircuiting irpedance
Detween the contact wire (T] and the feeder (¥) and, for the BT
feeding systom, between the contact wire IT) and the negative

" wire {NF). 'The impedance of the sipple feeding system and that
of the AT feeding system.Qill be described in detail in Section 2-2.

&

id] BT {HF} ayalew

~
)

&} Glupie {fwslipot
AT] sykfqm
il pimpie [NF
Bldemrys) yslin
Icl siwplr IMF imew-—
dintelly b

Ferdbfig clrult
fmpedunce L IGH
2 B
a

10 wEted
0 Tt T i i 4]
TR —e e, == Fredong }ength L ficw]
Fzg. 22 Impedance Characteristic of
the 5irple Feeding System C e
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- « 2+1-4 Ssubstation Intervali
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-
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“Fig. . 2-3 Impeﬂaﬁée Characteristic of AT Feeding Circuit
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=0
- S I e
. . .
<3
gk
E - T-NF short circult impedance
- " Feeding length L lkml -
Fig. 2«4 Impedance Characteristic of BT Feeding Circuit

when the feeding circuit impedance is gmaller, the.voltage

drop of the feeding -circuitiis also smaller for the same.lpad

current.

interval.

Consequently, it is possible to increase the substation

For example, if .the feeding circuit impedance is reduced

to 173, the feeding lenqth é;n be increased three times for the

same load.

However, if the substation interval is increased,

- 5 =



there will.be.an increasing number of trains in the section
subject, of course, to the train density so that the substation
interval can hardly be increased exactly in inverse propartien
to the feeding circuit iﬁpedance.‘ ' )

e - Table_2-) shows a yardstick of the.substation interval. for

the respective feeding systems.

Table 2-31 Feeding Systems and Substation Interval

Suhstation interval

High load capacity Low load capacity
and dengity district| and density district

Simple feeding system 30 km - 50 ¥m
AT feeding system ) - el km .- 104 Jm
. |.BT feeding system - 20 km 30 ko

2-1-5 Telecormunication Induction Characteristics

While the telecommunication inductance will be described in
detail in Chapter &, the following may be clted as matters toc
be considered in the sélectinn of the feeding system, that is,
induction dangercus waltage - for fundamental waves and induction
nuoise voltage on harmonies.

These wvalueg are governed Lq variocus conditicons, as shown
in Tablé 2-4 and are, tharefore, harély determined generally.
Here, in order to see what differences would he produced by the
type of the feeding system, calculations were made of mﬂﬂel‘cir—
cuits which were of thé same conditicons except the feediﬁé SySLem,

Fig. 2-5 shows curves of the fundamental wave induction
voltage iﬁ a laong telecu?municatinn line over the whole length
of the feeding section for each of the feeding systems on-a load
current of 200A. A= seen, the AT feeding system is about 1/5,
and the BT feeding system is about 1/8, of the simple feeding

system .,



Table: 2-4 Factors Affecting Telecommunication Induction
. Induction | Induction
Items dangercus | noise
voltage voltage
Natural ’ .y )
. E t

condi tion arth conductivity () Cj

Fower Feeding system

circult 9 5Y l

Extension

Separating distapce to. feeding.. .
circuit

=

- Telecom- *

Parallel-length to feeding circuit,

ication - T

'T;:;' Relative position: to feeding ' :

- circuit * | - -
Balancing degree - T

. Shield-goefficient - O.,-
Fundamental wave Load current C)

Current current Feault current ]

conditions

Equivalent disturbing current

Fig. 2-5 Induction Voltage in the Respective Feeding
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... conductivity exactly in choosing the feeding system. .

k]

Fig. 2-6 shows the changing induction voltage as a function
af the léngth of telecommunication line with the value of induce
tion voltage for 1 km of the telecommunication line taken as a
unit. Ll |

Hr

.
a

-
]

Elmple Teeding syscem {24nmi

n

...
L]
T

e
]
T

AT [#oding aystem {30kmI

Fropartion to Intdumrion yalbage por
-

am pf tHlecommunlicatlon 1ike
- .
L]

BT Erading sywtem (Lihm)

L A i L J
a 10 m L 40 Cum

Tel#communicetson line parallel
Tengen L Lkm]

Fig. 2-& Telecormunication Line Length versus induction Voltage
of the Respective Ferding Circuits
Mean valoe of the maximum induction voltage per km of}
telecommunication line taken as standard 1
Figs.Z-?and 2-3 show .the noise voltage.characteristic by .
the same procedures respectively. That is, Fig. 2-7 shows the
curves of ILE induction noise voltage on a long telecommunication
line over,the whole length.of the feeding section, and Flg. 2-8
shows the changing noise voltage with the length of telecommunica-
tiocn line in multiples of the valus of noise voltage over 1 km

of the telecommunication line.

These Figs., 2-5 through 2-B indicate without exception o
that the simple feeding system is not good in telecormunication
induction characteristics. Therefore, before the giople feeding

is employed, it is necessary to examine these telecomminication

induction characteristics carefully. )

It should be noted that in the cal¢ulation of Figs. 2-5

through 2-B, the earth conductivity is taken‘as 0.0l s/m (mean

value in Japan). 1t is thus important to understand the earth
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2-1-6 Construction Costs

Table 2-5 shows the ground elegctrical equiﬁment construction
costs by type of the feeding system, with the values equivalent
to km gbtained from the overall construction costs and expressed
in indexeg against the construction costs of the simple feeding
system taken as 100.

Conditions for calculation of the construttion costs are
- approximately as follows, and the respective feeding systems
were designed under the same conditions.

Electrification section: 400 km

Track: . . Single track
Train cutput: 3,000 kW

iElectric locomotivel
Highest train speed: 1000120 kmy/h

The construction costs are,. of course, subject to change
with changes in these conditicons, but they may be taken as a

basiz for measurement,

Further, the numerals expresg the characteristics of the

feeding systeps respectively. That is:

{1) The transmisgion line construction COELS are the lowest with -1~

the AT feeding system which permits. greater subgtation
intervals, followed by the simple and BT;

{2} The substation equipment costs ;re also in the arder of

the AT feeding system., requiring less substatians for the
same reason given above, sinple and BT; and

(3} The contact wire construction costs are the lowest for :
the simple feeding system which is the simplest system,
followed by BT, having NF of ¢lass 3 kV ingulation and

AT feeding system, having feeder of 30 XV insulatian and

) non-insulation protective wire (PW}. -

The foregoing economical comparison has bheen made of the

power equipment only.  Actually, however., economy must be

. =10 -
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Table

1

2-% pmpproximate Construction Costs of the:Feeding Systems (per km)

. H .
L] .t
Feeding Unit costs (per lfm} -
aystems _ Overhead T Remarks
Transmission Substation | contact Total
line Ao
N &yYstem N,
L % LY ) L (1) frnhsmissinn lino, 77 kv, 2 circuits,
Sibple 19 41 - 40 - . 106 - & km . ) .
feeding |—-—=-————-> ————m e e ] - - - {2} 5% interval, 40 km
system 50 1gg 100 {3) cCcatenary, Heavy simple.
] {4) Beeding circuit impedance, 0.5 0/km
7 il 46 a4 ;l}_ Transmisaion lino, 154 kv, 2 circuits,
AT {24} {53) 2 Ekm
feeding |-—— - e e e e e == e m | ——==a| 2] 55 interval, 100 km
system 38 57 . a5 (3} <Catenary, Heavy simple
(30} {65]) {4) Feeding circuit impedance, 0.2 Q/km
" nsmi i 77 it
8T 25 54 46 125 (1) Er;;ﬁm szion line, kv, 2 circults,
feeding L _ _ _ oo e e o= (2) 'S5 idterval, 30 km
system &7 5?' 124 {3} catenary, Heavy simple
{4) Feedipg circuit impedance, 0.8 [/kn
Hote l.+ BT installed at 4 km intervals, !
2. AT installed at 1¢ km intervals and included in substatxcn work. i
3. Parenthesized indlcating AT as work of overhead contact system.
4. Single track. ' L4




considered comprehengively with the corpensation for telecom—

munication industion, maintehance expense, etc. taken into
account., That is:

(1) Where a number of communicatien lines are extended alonyg
the rajlway line, the simple feeding system is not economi-

cal in that it involves a greater amount of compensation
for induction.

{2} When the maintenance cast is considered, the system requiring
less substations such as AT feeding system is advantageous,
but for the overhead contact system, the simplest simple
feeding is advantagecus, followed by AT feeding, and the

BT feeding having many booster sections ig rather disg=-
advantagecus,

2-2 HMethods of Caleulation of the Feeding Circuit Impedance and
Voltage Drop.

For analysis of the voltage and current distribution in the
feeding circuit by electric car load, JNR has developed a multi- ]
line net;urk analysis pfogram (ATAC-F) with an electrnnic-compuéer.

Here we describe methods of obtaining the fepding circuit- -
irpedance and woltage drop without using a computer.”

-y,

2-2-1 Conductor Self Impedance and Mutual Impedance T

Conductor impedances should Le calculated according to the

Carson-Pollaczek formula, but here, methods according te simpli-

fied formulas of ,reliable accvracy will be described.

(1) 5elf Impedance Zs of Crdinary Conductors

2i: Internal impedance [{1/)m]
. Ze: External lepedance [[/km] - -
Bo,Ri: Internal resistance to DC, AC ]32/km)

Lo.Li: Internal inductance ta-DC, AC [H/km)
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r ; PRadius of conductor civns-section [m]
P+ Electric resistivity ul conductor material [fim]
Us: Permeability of conduci.r material.
h : Height of conductor almwr ground [(m)
Frequency [Hz]
¢ : Earth conductivity [5/m|

a
g X 10
Ro & ——y—

- [9/km]

Lo = §,5ps* 107" {H/km]

x = 2nr ¥/ 2fusx 10-7/p

Fig. 2-9 shows curves of Ri/l. apd Lifio as a function of

X, and the values of Ri and Li arv ybtainable from them.
Zi = Ri+ j20fLi (/km)

Ze is according to a sirplificg form of the1Car5on—Pullaczek
formula.

o= zﬂr’mfxlo"

B = /2 ah v 1 /8856 ¢h

Ze = 20f [(0.5T-B) + 5 (2 inulr +B-0.15043)) X 107* (2/knm)
Zs = Zi+ Ze [03/4ml

<Example> - ) ’ i

r

Iren wire, r=0,008 [o}, p=1x 10-7 (@), ws = 100,
h=8 [ml, =60 {Hz), 0=0.01 [S5/m].

<Solution® _ _
Ro = 0.497 [2/km], Lo = 5,00x 10=* [u/km)
% = 5.51, Ri/Ro = 2,91
ILij’LD = {3.5]

Fi = 1.0%8 [/km)
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AL

L = 2.55% 107" [H/knl

zi = 1.098+ jO.961 [0/km)

a = 2.18x 10"
B .29 = 10°¢
ze = 0.05B+ j0.874 15/ km]

b 55-1.156+j1.335,[ﬂ;mi

{2) Mutuval Impedance 2m

s Zm is qccording to
"a simplified foIm of Fhe'

' carson-Pollaczek formala.

QORI L " The gepmetrical

. “layout..of two - condustoYs

[

is shown in Fig. 2=10.

h : Horizontal spacing
between two con-
ductors [»l]
L 1 B
hi,hst ¢ Heights of con-
- ductors 1 and 2
+, - above ground [m]

d : Distance betwecn
rwo conductors fm}

a = /bt + ihy-h2 ¥

@ = 2T 2oL * 107 °

(ugta) ke, LW yvaluen at DS
]

' !

Fig. 2-10

/ L.
- 2—?5 wihy + h) & 0.94280 (hy+ ha)

+ ponductor 1

L

e

. /‘%—..:w anductor 2

ha[m]

hz Iml |

/
TIIITITIIT

tayout of Two ConduCtors

om = 20f (40,57 B 4732 i + B¢ - 0.15849) 1 10" {/Km]

<Example?

o = 0.01 {5/m)

-4 -

b e 2[m; W = &I

h; = 6lm), £ = BOIHZI.



<solution® 4= 2,81[m), a = 2.18% 10-*, B! = 2.87x 107?

" Zm = 0.058+30.431 [{/km)

{1) Parallel Impedance of a Mumber of Conductors

The rail is composed of 2 conducters, and catenary line
is composed of Zpul conductors of contact wire, messenger [and
auxiliary messenger). Here, the method of obtaining the
parallel irpedance, which may be said to be an equivalent

self irmpedance of a number of conductors, will ke noted.

{a) Parallel Impedance of 2 Conductors 2p?
Zy,Zz: 3Self impedances of condtctors 1 and 2 (fi/km]
Zy7 ! Mutual impedance between 2 conductors [/km]

Z1Z2 - T2
27+ 22~ -2212

* Zpa = {i/km]

gy e fzz)zu\% 1
4w B )

_Fig. 2-11 2 Conductors Parallel Fig. 2-12 3 Copductors Parallel

ib) Parallel Impedance of 2 Conductors 2p;

Z1.:27,.2;: Self impedances of conductors 1, 2 and 3
[i/km]

2:9,231,812: Mutual impedances across 3 conductors

[ft/ ko)

Za = 21%221+ 220 2n 21z - (2328, + 222) + 25280 ([/km] )

Zb » (2323 + T2+ Z122)- 2 {21823 +22Z31 +Z3T12)
+ 2 (B122y; +Z23Z;3 +2y1242) - [ZEJ + Z;; + ZEI} {[nfkn]l]

Zpy =.Za/2b (/kn) -_
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{4} 5elf Impedance aof Rail
] .
£ : Peripheral length of rail cross-section (m]

*

- ] , " L [in]

L]

- I-t+:FEquivalent radius of rail -cross-secticn [m] =
h : "Height of rail alowve ground Iml |
i .

I : . Current per rail [A] .

f : Freguency [Hz) o

T w21 .Internal impedance‘of.-single rail §{0/km]- ¢ - - oo
jﬁZE: External impedance SN S '
. 1
Zry: Self impedance " [ "1 ]
Ri: -Internal resistance " [” )
. Xi: .Internal reactance - | I
. Zm:— Mutual impedance between E‘r;ils L™ 1

[

Zrz: Equivalent self impedance of 2 rails [ " ]

adr A

The internal impedance Zi of .rail is according. to.a method .
of calculation devised by H. M., Truebloocd. First, an assumed
rail current 1|A]} is divided by the peripheral length of the

rail £°lin], and ag and ay are obtained from Fig. 2-13.

Then,
i - u.ms-;a:w’f_»an..m,] )
Z
12
%i w=.0:015783 £ 2x (/%) L )

L

Zi = Ri+ 49xi [D/knm)

The extermal im;«dance Ze of rail is obtainable by the
formula noted in paragraph {1}, and the mutual impedance Zm

between 2 yai)s by the formula noted in paragraph (2).
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.
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|
—

0.6 d”ﬂl{f

a, [/milel
o
L

rd

‘g "2 "4 & B 10 12 14 16 18
Rail current. [pa)/Rail peripheral length

-

RBote: 1 [inch] = 0.0254 [m]
1 [mile] = 1.6093 [xn]

Fig. 2-13 <Coefficients of Internal Impedance of
{per rail}
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Provided, r = L/{21) [m], and

Zrl = Zi + Ze [{3/km)

The eguivalent self impedance of 2 rails is obtainable
by the feollewing formula having Zry and Zm substituted for
paragraph (3}, item (a}.

Zry = 0.5 (Zry+ Zo) [Q/xm]

<Examnple>
Rail 6D [kg/ml, us = 70, I = 300 (R, R = 0.65973 |m],
b= 1131 [ml: h = 0.5 M, £ = G0 IHz]_, o= 0,01 [5/m]
“salution>

' = 25.97 |in), I/8%' = 11.55 {a/in]

From Fig. 2—13, ag = 1.100, ay = 0,498

_ 0.015783 /60 % 1.100

.Ri = 0.65373 = 0,204 [/ dm]
0,015783 x 607 x 0. 498

Xi = = WTCLE = 0.183 [{/km)

Zi = 0,204+ §0.183 [Q/km)

I = 2/(21) = 0.1050 Im}, d = b = 1.13 [m]

a =2,18x10-%, B = B' = 2,05x 1p-?

Ze = 0,059 + §0.679 {R/km)
Zry= 0,263+ §0.862 [{/kn
Zn = 0,059 + 40,499 [/km}

Zrz= 0,161+ j 0,681 IQ/km)
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T . 2-2-2 veltage Drop
A.calculation model for the voltage drop is shown in
Fig. 2-14. : .

Es: Pcme‘r veltage (y); Er: Lead volraqe [v]'; Eo: Feeding
circuit voltage drop [v]: 1: Load current [a); cosW: Load
- R power factor; and R+ jx: Feeding circuit impedance.[il].-

The vector disgram on Er is as shown in Fig. 2-1S.

Es = V{Er + I{Rcos w4+ xsinPi}?+ {Iltcos - Rein ) 12 (v

he e In the 'Foregoing .formula,,the second term ls very. small

-3 *~ when compared-with the first term 50 that.--z.- - e
YosuT . EsWwmEr+ I{Rcﬁs¢+£sin o (v
Rl Eo:= Es-Er.= I(Rcos ¢+ Xeint) ([V].- -
Iz
R X
- n - . AAAMN 2 111R
e
1
Powor @EE 7 " , Er Laad
Csfurce S\ .
| : Cosy

Fig. 2-14 Voltage Drop Calculation Model

Es

v .
IRcosy IXsiny
Fig. 2-15 ¥ector Diagram
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(1} Féeding Circuit Impedance and Voltage Drop of Simple

Feeding Circuit

The simple feeding system is a simple circuit system

corposed of contact wire (T} and rail {R), as shown in

Fig, 2-1&. But, as ils variation, a system of extendiong a

negative feeder alopg the rail and connecting NF to the rail

every several kilometers by means of NF connecting wire (CNF)

is also available.  In this case, NF serves as a protective

wire (FW}.

Contact
Q [j wire {T)
Eall (R}

{a) Basic type [T-R system)

¢

Ej cirs 1
il

Rail (R}
‘_ F [ Il_ﬂcqltive

feader (KF)

{b} With NF [T-R-NF system)

Fig. 2-1& Simple Feeding System

Earth return impedances of conductors in a geometrical

»-- - layout such as that shown in Fig. 2-17 and under the following

conditions are shown in.Table.2-6.

f = 60 [Hz]
o= 0.01 [5/m]

Hires

’,Hessenger.uire (M) :
5t 90 mm®

Contact wire (T):
Cu 110 mm®

Hegative feeder {NF}:
ACSR 160 mm’
40 mm®

| Rail (R}: 50 kg/m

1700 =

NF
$—1:“, w | voe

[lvase: mml

. :0}-

]

. A e
Fig. 2-17 Conductor Layout of

Simple Feeding System
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Table 2-6' Earth Return Self and Mutual Impedances of -
Simple Feeding System

T
KF lecarion Hone , Side Egutely
- NF w|lra — ‘ M'-Slllﬁl}fnlq ACSAALmDT ACSELEOms?
| HF HF o nEF
o s
& ol | a M oM o
. = ay - ey
[
g 1
& i R R R n
S QNP = el « SR AA—i Ao o] e
. _ .
$ 71 Zrr | 0200+ 0.461 ) 0200+, 0.861 § 0.200 +,0.564 | €.200 + 0.548
..‘3§ A 02351 0,904 | 0781+ 0.932{ 0.235 4, 0,501
.E-%-‘ Lo | 00310672 [ 00E0) 4.7 0072 | 0130 +5 0.672 ] 03140 672 |
i b4 0058 1 y @43 | 0.638+ 70422 ) DOIA 4, 0.4
- g E ! . Lt .
g-‘ég Ara [0.0594 0.8 ] 0.050 1 0,882 [ 0.002 4, 0.282 00629 4y Q.2
25 |z - 0.059°1 70370 | 0.059+ 70.3656 | 0,059 &7 9.20u

. If the leak-to-ground admittance YhI5/ml of the rail is

1

neglected ‘the feeding cirguit impedance Z({Q/kml is:

or

In the case of no WF,

2 = ZTT+ ZRR- 2ZTR ™ 0.213+ 70.772 = 0.BOLL74.6° [/km]

With HF [izmediately above},

27.2y.2g: Equivalent self impedances of T, NF and R [fl/km]

Zy ® Zpr+ ZNR- Zrn - ZTR = 0.142+ 7 0.358

Zy » Zynt Zeog - 2oy - Iyp = 017747 0,427

- ZR - ZRR+ ZTH_ZTR_ Zvr = D-q71+ju.414

‘Assuming that T-B is shortecirguited at ipc:int CHF,

Zr-z,r'{'z

InZr

B+ ZR

- By -

= 0.202+ 40.571 = 0.606 L70_5"



However, 1f Y, is great, part of the chrent flow in rail and
NF flows to the ground so that the feeding circuit impedance
decreases,

The approximate valves of Yh are showm in Table 2.7,
In Table 2-8 are shown the computed vaiuea of the feeding
circuit impedance Z [{i/km] with Yb assumed as ¢.027% 1D tSfﬁ},.
CHF interval as 4 km Qnd length & éﬂ the short-circuiting

Ty

point as 10 or 40 km.

Table 2-7 Approximate Values of Leak-to-ground
Admittance of Rail ¥,
Loak-to—ground admjttance Yh[S/km}
Waather . .
Conventional lines Shinkansen
Fine 0.2 % 0.5 0.002 "~ 0,01
Rain 1.0 2.0 0. ~ D.2

Table 2-8 Feeding Circult Impedance Z

NE NF wire| It Z [/km)
location (S/kmi| /=10km| /=4bkm
02 |03 T20)0ns T2
0.2 00w T2 E|0ATLST42
" -
one 2.0 |0673ZT0| 0662 M5
10.0 | 0.667274.5|0.667.~T4.6
ALSI 0.02 [0.611<720|0L09,2722
0 mnf —
0.2 |062ae72n 0004 2 e
Side 2.0 0612272706022 T30)
.- 10.0 |ocosestnafosoisran|
ATER D 1.0 0.644.270.3| 8 635~ T1.G
ACSR |- 0.02 [0616£308]0561£7)]
‘ 160 -
Irmediately T g2 |esmenzlostine
above 20 |osmasni|osttend
g R————
106 |oseis118t0570.- 714
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L

With Y taken intgo account in this way, the feecding

- circuit impedance to £ 40 km is reduced by 14717 percent

with no NF and by 475 percent when NMEs are provided.

<Examples of calculation of voltage drop> '

load are as shown in Fig. 2-18 will be calgulated. The condi-

Voltage drops when*the feeding circuit and electric-car

tions of calculation are assumed-to be: power wvoltage, 30 kV;

power source ippedance, 0.2+32% under 10MVA base; feeding

- trangformer; SMVA, 37.5%; series capaciter, BOV compensated;

. feeding circuit-impedasice; 0.577L71.6%-(= 0.1821 % j0.5475). -

- 4/km in the case of NF immediately above, ¥b==ﬁ1§ 5/m and

TE o Led40.%m in.Tablel2-8; 'electric car power factor,:0.8; and

electric car current, 1504 at & km point, 1004 at 18.km point * =

and 200~ at 23 km point. - *

[ Y .-.n{a}

(bl

()

Valtage Drop at Power Source Vs .

- (0.002 + 30.02) * 30%)2

. 1 = x 2
Power source Lm%edance Zs5 Tom = _
L] = 0-364‘ jj.ﬁ [ﬂ]' n
EI = 150+ 100+ 200 = 450 [A]
Ve = 450% (0.36= 0. B+ 3.6%0.6) = 1102 [V]
Voltage Drap in Substation Vo
‘ j0.075x 30°%* _ .
Transformer impedance Zp = = 12,5 [{3]

5M
Series-capacitor impedance Zc = -0,82Z7 = -j10.8 [{]

Vp = 450 % (13.5- 10.B) X 0.6 = 729 [v]

Voltage Drop in FPeeding Circuit Vi
Feeding circuit-irpedance 2 = 0_1821 + j0.5475 [fl/kml]

Woltage drop per amgere kilomcter

ZI_=D.1E21! .8+ 03,5475~ 0.6 = Q. 47418[V/ (A k) )

- A3 -
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Vo= 0.47418 (150 6+ 100X 18+ 200X 23] = 3462 [v)

0.2+32% 37.5% 0.1821 « 30.5475 [2/km)
{10MvA Base} SMVA — &k ] 1 2t 1~ -
_frr\ .
Power Source Tr ‘ Feeder Ling ‘
_ 150A 1008  200A
30V y pfo0.8 pf0_B pfo.g

Fig. 2-18. Voltage Drop Calculation Model

{d) Minimum Pantogragh Voltage Vp
Total wvoltage drop AV = Vs*'VT}'VL = 5293 [¥]

vp = 22-5.1 = 16,7 [kv)

{2) AT Feeding Circuit Impedance and vuitage Drap

{a) Precise Calculation Method

L]

The AT feeding gircuit is comprised of a mumber of
conductorg including T (contact wire), F (feeder), R (rail

)

i and FW (protective wirel-so that in"order to obtain exact'-

} - voltage and current distributions, computer simulation must

be resgorted to.

BEere, the method of obtaining the fundamental character-

istics of the AT feeding cirocyit relatively precisely by

paper calculation will be described.

£[;1;]
l 2 ? [ — = T
‘1 — 5. 5 5 I[“]ﬁDZLmlﬁ
coxy
Vo (V) T@ = 4z 111R) gj?”‘] { 11l8] j?d
: AT1 ATz ATy ATi+)
¢ D[km] — ¢ [kal—

Fig. 2-19 AT Feeding Circuit. Model

aat M1 wle
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Vo: Power source voltage (V]
Zo: Power source impedance [{})
2r: Electric car impedance [fI}
I : Electrie car current [a]
cosY: Electric car power factor
I1i: ATi boosting current [A]

D

AT interval [km]

* : Spacing between electric car and AT on powe: scurce
side [(km} )

d=%D0£d<
Zar: AT leak impedance based st low woltage sidz [{)
Zr7.2pF,Zpr:  Self impedances of T, F and R (/k=)

" ZTF.2Z7p.2FR:  T-F, T-R and-F—R mutual impedances [f/km]

Zr.Zp,2R: Eguivalent self impedances of T, F and R
({1 xm]

LT = Z7T+ ZFR - 2TF = 2TR
Zr ® Zpp+ 2rp- Z1F - ZFR

2r ™ Zpr+ 27p - ZTR" ZFR

A = Zo+ QZg ) -
B = Zr+Zp
g = Zr+ Zp + d2g

-- H = 2rZp+ ZTZR"'ZFzR:B’G"P.z

When the electric car is positioned between AT; and
AT{+1, the feeding circuit impedance zi [2] based at low
R - »voltage side from the power spurce to the electric rcar is

given by the formula

© Zp ™ 0,252+ Zap+ D{{Li~ 1) #/G +BA - A2ai/c) |

- BS - )



<Example’ of calculatlon of voltage drop>

Calculations are made for the Sanyo Shinkansen feeding
circuit of a2 geometrical configuration of conductors such as
shown in Fig. 2-20 having PW naglected and undar the conditions .
shown below.

] " P

. 0 - N -
1 vo = 30 [xv) ) —f 2w _

; .
101km), x = 7| %m] . . E T g

T

100 {Aml, cos¥ = 0.8

- -

1:2+ 3706 1GY. ‘o

1

ot F

It
-l
1

ey

14.5km

TdHm

TaT -1 0.1+ §0.4 [Q)

Jj . Conductar.wires

= Py

FTTT7T7TVi7 777777777 ¢

T_"[Contact-uir;j_,,-

- -

M : St 180 mm®  Fig. 2-20. Simplified Conductor -
AM: Cu 150 m? Layout Of AT feeding
) Circujt

T : Cu 170 m°
F (Feeder): A% 200 mm®

R {Rail}: 60 kg/m

21 Zelf and nmutval impedances ({/km]

Zop » 0.1192 4+ 30,7522
Zpp = 0.2036 + 30. 8847
Zar = 0-1618+ j0.6709 !
ZiF = 0.0568+ 30,3953
Zop = 0.0574+ §0.3877
Zgp = 0.0571 + 30,3410

3} Equivalent self impedance "[{i/km]

Zp = 0,0621+ 30.3102 (0.3164 [ 78.7%)
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Zp = 0.1471 + j0.5361 (0.5559 [ 74.7%)

Zy = 0.1041 + j0O.3375 (0.3532 | 72_9%)

4} Combined impedance
A = 0.2701+ §0.9852
B = 0.1662 + §0.6477
G = 0.6256+ §2.1963
H = —0.4210 + §0.2376 .
H/G = 0.0496 + 30,2058
{Zg + Zg) /4 = 0.0523 + 0. 2116
AY/G = 0.1166 + J0.4419

The feeding circuit lmpedance Zy[£}) based at low voltage
side (vo/2 side) is given as

Zg = (D,1+ 1.662a- 1.166d%) + §(0.4+ 6.477d - 4,4153%) [R]

As shown in Pig. 2-21, Zg [ as a function of x [km] is

..given in a parabolic form projecting upward.

T-F short circuit

feeding ecircuit impedance 21191

AT leakage impedance 0.4 (2]

0 5 10 15 20
Distance x [km]
2=21 Feeding Circuit Impedance wversus Distance
[eimplified eguivalent circuit)

)
[~
ul
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' The total impedance Z[{l] fram the power source to the

= electric car ig given asg .
Z={1.2+37.6)/4+2;
= {0.4+ 1.662d- 1.166a%) + §(2.3+ 5.477:1—4.419&’1.{'&1
When x = 7 [kml (8 = 0,7},
i Z = 0.9921 + j4.%686 (9

&) Then, the maxirum voltage drop = 3595 [v)
" v AV = 1000 (0.9921 X 0.8 + 4, 6086 X C.86) .

— = and the.pantOQraﬁh.vﬂltage_ e e a -

[ B Y
-t .
e ~ Vp = Vo-Av = 30- 3.6 = 26.4 [kV] £
By v . 0 In the case of a nueber of trains, or, where PW is:present
¥ or where-the:double-track has. inbound.and outbound. feeding
circuits tied, analysis is not possible unless computer simula-
.. - tien is employed. For reference, the feeding circuit impedance
characteristic gbtained through precise simylation of the Sanyo
Shinkansen feeding circuit is shown in Fig. 2-22, .
&
' i : T-R short
ciTcéult
- 4% .’,
2 €
i |
st :
oo
&
roc
£ i 71 # # T-F ghory
- #
[ Py circult
{ él L
- li -
-
' o i.f . . .
o 5 14] 15 20
Susrance x 1km)
"\
o . Fig. 2-22 Freeding Circuit Impedance versus Distance

({5any& Shinkansen])

{b]  Sirple Calculation Method

& simple galculation method will be derived upon the

drawings and calculaticn formulas in subparagraph {(a}.
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Referring to Fig. 2-21,. the incroment cof irpedance for
1 section of AT is H/G, and it may be approxiimazed as

ZTZF + ZTZp + ZFZR
2T+ ZF + 42m

H
—_—
G

{Zr - 2F) 2
4 (Zp + ZF +4 ZR)

= - (2p+zp) -
'-=..-—]4L— {Z7+ 2p)

Further, it is difficult tg handle coniminuation of
parabolas, the nppruxi.n‘tate. straight line shrwsn in Fig. 2-21
is used, This line crosses the grigina)l pa:-aboia at point
dw 9.05 {or x = 0.% km in Fig. 2-21}, ,

hecordingly, the feeding circuit impeda:nce Z(1] at low
voltage base from the power source to a poimit 'x ' [km] distant

is given as

Z= Q0.25Zo+ZaT+0.05D {R- 0.05a%/G} +0.'5 (Z—+ZF) x' 193]
Further, the 3rd and 4th terms of the foregr:ing Zcrmula are
handled as a scalar, and for the impedance ungle, that of
(2p + ZF) will be used as a representative vz lue.

<Example of calculation of voltage drop>

Except the eleciric car current and zrswer factor, the
conditions are the same with those for ‘the exanple af

calculation in subparagraph {a).
Zr+ 2 = 0.2092+ j0.8463 = (0.B718 76.1%"
Zp % 0.3164 [ 76.1° - .
Zp = 0.5559 L 7e.1* T
Zp ™ 0.3532 [ 76.1°

B = Z2Zp+2 u 0.6696 f 76.1°
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B o T
l = 0.4578 [ 76.1°
‘ Z'm 0.25{1.2+37.6) + (0.1 30.4) + 0.05 X 10(0.6696 - 0.05
: , x 0.4578) { 76.1° + 0.25 X 0.5718 { 76.1° xx*

= (0.478+ 0.0524x') +j{2.614+0.2116x") [Q]
!

e e «1 Electric car: 22 km point, 527A, power factor 0.6.

i AV = 527.(1.630BX 0.6+ 7.2692x 0.8) . ..
4 ¥
' - s =-3580 (V1 . PR e 3
b ‘Vp & 30~ 3.6 = 26,4 (kV] ,
s prmrs mme noaems o e Acgording.to the computation, Vp = 26.3 —

2) Electric car: 3 km poeint, 553A, power factor 0.6;

-- “roe ot and 18 km poelnt, 976A, power-factoer 0.8, " -
. f}'- ﬂv-- 553 {D,.6532 0.6+ 1.2408 % p.,8)
) . +976 {1.4212 % 0.B+ 6.4228 % 0.6)
, C - =519 (V]

vp w 30-6.5 = 23.5 [kv)

tccording to the computation, Vp = 23,4 [kv].

2-3 Sectidning and Its Operation

The range of supplying power to trains from a substation is
normally to the midpoint {sectioning post) to the adjacent sub-
station on each side, forming a ralatively long section (in the

. case of AT fecdipng, 25 km™50 km on one side). Therefore, ,.if-the

L feceding range of a substation is ‘long, the power feed has to,be-
interrupted over a long section in the event of a catenary failure
or for maintepance work, cansing a =erious ipnfluence to the. train

operation. .
. 1



2=3=]1 6utline of Sectioning

In the AC feeding system, the feeding section becomes long and

has .the feeding circuit constructed as shown in Fig. 2-23 generally.

- . Sub-

Sectioning sectioning  substation
PasL post

5P . 55P 55

TTeer Se=trpig, 2-23 Feeding Circuit Configuration

In general, the gubstation hag feeding pade by directions,
- and when the feeding woltage phase differs from direction to direc-
ticn, a dead section {or, in some cases, changecover scction) is

provided to prevent contact.

The sectioning post located at the midpoint between sub-

stations has a dead section lor, in some cases, changeover

r LT,

‘section} -provided-to prevent contact between different power

sources as thare is a phase difference of voltage Letween the.

two substations.

Further, a sub-sectioning post is prcvided at the eidpoint
TS " between the 'substation-and-the sectioning post fur.sub+sé¢tinning
the segtion in the event of an accident or for maintenance work.
However, where the number of trains is small enough that sub—
sectioning is.not required, no suh-sectiﬁning post is provided.
In the case of the AT feeding system, sub-sectioning or

sectioning posts are provided at the locations of AT.

2-3-2 Sectioning Post

As shown in Fig. 2-23, the sectioning post confronts the 4if-
ferent powmars by a dead section (or, in pome cases, changeover secticon)

and sections them so that there will be no contact. Howewer, if the
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w=+ . powsers fromthe left and right substations are of the same votlage

phase’ (or of a phase difference within 5®) and frequency, it is pes-

t sible to cloge a breaker for extension apdvthus decrease the voltage .,

drop and power loss of feeding circuit. If either the left or
7 right substations iz dead while the different powers canfront
" each other, the extension breaker is tlosed to extend the feeﬂing:
" Usyally. a protective relay for feeding ¢ircuit is not .
provided in the sectioning past. However a protective }elay
might ke installed for improvement of protective ability in the

* case of extended feeding; if necessary. When the eguipment of

ThTT the sectitning-post,fails; the feeding breaker of the substation
t1 =a. is opened by the interlinked breaking device. «! e
I okl R For.short-cirouiting-of_the dead section, atdisconnectings- .

ww o BWitch for.extension, which:ig. more economical _than,.the-breaker, =
- may be used, 8gut, wher-the disconnecting-switch for-extension:
- . .is operated, or when.a fault-is detected in the extended EEEtiDﬂr%t
‘the feeding hreaker in the substation has to be once cpéned to
- -1 tﬂe disconnecting switch to open undey the no pressure

condition. {conseguently interlocking circuit becomes complex

e W wand takes much time. - - ., - - - - e [ T |

- 2-3-3 Sub-sectioningPest

The sub-sectioning post i a switching post pravided for the
Purpose of separating. a worked section or fault section. wWhen
the equipment of the sub-sectioning post fails, ;he feeding
breaker ¢f substation is ¢pened by the interlinked breaking

« . % device as in the sectioning post.

+ 2-3-4 Tie Equipment

In the sectioning or sub-sectioning post, tie equipment {ty-
-—- .ing the up and down feeding circuit) is provided to reduce the
-~feeding circuit irpedance and pantograph arc in the CTOES0VET

section.
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.2-4 Protection of Feeding Ciremie

2-4-1 ¥Protection from Substatian

When a shurt-cifcuiting or insulation fault (grounding fault)’
occurs in a feeding circuic, it is réquired that the fault is
detected immediately at the substation so that an OFF instruction, .
is given to the feeding breaker to reduce damage to the equipment
and catenary line to a ninimum and, at the same time, prevent
spreading of the favlt to sound secrtion.

If guch protective devicas fail to operate prosprly, the
fault point may have damage increased by the fault current, or
if the zhort-circuiting current is of large value and long dura-
tion, stem insulators af the catenary line will he damaged, with
much time reuvqired for recovery.

+ In selecting protective devices, it is iméorFant to grasp

.- the.cumpésitiun,,distributinn of voltage and current, etc. of
the féeding system to be protected and take the most exact

measures, The following may be listed as the items to be con-

sidered.
1) Hormal lcad characteristic
2t Analysis of the phenomena of the fault
3} Fharacteristics of protective relays
e 4] - Characteristics and cholee of instrument transformer
5] Characteristics of breakers

&) Control source

{1} Protective Systems

Frotective systems erployed by JNR include the following:

{a) Distance Relay [(44F)

This is a relay which detects favlts from the difference
iﬁ the reqion of the load characterigtic and fault character-
istic of the feeding circuit and is thus actuated, and it is

used for main protection, !
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- (b} - AC Al Type Fault Selective Device (50F})

This is a relay which detects faults from the dif-
ference between the increment characteristic af the load
current and that of the fault current and is usad for back

up protection,

{c) Overcurrent Relay {(51F)

This is an ordinary relay actuated by an overcurrent.
It is used as backup protection for detecticon of a‘high
resistance faulit and in & section of a relatively short

feeding distance (as in yard or car ched).

When these protective relays are ﬁsed; care must be
exercised so that they will not be actuated falsely Ly even
harmonics current contained in an exciting inrush current
flnwiné in AT when pressurized in an AT feeding e¢ircuit or. .
that flowing in the vehicle transformer when an electric car
rusheés into a new feeding section, or harmonics genafated by

commutation or thyrister control of an electric car.

{2) Distance Relay (44F)

For protection of the AC feeding.circuits from’'sghort-
circuiting and grounding fault, the distance relay system is
employed. This gystem is designed to gperate the impedancet
at-all times from the feeding wvoltage and éur;ent and, from
the impedance, discriminate the lcad current and fault current
from each other.

At the initial state of AC electrification, the offset
mho type {electromagnetic movable type) distant relay sﬁnwn in
Fig. 2-24 [a} and the arc light type (rectifying type] shown
in Fig. 2-24 {b} which have been useh for protection of three-

phase power systems were used generally.
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These are useful where the electric car load is small
- * and selection of "the load current and fault ;urrﬂnt i6-made
with ease. But, as the electric car leoad increases so that
- the fault current is hardly distinguished from the load
current, these types oust have a blind applied as shown in
~ " - Fig. 2-24 (c).
- Thereafter, from 1964, gsemiconductor stationary type -
distance relays having a parallefogram protection character-
istic have come to be used (Fig, 2—251. The parallelogram - '
-y~ protection characteristic.permits:protection-in:the same - o

g s

‘ﬂanv1deted£1ng-Eﬁﬂsibi?it?1G¥Erithﬂhwhﬂlﬁ'féﬂﬂing;lECLiDannﬂ-hIE.m,- -
'good discriminating characteristics between load current and . L

«-fault current.so:that;it:=1s:an- ideal: cne. up g

a1

o (a) Offset mho type - {b)<Are light type (c) Offset mho -blind type
.o | “{Formerly -used ‘in-
. Tokalda.Shinkansen)

. Fig. 2-24 The Change of Frotective Characteristics of
the Distance Relay

Further, the fault detecting time is less than 100 ms, hut
it has an instantaneous operating characteristic {50 ms or less)

T in the-large current region. cie 1an rma e

L
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: lepedancs angle of

5‘ . ‘!te-ﬂnq circuil
- |

fq'. Fau}lf resintance
detecting range

- _ Tl i G ' -

- Fig. 2~25 -Protective Characteristic of Parellelogram
) (stationary] "Distance Relay .

(3} AC AI TyDe Fault Sslective Device (50F})

..Since the protection of AC feeding ¢irguits is very )
important, JUR develeoped . an AC A1 type fault selectiﬁé device
which detacts a fault in the.use Df'sﬁaxp thange ¢f the faule
current as backup protection foy the distance relay. .

The principle of detection in this relay is as follows.

fa) From the regional difference between the variation AI
of the lead current and 41 of the fault current, the

. . fault current is detecte? selectively.

- {b} For the exciting inrwsh current to AT and ope £o the
electric car transformer at the time of passing the
dead or changeover section, the céntent of the second
harmonic component in the waveforn is checked, and when
it iz 15 percent or more, cperatian of the relay is
restrained,
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ic) bDeducting the third harmonic current varjiation Ay
contained in the laod current from the fundamental wave
current variation Al in a certain rate, if AT; is
contained in a large gquantity, the current ls determined
as the load current and raise the operating current value

of S0F.

Thus, the relay has no unnecessary operations caused
hy the electric car current variation, while it-is actuated -
exactly by the feeding circuit fault current containing less
harmonics at a low set value, and its operating speed 1z less
than S0ms. .

Fig. 2-26 is a block diagram of the harmonic restraint
AI type SOF, and Fig. 2-27 iilustrates protective ranges of
the main protection (44F) and backup protection {S0F).

b il befel= DiiTeren-
fileer fisr Lisl am—
Com— [ 1
' 1ifiee L) Elerera=
eT Ty [T -‘ L] paraar i amplifier Eapmen
‘J L% § N Tielay
. 1 " 1
T
vsow = T Aty 1
""'-"';“’- TiEtandard I
. I
. LLuF)
l =™ gl | :
1 R a
_____________________ P |
[1- I
Ford iy
ciromit

Fig. 2-26 Block Diagram of Harmenic Festraint AI Type S0F

Amactance 14 {0)

a l.ll 'lﬂ I.;I
ELLLI. Raaistance R{ll] at BT base

Fig. 2-27 44F Characteristics ang 50F {AI) Protective Ranges
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(4] TProatection when Uﬁhﬂund and Downbound Feeding Circuits
are Tied
T¥ing the up and down feeding circuits at an intarmediate
point.or the. end of the feeding circuit.ig. effective for
reduction of the voltage drop of feeding circuit by an electric
car or and of the differential wvoltage in the sgctioh at the
time of an electric car cressing over the up and down track.

But,  particular care must be exercised . from the paint of view
of protecticn.

{a) Seen from the substation, the fault point registance

appears greater than it is really.

’ """-"%_ Iy 21z Up faeding

— 1, cirguit impedapco
& (44F 1)
q 3 23+ Down fewding

-] .
T:" cirpuit jmptdance
:_.l ‘ﬂ'ﬂi z1 Tqt Fault repistance
E 1z
T’ (44F 7}
7

& 3

. Fig, 2-28 Circuit Diagram Having Fault with
Tt Resistance {in tie feeding)

Fig. 2-28 shows the circuit grounded at the fault resistance

rg in tie feeding, then the impedance seen from 44F, is
given as .

z‘z].}(zl-fzz]fzztxg B A m A T ks {2.4+1}

50 that the fault resistance rq appears to be (2 + Z31/22
times greater. Particularly, in the case of a fault at

the tie1point {2 = Zé]. it appears to be 2 times greater
than when not tied,
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{b} In an extended feeding nyutem, the feeding circuit
» -impedance aprears to be yreater than it is really. - '

—_— I

» *
: - — o
' 1y t44rq1
I " z; 2. p—

TaladF;)

Fig. 2-22 Impedance in Extendiul System Appearing-to be Greater

. s In'a system having the- further 51de of the tie opened

- as shown.in- Fig. 2- -29,~the: -impedance seEn from-44F14is ==
~© given as ] T ’
. oL Zme By (2t B3}/ Z2 Ty iiiin -y (2,402} - - -

.~ If the up and down feeding-circuit.impedantes are equal®’: .7
(Z: = Z2}. )

A R i o o I —_—

- » * s0 that the impedance 'Z; beyond the tie appears to be
w2 times greater, b viam - s mn ks
Consequently, if-the relays are set without the -
foregoing consideration-in the tie feeding, then when-the
fault point hags a greater resistance rg or when a fault
- ' occurs at a point far beyond the tie, it is outside the -
protective range and cannot be detected, developing in
gerious trouble, Utmost care 5hﬁuld. therefore, be

exorcised.

&+  2-4-2 Easily Protected Circuit Forration *
{1y Circuit Formation and Fault Cuarrent Route - :

——— s The feeding circuit extends over a long seciton, and its.

. g faults take various form$ in various degrees from purely - -
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- enter the ¢ircuit-in series, Aas shown in Fig. 2-30,

metallic short-circuiting where the contact wire ls broken
and com&s into contact with the rail to short-circuiting to
grounding fault a large grﬁunding rosistance when the feeding
wire comes into contact with trees. )
Insulation faults ars.largely flashover to contact wire
supports, substation sguipment, steel structures, frames, ete.

and generally have thé grounding resistance at the fault point

sa that
it ig difficult te detect them.

Contact wire

SUppart
Fault cutoff

;3Q§3 T {Contact wire)
Sub- oFr ‘Ermuriw ‘&\ Insulator

relay
station initrvetion flashover

R {Rall)
Substation .
grnunding
Substation
qmun.d ing
-
!

rasistance L 1g: Fault
i " ! resistance

e

Fig. 2=-30 1Insulation Fault

Thus, methods permitting protective detection with ease
and exactness by forming the feeding circuit so that as many

faults as is practical are reduced to metallic Ehnrt-ciréuiting
faults are emploved.

{al By Protective wWire (Fig. 2-31 {a)}}

This method is to metal short-circuit the flashover

fault to a protective wire by a pole arrangement as shown

in Fig. 2-32 and is applied to ordinary sections,
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o] M (or NF Ln aimple and

' — ten)
fFault quraff BT aysten
o ol T
L 4
L I
"&] \L_ Insulator
Sybstation A | flashaver
— R
{a] Method by protective wire (PHW)}
L Hatal support L .
- ]
- — - — W - m m——
Insulsator =

- Fault cutaffl
. ' tlashover 1
RO e
' ] N Cap
- =pPw (pr HF in slmple

Suhetation E‘-‘) - and BT system)

Ladk-to-ground T, ﬂf““d
admittance of uil
'7 . —::-::

L—I"-—l » dincharge

L]
o

Potential .

Method by overhecad sarth wire for
flashover _ (F¥W])

HMetal support
N

Fault cutoff
o o] f‘ _.-r% v -
. Insulator .

[lashover

Substation l::\r

s
L4

Method of short-circuiting rail and

ic)
matal support

Fig. 2-31 Examples of Easily Protected Circuit Formation
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—— (¢} Connecting Support to Rail {Fig. 2-31 [e)}

Frotective wire — i
-lor KF in zimple and

4 Frotective
AT mysbem| ~ . wirae
MessEgnger A\
ire
wire HestengeD W

Contatt wire
™ Protective wirs .
for insulator

Contact ujire

frotective

1 conductor for
Stem

[— i lator
insulator -—'I insul ator kil !

- {a) Protective circuit by {b) Protective circuit by
protective wizre for proetective conductor
insulator for insulator

Fig. 2-32 Examples of Pole Asserbling arcund Protective Wire

{k) By Cverhead Earth wire (Fig. 2-31 (b))

This methed is to use the overhead earth wire for pre-
vention of lightning damage, and the grounding wire is
connected to the protective wire with a protective gap,

The method is wsed vhen the support is metallic {steel

structure) and is applied mainly te large yards, etc,

When the suppert is metallic (eteel structure}, this
method is particularly useful, but JKR does not use it

because of hazards to the signal track circuit and increase

in the telecormunication induction.

{2} 1Imsulation Fault Protective Discharger

In the case of JHR, the substation grounding mat and rail
are not cnnﬂécted di}ect1§ to each other becauvse Of hazards to
the signal track cirguit and the increase of the telecormmunica-
tion inducticn. In sich a case, the insulation fault in the

. feeding cireuit ar in the substation yard creates a high
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7 resistance current return circuit through the leak-to-ground

admittance of rall so that reliabhle protection is ‘not made
possible,

- ' Fault cutoff

L._-_J‘c k] TA'! + T

- L
Substation - L -L-:i

—

Rail
Discharger ﬁ%;i ’ ]

v d Suhstation
777 5SS S grounding

max

Fig. 2-33 Insulation Faults in Sukstation Yards

Tﬁﬁs, an insulation fault protective discharger is provided
between the rail and the substaéinn grounding mat, as shown in
Fig: 2-33, which is adapted te discharge only when an abnormal
voltage is produced between the rail apd the substation ground-

ing mat hy the ocearrence of an insulation fault so0 that the
fault . is detected with eaﬁf.

2-4-3 Fault Locator

e wh LN L
=

"~ The short-circuiting-impedance seen from the-substation of
the BT feeding circuit is nearly linear to the distance.. Thus,
a aystem of ranging the distance by operating the impedance to
the fault-peint’ was empioyed. -But in this impedance detection
system a ranging‘error was involved if resistance was present
at the fault point., Then, a locator of the reactance detection
system was developed which was. only slightly affected by the
resistance, and JNR is using this 1Dca;nr.r

This system is also applicable to the simple feeding system,
‘ with little ranging error.
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On the other hand, the short-circuiting impedance seen
£ rom the;substatinn of the AT fecding circuit is not linear to
the diSténce from the sub=tation to the fLult point except the
contact wire (T} - feeder [FY short-circuiting but takes ihé
form of projecting upward with the AT point a5 a node, as shown
in Fig, 2-3, Consequently, the lecator a} the reactance detec-
tion system is very great in principle error and is not appli-
cahle practically.

In view of the feoregoing, JHR developed for, and applied

to, the AT feeding circuit a locator of AT neutral current ratic

type.
T (1Y Reactance Detection Type Locator .- e,
LJ
i
Suhsu_um o~ wel w.1 .
PR el Yy - —n . PP
PT § * . 9 -
Lo b toT ’ . ' I ' *
Faulk
point 5
L] t -
e TP Pig. 2-34 Cireuit Configuration “a e
i x
1w r_‘uqu circuit Femding curcult
impedance impe dance
Located
5% o~ polnt Xy
hotual o z
fault -"“"\.,\ Locsted 4 =
Folnt oint Ly /
Iq 3
A
13213 1a bs " ! A
A

Fig., 2-35 Irpedance Detection Fig. 2-16 Reactance Detection
Type Locator Type Locator
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In the circult of Pig. 2-34, the short-circuiting

impedance seen from the substation is
ZE - [R+jx} bl £+rg A pr s r Ry mm gy A Ffd b g amy *ok {2.4.4}

Then, by comparing it with the known line impedance (R+j¥).
th; distance £ from the substation te the fault point can be
obtained.

Howover, according to the impedance detection system, if
resistance is present-at the fault point, there is-the pos- -
sikility that principle error will give rise to a fault in
region 4 asg in regicn 5, as seen from the R-X diagram of
Fig. 2-35.

Then, as the system least affected by the resistance at
the fault point, the reactance detection system locates the
fault point through operation of the reactance. That is,

Xg = X * 1

Thus, through comparison.with the known reactance {X), it is
possible to cobtain the distance L to the fault point.

This may well be illustrated in the R-X diagram of
Fig. 2-36, and it will be seen that the detection is free

from the effect of the fault resistance ryg. "

{2) AT Neugral Current Ratic Type Laocator
{a) Principle of AT Meutral Current Ratic Type Locator

In the AT feeding clircuit, AT at each point serves as
a source of power, and the size of the current at the neutral
point of AT (called "booster current") represents the volume
of power supply of sald AT. If an insulation fault occurs
in the vicinity of & ecertain AT point, the booster current
of such an AT constitutes the greater part of the total
fault curxent, and in the case of an insulation fault occour-
ring at an intermediate point between AT's, these AT's across

the fault point boost the total fanlt current proporticnally,

- 105 -



v

LY

pre5Ent1ng a form 0f the so-called parallel feeding between
ad]acent suhstat1uns.

accordingly. by measuring the values of booster current
of AT's at the time of a feeding circuit fault simultaneously
and through a simple calculatinn,.ié i5 possible to lncaté
the fault point exactly. Howewver, accerding to this system,
it is not possible to locate short-circuiting faults of T
and F which are fault phenamena of no puwér supply frem AT,
But, the feeding ¢ircuit faults are caused, for the most
part, by the insuvlation fault {short-cirtuiting to PW) of T:
or F,and a T-F short-circuiting fault is very rare. Thus, in

practical terms, this system i5 substantially free from trouble.

{b] AT Booster {urrent Ratio Characteristic

Fig. 2-317 shows the feeding distance nnﬂ.AT disposition
taken aleng the herizontal awxis and the AT booster current’
ratio along the vertical axis, and 1t will be seen that the
AT booster current ratio and the distance from the AT to
the fault paint i5 in a nearlyllinear relationship, and in
the JHUR Shinkansen, this relationship is expressed sub;
atantially_hy the formula .

H-0.08
X = lpt+t=—Fpg g D [¥m}

" where X : Kilometerage of fault point starting from -

TokyD:

Ln: FKilometerage of n-th AT starting from Tokyo,

jur]

AT botster current ratio Ipgy /I +In+l);

=

Distance between ATp and FTa+l [km)i and
x : Distance from AT, to fault point (km]. or

_H-0.08 -

0.8a [km]

- 106 -



. w fmult occurs in.a feeding circuit, all of.the AT booster,

AT n=th section AThsl

p— -

Fault

In poLnt Inel
S -

- 1.0
[=
L fo.92
M
u
=
hr K1
. -
*
- .
.
J EE - .-
M i
' Starting pewnt SN 0.0y
ITakve Stationl JPyl 0.0
e e e e s
D I . Ty Trral T
r'" _D
r
Loy - _ .

Fig. 2-37 Principle of AT Neutral Current Ratio
Type Locator

In the Shinkansen, if a short-circuiting or insulation
currents in the gircuit are -measured.and maintained auto-
matically and are traﬁsmitted to the CSC {(Central Substation.
contrel) successively. At the CSC, a rinicomputer computes
the kilometerage of the fault point starting from Tokyo by

the foregoing formula and indicates it,

te) Points to be Moted for Operation of Fault Point Locator

- From the experience gained in the Sanyo Shinkansen, the
following may be listed as points to be noted in the opera-

tion of an AT boester current ratic locator.

1} wWhen the 44F pperates properly. but the AT booster current
is small {300A or less), it is determined to be a T-F
short-circuiting fault of the eircuit, and calculate the .

fault point from the size of the fault current recarded

- emaatomatically .on .the memdry recorder in.the substation. _ __ ...
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2) Hevaer compare thé sizes of booster currents of the up
and down AT's with each.other and determine that the
fault is in the circuit of greater current. In the
cage of a one wire insulation fault near the substation,

it does not always follow that tﬂ; booster current on
the fault circuit side is greater, Determination of
the fault circuit should properly be made by the opera-

tion of 44 of said section.

2-5 Coordinaticon of Insulation

2-5-1 Principle for Coordination of Insulation

Caérdinatiun of insulation of the railway AC feeding cir-
cuit is composed of the three systems of substation, catenary ’
line and electric ¢ar, and the insulators and insulating parts
of the eguipment in the respective =ystems must withstand the ‘
service voltage as well as abnormal valtage due to pantograph
dewiring and breaker switching surge. Further, for the lightning
gbnormal wvoltage cccurring in the feeding circuit, a lightning
arrester and cther protective deviges ghould be used to reduce
the voltage ippulse abnormal so that the insulation étrength of
the equipment may be set as low as practicable thus making the -
insulation design of the system as a whole economical and
reasonable,

2-5-2 Abnormal Voltage and Insulation Design

values for abnormal voltage occurring in the AL feeding
i circuit are shown!in!Table 2-38. The crest value. of the breaker
switching surges uc:grring frequently is relatively low at about
60" 70 k¥ generally. Therefore, the insulation degign should be
pade with the l%ghtning surge considered mainly.
The lightning surge riding on the feeding-circuit as a pro-
gressive wave pay be taken to be of the grder of the flashover

. "voltage of the feeding circuit insulator, with the crest value -

- 108 -



linited to about 300 k¥. When guch a progressive wave falls on
"an electric car, substatioﬁ or 5ectioning.pust having an arrester -
provided, the wave front of the surge is., through arrester dis-
charge, the impulse sparkeover voltage of the arrester, It is
reduced to 110 kV or less in the case of the electric car or
120 k¥ or less in the case of the substation, etc. s¢ that
elevation of the voltage on the equipment terminal is checked
completely. .
Then, if the allowance lor cogrdination of insulaticn is
assumed to be about 20 percent, the abnormal voltage is calculated
~-~as 110 Ry >'1,2 = 132 XV fnrmnlécﬁric cars or,120-kV ™ 1%%.- 144 kV
‘" for substations, etc. Thus, the eqﬁipment has a EUffiCiEnt
allowance for basic impulge’ insulation level of 130 kv {for
vehicle) or 150D kv (for substation, ete.),
.Observe Figs. 2-38 apd 2-39,

Table 2-3% Approximate Values of Rbnormal voltage

- Cccurring in the Feeding Circuit
g - x . '
Tt - *Max imum nbnormal Abnormal
Items .
. . rgE0rvice wltage voltage
voltage |- multiple value
Abnormal wvoltage LAY Times kv
by switching surge 2.0 2.5 60 v 70
Abnormal voltage by
T B 2, b
pantograph dewlring, etc. ! 0 40 0
o Indirect
lightning 27.5% A, e 5.5 100" 1%0
Lightning stroke :
surge ' —
voltage, Direct .
lightning 11 ~ 1B 300 " 500
l s Lroke
: Inzulator
Progressive wave voltage
A,
an catenary line flashover 250 3??
voltage
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Fig. 2-38 Dielectric Strength of AC Feeding Circuit (25 kv)
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4.

2-5-37 application of Protective Devices .

Abnarmal voltages are classified largely into two types:
those due to the commercial frequency such as insulation fauwlts
in the substation and feeding circuit and those due to impulse
waves such as lightning surge, and the following protective

devices are applied. -

¥
(1) Commercial Fregquency . o

Insulation faults in the substation and feeding circuit
“involve'greatér “grounding current generally, regulting in
" ‘greater’elevation'of thé-ground potential. - Thus; for coordi- .
- € " o

*“ nation of insulation‘for the equipment and weak eleGtric
R circuits,'dischargers -(magnetic blowout type or carbon_type]_
--and horn gaps+shown in Fig. 2-40 are used-generally, Further,
in the case of the HT“feeding;system,=JNR~designates,tﬁel .
insulation elass of the feeding bus-twice that of the feeding
circuit. Here, as a2 method of reducing 1t to the inqulation

“class of the feeding circuit, a device of Fig. 2-41 is <on-

t gidered,

Digcharger
(3 5k

L
Croundifiy mat

Fig. 2-47 Example of Protective System Using Discharger y
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'Fig. 2-41 Fethod of Conpecting Feeding Tr Houtral Point to
AT Meutral Point

{2} Impulse Wave

L '~ phnormal voltage due to lightnipg is very great, and __ ~
insulation withstanding such voltage is ecenomically impossible.
Lightniné‘arrusters are jnstalled on electric cars, substations

_ahd sectioning posts as :shown in Fig. 2-32.' In-areas,of higher
occurrence of lightning-storms, overhead groundinging wires

. are used for coordinaticon of protection.

' 2-5-4 Choice of Grounding Resistance

(11 Feeding Substation

The grounding resistance of the subgtation mpst be so
chasen that the egujipment in the substation and information
controlling weak electricity clreouits coming in and out of
the substation are not subjected to diclectrie breakdown by
the clevating potential of the grounding wmat in the compound
at the time of an insulation fault in the receiving or feeding
‘system in the substation or discharge of the arrester, and for

""the potential, the commercial frequency . and impulse waves are
the abjects of consideration of elevating the potential of

the grounding mat.

{a) Flevaticn of Grounding Potential by Commercial Freguency
1) Feeding system insulation faults

At the tire of an insulation fault of the feeding

main Sircuit in the substation, a metal circuit is formed
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by a discharger [gap) provided between the substation
grounding mat and the main transformer neutral paint

[rail or protective wire] to short-ecircuit the grounding
resistance and suppress elevation of the grounding
potential, The gap is set to a value {3%5 kV] according
to the ingulation level of the equipment in the substation
to insure coordination of the protection so that the
grounding resistance does not rise over the gap value.
Then, if the feeding failure only is taken into account,
the grounding resistance value should not necessarily be

decreased too much but be about 58,

2] BRaceivipg system insulation fault

Elevation of the grounding potential by a receiving
gsystem insulation fault in substation varies gréatly with
the method of treatment of the electric neutral peint of
the three phase transmission line, apd in the case of a

normally congldered one wire inzulation fault:

al In a high resistance grounded neutral system, the
chort-cirguiting current to ground is limited to about
200" 1000A by the resistance of the neutral point so
that it will not be nﬁcessary to reduce the grounding

resistance value too much; and

] In a solidly grounded neutral system used jeointly for
substation groundipng mat, the short-circuiting current
flow into the grounding mat is as large as 10 %A, and in
such a case, reduction of the grounding petential with
the protective gap in the feeding system is pat
expectable, so that it is required to decrease the
grounding resistance to a value at which coordination
with the protective device: for the substation equipwent

and weak electricity clrcuits coming in and out of the

- 11% -
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{2) Ssectioning Post, etc.

substation is insured, and such a value is ahout 1fi

-’

or less.

{b) Elevation of Grounding Potential by Impulse Wave

For elevation of the grounding potential in the case of
. discharge of the substation arrestcr by iightning, the pru-1
tective effect of the feeding systoem protective gap is not
cxpectable as in the-case of the solidly grounded noutral
system, s0 that the protective coordination with the weak
electricity circuits coming in and ﬁuy of the substation
must have a.grounding resistance value chosen in cnnsideratiop

ufmﬁhe 1£ghtniﬁ§'fr§éﬁéﬁEf:1nnd the ‘target value is 1l maximum.

e

As stated ahove, the resistance value of FhE suhstatigé ]
grounding mat .is governied mainly by the receiving grounded
neutral system:and impulse'cq;rent, and in the soli@}y_ )
grounded’ system, the pnfﬁntial clevation by-the commercial

frequency at tho time of a one wire short-circuiting is

L

greater than that by lightning currest, and in the high re-
sistance grounding system, the grounding potential olevation
is greater in the case of one wire short-circuiting than it is
L]

in the case of lightning current,

+ - .

A¢cordingly, -it i5 necessary to determine the grounding
resistance value in consideration of the protective coordina-
tien with the substation eguipment and weak electricity
circuits coming in and out of the substation for both
commercial frequerncy and impulse wave, and theé target values

are shown 1n Table 2-14.

Sectioning and sub-sectitning posts cannot have an extra-
high veltage three phase receiving system led in. Thus, at
the time of a main ¢ircuit insulation fault, the protective
coordination is maintaiped by a @ischarger lgap) as in the

case of the substation feeding system protection. However,
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when the arrester discharges by lightning, the grounding

gatential rises with the lightning current so that the value

of grcunding resistance should be chosen In consideration of

the protective coordination with the weak electricity circuits

coming in and out of the substation, and the target values

Are shﬂwﬁ in Table 2-11.

Table 2-10 Target Values of Substaion Grounding Resistance

Beceiving neutral
grounded system

ITtems

High resistance
grounding

Solld grounding

Grounding mat resistance
value

S or less

1N or less

Short-circuiting current
flows into grounding mat

About 11,0008

About 10,0004

(5,000V) {10,000V)
Lightning current’ 2,000A or less 2,000p or less
{Indirect lightning stroke) (10,000v) {2,000V

Grounding potential at
feeding circuit insulation
fault (Gap!

5k % /2 = 7,000V

Sk ¥ /2 = 7,000V

Table 2-11 Target Values of Grounding Rﬂsﬁstance for

Sectioning Posts

., ete,

Items

Target values

Grounding mat resistance
value

5l or less

Lightning current

(Indirect lightning strokel]

2,000n or less
{10,000V}

Grounding potential at
feeding circuit insulati
fanit (Gap]

on

Sk x ¥2 = 7,000V
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2—5-%‘ Coardination of Insulaticn with Weak Electricittﬁcircuits

w
gshould an insulation fault or arrester discharge occur in _

. 1

a substation or sectioning or sub-sectioning post, the grounding -4

potential of the station rises, and the weak electricity cable

lines ccﬁing in and ocur of the station receive the pnteqtiai
dir?ctly, b

Thus, in the substation, et¢., protective measures are
taken agaiﬁst elevagianrhf the grounding phtential, and as such

a measure, a protector system (with changeover fuse) and

PR el ' . I, i ‘- LB
insulating transformer system by means of a control power (DT
i R P -
or-AC used) are used mainly. f',- -
.l 'S " . "u [ i. "
{1)" "Protector (with changecver fuse) System {DC used) T
. . . ;
This system-is<applied.when DC-is-used for:control power,-,
and its configuration is shown in Fig. 2-43.
nghtnj.ﬁg
L ITEE )
Chemgeovar [uls
R loell T o=k Tatecnal wlit nide .
e . . R Trater — b CTALRErY cable
Within the . T ————— ' 't;‘uml--
bty _ﬂl{)—"j—— . WirgE

*talipgh

Hu'nl't.-nd!-nq_’

SO0V

LS B N g e t———

T
Kmube grerUndsng

Fig. 2-43 Protector {with changeover fuse) Systenm

[ ]
L

When the grounding potential rises, the discharger (G3)
on the station side and discharger (G:] on the external wire

side are discharged to prevent a backward flashover accident

i the weak electricity equipment such as the remote conbroller
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in the station. As G; discharges, the accident current flow
in the exterpal cable iz limited ky a current limitiné resistor
(R}, while the circuit is cut off by a fuse (F), thus the cable
line is protected. The discharger (G:] is designed to check
the dangerous voltage coming from the telecommunication cable
to prevent danger to the human body.

This system has a circuit cut off for a short duration
as the fuse is broken and resumes the circuit with antomatic .
changeover of the fuse upon removal of the failure., 1In this
respect it is a shortcoming, as control is suspended for about
10 seconds. )

However, it is an economical system, and control inter-
rupticon actually causes no hazard.

With respeact to the set voltages of the dischargers, 5]
is set at 2,000vor less for protective coordination with the
equipment in the station, and G2 at 500V or less from the
danger valtage applied to the telecommunication line. The remote
grounding of G2 is to be installed at a location free from
the influence of the insulation fault in the station as
well ag the rail potential elevation, and it is installed S50 m
ar more apart from the station grounding mat at right angles

to the rail.

{2) Insulating Trans former Syﬁtem (AC used) .-

When AC i3 uszed fnr1cnntrnl power, an insulating trans-
former system shown in Fig, 2-44 is used.

The grounding resistance is so chosen that the value of
eclavation of the grounding potential at the time of an insula-
tion fault in the subatation, etc.

The weak electricity cable lines led out of the gsubhstation
to the external wire side receive this potential elevation and

they should be kept away from its influence. High voltage
withstanding cables sheould ba used to a point about 50 m or
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more apart from the substation yard.
transformer is installed to insulate

voltage and safequard it o0 that the

Further, an insulating
the shifk of the abnormal

grounding patential in

the substation will not extend to t-e main cable side of the

extearmal wire.

This system has the control power coupled electro-

magnetically by the insulating transformer and thus has

cffers the advantage that the control is not interrupted at- s

the time of an accident and is, therafore, highly reliable.

With respect to the dischargers, 61 is used for decreasing

the potential burden on the substation equipnent and Gz for

reducing the dangerous voltage coming from the external wire,

For the insulation level of the insulating transformer

and high woltage withstanding cable, ACIO kV iz used,

2=5-8

. ciewwr_ AN insulation.coecrdination. reference table of -the AC feeding

circuit is shown in Table 2-137.
*

Insulation Coordinatlon Reference Table

a WEE

Table 2-12 *Insulation Coordination Reference Table

It eo

50« 3 ‘

Substaticn Catenary line Yehicle
. ; Atandard woltage 25 kv ~ 1% 5
Circuit voltage Maximum voltage 77.5% kY 27.5% 17.%
i -
Bamic impulas ) 1%0 132
insulation luvel] ‘TPV1SE wave 150 ¥ - ,
I Rated voltage 15 Wy I 35 15 .
-— ] . —
Comwrcial ' g oy
— 1 100 impulse | [requency S8V - =1
e mRear, o cmems aren s BAFKOWET e N " - e :.._. ¥ -
Arrester voltage -+ | ITPulme 120 v ‘110 110
waYHE 1 -
Rzsidual valrage 130 110
{at 10 kA discharge] 1o by
: Fegding tead JAT instellation | Secondary side
Place of jnatallation | point, ete. point of S8, 55F | of pantograph
Cormezcial Lightning impulse
A Insulators -fraguency wat . )
: withgrapding | Withstanding tuy Elashover
voltage voltagy volbtage
Hinged cantilever ateo
insulator lgensral) 95 ky 245 290
Inzulacars . -
AT fued.lnq wire 100 ¥ 295 155
suspension insulator
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2-5 Fower Source

The load of an electric railway is characterized in that a
rapidly fluctuvating load is formed in a short time, with a great
value. When the regquired power of the feeding substation for
operation supplying this is received from the ordinary power
system, the source voltage more or less fluctuates. Particularly,
when the electric railway is of AC electrificatien, the load
current a2s seen from the power source is single phase in most
instances, resulting in greater fluctuation in the source veltage.

On the other hand, the customers in the oonventional power
system are demanding further improvements in the quality of voltage
and freguency of electricity with the devefﬂpn&nt of the automatic
control of industrial egquipment and spread of domestic electric

products.

Therefore, in formulating a receiving plan for a feeding
substation for operation, it will be necesgary to examine Lefore-
hand what the extent of fluctuation of the source voltage is and
thus form a supply system so that no adverze effects are caued
to consumers in general. As fundamental measures feor problems

which are likely -to occur, the following may be considered.

{l) The system should be 50 corcosed that the loads of a number
of trains are integrated for smoothing the fluctuating current
and kalan¢ing the three-phase current, while the power is
received, as far as is practical, from a scurce of greater

power short-cirguiting capacity. |

{2) The supply system should be isclated completely to form an

exclusive transmission system.

{2 falmngirg mnd cormrensating devices should be installed.

Here, calculation formulas will be sought in order to see
how the sgurce voltage is affected by the electric rallway load.
From the erxporience of JNR, etrmplaints, et¢. do not occur when

tne voltage fluctuation AV is suppressed bolow § percent.
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2.6-1 TFormula for Approximate Calculation of Voltage Drop in
) Single Phase and V-connection Feeding

When the feeding transformer connectich and:current idistri-

bution are as shown in Fig.. 2-43.

1c 1:1 Ip
) r 4 Ly
o
1a
. . m
. . "z Tye v
.- v - "Ia'-'-‘-IAE_je - Ih =~ {In+IBEj3}E .
: - :
“ie v I = Ipe 3 . 8 w-angle of load power factor ...,
o .= - Fig. 2-452 V-connection: Transformer o

The positive phase cosponent Iy and negative phase component Iz

of the primary current are cbtainable as

1 ‘ 1y {8+ ) A
- il-"illﬂ"‘ alb+ a’ic) = E'{Ih‘.“ IE}E-], A - 2

- . ' bl

1, 1 (8- = 18+ )
i = Jtia a’ib+ aie) = = {I_M':' "8 -Igem IV TR peet2.6.1)

V3

. 1 .
Provided, a = - 3 M I

Further, if these current flow to the spurce impedance, the
voltage drop in the respective phases is given by formulas [2.6.2])
where 7 is the positive phase component. and Z» is the negative

phase component, of the source impedance. .
'I:!a' iﬁ;-ri:ﬁ .

{'}b-ajillzl"'aIZiz e N e R R R N R B R B T i IE.E-:]
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How, obtaining.the voltage of the respective phases after

passage of the load current,

irz:b = ";"ab' 'l':?a,"ﬁb}
ﬁl‘jc‘ﬁbctlﬁh_ﬁc]_ N it.lriq-.-rl ----- .-.12.6-3}
{-":;a = Vea - (Ug- Ua)

Further, taking the ratio of this voltage to that before the

current flow,

-

‘:'.';]:: =1 - {ﬁﬂ. = ﬁb}
Vab Vab
L] - -
W Iy -~ Ua) . .
b Vh ~ Vg
el S SR Grrrerr e (2.6.4)
Ybe The i :
ééa {0c - ﬁa}
| 1 - —p e —
VCa Vca

o

1f the rate ogf voltage drop is defined as expressed by formula
{2.6.5) in crder to see the extent of fluctuation by current

flow of the wvoltage before the current flow

AV v-vr v L }
v - v ® 100 = {l-?]:‘lﬂﬂ | L% (2.6_..51

tﬁen; from formulas (2.6.4) and (2.6.5},

ﬂ"‘?a,h. [\:Iﬂ. - k}bl .- “b, ) - ¢
¥ -y H L
oy o~ 100 [4) o ,
— S 1+ B I (2.6.¢)
Yor Voo
v (G, - 0.))
%“ - —;_,“ 2" x 100 [%]
ca ca

are ghtained,

Here, considering the -source impedance as expressed by the formula
{2.6.7),
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il - iz = ZEF:N' ]
where W = tan % L s (2.6.7)

®: Source side reactance; and

I: Source s5ide resistance.

By substituting formulas (2.6.2) and {2.6.7) for formulas (2.6.6)

and arranging, formulas (2,6.8) are obtainable.

! - [ _h I e 1l -3 “_I
&ab=1t}ﬂ [IhZ{E "JJT!+E:I{-' 'f.:.}"'IEZ{E ][E V}ﬂE]{E*’E 11’]}]
vab

. log

= 7 [2IaZcos (B~ +IBz sin {6 +—-¢.1]

Uy - ____ - - -
éﬁ%& = 100[1 zie” -3(8- w+E J[E 1""i}+1 Z{E J16-4) jta-ﬂ ﬁj}}
- = }_GE [- IpZ cos {B-——-— W - 2IgZ 5in [0 -2-111]

- C o AT . s '
v - - - - - - e

E’E[- 1,2 cos [ﬁ-i-—-- W] + 15231,1 {a+€._u”

o

¥

— e
o

provided, V = I"u"ahi

These are the formulas for calculation of the rate of source
valtage drop by V-connection load. However, the reactance and
resistance in the source ippedance are in the relationship of

X*>r. Then, assuming

b = t-ﬂ-n'-l

CLE
[
o
&

formulas (2.6.8) are simplificd as helow,
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AVan 1 ' 1 W
T 5{2152 sin® + 1pZ sin {E--f” x 100 (%]
A¥pe,_ 1 . "

oo - ;{Iaz sin (6 +3) + 2IpZ sin 8} = 100 F e £2.6.000

8Vea

.1 . in (64T '
og = v lIaZsin (8 3}+15251n{5+3]}¥1ﬂﬂJ

~— Multiplying V to the denominators and numerators for expression
of the source impedance in the short-circuiting capacity (Ps),
formulas (2.6.10) are represented as shown in Table 2-13,
- If this formula is generalized, the humerator is given as
¥Wisinx, If it is represénteﬂ by O, then

v _ 9

v = P PP -39 18 §

It will be noted that the woltage drop rate is proportional te
the reactive powar of the lcad and is inversely proportional to

the short-circuiting capacity at the point.

Table 2-13 Formulas for Approximate Calculation of .
Voltage Drop Rates by V-connection Load

1p only In only
tondgcr_.lmq conducted conduct kd Both Iz a:-dlzg tonducted
conditionk 1+ 10ov} (* 100%) {r 100%}
L¥ph VT, ¥ilg . . = VI, Vip 3
AFLl — = - —— -
Vab T | 5 1] N e inl _1,1 " ELnY + F, £in|f ]'.i
{¥be Vg LoT.1 2vip " VI i
R L B et Ty bl
Lvea Vig . n 1 Vig L, 3 Vig = ¥ig "
— B =) [ — R s - — i
. Vea i LRS! ]] Py sin{ ].'! oy si1nif 3—1. = sini{d + i‘

Further, what aspect the line voltage of the primary three-

phase power socurce will present by varying the angle of the 1lgad
power factor is illustrated in Fig. 2-46.
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Fig. 2-46 Changing Vector of Voltage by V-connection Load
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2-6-2 Voltage Unbalanced Factor versus Voltage Drop Rate

When the positive and negative phase components of the
. source. impedance are taken as given by formula (2.6.7) and have
the positive and negative phase currents of formulas (2.€.1)
given respectively, the positive and negative. phase voltages at

this point are calculated, from the "fundamental formula for

generators,” as '

{13 + IB) 2
/3

I Ipyz
+ j{t Ao+ )

. . . i ’
Vi=Ea-1312;={Ea- cus[E+E‘ﬂ’}} '

smca+§-¢1-}
F (2.6.12)

. . z
Vi=-+Iz22=- E[{Ihcostﬂ -%- v} - Incos(® +£-¢:J_}

r.r - .
- i{Ixsin (@ -EHM = Ip 5in ':BJ'E"P“]J

On the cther hand, the voltage unbalanced factor is defined as

¥z
U= 1 R L1 1 I‘.:..Eh].l'l

thEﬂ: l{rll '-. Ea []UJ']

|\;1'2| = Fzﬁnz + 132 *EIAIBccs{{E-g-wj - [B+g-:p]}

a
-

2 7 3 .
T — +1 = Tnl '
.@"’&“.‘ B T rATE

Accordingly. the voltage unbalanced factor iz given as

o= L¥2] .

v z
["5'2] ﬁ,/lf + I5° - IaTp
1

1t

v
FE/IA:+IBZ_IAIB e T T T {2.6114}

provided, ¥ = ¥3 Ea.
Mow, comparing formula {2.6.14) with Table 2-13, it will
be seen that although the maximum voltage drop rate is affected

by the power factor angle B, it is 2 times the paximum of the



valtage unbalanced factor u,
viltage unbalanced factor is allowed to g0 uﬁ to 1 percent. the

instantanecus voltage drop rate is b percent. <= e T,

6-3 Voltage Drop Approximate Calculation Formula in d-phase/
2-phase Connectlon

“*- As a typical example of 3-phase/2-phase conversion, the
transformer connection and current distribution in the case of
usg of a Scott connection transformer are shown in Fig. 2-47,
and the results of caleulation by the approximation formulas are

noted:in Table 2-14 for the sake of reference. ..

. .2 -48
ey I Jaz— "ImE
}d Hi T
Ic, Iz (=3Iy - -L)e ~33
— EE;: ; = { j _H Jr-] .
. - . S | -
¥ Ic-ﬁIjIM-T';_',}c ELI
. Fig..2-47 Sgott Connection Transformer
. 1 . . . -
Iy = E{Ia-+a1b-ra21c] - ;%ﬂIT*'IH}E 38
vravame==o L2.6B.15)-
-48

. l - 3 ' 1
Iz = 3|[1a+a Ip +alg)] = Tj{IT-IH}E

Table 2-14 Formulas for Approximate Calgulation of
Voltage Drop Rate by Scott Connection Load

This means that if the instantanagus

Conducting T-phase GAly M-phase only Both T- and M-phases
condibjians condustad conducted conpducted
I= 100} I= 1004 N (¥ 100%)
&Vay - 1vz - vig, VAVl Vi, N
- . I DL - o - - 4 — a .
Vab sini# & e sin (2 Il T sanif + Zl ‘50 =0 (2 ?l
Bvn ' I v
2 o N sing ~£inf
Yoo
A¥ca N o | v Tviy n Vi n
51 1 =. ut . LR L ?
¥ea " nje 7 P sinlo + _-,:' = sinif 5] - 5 sinib s 3!
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2-7 Rail Potential

Z=-7-1 General e

In the electric railway, the rail is designed as a return
circuit and has an electric car current fiuw s0 that a rall
pntential is generated arising out ©f the praduct of the cha-
racteristic impedance of rail and the lcad current. Here, tha

size of the potential is depEndEnt an
{1} Feeding circuit configuration,
(2) Vvalue of the load current,
- ' (3) Leak-to-ground admittance of the rail, and

(47 Lwocation of the lgad.

As the rail potential increases, there is the possibility
of electrification hazards to the PaSsengers on the platcform
and track maintenance workers, or adverse effects such as insula-
tion breakdown of the rail tie plate. Therefore, in plﬁnning
electrification, it is necessary to estimate the rail potential
and thus form an adeguate feeding circuip.

As an element related to the rail potential in forming a
feedipg circuit, the faliuwing may be cited,

(1) Substation interval for simple feeding E¥stem,
{2} AT interval for AT feeding syﬁt&m. ar .

(3) BT and boosting wire interval for BT feeding system,

and in each case, the shorter the rail conducting distance, the

smaller the rail potential...

Furthemwore, the size af the leak-tn-grouqd admittance
¥ [5/xm] of rail has a great influence oo the generation of
rail potential. That is, by dispersing the grounding of rail,
it is pEssihlﬂ to reduce the rail potential Jenerally, but as
the leak-to-ground current increases, the induction to tele-

cormunication lines increases greatly.

leﬂ.—.
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Ir JNR, the rail potential in the conventional AC electri-
fied sections is 80V mavimum or less so that no rail potential
suppressing measure has been taken, and there have been no
problems. In the Shinkansen, the load current is large, while
the leak-to-ground admittance Yy of rail is small, so that the
rall potential rises up to abeout 500V in some cases, Thus, to
prevent passengers from getting electriec shocks, the rail is
electrically connected to the iron structure of the station
buildiné to reduce the rail pateptial to A0V or less in the
respective stations. Where the Shinkansen-is located close to
a bC réilway circuit, the rail is grounded through arail potentiazl
suppressor which blecks the- DT stray current and passes AC only.
_This is a measure to prevent electrolytic corrosion of the ireon
structure of stétion building.

As~a way of suppressing the rail pctential.in the double-
track sections, the method of bonding the upbound and dcynbound
rajils evory scveral kilometers (referrpd ;u.as ;:ross-bnnd"j 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 feeding circuits along JNR"s Shinkan-

S€n.

2=7-2 PRail 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 gshows the formulas for calculaticon of the highest

value of rall potential in the respective.feeding systems.
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Table 2-15 Rail Potential Highest Value Generating
Conditions and Calculation Formulas

- e the | T '

A X § T 2 - . —i-ri
r load st g') a Ymm o LN e 1=0T )
si 1 the re= I N
[E‘:EJ- :q patest end B Va

sy ELEm Load point ) | /A""
and pub- -\/—"

station

point “Va
§ ——_ .
M the nt .
maAXimum T_—_NF . \
lﬂld at ‘. 31 .\'"‘ﬂ-ll"'._[I'n:;u}:?.rltl“‘rtj
Do - B T 7
e ILET Ca - J) i, _ ) -
ff;dinq rans forme : S ST RS LS IE AT IRELO,
' . - - —wa - "
system | POLRE N sy V) ' . L
Load paint . R - e
) and boosting /""‘ . ] ;
. - wire polnt --../- —
" At “the - o
. paximom :
: load st -
AT about the .

Eeeding aT mia-
SYSTAM § point

tosd point .
¥y = YZpm-¥p - tPropagation constant of rail ng = ZTR/ZpR

Zo = YIRR/Yplill: Characteristic- impedance.of rail . ngo ~ ZrN/ZRR™
1Al Load current

flem): Length from feeding point
{substation, boosting wire
or AT} to load point.

2-7-3 hAspect of Generationm ©of Rail Potentjial in the Respective
Feeding Systems
The aspect of generation of the rail potential will be des-

cribed with respect to the simple and AT feeding systems.
a. Simple Feeding Systenm
With respect to the simple feceding system which is com-
posed of contact wire and rail only, the results of calculation
cf the rail potential, with the leak-to-ground admittance Yy,

of the rail taken as a parameter, at the load points of a moving

100A single load, are shown in Fig. 2-46._
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x

when Yp is extremely =mall, the rail potential increases
in proportion to the feeding length, but as Yh increases, it
rises exponentiallé to the feeding length and tends to
- saturate. =For example,-when ¥, is.l 5/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,

-
-

- :_;EI i E Tam B} LS p ]
' ..-__-I_"_"‘"'——l-q—_____'
E wTh x !
iy /- |
gy | L) - .
- H Ty=188 140
- LL]
33 ', Lo
- ] " =0l iz
I E :T,,-'ﬂ! ’fu.l
i

4
-

] 1
| L

L]
I ___!'r.-r |/....i

L
¥

length from
aubstation Likmj

Flg. 2-48 Rail Potential in Simple Feeding System
{50({kg/m] rail, I=100[A)
single leoad [theoretical value])
{T-R simple feeding}

{2} Rail Potential in AT Feeding System

In the AT feeding system, tﬁe maximum rail potential in
the absence of the protective wire (PW] is that of the load
point wheﬁ'thé load is located at the central position between
AT's and takes a maximum load. When PW is provided, the rail
potentlal is rather lower at the central point because of the
shunt effect of Pﬂrhut_ghnwa a maximum value at two points

" separated from the central point to the left and right.

Further, when Yp is small, AT interval has a great in-

fluence on the rail potential, and at a minimum YL, the rail

_potential increases approximately in proportion,to the AT

interval. However, if ¥y 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. Thix aspect

. is illustrated in Fig. 2-49. .- - . . ==
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—— Highest rail potential vmax]v)

TEL ]

AT intwrval Ljnal

Fig.-2-49 ;AT’IntﬂrValtand:Highpst.ﬂaili?ctential_
(60 [kg/m)-Tail," I=100(R)- single-load) i
{Sanyo Shinkansen)

2-7-4 ppproximate Humbers of Leak-to-ground Admittance of Rail

v

From the. foregoing, it will be understood that the eak-to-
ground admittance of.rail ;ffects the generation of.rail potential
greatly.” Here, the value to be taken for ¥p in forecasting.the
rail potential presents a very diffjcult problem,

¥p fluctuates greatly depending on the conditions of the
rail tie plate and ballast, whether wotden or concrete slecpers
are used, and depending on whether the weather ig fine or rainy.
wWhen insulétors are introduced in the rail tie plate as in the
thinkansen, Yy takes a very =mall value. Table 2-16 shows the
approximate nutbers by district classification of the leak-to-

ground admittances ¥y, from the results of peasurement in JNR.

Table 2-16 Approximate Humbers of Leak-to-ground Admittances
of Rail ip A¢ Electrificd Sections

+ - -

weath Leak-to-ground admittance Yy [5/km)
~ner Conventional lipe Shinkansen
Fine 0.2 "« 0.5 0.002 v 0,01
Fail 1.0~ 2.0 0.1 ~ 0D.2
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CHAPTER 1. SUBSTATION EQUIPMENT

3=1 Composition of the Substation

The AC traction substation (hersafter referred to as substatcion)
receives electric power from crdinary power networks of commercial
power companies and supplies this to the cverhead contact systenm
after converting it in the feeding transformer to power suitable for
operating electric vehicles, In addition to supplying stable power,
a substation must be capable of swift and positive detection of
trouble in the esvent trouble develops and must also possess necessary
protective functions to cope with power failures, With the forego-

iqé pEfpése in mind, a‘*substation-is -composed of the following . . . .

- - —r

equipment.

+

{a)- Power Receiving. Equipment

- v

Equipment to-raceive-AC power from ordinary power-networks: -

ib) Transformer Equipment

Eguipment to transform power received to operating power. .
. The feeding transformer will he the principal equipment in the

case ©of commercial frequency-electrification systemns.

{¢)* Feeding Equipment

Egquipment to supply operating power to the overhead gontact

5Yys5tem.

{d)] Common Egquipment

Miscellaneous devices to control and operate various subSta-

tion ecguipment. .-

Although various forms of 5ubstatio? eqqipmcnt 1agput5 may be
considered such as for feeding systems, control systems etc., from
the standpoint of both construcrion and maintenance, it will be
advantagenus to standardize wherever possible within the same eleet-

rification section. '
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JHR has standardized and is utilizing the AT feeding system with
its numercus advantages as a feeding system, and the centralized

remote control system for unmanned substation operation., An example

of a substation equipment single diagram is shown in Fig. 3-1.

AC power
receiving
circuit
breaker

| - -

+ o+

Series |
capacitor

) 7. AC feeding : -
icircuit breaker

[ legend AT circuit

breaker
Hegative feeder
frail}
Disconnecting
Contact Contact ( switch
Wwire Wirg

Fig. 3-1 sSubstation Equipment Single Diagram -

(1) Location of the Substation

_hfrer deciding the type of feeding system, the electric wehi-
cle output, track conditions, train operating conditions, and basig
systen of electrification, the substation i1s suitably located after

taking into consideration interval, site and capacity.
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{a) The substation equipment must possgess sufficient capacity
to withstand vehicle loads.

(bl Voltage drops due to vehicle loads should not adversely affect

train ¢peration,

{c] The substation must be provided.with protective .functions_for. .
swiftly and positively detecting the trouble and cutting off
the power in the event short circuits occur in the feeding

circuit due to trouble in the overhead contact system or in
the vehicle.

(2] Interval of the Substation

a. Substation Interval

The intcrvaf of the substations is selected within the range
that will enable maintaining minimum pantograph voltage in the
overhead contact system and, moreover, enable s;ift and positive
datection of fault currents that may be generated in the feeding

circuit and thercby protect againét power failures by cutting

off this curraent.

&3 voltage drop is small in the AT feeding system, greater
interval will be possible between the suhgtations.

In the case of JWR's AT feeding system, substation interwval
and the range of voltage fluctupation in the overhead contact

system arg set as follows.
{a) Conventional line (Standard voltage 20 ky)
Interval approximately 100 knm 22 - 16 k¥

(b} Shinkansen (Stapdard voltage 25 kvV)

Interval approximately 50 km g - 22.5 kv
{20 k¥ momentarily)
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b. Assumed Load foar Calculating Voltage Drop

Although train eoperation curves (speed, time and current
curve hased on digtance) by car type are used to calculate
assumed lpads when carrying ocut estimated calculatisn of voltage
drop, here we shall congider that the operation curve has already

been drawn up and that its characteristics have been mastered,

The following items will therefore become involved in the
method of selecting the load.

{a) Substation interval and track grade
fb) Feeding circuitg by single or double

{c) - Extended feeding and tie feeding {tying up and down feeding

cirecuits) in dAouble trark feeding circuits.

35 may be noted by the example shown in Table 3-1 of the
{paq condition when maximum voltage drop is assumed in the feed-
"Enq circuit, the probability of minimum voltage developing is
génerally greate; when heavy loads exist near the end of the
feeding circuit.

If.a time belt with the worst condition is selécted from the
time schedule shown in Fig. 3-2 as an example, and lcad assump-
tion carried ocut, a load distribution diagram may be created ;5
shown in Fig. 3-3. .

A5 an AC feeding circuit is generally feeding from one sub-
station, assuming that electric vehicle lgads are constant, the
further the train is from the_suﬁstatinn, the higher the veltage
droEﬁ As veltage drop therefore bectmes higher with increases
in the product of the lpoad current times the distance to the
load point (Azp-km), 2 time with this kipd of lead should he1

selected from the time schedule when making load assumptions.

Fig. 3-3 shows the load distribution of a time helt with
maximum voltage drop during normal feed with 4 trains running
in the same feeder section at the same time of B:15 [point "K"}.

Of these 4 traing, both up and down trains {trains 2 and 2) start

- Tl b
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Table 3-1 Load Conditions and Composition of the
Feeding Circuit (Feeding from One Substaticon}

—

T

Fig.

-2

Train Diagram
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Fig. 3-3 Load Distribution Diagram

simultaneously at station D at the end of the feeding circuit and
train 1 is at an up-grade between stations B and €. With the

pnueéing load of this train added, Amp—km becomes greatest and
voltage drop becomes maximum.

Although the foregoing load assumption is for normal feed,
it will be necessary to carry out extension of feeding when
stopping the substation in the eveﬁt of trouble or for power
failure or maintenance work. However, load assumption may be

carried out in the same manner.

In relation to protective systems for feeding circuits,

refer to paragraph 2.4 "Protection of Feeding Circuits™.

Location of the Substation

In relation to the location of the substation, select an

appropriate site in compliance with the planned spacing explained

sbove and based on maps and on-site surveys taking the follewing

into consideration.

- 142 -



L

{a) Where feeder source is easily available near the railway

L r
tracks.
(b} Where equipment may be carried in and out easily.
{cl] MNear receiving power source and where receiving power liness
are easily laid.
(d} Where there is no fear of floeds, land slides, land slips or
avalanches, - .
{e) Away from factnrins-émitting noxious, gases. ., .. -
"(f)- - Hojse*countermeasures will be nedessary in areas where eguip-
-+ s -ment-and-station-noises will.become a problem. . . -

{gl.. Where'maintenanee, and inspection can be conveniently garried

out,
{h) “Where the dead section of the train tracks can be laid nearby.

{i) ~ Where the ground resistance is below the rated value.

=0

[4) Capacity of the Substation

The-capacity of the substation rust be greater than the naxi-
oum hourly output cbtainable with the assumed lead and furthermore
must be capable of withstanding maximum instantaneous output,
There may also be instances when the operation of the substaticn
must be stopped due to trouble or for inspaction of the eduipment
and,” in these instances, it will be necessary to consider the
degrer of power available according to the degree of in??rtance
of maintaining train opeération., For example, in important main
lines where the failure of a substation must not affect train
Gperation, it will be necessary to provide a dual system of power
receiving equipment and transformers to ilmprove the reliabjlity of
the power supply and thus lessen the chance of substation failure.
In addition, when a substation fails and train ﬂpﬁratinn.is pain-

tained by extended feeding from a neighboring substation, the
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capacity of the substation will differ according to whether opera-
tion is to be restricted and, if sp, to what extent,

a. (Caleculation of the Maximam Hourly Output

The hourly cutput is calculated by obtaining the assumed
load curve from the interval of the substations, the characterisg-
tics of the slectric car, the cunﬁitiuﬁ of the tracks and the
operating timetable and by calculating the maximum hourly output
taking into consideration the power factor of the substation.
Rlthough the methods of calculation avatlable are the method
employing cperation curves and the method using power consumpticn
factor, it will geperally be more convenient to use the power
consumption factor method when obtaining approximate substation

1=~ads. ) -

Powar consumption fastor will differ according to speed,
acceleration, type of car, distapce between stations and track
condition. The following methods are available to cbtain this

Yalue.

{a) Prepare electric car operation curves according to type of

train and use this as basis for calculatiem.

-

i) Estimate from usage performance of similar districts.
{c] Energy calculated from other motive energy.

Although (a} is the cal:ulatiﬁé method with the highest
degree of accuracy, the process is very complicated se it is
applied only when the operatiom plan has been established and
detailfd studies become necessary. .

-
]

In {bl the power consunption factor of similar districts
from track grade and transport conditions are used when existing

electrified districts are available.

The power consumption factor by track condition in JNR is
shown in Table 3-2.



Although (c) is a method of estimating maximum hourly power by -

. ] .
" -converting from- cocal and petroleum energy, method'(b) is generally ..

SEL,
used for the pn;-rer consumption factor.
If we multiply the power consumption factor obtained in this
"
manner times hauling weight and train kilometres according to car
type of the trains funning in the substation district per hour N
according to the timetable times the.trailing load, load curves
L
per hour for the day can be prepared and the maximum value will
become the maximum hourly powar. -
: .. . BAs-one .example,_if (1),.{2) and (5) of the operation sche- _
"= dnle-«in:*Pig. 3-2 are eache:msidnred.'.pick up passengers train _,.
h * the power consumption factor of.an average’10% grade track will, ,,,
r_tl be 337 {kwh/l000 t-km)- from Tahle 3-2... Also, if we consider (3},
{d1-and (6)-as pick-up:goods train, the - power. cbnsumptim!facmxi - -
v will® be 207 (kwh/1000: t-km)= from-the  tact that-track ocenditions .. S
are the same as in the foregoing. :
Table 3-2 Power {onsumption Factor of Various Forms of Tracks
{Japancse Waticnal Railways Examplsa) . : :
) L : -« Unit:.o{kwh/l,000 “t-km] -
S Elecktric. car FaAREENGEL LCALn Goods -train
L0 Ra af. spplication Limjited -
- i P .;::::5 Exprans . Local | Express-[ Local Expresy | Local
1 fevel Erack 25 27 11 19 l 1l 11 16
7 !Hveraqc Shagrade track 7 iy L) | io | 11 * 11 L7
TR - 0 32 3 2 | 14 10
a b asw, 10 40 - e 1 53 21 3
% E - 107 - - 45 - - ] - - m
& | Commuter train section - 50 &0 R N - -
(Average Qisbance ¢ '
T between staktions )
L 1 - 2 kml
i Shinkansen *] “2
ITrack grade under D 4D A& - - - - -

Hote: "1 [Supereapress Mikarid
-*7  LSuperzxpress Kodamal .
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From the above, the substation load per hour will be as shown
in Table 3-3, From the same table, the load curves per hour as

shewn in-Fig. 3-4 are cbtained.

Table 3-3 Substation Leoad Calculation Table

) Poer Traction Train PM;
Time ConsurDL ien -:un::mt running : Too0 Total powsr Ttaln
factor distance ’
In} lkwh/1, 000 C-kml (e} (xm] [ hwhi [kwh]
r B 11 00 n 613.8 3]
3 13 §00. 9 170.2 D
B 20 1,200 4 9. & &
B88.0 a
B 0 1,200 a1 984.0 (O]
, 3 600 36 712.8 )
.. v a2 20 1,100 25 &0 .0 o
9 0 1,300 15 360.0 &
7,656.8
20 1,200 a0 710.0 &
¢ 20 1,200 0 480.0 G
10 13 L0o 4k 891.0 . )
- i 2.091.0
]
3000 A
=
=
= Zeoo-
h -
;
=]
| ooo -
(1] T
' 7 8 7 D
— : Time thl ’

4

Fig. 3-4 Substation Load Curves by Time
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Calculation of Maximum Instantanecus Qutput

. When only 1 train enters the feeder range of 1 substation,

the maximum output of this train will be used. 1In the case of

multiple trains entering, the following method is used teo calcu-

late

(a)

(k)

[

‘AS the relation in the folilowing eguation is theoretically

maximum instantanecus output.

The instantangous operating current of each train within the
feeding district of the substation according to the train

diagram are totalled and the maximum value chtained.

-

possible between:the maximum "instantaneous cutput and the
hourly-output-of-every hour, the calculation method used by

JHR " totobtaintmaximum-instantancous output is. to select a .

- guitableivalue.C from the performance-nf.similarédistriéts:- .-

Zm ¥ +C VY . {1-1-1}

Z.: Maxipum instantaneous output kW]

i .
Y i 1 hour. output . Tkw]

C : Constant deotermined by the distriet .

Al&haugh-the-value of C will be determiﬁed by the siza and
the waveform of the current per train, and the geographical
position  of the substation, in .the case of MR, it is within
the range of 60 to 140.

Determining the Capacity of the Substation

When the maxipum 1 hour output and the maxipum instantaneous

output are obtained, select suitable equipment Such as transfor-

mers ote, from the rated values avalilable and decide .the capacity

of the substaticn. However, as each ogutpul is in kilowatt values,

taking load power factor into consideration, it will be necessary

to convert these into kVA values,
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Also, as capacity of the feeding transformer is determined
Ly temperature rise, and as temperature rise will be affectéd by
the thermal constants of the winding and the cooling oil, it
will he necessary te consider its relation to the withstandable
load. As the thermal constants of transformers are generally
high, in most cases itg capacity can be determined by the max imun
1 hour power, Hcméver, to prevent damage to the eguipment from
overcurrents due to troubles ete., it will be necessary to con-
sider rmeans of withstanding overloads. Epecificatinns of JHR
are drawn up to withstand loads equivalent to 300% of the raped
current for ? minutes of continuous usage. Lastly, by adding
some allowance for future load increases to the gapacity obtained

by calculation, we determine the capacity of the substation.

3-2 Substation Equipment
{1} Power,Receiving Equipment '

The principal devites composing the substation eguipment are
power receiving disconnecting switch, power receiving circuit
breaker, current transformer, and arrester. Counting devices for

electric energy received and instrument transformers may also be

installaed if pecessary.

The power regeiving systems availakle are the 1 ﬁhase receiv-
ing and single phase receiving systems. Comparisons should be
made between the regulatidn value_ﬁf the effect that an unbalanced
3 phase woltage will have on the 1 phase power supply or the con-
tract system in relation to receiving power with your ﬁcwer COmpany
and the econcmy of construction costs of the receiving Equipmﬂnﬁ,

and the most advantagenus system should be used.

The greater the short-cireuit capacity of the power supply of
unbalanced 3 phase voltage, the smaller will its value be in
- relation to single phase of the same puwef. & large 3 phase short-
circuit capacity will therefore be necessary at the power receiving
point and it will ke desirable to receive high voltages from a

power supply with as lafge Capacity as pessible.
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Due to the fact that train load is great in comparison with the.
shorting capacity of the power supply and as the contract rate for
single phase power is'considerably high, 3 phase power is used as
a rule by IJNR by uging feeding transformers that reduges unbalanc-
ing of the 3 phase voltage.

-

— The limit of+the unbalancing factor of-3 phase voltage in
.+ Japan is designated by law to be under 3% at the réceiving poink
of the substation in relation to a continuous average load for

2 hours.

{2) =2Transfoermer Equipment . S .

Lxl

‘The principal devices composing the transfﬂrmgf eguipment are"=
the feeding’' transformer,-series capaciter,” switching unit on the ;.
"+ secondary of.the_transformer:and a parallel capacitnr. wWhen neces-
" gsary, control!transformers,” potentlal transfu{mﬂrs and. current-

transformers are provided.

We shall next discuss. the unbalanced voltage resulting from

the methed of wiring of the feeding transformer.

a. 5Single Phase Wiring System

This is-the most simple-transformer and not only deoes-it
result in economical transformer-eguipment, it also leads to
e;ﬂncmicallpowur receiving equipment. However, thé unbalanced
factor of the voltage is large and this factor may be calculated

as follows.

KIE&"IDD.......--.........-...... {1-2-1}
Pg
Here, K:  Onhalanced factor of the voltage [x]
3 P,: Single phase transformer load (kWA
Pg: Shorting capacity of the receiving lkwvAl
Eysten P

A wiring example is shown in Fig. 3-5.
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b. V Connection System ;

This is a system in which 2 single phase electric powers
are obtained from a 1 phase source by means of 2 single phase
transformers. Although voltage unbalance is less than that in
the single phase connection system, the 1 phase power source ' will
be subjected to the same effect as-a 50% single phase load in the
evaent that the 2 single phase pemer loads are the same, | The
volta?e unbalanced factor can be calculated by the following

cquation.

o2 _ . 2
="Ba P*“*PEB"?H X 100 ae et erenenaan (3-2-2}

Here, Px, Pg: Phase loads in the re5pect1ve [xvA)
feeder sections

K, Pg: Same as in Equation {3-2-1)

As a rule, JHR does not use this system from the standpoint
of its effect on both the =ingle phase connection system and the
power source and also dye to the high power contract EystEm.

The example of ¥ connection system are shown in Fig. 3-6.

]
; Secondar
FPrimary Secondary Primary ) ¥
i —— —
—
Cr 0
r .+
Fig. 3-5 5ingle Phase Fig. 3-5 V¥ Connacticn
fonnection Transformer Transformer

c. Scott Connected System

As shown in Fig. 3-7, this is a system to obtain 2 sets of

single phase power of M phase (Main phase) and T phase (Teaszer)
from a 3 phase power source, In this system, when the 2 single

phase power are the same, they act as a balanced 3 phase load on
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the 3 phase power source and acts to reduce the effect on the
3 phase power smurce, , The veltage unbalanced factor may be cal-

culated by the equation shown below. .

Fm -
x=|—”§—33|xmo e rareeeaeaeaaaaa, (3-2-3)

w 2 .©  HKHere, PM, Pr: Power for each phaserin the (kvAl] -
respective feeding sections

K, Pg: Same as in eguation (3-2-1)

This is most widely used by JWR as the standard systern in

.resistance grounded neutral system power sources of under 134 k¥.

d. Modified Woodbridge Connection System .

S = "AS shown in Fig. 3-8, - this is a systém to cbtain-2 sets
of .5ingle phase power coordinates & and B from a .3 phase power ;.

source .. This connectien systemrhas the.same function as the

Er
J‘I

. Scott connection and moreover has:an easily connectable-neutral
terminal on the primary side. It was developed as a systex suit-
! able for power sources of’the grounded neutral system.~ The
“voltage unbalanced factoy may be calculated by the sace equation -
(3-2-3) as in the case of the Scott connegticn.system.
) In. gk, its "Shinkansen", which receives its-power from a
=* o+~ guperhigh-voltage {275 kv, 220°kV) solidly grounded.nesutral

system power sourve, uses this as a standard system.

{3) Feeding Bquipment

The principal devices composing the feeding equipment are the

feeding circuit hreaker, disconnecting switch, current transformer,

ip ia
T . S (YRR U ——a
Primary . Ivi_@ _EEHT & 0 (:ef:::f
- o —— _I: -.i_“' l —_ . ]l_ih ;!Cmd-lry
e M pFhase

{Hain phase}

Fig. 3-7 5cott Connected Transformer

L T
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Boopting
trans [ormer ATans Torme ¢
” S " = A_t_.ﬁ'
A, I
' LI |
y Lo [ H

38- to XD By {8 cordinate}
/f. ﬁ ¥ -1
R

)
b

1A coapdinatnd
FecondarTy

Fromary

Fig. 3-8 Modlfied Woodbridge Connected Transformer

potential transforpers nnd_arresters. In addition, grounding fault
protective discharges, changeover switches and AT are also provided

vhere nocessary. Consideration is also being glven towards simpli-

fication of the equlpment by providing t.'t'.ie feeding transformer with

AT functims in lieu of providing the substation with a separate
AT system. This system has the following features,

Advantages
ia) Savings in cost for the AT deleted,
{Particularly where a nucber of circuits are fed from 1

substation)

(bl The rclass of insulation of the substation bushar can be

lowered to that of the feeding circuit.

Disadvan tages

(a} Induction to the commnications line ig 5 to & times greater

than with 2 separate AT as it becomes a system appraximating
a simple feeding system In the first AT section.

(b} It will be necessary to reverse the voltage of the feeding

transformer if desiring o connect the AT to the end of the
"feeding clrcuit vwhen carrying out extended feed from an ad-
jacent substation. It will therefore notbe possible tocarry
on work when power failure peocurs in the feeding transformer,

{c} Voltage drop will be high as the ippedance of the feeding

circuit will hecome 4 times when the feeding circuit breaker

in the last substation 1s ¢pened to avoid the rewerse voltage
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in paragraph {b) during extended feed as it will be in AT-less
. ' condition at the end of the circuit, It will also,be a problem

peint from the aspect of protection of the feeding circuit.

(d} It will be necessary to provide an intermediate tap on the

-

-secondary ofithe feeding transformer, .

* . -

{e) AT neutral current racio type locator cannot be applied,
Although installarion of tha AT in the substations is corsi-
dered standard with JNE _for the foregoing reascns. it will be

A possikble to dolete the first AT if any of the following oon-

- -t ditions are satisfied. _

- B -

. - I
{i) Sections where protection of communications is ne

. - problem.

{ii)_when operation :during -extend feeding will not-be incon-

venient.,

(iii) when AT neutral current ratio type locators are not

applied. . '

In essence. it is a comparison between the-s5avings in deleting

the first AT and inconvenience-in operation.

{4} Principal Doevices

a. Take the following items into consideration when selecting the

devices for the substation equipment.

{&] Stapdardization of Machine Specificatiens

If machine specificatinns_ére standardized, the advantages

S will be great as design and execution af the project can be
carried put efficiently, control. and maintenance will be simpli-
R . .

‘fied*after commencement of operation, and as it will ratienalize

designing and mapufacturing.
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(kY Savings in Labor

Machines that will require minimum labor for control and

maintenance should be selectad.

{c} Reliability

Eguipment with high reliability and minimum breakdown in

relation to work conditions should be utilized.,

(] Equipment Environment

It Wwill be necessary to consider the following measures
in relation to devices installed in substations with poocr

. .
environmental conditions.

{i) Measures to strengthen insulation against damage from

salinity.

[ ] " -
{ii} Soundprocfing measures such as an enclosing structure

against noise pollution.

{iil}) Fire prevention measures where'thgre is fear of fire.

{iv} Measures for providing space heaters and snow remowval

equipment in cold areas and against snow damages,

b, -*We-shall now give an outline of the principal devices used in’

the various eguipment of the substations.

{a}] AL Circuit Breaker

"The AC circuit breaker is an extrbmély important device

to protect. the substation equipments, catenary line and ele-~
ctric cars from damage by guickly cutting off the power when
fault current flows. As AC circulit breakers have rated voltage,
-rated current, rated frequency, rated cut off current, rated
restriking voltage, rated short-time current and rated breaking
time, select suitable ratings corresponding to the usage Con-
ditions. Alsoc, the percentage of suCcess of reclosure of the

circuit will be high if a high speed reclosing type AC circuit
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breaker is used as troubles developing in the catenary line end
in momentary power failures in most cases. The AC circuit
- breaker {0 - 0.5 sec. - CO - 1 min, - CO} used by JNR has &

Fercentage of success of about BOV in circuit reclosure,

According to the are suppressing medium used, AC circuit
_breakers are available in the following types - oil cireuit--
breakers, air-blast circuit breakers, gas circuit breakers and
vaclum circuit breakers. The advantages and disadvantages of

the various types are shown in Table 3-4.

. At the initial stage of electrification, JNR used the oil
- - circuit.breakers hut, from:the standpoint of laber.involved'in
-, handling the “insulation oil, air-blast circuit breakers were

e
pmr intreduced. - Due-to problems in noise countermeasures- and per—
. formance during short-distance cut off; gas: circuit.breakers,
which.have éupariur_perfurmance;and-require;little maintenance;
_Are currently used as-standard equipmentfby;JNRr=_Alsn;iwith"
the advancement of vacuum circuit breakers in recent years,
»these types are currently being used in certain quartérs as

changegver switche$ by utilizing their characteristics.

v weno.In selecting the-typo+af AC circuit breaker, the MOSE - =+ =
- 8suitable type must-be selected by taking into consideration
noise-countermaasures, conditions of place of instaliation,

f maintainability, and economy.

ib) Changeover Section

In relaticn'tn matching of different power sources in sub-
station or feeder districts during AC &le:trlficaticn, wo have
.- the system in which-the electric-car is passed in notch-off -* -~

condition by providing a dead secticn and a system whereby the

electric car is allgwed to power by in notch-on condition by

providing a changeover section. The dead section system is
- gencrally uscd for-slow speed -operation but the changeover -
section is used for JWR's Shinkansen. A theoretical dia-

gram of the changeover section is shewn in Fig, 3-9.
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Table 3-4 Types and Characterigtics of Circuit Hregkers *

Imml.unml.u m:_':;':l . - .
Triva it uafenL Breating peiociple atc. Advant ages T wadvant agui Bymarhy
L1 Thn] .
L4 id.5 . Mroake path of clacpricity 1. Anti soiling damign of the I. 0Ll deteriorakes sach Llma tha
4 Uiy InSyulating okl an tha bushing Ly wawy. BrEabaF Sparkres.
» Fank by * a TN
= 2. T can bw bulle Ia. 2. Labor [equLsed in ssinLasdocs
» fowmladimg gl aleo jnaulas o dawr Larger guanktily of opl wesd,
& 10 n.s Len From o) |tankd, 1. f"i:’ ':'""M'd 7 comLtruELien
" : , + simpla. J. Unsustanle Irom paimr of fara
= prevention, -
2
: 1.4 11.% Ssimp 29 showve . 1. Amauant of inEulating 041 Ln 1. anri woid typs deslgn je dlE-
- Ipwni Lat e . Parealalh inaulator will be Teay {3~ 2001 compared o cha ficult covwparad Lo tha Lank '
& Lype ¢ ’ wied B lween the BIeakjng Tank Cypa. Lype.
3 3 port o nd ground, ¥, Thera arw typid Ln which CT 7. gonsiruction (w wlightly more
b 1.3 can be bujlr . sauplioated than the tank Lyps.
14 11.% « Braany pach of slectricity 1. Maintonancw Ln dasy. l. Gas Lluskige aglarm BONLiar
by Feand Of lnart Qasmw duch | 3 gyuparier hrasklng pacformancs, Faquired.
Fua
. . " 5Py Y. Since Lhe breshlog portich Ls 7. Theara &It wunltw that raqulre
; c:cu 2 ; « poth tank and porcslain of wnit conatruction, high o3 ligquilizstion prevantlon
Fudhar Lnpylator types are avall- voltagw, high capagliy clr- . AIUERT, . -
abla. call Breashecy con by produced
- by tenacting unive in aerias,
I W 4, Sulcably Trom tha ptandpolat . +
ol flre preventiom.
24 12.% - Breaking drc is quached 1. Compact aed llght L walghk L. solex i larga whed Drasning
by bklowing ou:pulud alr compaled to oll eloeuirn CuEcunt . * .
MLE Blark [13% 30 hgrem’ ) breakary, 7. Fquipment ton pupply good gue-
circuit preakar > r] . Inpulation patwsen Lhg i. Rainbtrnance Ln wagy. htr_l:ﬂ-p"“td abe'will be
breaking porcion and grownd | 1) Sass an pheva. Faquired.
will b carchad out by means |, oo Lo o }. Lwrtaim ampani of prob|oes
55q L1 of porcwlain Lhsulators, - fclbt in share dislance bowak-
lpg performanes .
L 1 12.% . Himaking of thw wleciric 1. wapntenancs 18 eegy, 1. Waitorihy of the vacues jn the .
path ia carcied out fnelds 1. Is £t and Light tn vacum valve 13 nat pasalole.,
":m , ’ & high vacuis valve. wrlght. - 2. High woltage, hiqgh Capacity
1 .
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- a s ' Changecver switch . J

Rir section

—_—— ] - s e :
Cont
L /"s'a Sh P cntact wire
La - e s |.55.Dm or over—p=150m '—!—-—100“[ _— ! -
' . . or Qver ar over )
y . 1 j
' A ! Rail
5 ) c

Control section of
Train direction at ATC track circuit
normal operation - ) i

—

Fig.' 3-% Theoretical Diagram of the Changeover Section

"

LA Long:lifa- is! demanded-ofithe.circuit. breaker -used "in’' the .- -

- -

"cﬁanqecvﬂr section-.as.it!operates:eachztime.a.train.passes and. -
trare 4= - itg-frequency ofoperation-isrextremely great-as-it-may-operate
100 eimes in a single day. The air-blast circuit breaker was
initially employed by JNR but considerable maintenance work was
tvequired in replacing the breaker-copponents. With recent
"advaﬂcemcntSFin'vacuum-circuithreakers,?plans.arEhto;userthis~ .

type to-attainta fixed-coust.of:controlzand-to.improve-maintain-

ability by simply replacing-the:breaker_wvalve.
(e}  Power Capacitar

(i} Series Capacitor

alrhough sceries capacitors are ganerally inserted in the
- circuit-in-series to.reduoce voltage drops, it is particularly
suited for use in AC circuits to compensate for veltage drops
as the ratio of reactance in AC feeding circuits is high com-
pared tosconventional power distributiﬁn circuits and load
fluctuation also scvers. - Although 100% compensation is
carried cut for the fecding transformer reactance in the sub-
station, from the fact that abnormal phenomena are generated
duc to fractional harmonic vibrations, the compensation for

« + +feeding circuit reactance-is under-BQy. -
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- Compensation woltage vc dus to installation of the serieg

condenser may be expresged as follows.

Ve ® TRQrEINE L iheniienriaiaraeeaeanas {3-2-4)

Here, Vg: Compensating valtagé'due to _the serimx
capacitor

Xg:  Reactance of the series capacitor

. 1 : Load current

The composition of the series capacitor is as shown in
Fig, 3-10.

L
Bl FF ar NF .
il
BPE
. s 1
i
TGAPR

Sri: Series.capacitor unit
GAF: Discharge gap

BP5: Bypass sWitch

FT : Fotential transformer

M5 : Electromagnetic contactor
OVR: Over voltage relay

LR : Fractional harmenic inhibition unit
Fig. 3-10 Composition of the Series Capacitor

{ii} Parallel Capacitor

When purchasing electric power from a power campany in
Japan for cperating electrical equipment, the baslc portion
of the charge will differ for each power company according to

their contract rates for industrial, bulk and small electric
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power users. However, all have rate systems in which the load
power factor is added. 1In other words, from the viewpoint
that usage efficiency of the equipment will improve with
improvements in the load power factor, the basic rate is pre-
mised-on a standard power. factor of 85%, If the power factor-
is higher than the standard percentage, a discount of 1y of
the bagic rate will be given for gach’ 1V exceeding this

value., If tha pr:-;ier factor drops below the standard percent-—
age, 1t of the basic rate will be added for each 1% below

thig value. Parallel caparitor are therefore installed as
there is the possibility of reduging electric power charges

by improving the load power factor.

{1ii) Selection of the Capacity of the Parallel Capacitor

‘The capacity of the parallel capaciter is calculated

f rom the power factor before the merovement and the pﬂwer

factor after the 1mpruvement. The desired percentage of the

‘power factor after ipprovements i5 decided by taking into

consideration the amount of reduction in the power rate and
the cost of installation of the parallel capacitor.- In
ather words, the parallel capacitar capacity K [kVA] will'be

as shown below,

1 J L 1
X = P{( cosiBy -1 - m-li x=} : { 3-2-5)
F : hverage power [RVA]
. . cos By: Pewar factor before improvements -

cos B;: Power factor after improvements

a : Usage factror

a here indicates the percentage of usage aof the parallel
.capacitor in fluctuating loads such as in the electrig rail-

ways and is cbtained from the reactive power - time curve

,in Fig. 3-11.
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Reactive power
of load |kVarl

] Time .
- " A: Range in which the capacitor
is used effectively. - -

B Range-in-rwhich the capacitor
is pot used..

" g:-.Usage:factor -of -the capacitor.

W WL k-t

A -
= *» 100([%])-
o= 3 Of%]

Fig. 3-11 EReactive Power - Time Curve

.{iv} ~ Composition of the Parallel Capacitor

s showm-.in Fin. 3-12, the parallel capacitor are
generally installed on the busbar immediately bela; the
secondary of the feeding transformer in the-subséatinn for
each M phase {A coordinate} "and T phase {Teaser) {B coordi-
nate}. The series reactor for M phase and T phase is a unit

constrniction.

(d) Arraster

T

The arrester should be suitably selacted after studying
the rated vultaqe;‘spark over voltage, limited.voltage and
insulation. As to types of arresters, we have the carbonized
silicon {5ic) element type which requires a series gap and the
zinc oxide (2Zn0) element type not requiring the saries gap.
Construction of both elements and voltage - current character-

istics arp shown in Fig. 3=12. As may be discerned {rom
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M phase T phase

{A coordinate) {B coordinate)
HFHF

O5: Disconnecting switch

SR: Series reactor

CB: AC circuic breaker 51 Frotective
Prii: Capacitor unit 60C relay

0OZ: Discharge coil

Fig. 3-12 Compesition of the Parallel Capacitor

E}ectrﬂde Electrode

o HJ.C grain ‘ I.-{‘; o t:r‘;rsr.al
IF

Ceramic
bonding agent

High resig-
tance layer

Eloctrode -Electroda

{a) SiC element {bl Zn0 clement
’ Structure of the element
Ideal lightning

arroster _.‘_F___..-q.-'-""-

S5iC element

Voltage ' .
Hormal voltage to ground

Continuous Elow Current
(100 - SDODA)

_ Fig. 3-11 wvoltage - Current Curves of SiC and ZnO Elements

- 16t -



the diagram, the zine oxide glement type possesses almost ideal
characteristics for arresters. This type has numerous advant=-
ages such as the cﬁpnhility of withstanding multiple lightning,
withstanding sciling and the possibility of hot-wire washing,

and moreover, is compact and light in weight.

{(5) Lontrel Unit
a. Power-hoard

Most of the power-boards used are generally open cabinet
self-standing type of steel panel constrniction and is provided
with a protective relay, switthes, indicator lamps, indicﬁtnr;

. test termlnals. control- wire., cnnnEct1ng terminals-and- auxlliary a--

i — k
T - ELE an

relays. ,r These devices.are “connected by means of an electncal -

interlu:_ac_klng cireuit which carries out.logical processing of the '
functicons indiqat%d in the essentials of electrical interlocking.

- W@én the lugicito be pracessed.is complicated.and -great in-volume,
ot only will .the auxiliary-relay be u;ed-hutféequenCEfs may also-
be used. JINR is using seguencers in its Tohoku and Joetsu

Shinkansen. -

Also, when the substation is operated by centralized remote
e fgﬁtrnl,'unmanned.uperatiun ig normally carried ocut.. houevef;‘
ii will be necessary to.provide a changeover switchzfor: the
operating mode.to enable manned operation of the power-board
in the event of failure of the remote control wunit. As shown
in Pig. 3-14, JHR has standardized the composition of its

power-board by systems taking into consideration functions and

operat lons,

bE. FRemore Controal unit

The system of centralized substation control from ene control
' point 'in which centralized monitoring and control is carried ocut
“n a pnumber of substations from a remote control unit is highly
.

more-rational than for manned operation of eagh substation from

the following standpoint.
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Receiving receiving Remote
transformer board control board
l Charge
Tfanskgrmer . control board

{for feeding!
ihigh woltage)

AC feeding board|AC . . High High fﬁltage
. power-boar
feeding vol tago
distri-

Locator-board Locatar-board

bution

- ' Fig. 3-14 Coemposition of the Power-Boar@ in an
AL Substation

{a) Manning of substations unnecessary

{b} ~Savings on labor expenses due reduction of operating per-

somnel.

{c) Improvement in efficiency of operating the power system with
centratized monitoring and control and alse of processing

accidents.

JHR is planning modemization of its electric power dispatch
work by promoting a centralized control system with 1 management

and 1 contrel place as a rule.

Conditions that a remote control unit pust fulfill are as

follows. .
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(i) .- Actionimust be.absolutely positive with high reliability

. and no errcnecus operation. ,

u . (ii} The:number of communication circuits, to be as few as possi-

ble, .

(iii) Time required for signal transmission to be as short as
: y

possible,
i - {iv) Handling to be pimple and.maintepance easy. , . -
L. {v)] Price to be low . — ] - - "
oo ; L
= " The Railway Technical.Research Institute of-JNR baf;developed
T -'tha-B,eE;.E;-F,-G,?H;‘K*andrH_typevremota;éupt{ql units and are

o 'dgiqé ééch‘acccrding-to:thenfeéturas;of*thefsystem.-‘Thargenerai-
. cutline-of each'5y5tem-iS“Ehcwn"inuTah1e~?f5f. Items, monitored by
the ‘remote control unit consist.of indicating condition of the
devices and serious trouble such as overloads and simple troubles
i such as drop in air pressure. Control items consist of auwtomatic
. indication of.CH OFF condition of each:device, ON.GFF'Gfﬂséchity

locks, ON OFF of-equipment-.test apd.these-are automatically indi-

cated at fixed hours together with the  amount of power used.

JHR is also striving for a higher degree of modermnization
in electric power dispatch work by installing a substation inter-
lock system provided with mutualiy adjacent interlock between
the substations on both its Tohoku and Jeetsu Shinkansen. It
has also breoadened its range of automatic contrel of its power
' sygtem by developing and using an electric powecr contrel system
" {DECS) composed of the foregoing interlock system, a W typefremute
control system capable of transmitting lengthily worded mainten- '
ance information to the remote contrel unit, and a power information
PLOCES51Nng System using computers to process power informatitn

received from the foreqoing lower systems,
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¢, Fault Locator s . ' : .’ oy

‘. In the case trouble develops in the feeding .circuit or elect-»

¢ o ric car, time.reguired to investigate the'fault point will be
cua shortened.if the fault paini can besdetermined automatically. It »»
S will_therefore have.the advantage of.shortening.the power off & “_.
JILty Low timé-due to the fau}t and thus reduce its effect on train opera-

e tion: The fault locator is a.device that wasldeveleoped for this
-+ te=m roprposess<The principal fault locators used by-the JNR are the -
1 .
oo following 2 systems:- Refer to paragraph 2-4 "fault locator*

- in relation to the theory. _ ‘ o weooo . -
i . .
. tor. tia): Reactance Measuring System am = Eie y ke i e -
. R _ -
et f This-iscassystemsin:whichothe-reactance:efythezfeeding--
R -'tircuftrfrum:thééfpnltipnintitn:the:point;whezeEtthfaﬁlt?lbuhﬁ—wﬂ;
.. s -... tar;is:pnsitinned:i::mensured:nnthhe:munsurud:value:transmiited:.

to the control'ocffice through the remote control unit. The
. : superviscr'at the:control office-then determines the fault . —--
T . pﬂlnt by .checking.a. reactance. map of the feeding.circuit that
- were - 1n1t1ally-measured.- This.iswan extremely:-useful: sy:tem'fnr"

Slmpleufeeﬂlng.syst&ms.as—thB=raactancE-nfrthe-fﬂedlng.circuit.-.

-andzthe-digtancerare-linearly ' proportional s’ - A

{b} » AT:Neutral. Current Ratio Measuring Systen

In this system,-the-current-is measured at.the-intermadiate -
point of each AT circuit and this value is transmitted to the

control office through the remote control system.

w.o—In.the control office, computers auvtomatically process . . o
operationssand-displays-the,number:of.kilos to-the-fault.paint
ona1CRT.for the supervisor. ' The basic principle.nf.this'system o
.is,that the fault point in the secticon between AT systems will

wawwe- w-be.in.propertion to, the ratio between.the.boosting current.of ...
t;a AT.on both sides. Shnrt-éircuiting between the contact
wire-and- the feE?er ¢an therefore not'be measured. Due to the

fact that practically all of the short circuit fault develops

I - - a - -
miamvenarae e -0 DEEwWeens the. contact-wire-and .rail-since«there is.considerable = . mrur
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Lspace between the comtact wire and the feeder on the poles, -
JHR is using this system in its AT feeder sectionz. The range
of accuracy is considerably high and indicates in units of

kilometers with errors of only several-hundred peters.

d. Control Power Source

As the functions of the power-hoard and the remate control
unit will come to a stop if the control power source discharges,
the control power source governs the life or death of the control
system. The pawer source must have sufficient voltage and capa-
city to operate the equipment positively and must be of high
reliability.. The general practice is therefore to provide a
dual system AC power source using the power source from the con-

trol transformer and a spare power sGurce.

For the DC power scurce, the gen:ral practice is to prn;idé
a floating charge system by connecting the battery control panel-

. and the batteries in parallel. JNR is using a thyristor with
the battery control panel to provide it with an automatic voltage

adjusting function.

Enclosed type cubicle gonstruction is used for small capacity
batteries to reduce the space of the power-board room. Battery
charging equipment is stored in the upper portion of the panel

and batteries in the lower portion.

{6] Hoise Counterceasures

1f noise generated by the equipment in the substation affects
¥he living enuirnnmqng_nf the residents in the area, that is, if
problems of noise pollution arise, necessity will arize te reduce
this noise by executing effective but economical soundproofing
countermeasures at the source of the nbise. Hoise countermeasures

. '_"_will be studied,in relation to the following devices.

a, T;ansfnrmer

A typical device that is the source of noise in the sub-

T .station is the.transformer.  The principal element in the cause
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of transfoarmer noige is vibration originating from the magneto-
striction of the ircn core. Although the transformer noise level
will differ in relation te the capacity, wvoltage and method of
coeling, it is gonerally within the range of 70 ~ 95 phons. It
will therefore be necessary to lower this noise to the level
requested by the area residents and the method generally used is
to enclose the noise emittipg transformer with concrate walls.ZJ

- Ist, . .
Methods available according to the level of reduction neceéssary

are to q&ﬁblétely enclose the unit in a2 soundproof structure and

to part:.ally enclose it with walis. In noise cuunter-measures.
approprxate des1gn1ng shoald be carrxeﬁ out hy studylng the follcw-

' - - Ta

ing items. ’ : .
{al?_h':httenuaticn of Hoise dus _-tD Distance
T I L s l

p.ttenuntlan nf transfarmer nolise’ dua o distance -may- be- A

T or

calculated by the following. equation.

e w sy

dBy = dBg - 4.4 - 20 lngﬁ Ceienenae (3226

dﬁd: Noiservalue [phon) at a point & meters away

from thu measuring point of the noise snurce

dBg: Hoise valua Iphon]- at noise source heasuring

point

bistance [m] from the noise gource point to

[+ 1]

the mpeasuring point.

d K FA-H (K= 1.7 te 2.0)

_width (m] of the transformer as viewed from

Rl

F

‘. the measuring point

B :° Height [ml of the transformer

- - -

N i .

As the above pmethod of calculatinn is not suitable when
comparativel§ close‘to the noise source, it will be necessary
LG use separate experimental wvalues in this instance.

. -
*
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{b] Amount of Penetration Attenuation with walls

Although selection of the thickness and material when
designing the structure of the soundproof wall will depend on
the difference between the value of the noise level requested
by the area resldents’'plus the attenuated noise level due to
distance and the value of the noise level generated by the

transformer, for practical purpeses, the attepuation value

of the neise penetrating the wall can generally be obtaine-

from the following equation.

T, = n % {18 log tf-m) - 44} e (3-2-7.
T; : Penetration loss [8B]
f : Hoise fraguency : _ [Bz}
m : Area density of the wall ’ leg/m?}

n ¢ GCompensating constant for noise leakage

aAlthough n, which is noise leakage through penetrating -
parts such as bushings and piping due to solid-home vibracion
transmitted directly to the wall, will differ aggording to the
type of transformer and the soundproofing construction, it is
generally between 0.8 to 0.8. The system of completely enclos-
ing the transformer in a concrete structure is standard procedure
with JNR and it has achieved atctenuation values of between 20
te 25 phons. -

Circuit Breakers and Dpisconnecting Switches

In most cases there will generally be no problem with cir-

cuit breakers and discomnecting switches as it will be
intetTmittent naoise with low frequency of operation. However, if
the: frequency of operation exceads a.certain extent, problems may

arise with the area residents.

The noise level of circuit breakers ig greater than that

of transformers and in many cases problems arise particularly

- 1% - .



T 3-3 - Inspgetion-eof the Substation . . "

* (1) Hnaintenance Management of EqQuipment

r e &

with air blast cireuit breakers, In.substations'where noise pro-
blems exist, it will therefore be necesgary to@ institute-noise
countermeasures such®as Using gas circuit breakers and moreover,
housing this in a concrete structure as in the cagse of the trans-

formar,

Although the noise level of disconnecting switches is gene-
rally low, problems may arise when high veoltages are used as .

arcing noise is high when the charglng current is released,. In

these cases 1t will be necessary to elther soundprocf the circuit
breakers and disconnecting switches by GIS means or build an

1ent1rcly 1ndocr substation depending on the situation ﬂf thea sxte

-
1

of the substatiﬂn

. e +

- LR ]

The caﬁﬁ;éﬁsnf shouid also be placed-indoors if.necessary

for Inoise countermeasures.. §

R - LT

A . -

E

-

Although 'initial stage trouble is generally prone to arise ;
after start of operation of the equipment, troubles will decrease
and it dill‘ent&r'a'stabie-periud-after elapse.of. a.certain,period | _

of time, Accidental troubles only will arise during,this period

"but eventually wear, aging and deterioration.of. functions will

advance with passage of usage time and, after a gertain period, the
percentage of trouble arising will commence to increase and the

egquipment will enter its superannuated period.

To epable the equipment to display its functions to the fullest,
the following maintenance work and maintenance technology will be
neressary to properly maintain the functions af the equipment and
thus majintain maximum rate of operation.

a, Maintenance Work
(a]l. Check and inspection

{b) Lubrication, rust preocfing, moisture procfing and repairs

ingluding painting

- 170 -
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{c} Adjustment and replacement of COmpOnEnts
(d}) BRepairs, remcdﬂllinq and reclaiming

(e) Measuring, certifying and data recording
Trhe ahbove are all direct type work.

k. Maintenance Technology

(a}) Maintenance management technigue, management technology

of test and oeasurement oethods.

e} Plans for spare parts, accessories and repair materials

and measures for storage.

{c) . Preparation of maintenance work standards, manuals, con-

trol index and control history.

(d) plans and executien of stationing and training of mainten-

ance personnel.
The above are indirect management technology.

{2) Maintenance Management Technigue

= s . enMajintenance - can-be -Ioughly divided into preventive maintenance
and aftercare maintenance. Detérmining which maintenance method to
apply will depend On an economic compariscn between the costs neces-
sary L0 carry out preventive maintenancs and the losses that will

w-arise with loss of function of the equipment due to the trouvble if
aftercare maintenance is carried gut., This must e considered for
each equipment or system. However, as loss of functicn is not per-

pitted in most of the equipment in glectric railways from the

4

=" 'standpoint ©of securing operaticnal safety in additicon to economical
reasons, it will be necessary to consider its effect on society

-from this standpoint,

. . With the.view toward securing train operation and safety, JHR

is carrying out preventive maintenance on all eguipoent except



those that do not directly affect train npefatinn. Aftercarms

1 maintenance is carried out on these egquipment. .

a. Preventive Maintenance -

Pregentive maintenance is maintenancg carried cut on equip-
. ment with deteriocrated functions or showing-signs of trouble to
pre?ent irnuble from arising during operation. Preventivo main-
. i LERANCS MBASUIES availnhle;are periodical maintenance in which
inspection- and repairs are carried out pericdically and occasional

maintenance in which inspection and repairs are carried cut when

. = ceemed necessary. . . v i
1 . - - . o
{(a) Periodical Maintenance . ! : .o
“hE Lat This:is;n.managementttechnique:in;which:a;set‘periﬁd'in
T EEV S T e prnwid.ed-'during-.um-:h:planne;i:stoppage;uf;ﬂuiequipmnt-is_.k-y .
. - cnrried:out;and:maintenan:e,wurk.canducted-l:Inithis-tecﬁnique.,.

- ..L_inspectibn_will?genernllytbéhfrEquent‘and.a mumber of mainten-

-’

.o ance personnel will be required based con the viewpoint of
" . securing and maintaining equipmcnf:functions during the period:
- from the initial inspection and repairs to the next planned <
LEC i ke - =t inspe.cuﬂn'ﬂ.]ﬂ-rﬂpﬂir’,__r I A wxe T L . oaewsn F = ik A% -, o Hoam e
e - [bl:‘ﬂ::asionaléﬂ;intenanca_ ’ IR )

. This is a management technigue.in which eguipment functions
- are measured,-monitored and checked without settina any parti-
. cular period and by carrying out maintenance if the functions

exceed control limits of a presaet indax with mutual relations

.y to function. As:the idea of this technique is based on reljabi-
e ——— lity engineering,*m&chﬂniﬂal inspection periods'arE'nDt set angd’
a inspestion 1s.cnnducted when judged necessary to:check equipment
. functiens, In. general the number of 1nspection::m.11 there-
- fore be -few-and -the maintenance personnel also few,
* b. Aftercare Maintenance
. .
R This is a management technique in which the trouble portion

is traced after the equipment loses its fungtions due to the

- 1 o -



trouble and paintenance work carried out to restore these func-
tions. Although it will not be necessary to carry out praventive
maintenance on the egquipment if aftercare maintenance is conducted
and personnel can be reduced; on one hand,- it has the disadvantage
of causing the aperaticnal ratio of the equipment to become

.unstable and alse result in high leosses during stoppage.

To carry oot rational equipment maintenance with fewer main-
i ene.  tenance pérsonnel, JWR has.instituted an "electrical maintenance
systen modernization pregram® from 1971. The majin points of this

modernization program are as follows.

. {al. Producing maintenance free equipment {ﬁigh reliability)
{bi. Introducticn of centralized supervision system
ic) iIntroduction of substation ipspection notorcar .
(d} Application of new management maintenance technigques

(e} . Improvenents of the maintenance organization

It is also shifting to special maintenance based on a life

G ve-CORtrol system.by setﬁing the .1ife of the equipment and a limit
. value control system-with -alarm indications in relation to sub-
station Equipmént also. 1 Point disconnegting switches and gas

circuit breakers are heing used and substation inspection motor-

T-nw? - oe car are-being introduced, .and the past reqular periodical mainte-

nance is being discarded.

{}] Test and [easurement Unit

a. sSubstatiop Inspectiaon Mgtorcar
{Substation equipment use)

To carry out checks af the power-beoards in the substations

of the JYR on an automatic basis, a substation inspection motor-
- ~--car (for substation.equipment) composed.of measuring equipment .,

installed on a motor vehicle lmicre bus) is currently being used

in" a portion of the sections. (Fig. 3-15)
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qig 1-15 Substation Ingpection. Muturcar : *;!"W ¥
[ MR I
17 s {for substation EqﬂlpM?nt] ey La-
hl
- Thls-system is-called-."subgtationsingpection motorcar” as.
e Vi e e e

the vehicle-loaded with, measuring equipment displays- its-mobile --
characteristics by-going argund the.varlngs-substaF1nns:nruthec_
feeder sections and testing and measuring the pﬂwerlhoards.

The method used in checking and measuring the power-bhoard is to
cohne:i the power-board to the,Car-by:means of cables (as cc:uplesh

‘are 'used;the "power-boardrcan.be easily.connected or disconnected) .

—_— Rk oy -

" ‘Then,.by-simple-ocperation of the'control panel,”the: protective---

funcriong and electrical interlock will"be;?utomaLiLally checked
against a fixed progran and judgement of the overall functions

will alsp be carried out,

Power-board inspection in the past required a high degree of
technolegy, great care and much labor however, by mechanizing
these processes, in addition.to improving safety, there will be
a great savings in labor in inspecting and measuring the power-

board.

tal Parformance

{iy Power-boards to he inspected .

The power-boards’'te be checked with this unit are stand-

ardized receiving and sending-boards, transformer-beoards,

] L
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rectifier-boards, main-boards, feeding-boards and high voltage

power-boards in substations, sectioning posts and sub-~seCtioning
pOSts.

{ii) Types of Inspection

This unit is capable of carrying out "overall™ inspec-
tion of the power-board and “inspecéiun of the protecrive
-relay”. The former is-te check the overall functiong of
electrical interlock and the latter to check the. functional

characteristics of the protective relay itself.

* Overall inspection

Figure 3-16 gshows the functions of the power-board accord-
ing to the flow of command., as may be noted from this
<iagram, the gperational commands received from the remore
Control unit and the electrical input Erom CT and PT are
tonsidered input signals and the ON OFF indicationg and
trouble indications to be sent to the remote contral unit
after controlling and operating the devices are considered

output signalsg,

{(Input signal) ' {Output signal)
'From remote : -
uﬂi-t . - OHJOFF
Operating e

. [~~*=indicaq To remcte
Direct command ticn
opera*ion contral

. : unit
Trip command from Power-board w=Trouhl

cther power-board indica
. tion

CT,PT detection value —a=

~——==Trip command to
— Trouble signal __

other power—hoard
of devices
i I Indication
Cantral )
Deviges
(switchgears)
.

Fig. 316 Functions of the Power-board -
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In the ™overall inspection™, various types of input signals
{operating commands, trouble detection signals, trouble
gurrent, 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 power-board.

* protective relay inspection .

As the "protective relay inspection” is to test the opera-
tienal characteristics @f the protective relay itself, this
check is carried out only when necessary ©r when apnormality

is digscovered in the relay during the "Overall Inspection”.

In this check, a drive power of arbitrary size is supplied
-m r+ r~ - by the test unit to the protective relay and the time
reguired to function is measured. In this instance,
adjustment of the amount of driving powsr ané supplying
this pewer are handled manually. All instruments necessary
ro- to carry out this operation are provided on the operating-
board of the test unit.

fbl cComposition of the Test Unit

Fig. 3-17 is a bleck diagram showing the general compo-

sition of this unit.

{i} Operating-beard

e Thiz board is to-start’ and stop the test and'to monitor
thae test results, This unit is composed of the various

switches, indicators, instruments and the reading unit for the

inspection punch cards.

{ii} Logic-heoard

This board automatically advances the check according
to a program. The logic contrel unit is composed of an ale-

ctronic circuit employing IC.
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Fig. 3-17 Composition of the Mabile Type Automatic Test

'
. L
SARLE

. This board configures. the various types of power reguired

by the cystem and is divided into two boards,

one to $upp1?

drive current to the protective rclay and to supply the con-

trol power,for .the power-board and the other to supply power

to the IC gircuit,
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(iv) Conpecting Cable -

This cable 'is to connect the power-board to be checked.
to the test vehicle and is composed of 120 (2 mm’ X 22 +

1.25 mn® % 98) 600 V vinyl-wires bundled and sheathed-in an
insulator tube.

(v} Chassis

Censidering the need to carry out efficient moasurements
k)
while displaying ite mebility by going from substation to sub-
station loaded with test eguipment, the vehicle selected was

a popular mierc bus of the 1,900 CC class.

v

(e} HMethod of Usage and Effect

As the protective relay and circuit breakers are operated
actually during the power-hoard check, the main ¢lrcuits are
disconnected from the System and the power supply Switch on

the power-board is set to OFF when carrying out this chech.

However, as control power is supplied to the power-board
from tnspection motorcar, the power-board will be checked in

r2e same concition as when cperating normally.

Automatic Verification

JRE has developed an avtomatic verification system which is
mors labor-saving than the mobile test vehicle and it haspcom-
mer.ced to use this system in the substations of the Tohoku and
Joetsu Shinkansen. This system-sulves the problem on a higher
plane af the inability to set desired pericd of measuriﬁg as it
is netessary for the tes:t vehicle to move from one area to ancthex

anc also the preblem of the need for testing personnel,

AS segquencars are uUsed in the powoer-boards of the substations
in both Shinkansen,-a fixed type power-hoard verification system

w2z develeped which uses this informatien processing functions.

In this system, the relay circuit is continually cobserved

by the sequencer and, in addition to using this.to prevent
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. erronscus controls originating in the input and cutput circuits
-k rof.the sequencer, itihasra.unigue szelfranalysis function such as
carrying.out verification e¢f the protective relay from the control

office through the remote control unit.

Automatic verification consists of the regqular verification
L]

rn2z., . and the periodic verification. “ - oS -

{al Ragular Verification - : ! -

- ¥

4

In reqular verification, imput conditions to the segquencer

LIk F )

-

Caee o n -0f the relay and other deviges are udntinually ocbhserved and P
wbiv oot L When an? 1rrat1nnnl anut.cnndztxﬂn is: dﬂtectad the pame and .. Z30”
! condition of: the input are memorized and DEFECT DETECTED is
T4 EE disP13yed. Alga;<as-there-may-be-times wheLrthn;sequencer does

not:carry out correct-control.depending on the-type of defect,.-
-t ... the conkrol cutput.of ithe sequenter is-locked-in.thisiinstance..

to prevent erronecus operation. v In this.manner,-the: functions_

! in the regular verification are of extreme importance in improv-
4 ing the reliabilityiof the control wnit including the sequencer.

- «fb) Feriodic Verification p * . » e

s Periodic verification.is-a system in which:the:protective

-- - relays-and:trouble~relays of designated-circuits are a:tivgted
in guccessive crder based on start cormands from the operating-
board or the power information processing system and the action
of these relayz judged good or bad. In the case of the proteg-
tive relay, the cperating time and results of good or bad
judgementﬁarc memorizred in the segquencer and, it the case of

the trouble relay, the name of the defective relay is memorized.

It wil}'alsc be possikhle to measure the ocpening and closing
time nf:tﬁe;discnnne:tinq switchos and.circuit breakers at the
field poast of the substations. In other words, if the devices
are opencd and closed in test condition, the operating time 1S
antcmatically measured and the mecasured resulbts and good or bad
judgement for each operation are memorized in the seguencer

unit.
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This system is a stationary substation type and morecver
varification by remote contrel is also possible, As verifica-
tion can be carried oot at any time necessary and, as there will
be no need to go to the site to carry our the process, the

effect of this system on maintenance is extremely great,

The varicus data obtained from automatic wverification are
stored in the seguencer and this data is transferred to SMIS
upon receiving transfer demands from the power information pro-
cessing system after first <communicating this to the control
office. Overall processing of this information is then carried

cut in the SMIS.
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CHAPTER 4, OQVERHEAD CONTACT SYSTEM

The overhead contact system for electric rolling stock is an in-
stallation provided to supply power to electric rolling stock and
basically comprises supports, feeder wire, protective wire and catenary
line. The support includes a foundation, a pale, a hinged cantilever,
a cross-arm and so on while the catenary line generically represents
an assenmbly consisting of the messenger wire, the coatact wire and the

hanger,

A Mesconger wire

— /

Contact wire

Hinged™
cantilever

AT feeder

wire
Protective
wire

The composition of overhead equipment for AT feeding system is as
shown in the abgve diagram, HNeedless to saf. this structural arrange-
ment as well as the pole equipment should be made different if the
feeding system is different. )

Construction of the suppart is in mest cages determined by the
climatic conditions in the district and that of the catenary line

determined by the gperating conditions of electrie rolling stock,
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In the following are discussed some of the elements that 5hnu1dh_'_,_

be taken into account for making such a structural selection.

4-1 Cuzrrent-collecting Characteristics of Catenary System

Construction of the catenary system in JHNR can be roughly
classified into two types, cne for the conventional lines and the
other for the Shinkansen. For the cenventional lines, there are
further wvariations, each seleftively used to meet such specific local
requirements as load conditiens and train speed and the envircomental
cpﬁditiuns 'of the district {especially the .weather condition as
strong wind prevails). Used with .the Shinkansen is the uverhﬁn:ﬂ
syetem.especially featuring-superbperformince :in. high-spe ed. Gpera-
tion.- ' : . ..

Further, it should be:so.constructed-that- it can.provide:good -
current-collecting . .characteristics for-limg-term.operation,: and its -

. capability to perform safely may not become impaired (due to deforma-
tion-caused of 1.;rind, wear of the contact wire, and temperature
difference bétween sumper and winter, or due to accumulated fatigue
of. each.cater;nry line_member), .

In ;view of the above, "the -factars which may -be-used-to-evaluate -

the current—c¢ollecting characteristics include:

{1) Contact loss

(2) Contact force hetween the contact wire and the pﬁntugraph
{3) uplift at the respective pertions in the span

{4) sStress of wires and fittings

{5) Defoermation of the catepary line caused by wind

(€] Up-and-down novepent of the pantograph |

{7) HMHpise and radic wave interference

For each catenary line, these factors should be ascertained by
means of theoretical calculations, similarjon tests and on-the-gite

field tests.
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4-1-1 Static Uplift of the Catenary Line
{l) Statjc Uplift near the Central Part of Span

Uplift {(y} of load point on
the string as shown in Fig.4-1

can be expressed by P Yl\

y- {%-E-] tgip --------- {1-] s k' l
T Fig. 4-1 Uplift of the Load
Polint
whers,
‘w3 .+ y:ouplift of the load point (m)
S: span {m) 1

T:~tension. of -atring *{kgf)
P:"upwazd force- (kgf)
x::distance: between.«the- sustaining.point'and load. point. {m).

Equation (1) is holding true in the case of a simple string,
but even in the case of the catenary system, in general, in which
two ar three wires such as pessenger wire, uuxiliary meSSenger
wire and contact wire, uplift’ ' i=s also. calculated as a simﬁle

stringnwith;little-errnrsl-as~shuundianig. =2, .

(Suntmining pointh (Sustaining point}

g s

I . . | .
/\r\_ﬁ,/“\f_[::>k .__.,_l

] ]’ Ta 5

1 Ty
IR .

Pig. 4-7 Calculation Model of Uplift of the Catenary Line
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That is, the whole tenslon of wires can be applied substitu-
tionally to Equaticn [l}. However, the static upllft of the
.cat.unary in case of load point near the sustaining point cannot |
be evaluated by Equation {1). .

Moreover, the uplift at a hanger point can also be evaluater
near the middle part of span, but a calculatiom value by the
Equatiaon (1) will be a little smaller than the real wvalve hetweern

t_h-e hangers.

(2) Static Uplift at the Sustaining Point

Fig, 4-3 Static Uplift at the Sustaining Point

Static uplift at the sustaining point can be expressed, in
halance of-force-at bothihanger points near:the-sustaining point.

and the load point-according-to the model shown.in Fig. .4-3, by

T

Il+-E}

_ PS5 Tt
¥ = Tt

By =y o rrd oy oaxy G dopgmomh koo {2]

Tm
201 + 21’1"11;}

vhere,
n: number of hangers, £L: distance between hangers

Other sycbols are the same as in the Equation {1}

A typical static uplift of the contact wire evaluated under

the Equaticns (1} and {2} is as Table 4-1,

- 1B& =~



Table 4-1 Static Uplift of Each Catenary Line
(When P =& kgf)

Uplift {rm)
Catenary System Schematlc Structural

Representation Sustain~ |Center
| ing Paint jof Span

T

Simple ' —— 50a ' 14 38
1000k gf
[ 5o :

I 100085t
1 P = — 1000kqs

Compound o . 19 25
[ 1 T T 1 T 0%t
— —-1I—1mmq:

2500kq £
Heavy Sompound M gt 10 14

15%Hhg*
3 T T L doonge

Relatlons between the static uplift and the current-collecting
characteristics are not always definite, but generally a greater
static ﬁplift tends to make a dynamic uplift greater, which not
only induces fatigue of catenary line pecbers but also lessens
clearance of pantegraph and fittings, and from the difference of

uplift at supporting point and nmid-span can be inferred the up-
and-down movepent of the pantogragh.,

4-1-2 Dynamic Uplift of Contact Wire
(1} Basic Vibration of Catenary Line caused by Bunning of Train

Vibration of the catenary line is very cowmplicated in spite
of its structural simplicity. In order to ascertain an outline
of catemary line vibration, it is i{rportant, therefore, to employ
a maydel as simple a5 possible without losing essence of complex
vibration. Followingsare the catenary line's behavior when it

j,_r..regarded as a simple string supported at either ends,
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The calculation podel is as shown in Fig. 4-4 and equation
of the vibration of the string as the following EBquation (3.

s

a String (p,T) E
e
i | |

Fig. 4-4 Model of Catenary Line
rand Pantograph Sygtem T *

upward force

¥: running speed

o

line density of the
string

T: tension of the string

s S: length of span

um

Ay, 23%  pl : '
‘.E)':“f -C-E;_,'I' PR ARl I sees B

T . )
Cra= A Propagation-velocity:of ‘vibration..

Solving Equation {3).as

yi{t=0, x=x) =0 yit=t, x=0) =« D
%%[t:ﬂr‘xrxl = o yltet; u=8} = Q.-

the following Equation-«{4} can be obtained.

= nn SInfnt

P v sinont
= - —_ T — = 7=y t..... 4
YT s nElEmt 5 x{un._Bl‘- C of-8; y Bt
nTc ney
ﬂn - T Bn = T

Equation (4) representing uplift of the catenary line may
be expressed as shown in Fig, 5 as sum of the static uplift and
the amcunt equivalent to free oscillation of the string,
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. '|‘ }nd term in Equation [d)
-~ Fa

-cl:n*'

4
“.\1/5.'% 'E
N\C c 5

c

v P LTiml‘ 1~ wMiich polnt x ceachad
n

LI i i) ra

=T 11 s] pantoFraph

1
|,.r.l‘
e
Fig. 4-5 Graphicalizaticn of Equation (4]

Thus the uplift at the arbitrary point x can be cbtalned

in 2 simple figure or as an algehraic sunm, For example, the

max irmum uplif:t at x = §/4 can be cbtafned when the lst and Znd

tern of Bg, (4), x/V (x = 5/4) and (25-x)/C (x = S$/4} respect-

ively, are timingly coincided with.
S .
s/a _ 57%

v c

then, ¥ = C/7 = 14.2 (m/s) 51 [kzx/hl
when let C be 100 (m/s)

Thus amount of the uplift, ¥, can be cbtained as

1 E 3 14 k]
y» —gsrlz-7-7 W —)} =
1-=er—

Fit;;. 4-& compares the theoretical value with the experimental
value for the catenary system with a large diampeter [M: 5t 240mm?,
2,500 kgf, Ax: PH200=m?, 1,500 kgf, T: Gt 230mm>, 1,500 kgfl.

As seen from Fig. 4-6, the two sets of values coincide well
which are sufficiently satisfactory for practical use of the re-
sults cbtained from the theoretfical egquation.

By applylng Equation {4}, furthermore, a highly accurate
analysis is done regarding the remaining vibration of the catenary
system, the vibration of catenary system caused by several panto-

graphs, overlapping, and the vibration of cressover etg,

-,
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Uplife (mm)

i)

.¥]
o

e
=]

{Actual measgred valu=)

[

(Calculaced value)

= 10km/h
A — - aZ10%msN

p—
— . — - [ -

——
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., Ppeint .. point

{2} Camputer Similation

————
EFL]
peint

i

14
poinc” __ ' peint

1/

hFL |
paint

Fig. 4~6-.Comparison;ofsActual: Measured.Value:with:Calculated Value~

Iin addition to the thegretical calculatipn pethod above,

sYysStems,

wires, etc,

analyze the system as it is,

JNR does a.great deal- of-analysis-through-computer-simulation
for solving complicated phenomena of current collection such

as in the case of.overlapping, hard spots, and deformed catepary

A catenary line.is.Composad.of-such -fittings ag:droppers -

main frame, main Springs, and dagpers, efc.

and hangers attached to wires such as ‘contact wires and messenger
Also the pantograph is a complicated assembly of a
slider contacting the contact wire, a pan, retaining springs, a

It is almost impossible to analygze such complicated strac-

is therefore required,

tures as they are, while the simulatjon method enables us to

For this purpose, a suitable nodel

The following Fig. 4-7 illustrates the

notdels of & main overhead system and a pantograph.

The most important thing in a simulation method is how well
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comparison with the test results using an actual wehicle.
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Eind of sywtem hral fmscallation Analyded set=dal Conde
Simpla — n.E
Heavy Simplie H.B
Stitehad Slepw 5.3
Comprrumd L=
Bpavy Comprngd H.C

Comgztud c.c
|

Roof af the car

Flg 4-7 Simalation Models of Cverhead Contact System
and Pantogragh

Fig. 4 ﬂ illustrates a comparison of the measured value by
test with the result of sim:lation of the displacement nf the
crossover (pain line and side line) in case of varied tensions
of the overhead systeém. 'The results show how wall the seats of
oscillations coincide. The simu)ation methed is firmly estab-
lished with such a coenfirmatien. Using this method, research
is being done on the influence of speed, distance between
pﬂntégraph and uplift on the gvarhead system. We are able to
" caleulate the contact loss ratio, the pantograph’s up and down
motion, the conktact force as well as the uplift thrmigh the
similation method, which is presently become an advantageous .
step in finding out the characteristics of the dynamic behavior
'uf-averhead system and pantographs.
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Fig. 4-8 Cogparisan of Measured value with Simulation

For.your reference, some of the analyses made-by the-simula-

tign method are illustrated below,

[.Iu -

L0

a0

)

70 1

10

Span &0m
Sysatem compound CaLENATY
system ludjule tonzinm 5500 kg

Spoed 200kmsh
2nd pantograph

—=7rrrry Avarage * standard dis-
tributian ¢f test resgles
LLLrAsAd uEang actual wehicle

T Avelage value from resulbs of
[—————

— Simulation resules

174 Center 1/ Sustaining polnt
point point point

Position within the span

Fig. 4-9 Measured and Similated Uplift values of Heavy
Compoand Catenary Systen
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Fig., 4-B shows a cOmparison of the uplift overtioe, while
Fig. 4-9 is a comparison of the maximus values of uplifr at sach
pesition. In either case it can be seen that they ¢oincide well

with the oeasuared values,

Fig., 4-10 illustraltes a comparlson of overhead systems used
in JHR conventicnal lines through the sirpulation pethod. The
uplift of the contact wWire with high tensicon system is considered
to be smaller than other systems, wlth less oscillation and to
hawve a small high and low differences in the pantograph motion
shnwi.n:g a smooth current-collection. It can also be seen that
the vibration ls more or less acplified and the variation of

contact force becomes bigger by successive pantographs.

13} Examples of Measured Data ¢n Running Test'

Figs. 4-11 and 4-12 jllustrate examples of the neasured
data an simple catenary system and direct suspension system
ohtained by running a vehicle. The items measured on both sys-
tems are the leocus of the pantograph, the contact loss, the
contact force, the uplift and stress of the contact wire, eto.,
each being measured in accordance with their test purposes, ‘
‘ Measurepents for the test were done by loading a real
pantograph on the car applied of D,C liﬁear motor, weighing about

- 3,000 kg called the Testing Power Collegtion Syst.em by which a
real pantograph can move along a real overhead systeml for the
test. The test performed by this device, which is now applicable
only for running the car with one pantograph, oakes it possible
to change the speed, the pantograph upward force and the condi-
tions of the overhead system.

‘Fig. 4-13 shows a coomparisen of the simple catenary systen
With the direct suspension systenm regarding the relations bebween
speed and contact logs from several test results. There is no great
difference between the two up to 120 km/h, but in the case of

high speed, the contact loss of the direct susponsion system
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Increrases. The increased centact loss makes it impossible to
.. supply the electric rolling stock with constant power, which
results in producing an arg between the contact wire and the
pantograph, -increasing abrasion.of the slider and contact wire,
of the current collection characteristics, the cantact loss isg
very lmportant as is the uplift of the contact wire, so a
particularly careful test must be conducted in regard to new
types af catenary systens. The JHR has been recently planning
to i.nr.:_rnduce the direct suspensicn system in order ;.'.n decrease
the electrification gost, The follewing is an eutline of the
investigation. .

The direct suspension system has messager wires, The

demerits of this system are as follows,
(i) Difficulty in laying the system

(i1) Inferiority in current collectien characteristics

(iii) Increase in stress of contact wire

The above demerits must be censidered, and after confirming
such characteristics through wvarious kKinds of tests, judgement

far its practical use should be rade.

ta} liow to Set the Tension of Stitched Wire and How to Lay It

"In both the case of a stitched simple catenary system
and the case of a direct suspension system with stitch wire
as shown in Fig. 4-12, it is icportant that the system height
and the tension of the stitch are proper. The direct sispension
sysiteno here is designed to reilleve scress at the sustaining
points using stitch wire with a spring. '
Lzp befgre laying must be a little longer than Lig
in propartion to the system height and wire stretching from
tension. Considering this value for Lx,

ht L1 (To —Tn) 1 Lz
B Ix = - - T l-+ ]
L1 2h,Ey K AzE»
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during Running Test
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Fig. 4-15 Conditicns for Installing Stitch Wire
in Direct Suspension System

{b} . Measuring the Contact Loss & Contact Force:

Flgs. 4-13 and 4-14 show the results of the measurements
related to the gontact loss ratio of che direct suspensicon
system and the maxisum value of the concact force, These
results show that both become higher with the speed, We have
no artharized allowabhle limik related to these wvalues, but a
proper judgement must be made considering the number of trains
(the number of pantographs passing through] and the main:enénce

conditions,

{c] Stress of the Contact Wire

For judging the conditions of the contact wire fatigue in
the following description, the stress of contact wire is measured
as shown in Fig. 1-lé. I I

The stress is very different depending on whether the
stitch wire has or does not have a spring, and it also increases
with ircreased speed, In consideratiom of the results of
these tests, the JﬁR has decided tﬁ start putting the direct

suspension system into practical use,
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Fig, 4-16 Stress of the Contact Wire

d-2 Overhead Cont..ct Systen

-2-1 Eupporting Structurc and Messenger Wires

{1} Supporting Structure

The JNR has rapidly developed its electrification since the
end of World War II, using wooden poles mainly as the supports
for the overhead contact system becsuse of a shortage of materials,
etc. However, concrete poles have come into use as.the standard
because wooden poles erected in moist land aften rutteﬁ within a
shDrr: pericd even after grecgsoting was applied, and bhecause the
mechanical strength of the wooden poles ;-.-asn't precise,
Particularly o Japaﬁ. concrete poles are extensively adopted in
areas of rich prodl-lctim. of lime-stone which is the main component
of concrete, and also the cost of concrete poles is extremely
cheaper as compared with such steel products as iron poles, H-
type Steel poles and steel pipe poles, etc. Also maintenance
is not necessary for apti—Corrasion, Prestressed conrete poles

(PC poles) are now being used for alwostall overhead contact systeds.
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hen the length and Ilntensity are decided according to the condi-
tions of their use, a proper seLectinnlfrum among the applicatien
1is%t 1= made for their usa. In general, the usage caﬁditinns of
the poles are different, so a great many kinds of poles are
requlred. But we are prometing reductian in production costs oy
planning standardizaticn of the preducts and decreasing the
nupber of kinds to a minigum,

For your reference, Table 4-2 shows a list of applications

of the poles for JHR's conventional lines,

Table 4-2 Applicable Poles:

Length (m) Bending moment (kgf-ml Diameter {cm)
9 5,000
10 5,000, 6,500
11 5,000, 6,500, 7,500 35
12 5,000, 6,300, 7,500
13 7,500
14 7,500

The pinimim bending moment In thi; cable is 5,000 kgf-m.
This is in close relation to Japanese climatic cepditions, which
is & major factor for the JWER applying 40 m/s for the calgulation
af intensity of the supporting structure, Considering the clima-
tic condltions and catenary systems exployed in foreign countries,
the applicaticn'uf H-shape steel can alao be considered as it
generally, makes the design bending moment smaller. In this
polnt, we are going to take up a f4w COmparative exacples re-
lating to the 2ad class PC polas used for the MHR's overhead
contact system and the lsrt clagss PC poles & H-shape steel poles
used for power distribution lines,
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{a)

Characteristics of Poles

ti

b— 8 —

Characteristics of H-shape Steel

ind Sectional
Hoem Size n= Section-| yniz | 2ectional | RBdIUR L eopfricient fCalculacion
al area | wog. Lmomentiem™y| feml fem?) Pasen s
AR ala T2 rI lca"}  Ytegim) PHIEY ‘ 1% | oy Ix ) oy trgf-mi
M 1507 1501150| 152 10 11I 40,04 " 31.9 | L.640 | 58] IE.]? 1,75 214 5.1 3,600
Zo |LFE = 1S (171174 9112 a1, 74 | 32,8 | 2,300 | 9L [7.43]|4.35) I6D 93,9 4,400
LII| 200 % 150 (194) 150 912 9.5 | 1.6 | 2,600 | 507 |8.30|1.61| 277 6. & 4,570
Characteristics of Prestressed Concrete Poles
Height, | Gesign
- o
Length Edqge Roat Hebght af [Legign toad pending Re:e:icnct
Ha o P caliber|caliber |sustaining| load point nt werighbt | Retarks
[em) L
(cml . pomnt (mh | tkeg (=) tkgE -] Ikq}
FLO-19-150-] 190 15 | 3.2 1.7 350 | 8.05 | 2,E18 670 |lst class
P1O-19-500 i0 19 3.2 1.7 504 B.05% 4,025 M 1af clasx
10=35-11%5,000 10 3% 35 1.7 &N B.0% 5.000 1,320 nd class

{b}) The Standard Pole Assembly

The size of each part of

and Design Bending Moment

the standard asserbly for the

purpase of calculation of intensity is as shown in Fig, 4-17.

Alsc, Table 4-3 shows examples of calculations of intensity.
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Fig., 4-17 Diagram of AT Feeder Type Standard
. Pole Assexbly (Conventional Line)

In the case of a straight line part or the applicable wind
velocity being small as shown in Table 2-1, the application of
_H-shape steel pole is also fully considered, '

(c] Deflectien of H-shape Steel Pole

when the wind blows at 3¢ m/s, as in the JNR's regulations,
the poles must not be deflected more than 50 ma at the height

of the contact wire sg that the contack wire will not come off

the pantograph,
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Table 4-3 Design Moments

Restcraight Line  S*55m Rag(m E«50m A= 10w Lmilm
{lf;;’.' IL:::T. Houmhr.lkqt-n.! ;'::; !;:ai:t Moment (kgf -m) ::;; ﬁ:t Motmnt (kg f+m]
Wind velocity I ' T
10 a0 il 14 o | 4¢ M 40 0 L] il 40
Item
[Harizontal load)
H-pole L50 x 150 118 | 246 4.1n 566 | 1,009 566 f 1,007 ahG | 1,00%
npale 175 %175 140 | 285 4.1 6% [ 1,169 655 1,169 654 | 1,169
H pole 00 <150 119 | Je 1.1 S6E | 1,009 566 1,005 Luk | 1,009
PLL=39-500 19 |18 | 1.4 416 TH 434 T ' 116 174
£11-15-N5,000 138 246 | 4.4 501 | 1,002 s07| 1,082 607 | 1,082
Catenacy line |27 €.48 4E0 a2l 460 B2] 464 (¥ |
ACSR 957 47 kL .41 5} 622 ia 68 B.41 123 572 L) B._al 42 454
ACSR 40" 7193 | a1 227 404 25 | 44 8.41 210 370 20 | 15 B.4] 168 194
(Sidevayy tensian)
Catenary line 144 4.48 207 213 b.48 1,445
ACSR §5° 26 .41 23; 10 A.41 136
ACSRE 40" 14 g.41 L18 20 B.41 158
{yartical 1oad! * - ~
Catenary Ilne g4 1.% no 16 2.5 190 61 2.5 153
AR O5* k1) 1.2 41 14 1, i) 1o 1. 16
Hirged cantilever -] 1.1 14 a8 1.3 L14 en 1.3 114
Caslgn meoment)
H-pale 150" 150 1,973 1 1,221% 1,161 54,279 Y608 v4 82
H-pole 1752175 2.9R3 | 3,345 1,251 |*4,5%3%9 1,108 |"4,9%2
H-pole 200 % 150 1,973 | 2,225 1,161 | 4,379 3,698 4,812
P11-19-500 {Class L} 1,B41 | 2,990 1,001 |*4,144 1,508 |*4,5%7
PL1-)5-N5,000 (Claws 2) [ [ | 2,014 {3,298 3.202| 4452 | ] 3,739 | 4,905

{Hotw)

The mark * Indicates not applicabla because the design moment enceads the rolesance moment.




L

A test calculation of the deflection of H-shape steel pole

i3 a5 follows, 's ib) Deflectian from
the concentrated
load of the feader

wire and catenary

l }‘\\\tclline

{a) beflection
due to the 4

wind Ceflection from

the eccenrric

load of the feeder
wire, Cacenary line
and hinged ganciliver

A5 shown in the above diagraz, the results calculated for
the cumilated deflection caused by the three kinds of load are

shown in Table 4-4.

Tahle 4-4 pAmount of Doflection on the Position af
Contact Wire at Wind Veloc:ty of 30 o/s

- funit: ==}
| Kinds of H-shape Steel Poles
150 = 150 | 175 = 175 | 200 = 15
{a) Deflecticn due to wind 1.2 a.o 2.0 .
(b) Deflection caused by 5.8 18.4 15.7
concentrated load
{c) Deflection caused by 28.7 20.5 17.5
eccentric load
Total 65.7 46.9 19,2

Table 4-4 shows the example of 5= 55 m in a straight line,
but part of the sideways tension chould be further added in the
case of a curved line. Although the B-ghape steel pole is safe
in terms of inkensity as mentioned above, attenticn must be

given to its larger deflection. Moreover, another demerit of
the H-shape steel pole is that it is weaker than the conerete

pole against buckling and twisting,
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(2} Hinged Cantilewver

Fig. 1?7 shows a standard pole of a AT feeding systen for
conventional lines, As you can see from this diagram, the )
catenary line is supperted by the hinged cantilever. By a com-
bipation of the hinged cantilever with the automatic tension
control system, the tension-of the catenary line can always be
kept constant. As the increase in the tension of the catenary line
due toa change of temperature presents the danger of wires breaking,
or a decrease in tension causing detericration of the cur—ent
collection characteristics, maintenance is of considerable im-
portance in the ranagerent of the catenary line. In grder to
achieve better current cnl}ecticn CharPCtEIiSELCS and a decreased

amount @f maintenance, the JHR uses many hinged cantilevers.

(3) Mmaterials of the Messengar Wires

-The ideal messenger wire has the following twe qualities.
{a) The contact wire hangs horizontally
fb} A portion of load current flows

Table 4-5 shows a comparison of each quality related to
iron and copper alleoy messenger wires used at onc time or anather

by the JHR.

Table 4-3 Comparison of Iron Messenger Wire with Copper
Messenger Wire

MEALENEE wirE o mELIATET Wil btk OF
of irem COpper alley

Migher antis
CorrQalon by @
i plating! :

IChwaper) {f\ [ERpenELve]

Itam

Mbi=vicralica Fatigue
ArCo-=w=a7 “SNaractepiatick
o

CalfC#RE CApaTity «ikh the
CHTRNATY Lifie 3psCies

MgV FrS M JATioN welosity
f{gf ligkht & high tensionablbed

s

ColfToElon

Procduccite. Cast

QO |18|0|@

i fficulty of
rroblens in the pfodesy of mabufncturing

manuf o turd O '& alley vhvirom-

Lyl pollution
oot e Wy

Mot @ Superr LOT quallty O O A tnewrior quality
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As shown in Table 4-5, nelther the iron or the copper alloy
can necessarily be considered the best selection because both
have their respective merits and demerits. However, bath of
then may be judged advantageous under the individual country's
special circumstances [for instance, high speed and multi-
pantogragpns, electrical power sources, resources, and envisohoen-
tal pallution problems), The JVR mainly uses iron:messenger Wiresz

taking these ceonditions ilnto ceasideraticn.

{a)- Vibration Fatigue Characteristics

Fig. 18 illustrates typical fatigue curves of iron and
copper. Complete care must be taken in the actual selection
of the materials becauss these farigue curves vary in accerd-

ance with the component of the marerial and the processing

degree,
“'E 30 AN !| H ! x lron
3 , ‘ ~ ‘ [ ‘ , Copper
'y '\_\_ P ! allgy
P S e
@ 20 | ™ anl |
T \\:\ :
L] "\ !
™) i
> |
10 : !
BN
2 14 p :
10° S5 ygb 2345 o 2345 o2 3as o,

~—~ Number of cvcles

Ffig. 4-18 Fatigue Curves ([5-N Curve)

The stress which accurs by the passing of 2 pancegraph or
by the wind varies according to the overhead system and the
speed, but it is actually measured in a range of about 3 to
10 kgf/rm’. However, it is considered that stress exists in

excess of the actual measured value because of the anticipated
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intensive stress caused by the occurrence of errors at the

time of installacion, wear or corrosion. Therefore, selection

of the material must be made accounting for maintainability

and reliahility against fatique,

(b} Current Capacity with the Catenary Line System

The electrical characteristics of the catenary line

depend upon the train's driving conditionsz, which affect twe

factors, i.e. 2 rise in tewmperature of the contage wire and

a voltage drop.

The maxicun tolerahle temperature of the contact wire in

the JHR is 90°C considering softening characteristics, stretch-

ing characteristics at high temperature, stretching af the

centact wire, and the design of the metal fittings. Eased on

this, Tahle 4-6 shows the calculated tolerable currents of

ﬂMMwlmﬁ.

Table 4-6 Tolerable Currents of Catenary Lines

kind of catenary lines Corrent Capacity
e {atter contuct
. . Auxiliary _ . .
Massoenger wire Contact wire wire ig worn)
messenger (A}
cdcu  60mm? - Gt 110mm- {8.5) 625
St %Oram? - Gt 110mm® (B.5) 420
st 135mf - Gt 170ma’ {9.5) 505
5t 180mm? | PH 150mm’ |Gt 170mm’ (2.5)) 1,085

Wind welocity 0.5 ofs, Apcunt of
Ezat radiation coeffcocient 0.9

sun-shine 0,1 chmz.

{ ) shows the remaining diameter after abrasion of the

contact wire,

In the case of the iron messenger wire, the current

capacity decreases mich as cocpared with the copper messenger

‘wire, and considering the intermittent conditions which are

characteristic of electric railway load, the peak value
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of the current capacity in Table 4-56 i3 several times
tolerable, Even under he=avy conditions of conventional line
trajin gperation in the JNR's A.C. electrification distriges
(20 kV, BT, average distances between the substations, 3C xm},
temperatures of contact wires composed of a simple catenary
(St 90mm® -Gt 110m=’) and a heavy simple catenary (5% 135Szl
-Gt 170mm?) do nat exceed the determined values.

Howcver, ln the case of an electric locgmotive with a
-large capacity ({(including connected locomotives) on successive
ascending slopes ard at 3 far distance between the substations,
the calculation of the catenary line system must be fixed
calculating a rise in the temperature of the contact wire in

proportion to the load conditions.

fe) Kinds of Messenger Wires and Voltage Drop

Fegarding AT feeding system voltage drop very cozpllicatel
calculations are generally requiréﬂ, so effects of the kinds
of messonger wires on voltage drop muist De Ccompared on the
basis of the actual measured values in the JNR'sS electrified
districts, Table 4-7 shows a comparison of the kinds of megsin-

ger wire and their effect on voltag: drop.

Table 4-7 Line Impedance

Line Impedance of BT Feeding Systenm

Eirsd Line wopedance ] valeage drop
Line i Segtion P H 1 am) | ivar-xmy
. NP
T+ ou L1D
Jon Fulishuge = Tarca L =~ [, TR s ) 50 | 9.25Y « 10.EBE =~ J.71B o.Ble
WF » sl 00
TohC iy $endal = MOCicka bicro * | 9.286 & 30632 = g, TIH 0.638
T talle
- Yooerava = Tamageta =5 W = 10,308 « 30,740 » DR 0. 630
Wr o= Al 704 [
T=tu 11D
0.708 » . LN - 1N
Wokuriks | Furgy - Earatsa moe CaCy wg | eg | TR0 7 3d = 03w 4.7
wF = AL IDO
Fagoahisd | mali-ko = Auruss picea " G165 « 30.732 = 3,810 Q.51
T+ fu LiQ
ALpE ECXurs - ESEaML A= 5t * Q.31 » 39.041 = g, 436 .77
WF = M. 00
T=Cu 10
Tk pide . n* OdDe 80 - - 1 1
S LN kanaen Tokyo = Shin~Oxakd R = 0w RO 2.311 » 40.7%0 a.nl 0.44]
I L L
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Table 4-7 Line Impedance

Line Ippedance of AT Feeding System

Kind Line 1mpadance Voltage drop
¥ | =
erien t' | He I e 1%/ A-ka}
W a5y 90
Mihoni
A D marasamt - Hirosghy Teoowito | o | 62100 - fo.0NE0 - B, 2100 0.100
7k iy
F=af 0
» St 1AD
Tohak K" = Cu 130 - N
Shenmanagn | TUTE - Mikaze T = Ca 170 o.6i8? » 3o LTI = G170 £.133
F o= Al 300
M= 5. 90
LigoshLns TALTURNITS = KOQOERLAL T = Cu 130 G | L1090 - 30, 192 = 0.1100 0.211
I = AL 5%
LECI TN L]
fanyo L =PI N .
T — Chaydma - Warata e oou L D.0JT0 » 30,7178 = 0. 20100 LI L)
F o= Ab 200

Az we have no example of systems uSing copper messenger wire

in tae AT districts of the JHR's conventional line, there is

ne sucn descriprion in Table 3-7,

Howaever, because the

voltage drop in the iren messenger wire in the BT distriet

is a 15% larger than in the iron system and the voltage drop

in the AT district is about 173 times as much as in the BT

district, we ¢an guess that there is little difference in

voltage drop between the iron and copper system meSsenger

wires in the AT Jdistrict.

The voltage drop is wvery little in the AT district in

view of the characteristics of the feeder cirguit, caysing

ng particular problems.

{d} Others

The wave prgpagatinn valogity £ mentioned in the section

on the dynamic uplift of catenary line is generally described

as,

C-r’ET T:

ip

Tension,

1 Wire density

This iz used as the index of the current collection

efficiency, particularly of high speed efficiency. If C is

large, occurrence of contact loss will also decrease to
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increase the current collection efficiency besides decreasing

the dynamic uplift, T/nmistbr increased in order to enlarge

C. That is, the wire with a smal} densityand with a high tension

is determined according to the quality of its materialg.

Iran

is superior in quality with about twice the T/p and about 1.4

times the YT/5 of copper.

Mext, regarding the problem of corrosion, copper is

generally rather advantageous.
enviraonmental conditions are gaod, even iinc

twisting wire is sufficiently durable.

In the rural

When

districts where
plating steel

selecting the

messenger wire, a thorough investigarion into environmental

conditions in the district must be carried out to determire

the best method, such as changing the kind of wire in each area.

f4) fuality Gf the Contac:i Wire

A grooved hard copper wire 1s usually epployed as the

contact wire,

SizZes ara BSmm:. 110mm?* and 175mm?.

The B5mm° is used for side tracks, the 110mm* as the

standard contact wire, and the 175mm® for heavy compound and

-heavy simple contact wires.

The material used was almosy pure

copper until recently, but an alloy contact wire mixing copper

with tin was developed for the purpose of improving the anti-

abrasion gqualicy.

made gontact wWire is generally employed.

anows the characteristics of both.

wWwhen replacing the goatact wire, thig alloy-

The following table

wire with tin

Stretch . Fatigue Anti-waar
. . t . .
vlassification| scrength COHd?:}1v1ty limit | racio
{kgf/mm~) (kgf/mm} (%}
Pure copper | 39 4 a0 99.4 . 15 100
contact wirag
Alloy contact | ., . 45 74 ~ BO 17 50
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A TA contact wire with a longer length steel belt coated with
aluminum at both ends is being developed now, At-the-site

Lest results show it has good currtﬁt collection characteristics
and anti-abrasion characteristics, which leads us to e;pect its

practical use in the near future.

4-2-2 Suspension System and Span

Based on past Japanese climatic conditions, the JHR has its
set conditions such as “Mo destruction of the supports of the
nvefhead contact system al a wind veloéity af 40m/s (securing the
safety factor that is fixed on each equipment), and possibility of
smoath traffic operation even under a wind velocity of 30m/s™
according te the calculated strength for the supports of the
contact system. In this respe&t, considering the slagk of the
contact wires and jolting of the vehigles under strong uinds.
the maximum span was fixed so that the contact wire will not come
off the pantograph. The conditiens fa} fixing the span are as
shown in Table 4-8.

Table 4-8 Conditions for Filxing the Span

Eeference
Item Valueo value
{rum)

(1}

Deflection of contact .
wire when ne strong Usually, O to 200wm 109
wind blows

{2}

Deflecticon of contact
wire due to turning
of the hinger canti-
lever

Usually, 3C to S5Cwm . 40

{2

Ieflection of contact
wire duc to slack of JHE provided as 50mm 3¢
the support

{4}

Deflection of contact )
wire due to turning " ) 50
of the base

- 212 -



Referance

Item value valye
Cifferent according to the 1
(3] Amgunt of pantograph width af the tracks and !
point Temoved by rinds of vehicles JHER 235
jolting of the vehicle provided as 235ma

sgueezing

(6) Limit of pantograph's

%g = {R” = (P-5/4Ty)

e —————

{7) Limit of slack of
contachk wire by the
wind

1,3

(7)Y = (B} - {1y +i2) 4

{31+
f4r+i571}

750

273

{7) in Table 4-B may be compared in order to examine the relaticn-

ship between the kinds ef catensry lines and the span.

+ items are almost fixcd regardless of the kinds of catenary.

The other

let's

calculate the effect of Itea (7] on the sSpan regarding the simple

and heavy simple catenaries employved by the JNR,

. Heavy simple
item Simple catenary catenary
e M; St 90mn? M: 5t 135mn°
Kind of wire Tr Gr 110mn? T: Gt 110t
Wind pressure load at 30m/s Wom: 0.675 Wm: 0.844
(Ww: kgf/m} We: 0.692 W ©0.692
. Tm: 1,000 Tp: 2,000
Tension (T: kgf) Te: 1,000 Tp: 1,630
In the case of Simple: Eq 1,367
b 0.275 = B 2. 2,000
v 5 =58.7nm
In the case of Heavy Simple: g.279 = 58 ; ;G
.+ S a65.6m

the difference is about 5 m.



The span calculated here is based on the Reference Value in Table
4-8, and differs morv or less by the values in Items (1), (2) and
(6). But the diffcrence of the maximun span is almost the same,
Thus.the span is allowed to be stretched 15%% for contact wires
with high tension, and an approximate 10% reduction of construc-
tion expensaes undar this methed can be expected.

Howegver, it is also possible to enlarge the span very greatly
in the area where strong winds rarely blow. Neyerthaless, as the
height and intensity of supports must be increased because of the

system height, it is impossible tO expect economic advantages.

Maintenance of the Overhead Contact Systenm

4-3~1 Considerations inp Maintenance

Maintenance of the overhead contact System i5 considered
preventive maintenance, baking intoc aceocunt the service lifa of
rhe equipment to take necessary measures.

The twd main factors of deterioration of the equipment are

as follows,

{1} Caused by the equipment entering the gver-age period and
reaching the end of its service life.
(2} <Caused by a provisicnal disorder in the eguipment esxceeding

some limit walue.

&5 the two functicnal types nf deterioration have respectively
different signs, different procedurcs must be taken.

We are managing the service life of the equipment whose func—
tional loss is caused by the first factor, and perfeorming a pre-
ventive ma;ptenancc of those whose fﬁnctioﬂal loss is caused by the
second factor through management of the limit value involved,

In the service life manageing method it is necessary to
recognize the rime Lefore the equiément loses its function due to

over-age and deterioration.
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We have three ways of checking: "Establishing the service
lifer, "Whcle inspection™, and "Sampling inspection®.

Establishing the service life means a procedure in which
the effective service life of the equipmet is determined at the
time of installation, managing the passage of years till the time
of their effective service life,

Regarding the equipment far which the service life can not be
quantitatively checked because of a lack of data, the ingpection
should be carried out at the time presumed to be the "Over-agqe
period™ to judge the functional loss time caused by over-age and
deterioration,

The inspection consists @f two kinds, (1] Wnole Inspeaction
{2) sSampling Inspection. The whole inspection is conducted re-
garding equipment which can be efficiently inspected by inspection
instruments.

Manual inspectieon, in prineciple, is applied for the sampling
inspection to judge the remaining sezvice life of the lot cnncefned
to take the necessary steps according to the result of the inspec-
tion. The sampling inspection applied is mainly the method called
the sampling inspecticn by wvariables which is carried our in
qual?ty control.

&n the gther hand, in the limit value management method, which
is applied ko maintain the catepary Structure or catenary align-
ment, necessary action is taken when the limit value concerning
each part occurs.

The performance of improved maintenance for accurate control

and energy-efficiency are being planned using lnstrumental measure-

v

ments.

4=-31-2 Instrumental Inspection

The electric measuring inspection car installed with measuring
inspection apparatus is employed by the JNR for instrumental in-
spection of the contact system equipment. The electric measuring

inspection car performs inspections of the conhtact system equipient,
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wvhich previously required much labor, by automatic measuring

inspection at a regqular operation speed to conduct efficient

maintenance of tho équipment.

The appearance and measuring apparatus of the electric

Twasuring inspection car is shown in Photographs 1 and 2.

1)

Items Measured

The items measured for the ovarhead contact system are

as follows,

1) Abrasion of the contact wiz:e

2) Height of the contact wire

3) Deviation of the contact wire

4) 0©bstacles in the way of the ﬁﬁntugraph driving
S} Hard spot |

{a) Abrasion of the Contact Wire

Prevention of accidents involving braker contact wire
should be planned by obtaining the abrased conditicn of
the wire.

So-far, measurement of the degree of abrasion of the
eontact wire has been manually carried out using a micro-
meter, resulting in point measurements. The abrasion of
the contact wire can now be continually measured by practi-
cal use of the abrasion measuring apparatus for contact
wire using a laser beam, Fig, 4-19 shows the principle of

the contact wire abrasion measurement using a laser beam,

A single wavelength argon ion laser beam, as shown
in Fig. 4-1% is turned toward the sliding surface of the
contact wire through a revolving mirror then reflected
from the contact wire to reach the photoelectric transducer
which detects the abrasive condition of the wire. The re-
flected light from the contact wire inveolves sunlight,

which is removed by an optical filter. The time Juration
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R'Evﬂl'u"ing
mirror

‘Fig. 4-19 Principles of Measuling Abrasion of Contact
Wire with a Laser Beam

-of the refleccted light from the contact wire is in proportion
to the width of the sliding surface of the contact wire, s0
this time duration Ls transformed Into a voltage to meoasure
the apount of abrasion of the wire.

+The main characteristics of the contact wire abrasion

measuring apparatus are as follows.
1) can measure regardless daytime or ﬁiqht.-
2) +Four contact wires can be simultanecusly measurad.
3) Aecuracy of measurement is 0.2mm
FiJ. 4-20 shows an example of abrasion measurement of the
contackt wire.
(k) Height of the Contact Wire

The contact wire must ke laid of a uniform height with-
out extrome high and low difference to allow the a pantograph
"good currcnt collectien. Origqinally, measurement of the
height and deviation of the contact wire was performed by

gauge pole shown in Fig. 4-2l1,

- 217 -



f—i —

¢r.; et e o —— 1 i . go— —— o]

_—\Ji.zmr:'\—-.

N

Running speed 90 km/h

—— = fyem—

—_——— e S e s
p—— e im | Ppp— |

b—)

- 218 -

Hﬂw...ﬂ,“
= gﬂ -

Partial abrasion point
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Fig. 4-21 Measuring by Gauge Pole

The dyhamic height of the centact wire from the rails
is measured by the electric measuring inspection car.

The principle of height mﬂasufinq is shown in Fig. 4-22.
The main shaft of the pantagraph rewslves through the up and
down mi:tion in accordance with the variance of tha height of
the contact wire.

The revolving angle of the main shaft of the pantograph
is led to the potential meter installed con the roof of tha
measﬁring inspection car through the insulator to make the

height signal.

CD.Pantngraph C} Contact wire

(2 Hain shaft

car's roof

fig. 4-22 Diagram of Measuring the Height of the Contact Wire
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{c). Deviation of the Contact Wire

laying the contact wire with a proper deviation is an
essential condition for maintaining good current collection.

Measurement of the deviation is one application of the
principle of the laser typé abrasion measurement of the
contact wire. The degree of deviation of the contact wire
can be detected by measuring the time interval betwesn the

start of beam scanning and the time of reflection by the

contact wire.

/rﬂ-'DEViatiﬂn of contact wire

ae——t——— Contact wire

|
|

. V== Pantograph slider
1
' Scanning
direction
+ +
‘ Lager beam
_‘_'______1_.____#F;;r

Car's roof
’/’

/’/[’ /ff/f/f'fff”f%

= Refelcted signal

{End)
{start) . f_.. Synchronizing
. i signal

-~ Counter number
[T

Sarple

Fig. 4-23 Diagram of Principle of Measuring the Deviaticn
- of the Contact Wire
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{ﬁ] cbstacles in the Way of the Pantograph Driving

The obstacle detector detects obstacles when the panto-
graph passes as well as wIongly fitéed angles of the contact
system fittings {stay braces, pull-cff fitrings).

The pan of the pantograph is equipped with an antenna .
with apicro-switch which gives a signal when the fitting of

the contact system hits the antenna,

{e} Hard spot

In the ¢ase of the contact wire having a parctially heavy
part, or having scme bad points, the pantograph will be jolred
causing cGntact loss Or a partial wear ¢f cthe contact wire.

The hard spot detector detects acceleratian in the fer-
ward-backward and upward-dewnward directions given to che pan
ﬂf{pﬂntcgraph by a wire strain gauge-type accelerometer on

the reverse side of the pan.

{2} ©Data Process

The data measured and processed by the electric measuring
inspection car are effectively utilized for paintenance and
control 2f the overhead contact system to secure safety in
traffic nperatinnl

The electric measuring inspection car is equipped with
data processing apparatus mainly compgsed of a mini-computer
imemory capacity 12kW) for the purpose of immediate processing
the measured data during operation.

The processed data is cutput in digital & analogue. The
digital data is ocutput by two terminal devices, (1} a high speed
printer Iwnole data output at each span) and (I} typewriter
falarming data cutput).

Table 4-9 and Fig. 4-24 show the digital data and analogue

data processed during operacion.
. Moreover, the eptire data measured are yecorded in a magnctic

tape in analogue by the data recorder and are effectively utiliced

for time series coptrol of cthe contact wire abrasion.
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(3} Heasurement Period

The alectric measuring inspection cars are stationed in 7
groups on conventional lines thréughout Japan. -

The number of measuring inspections is 4 times a year in
earh district. In addition, two inspection cars arc employed
on the Tokaido & Sanys Shinkansen Lines. The usual running
speed is 210 km/h and thF'number of measuring inspections is

ance a week.

4-4 Mechanized Constructicn

0Of the construction work related to the overhead contact system,

the mechanized construction is to be done for the following items.

(1) Supports

New installation of electrig poles

Mew installation of beams
(2} Catenary

Extension of messenger wire
Extensicn of auxiliary messenger wire

Extensicn of gontact wire
({3} Feeder Wire
Extension of feeder wire

In additicn, some construction work related to the cross-arms,
insulators, or fittings for the :oﬁtaat wire i1s occasicnally dene
using a construction car.

while details are indicated in the attached appendix, it is
very convenient in the case of new pole installaticon on the
.conventicnal lines to use a truck-crane loaded on iron Car trucks
called low floor car trucks. In construction work on the extension
of the contact wire on the Shinkansen, work is carried cut using a
combined party with a wire-cxtension car and a work Car. AsS we are
able to devise efficient and ecenomical work through the mechanized

construction method, safety of the work is attained.
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Fegarding the construction of A new Shinkansen contact wire
or replacing a contact wire, mechanized constfﬁctiun is fully
employed, and in the electrified construction on conventiomal
lines as well, the mechanized construction method 1ls adepted in

districts where construction interval at night-time is avajilable
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The Mechanized Construction Method of the Overhead Contact Systenm
{Electrification Work on Conventional Linea}
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Wire Extension on the Shinkansen

. Cn the Shinkansen, “The mail Moter Cars for Electrical Work*"
are used, as shown In Fig. 4-25, for the extension of the wires,
new installation of hinged cantilevers, and adiustment of the
catenary configuration. As descritbed abeve, the mechanized con-
struction work contributes to the safety of work progress in .
efficiency and jin shortening the work hours as compared with the

manual gonstruction work of the past, .

Fig. 4-25
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CHAPTER 5

'ELECTRIFICATION -AND SIGNALLING -



CHAFTER 5. ELECTRIFICATION AND SIGHMALLING

+

5-1 Jhutomatic Signals
5-1-1 Train Operation and Bputomatic Bleck System

The section which can ke occupied by one train is called a
"bleck section®. The tablet block system, tokenless block system,
etc. are systems in which the conditions of the block section are
set artificially. HNamely, cne section between a station and the
next station is taken as one block secticon within which only one
tra;n caﬁ Tan.

The automatic h%ock system ig a syatem in which the train
itself avtomatically sets the conditions of the block. The ex-
istence of a train is detected by the track circuit, and the
Bignals are indicated on signal devices, thus the'desireﬁ number
of trains can run between two stations.

The automatic block system reduces the trainlinterval to a
minimum, therefore track efficiency {capacity} can be increased.

In the JHR, the fallawiné aoperaticon and safety system are

adapted,
For double-track cperation: Butomatic bleck system
For single—track cperation: Automatic block system

Tokenless block system
Table block system
Gthers

£-1-2? pAutomatic Plock System and Train Interval

In the automatic block system, the minium headway, that is
the minium interval of time in whiech a train can be aperated,
greatly varies depending on the maximum speed, deceleration by
brake, and signal indication syStem. A3 to the signal device,
the allowable speed is determined in response te the signal indi-
cators such as R (red) and ¥ (yellow). The train must be operated

at such a speed that if can be decelerated with the manuval braka



starting from time thm operator sees the signal indication and
stapﬁing at the position just in front of the signal,

Thereforae, in cases of traing with low rates of deceleration
or those running at high speeds, it may be necesgary to increase
the number of signal indication stages. The distance between the
signal devices, namely the block section, is sufficient, if it is
longer than the distance required to acknowledge the signal indi-
cation. There iF no problem even if this is several kilometers,

As the result, there are signal indicating system such as
two aspect section, three-aspect secticon and four-aspect section
systems. According to the signal indicaéing systems, the minimum
headway, namely.the.interval between-the previous train:and_the.
following.train, .is.determined. )

The three¢ aspect section-system-among those shown-in Fig. 5-1:
is generally used-by:the JHR. In the case of-limited express
trains with a maxioum speed of 120 km/h and freight trains at
75 km/h (1,200 t+ hauling}, the distance to carry ocut the signal
indicatien is 600 m,- and the distance between the signal devices .
ig 1 to 1.5 .km, the minimum headway is 3 to 5 minutes.

G R
&%) E2)
{ i D 2 pspect sectian system
r@»® @’ xR
' = : E::> 3 Aspect section system
559 HE®Y e ¥ K R
R .

Fl 1 4

¢ i i + { > 4 Aspect gsection system

———
1 block section R: Stop
YY: Restricted speed
¥: Caution
¥G: Reduced speed
G: Proceed

Fig. 5-1 signal Indicating System

The relation betwesn the minimum headway and the distance
between signal devices in the three aspect section system, can

be obtained approximately by the fellowing formula (S5ee Fig, 5-2).



Minimum headway ¥ [min.]

Point where the signal
indication is confirmed

¥ R
, O O O
i—"j Distance bei;wee; L4

1.0 [km] :_\ |signal devices —x | L
1 X T -\-.--—.-

e Minimgm distance-bebtween —=|
trains x* [km}

Minipum distance hetween traing: x'= 2x+ %+ 1[kml

1
Minimum headway: y = Ev_ [min)
of the train [ko/minl

Length of train: £ [kml

iy
three aspect section v =
- S0km/ b
v = onstant
Length of train Z=400m : : /"
// b0
20 f"/r f/#
/ //1 /J..-"" TO
/ f’f’—; f”'{! 2
i*’ f’/..-""f wt”
/#Z" e " | 110
10 ] : /J’/ F/f,f’f;ﬂ-’/ﬂ
.--""f /"/
=
0
1 2 1 & 5 =] 7 8 9 10

Distance between signal devices x [km]

Fig. 5-2 The Relaticnship between the Minizmum Headway and
the Distance between Signal Devices in the Three
Aspect Section System (approximate calculations}



Concerning the area near a station, therc are various factors
such as whether there are double tracks or a single track, whether
the station isa stop or through one, etec. Therefore, it is recom-
mended that a run-curva be drawn to aobtain accurate positicns of
signal deviceg and the minimum headway. It is also desirable that
the signal devices between the stations for an up-train and a down-

train be installed at the same position.

£E-1-31 FRealization of Automatic Eignal System
The following systems form the automatic signal {block] system,

kxle-counter system
Check-in/Check=out :system

Continuous track:cireuit-system-

The axle counter-system and check-in/check-~out sygtem are
the signal control systems which detect and memorize passing
trains at the position where the signal devices are installed, with
contrel circults between the signal devices,

O the.other hand,.the-continuous:track.circuit ‘system. controls
the signal_ device.which'detegts-the existence of the-trains. FPurther
it-1s alsc-a safety system. astit-1ls able . to'detect-the rail Lbreak-
ages and other dangerous conditions for train coperation, and causes
the signal device to indicate "R". '

Therefore tha continvous track circuwit ﬂystém'is the main

system used in JNR's signalling.

5E-1-4 Track Capacity

Track capacity means the maxitiom number of trains which can be
operated in one day. The track capacity depends on the duty of the
line operated, the condition of the equipment, the train speed ang
kinds of trains, etc. Thus it is very difficult to obtain an accurate
figure for train capacity.

Conventionally, the track capacity has bheen generally con-
sidered as BO to 90 trains for a single track, and 240 to 270 trains
for a double track (both ways}).



foncerning the "track capacity calculation formula®™ below,
and its result, it is like an appeal of a patient when the dia-
gwsis is closed condition of the track capacity. To judge the
measured such as whether an interchange point or passing tracks
should be newly constructed ¢r whether a major cperation such as
additicnal construction of new line is necessary, a detailed -
examination into future transport demands, strain of train diagram,

and the effects of ioprovement, etc. are nacessary.
{1} - single-track operation

- 1,440 "
t+e

K : Track capacity (number of trajins)

average time of operation hetween stations for one ktrain
(Minute/nunber of trains)

c : Bleock time {minutes)

automatic block system, Contreolled manual
block system & Tokenless block system 1.5 nminuteg

Other hlock systems 2.5 minutes

£ : Track utilization efficiency - 0.5 az a rule

Example of calculations, in the case of the automatic block system:

1,140 1,440 _ _
“Trec f*Fsq15 " 0.6 = 96 [number of trains]

When,

Time of total actual train
¢ = operation between gtations - 623 [minutes]
Humber of =z=chedule trains A3 [number of trainsg]

= 7.5 [minute/number of trains]

Thiz numerical formula is for the calculation between statibnsp
and the answer is the number of trains when a standard diagram is
made for each line. Therefore, it does not take into consideration
conpections with adjacent lines, The conditions of special express

trains passing through, which has recently heen increasing are also



not considered. However, because this calemlation is simple,

it is wseful for understanding the cleosed conditions of track

capacity, and since further examinations are done from every

angle in projects of increased trains or investment in equipment,

this formula is widely used as a gencral objective.

{?) Double-track operation

- 1,440
hv*+{r+u+l)v

H = ¥

: One way track capacity: it must be calculated for each
up~train and down=train,

Interval-between the-following-high-speed train;: standard .
is 4 v &-min.

s : Minimm:necessary-interval-between. the-low.speed.train-.
previcusly-arrived ‘at -the-station-and the high- speed
train-later arrived.at the-station; standard time is
a4 min.

{ Minimum necessary interval between the high - speed train
previously departed from the staticn and the later low
cpeed train leaving the station: generally 2.5 min.

Number of high-speed-trains-{in-percent) -
» {Scheduled- mumber ofrhigh-speed -trains)

"{scheduled .mumber of ope way trains).

: Mumber of low speed trains {in percent) T

{scheduled number of low speed trains}

{Echeduled number of one way traing)
wWhere the pumber of low speed trains means the number of
trains except freight trains; and the number of high speed
trains means the numbwer of trains except freight trains
and low speed trains.

Track utilization efficiency; although it depends on the

section's nature, it is generally determined as 0.6 " 0,75,

{Exapple of calculations)

The scheduled trains are divided by speed classification as in
Table 5-1,



Table 5-1 Speed Classificatien ardd Number of Trains

Train mark 1 2 B 4 5 & Tatal
Time of train
operation between | 4*Q0™ ) 4*15" | 430" | 3°CO* | S"30% | 7'00™
stations
Schedyled number a 16 28 18 43 3 116
of trains
Ratio af train 0.03 | 0.14 ]o0.24 |o.15 Jo.4a1 |0.03 |1.00
number

The number of high zpeed trains "v" is the ratio to the total
number of trains, of the number of the trains of {1} te (4] ex-
cluding {5) low speed trains and (6) freight trains. accerding to
the above train marks. And the number of low speed trains "w'"

is the percentage of trains with the train mark (5). Therefore,
accerding to Table 5-1.

v o= 0,03 +0.14 + 0.24 + 0.15 = 0,56

v' = ﬂ.d;

Then, the track capacity for one way "R" ia as follows:

_ 1,440 1,440 0.6
N = hv'+ir+u+llv * £ 6X0. 414 (8342 .5+1)%D.56 129

twhen, h = &[min.], r = 4lmin.], uw = 2.5{min.1, £ = 0.6Imin.]

This f-:::rmula. is useful in analying the closed state of the
double-track operation, as well as cases of single-track capacity.

Furthermore, cocllecting trains into the available time zone,
or standardization of the train schednles, is required to cope
with the jncreasing number of trains. Then the operating avail-
able number of trains in a periecd ;f time more often becomes the
problem.

As measures for increasing transport to handle transport
demands in double track operakions, increasing hauling tennage,
improving the quasi-parallel diagram to the complete parallel
diagram, expanding £he parailel diagram time zone, and standardi-

zation the diagram in the daytime will be promoted.




In the case of the Tokaide-line of the JWR, the one way
track capaclty desireﬂltn perform the task of each train is
120; the practical limit which can be realized, even though
the speed of trains is partially sacrificed by the diagram
standardization, is 240; and the physical limit is 309,

5-2 Track Circuit
5-2-%1 Track Circuit Systems
{1) classification of track circuit systems

the track-circuit systems which can be used.in.the AC .
electrified system are divided into three kinds: the 'DC track’
circuit, LF:-(low:frequency). track.circuit.({generally up.to
gaveral hundred.Hz), and the 'AF- {avdio-frequency} track-
circuit, when classified by frequency. These track circuits
each have their features of performance and character, and it
is recommended the decision_as to which adept to be made,
considering-ecﬂnuwyrand'maintenanca;_utilizing'their'ntrnng
points. The featurea of-.the:3 systems:are:shown: in:Table-5-2..

The characteristics of these are-summarized below:

{ay DC Track Cireuit (sfingle-rail}

o This system it simple, maintenance is easy, and it is
economical.

o The control distance is shorter than with other systems.

o The system is easily affected by the yush current of an AC
electric rolling stock or the DO stray current. Polarization

trends to occur in a FC sleeper section.

When the single-rail track circuit is constructed in the
station tracks, detecting breakages in the rail on the return
gircuit side is impossible, and the rail voltage in the case’
aof the rail breakage will rise considerably as mentioned in
Item 5.2.3 {1). Chhsidering these points, the INR has adopted

double-rail track circuits for main tracks in the station tracks,
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Table 5-2

Ccomparison of General Performance of the Three Track Circult Systems

System

DC Track Circuic
{Single rail)

IF Track Cirguit
{25 “w 400 Hz)

AF Track Circuit
{1,000 " 3,000 Hz)

Item
1. Train detection It depands con Leakage, Contrel length, and action/relsase
{Shunting sensitivity) ratic cf ‘relay, etc.
2. Rail breakage detection |l FosS@ible on the Possible
Function recturn circuit aide
. Possikle up to four Poagible up to about
3 ::;2;:::;;:“ of multiple Imposaible plecen of informaticon | ten pleces of infor-
falthough dapands on matinn [(although da-
type) pends on typs)
4. Approach detection Imposaible Poasilble
Character- o Notice the rush Notice the low fza— Natice the higher
istics 1. anti-interference current and the quency oscillation and
N harmonics
- _ stray currant higher harmonics
1. Transmission distance
" 4 kr w2 km
{Gio.EtsfkmlJ Lass than 1 km 2 km 1
. Difficult {(Boundary Posalble (Boundary
Economy 2. Mon-insulation Impossible is not sharp) is sharp)
Generally, concentra- | Concerntration of
3._M;intai2aiili§y :SCGPE Simple tion of alactrqnic alactronic devices
ol cancentration devices 19 possible is possible
2§§}i;ty 1, applicable range Station tracks Statien tracks and between atatlons
i




and has adopted, in part, single-rail DC track circuits for
sidetracks. Therefore, when the single-rail DC track circuit
is used for a main track Iin the station tracks, it is desirable

to take the necessary measures,

{b) LF Track Circuit

o The control distance of this system is generally the longest
among the three systems, and it is ecenomical.

o It is difficult to make the non-insulated track circuit, or
“to make thE multi-information system. -+ ¢

o Much electric power is required, with this system.

Ther&fnra,.it“istsuitablu;fur1th&ntrackicircuit_hetwﬂen .
statinns;zhecausacnfaphn:1nng;cnntrul-distan;e,;ifdthere=n6:;
possibility-of :changing:to-the-ATC -in ‘the future.  And’if the
glued insulation rail which has the same life as the ordinary
rail insulation is used, the difficulty of maintaining rail
insulatien can belsalved.

In-the;JNR,.in-the-station-trackg, the.divided and pulti-
plied-frﬂqpency_track'circuit and. large-scale.divided.frequency..
track circuits are used, and-in.the - mlddle ofithe.stations, the
divided frequency track circuit is applied at present. Also

types with lower power consumpiion are being developed, Con-
cerning the 80 Hz AC code track circuit, the application to the
electrification of the semi-main lines is in tha process of
being examined.

{c]! AF Track Circuit

o This makes a multi-information eystem easy, and it has a high
possibility to develop to the ATC.

o It is easy for making non-insulated track cireuit, also for

making the level crossing control.
o It is easy to concenktrate electronic devices, and as a result
maintenance is easy.

Therefore, it is desired that the AP track circuit be used
in the middle of stations where the above merits are utiiized.

The JHR uses the AF track circuit in the railway divisions where

- 12 -



no signal high voltage power supply exists in the stations.
The concentration of the devices to improve maintenance is

under examination.

{2) Considerations about the Applivation

Signal transmission by the track circuit is different from
general transmission systems, in that the distribution constants
‘vary. Therefore, the track circuit applied must be the system
which is sufficiently applicable for practical vse concerning
‘the shunting sensitivity, transmission distance, anti-disturbance,

.and rail breakage detection, etc., according te the change of

these constants.

fa} Features of Track Circuit Transmission

1) The distribution constants are determined by the track
circuit structure, and their values vary depending on the
kinds of rail, track gauge, frequancy, ete. Fig. 5-3 shows

the distribution constants of the PC sleeper tracks.

2} Depending on the conditions of the weather and the ballastk,
the leakage conductance varies widely. Fig. 5-4 shows
].D[_ 10 n.;§
i
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L e "
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reequancy IiHz| Pig. 5.4 Cha.anS of Leakage Con-—

ductance during Rainy
Weather

Fig. 5-1 Distribution Constants
of PC Track Circuits



the changes of the leakage conductance of 2 kinds of test
tracks during rainy weather, and we can ses the tendencies
of the wood sleeper and PC sleeper tracks in the rain.
Because changes in the leakage conductance directly changes
the receiving level of the track circuit, the shunting

sensitivity and the rail breakage detegtion are affected.

3) The approximate of the characteristic impedance of the track
circuit is JEFE‘EFE; And it increase in proportion to /f.
Where, L = rail inductance (H/km) and G = leakage conductance
(5/km} .

As in the cases of the distribution. constantg, the.
change:of the:characteristicsrimpedanca-affects-the-trans--
missinn,.und_the:shunting;seﬁsitivity;anﬂfthe_rail-breaknge;

detaction functions-vary,

4} The transmission clrcuits are always unbalanced, and the
large rolling steck current of ‘more than two figures exists,
Therefore, it is required to ensure the 5/H necessary to

the train detecticn.

{b) Train Detection

Train detection by the track circuit iz made by utilizing
the short-circuit from the train axle. Therefore, the shunting
sensitivity varies due to the walue of the circuit impedance.
Figs. 5-5and 5-6 ghow the receiving level change in the cases
of 100 Hz and 2 kHz.

For example, in the case of 3 km control by 100 Hz, the
variation of the receiving level of the track circuit due to
the leakage variation is a@aut 10 dB. Therefore, if the re-
ceiving ievel is compensated by 10 and several db, a short-
current sensitivity of more than 0.5{] can be obtained.

Similarly, in the cace of 2 km contrel by 2 kHz, the
shunting sensitivity is about 0.2}, Thus, the short—eircuit

sensitivity alsc varies depending on the length of the track
circuit.
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when Shunted at Receiving End

In the JNR, the shunting sensitivity of LF track circuits
igs deteyrmined at more than O0.068. And for the AF track circuit,

and DT track circuit [single rail}, it is determined as Dore

than 0.1%0. However, some people are of the opinion that it

should be about 0.3%], because of the resin brake shoe recently



{c) Rail Breakage Detection

The performance of rall breakaga detection is very im-
portant in ensuring the safety operation and 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 "drop-
away", when a rall breakage accurs.‘ For this pufpose, the next
foromula must be realized: Lg 2 I -
where Lp stands for the variation of minimum receiving level at
the time of the rail breakage, and Lq represents the compensated
receiving level.

Concerning:the trackiecireuit ‘transmission.at the.tima-of.,
the rail breakage,:a complicated-calculation:is required.as-the_ -
multi-circuit to:ground: transmi&esion”which consists-of the -
feeding current circult and the adjacent track circuit.

For
reference, the calculation of 80 Hz AC code track circuit is

shown in Fig. 5-7.
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Fig. 5-7 Breakage Detection Features by Variation of
the Track Circuit Length
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In this figure, the leakage admittance is 6 by 0.5[5/ml .,

and length of track ciremit ™" = 4,000{m], the minimum receiv-

ing level Lp at rail breakage time = 12.5(dR}, and the maximum

level variation in ordinary transmission Lo = 12.1 48,

Then

the difference is 0.4 dB, and rail breakage detection is pos-

s5ible.

The sharter the length of the track circuit, the easier

the detection of rail breakages.

AT distance is changed are shown in Table 5-3.

And the cases in which the

-Table 5-3 (Changes of Rail Breakage Detecticn by AT Distance

Detection of rail disi:nce Length of track circuit [m]}
breakage (km] 1,000 2,000 | 2,000 | 4,000
Difference between the
pinimum receiving level 10 8.5dB| 6.6 an| 2.6 de| 0.4 4B
variation at tha time of
rail breakage znd the
maximum receiving level
variation at normal times 15 g8 dp| 7.0a88]| 3.2 agl 1.1 an
(Lg - Ll

{d}

Standards for Design

For the design of the track circuit applied in AC electrifi-
cated line anti-interference (see Item 5-2-2.}, train shunting
sensitivity, and rail breakage detection performance must given

special attention. These are the functions which mast be ensured

ag a minimum for the safety operation system. PFPurther, it is a
basic condition of the design that each one is of the determined
standard level. Table 5-4 is a summary of the possible cases
when these standards are not satisfied.

Further, as desgign criteria, the control distance, reli-

ability, economy and maintenance, et¢. pust be considered.
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Table 5-4 Design Standards for Track Circuits

L = toatrol length of trach circult
I1p = Electriz relling stock current

G = Leakage conductance beteeen rails
Ug = Track circuit unbalance

Item

Etandardys for deslgn

Poasible phenostna when ctandards ars
not. satlsfled

1., Train
shunting
senaltivity

When 1 = pax, 0 < G £ 0.5 5/,
the following value is desired:
more than 0,30

"lRefer to 5.2.1 12 (b}

Ungtable action of the track relay
wher, & traln is operating

‘d:} Fail=-out

2. hati-dis-
turbance

{11y DT =mingle rall track circuit
|ir ptacion tracke}

fa) When L= ml.ﬁ - min |= 0},
tha following formuls appliue,
Ipp > Ip

1 = ralesans current of track
relay ~
I += DT dimturbance.currant .
luunted-ta the track
calay

{Howsver , - the disturbancs rush-
current . mixed . into the-trach ..
circuit is the valus considered
tha transient response at the
racelving «nd )

To pravant polarization, when
£ = pax, C = 0.5 5/xm, it 132
deslred that the ordinary cur-
rant at - the. racmiving and be .
increased

(bl

.
(2] LFr, AF track clircule

wnen L » max, G » 0515/ %m],
Ip = 40Q[A), Ug = 10Q[%], rthesa
condlticons wyukt ba aaticfied;

(&) Stable operatlion agalnwy the
slectric rolling stock unbalunce
curzent of 40 A {including
higher harmonics! In Ehils.came,
fﬂl_}_B Ak is denires

(b)Y Mo failure agalnat the distuer-
bance current ained into the

signal frequency band

{a=11 ¥hen the intecférence current
is the sioe phase, unstable
actlon of the track relay when
& train ix Dpersting

C:}l‘ail-nut

Refer ta 5.3.2 [3):(b] and:{c)-

{w-2) When tha interfarence current
Ls inverss phase, the-frack -
Telay bacomes down-away when-
no Lrain is operating

d} Fail-zafe

{b] Becaass the opurating time and
THlesss tiow of the track relay
becomt s longer, repurning te
normal aftar the relay deop-away
is delayed-

pefer o 5.2 (2} (w -.nd.lli (c}

{a)] wWhan o train Ie opersted, the
track ralay becomes G0wn-gudy

> Fail-safs

Refar to 5.2.3 (2] () and (¢}

{b) tmatable sction of the treck relay
whan & train ls cperated 7

[::} F.li 1=-out

Mote:  Espacially 4n the track circuit
¢! no-podulation type, when the large
interferance current is mized into

the signal frequency bund

¢ it caunes
the dangerous fallure

3. petecticna
waf rall

L T

when £ = pax, 0<C<0.515/ka), the

rollowing conditions are aatlafied:
lap 2 i¢

Ly = the varlatjon of minisum recsiv-
leg level at rall breshage

1 = the varlacion of maxlkcom Tecwiv-
ing level at normal tranem!ssion
ICoppannated voltage lavall

o When o trals le apsrated, (he track

o Even in the case wvhere s traln is

ralay doss not down sway
> Fail-sate

Refer to 5.2.1 [21 ic)

optrating, sometimey the trach relay
doen ot down away. depeanting oo the
positlon of the train, or che porltion
af the rail braskagse

;_:;. Fall=ogt
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{3) DC Track Circuit (single rail)
(a) Outline and Major Functions

The present DC track circuit (single rail}, which is
different from conventional cnes, has stable train detection
performance even against the disturbance, because tha §5/¥ is
improved by increasging the normal ¢urrent to increase the anti-

disturbance ability against the DT disturbance. The gontrol

length ©of the track circuit, anti-disturbance ability, and
- shunting characteristics are shown in Filgs. 5-B%5-10. The

major functions of the DC track cirecwit (single rail) are as

fnlluws:
1} Conditions of track eircuit

a) FKind of electrification aC eloctrification

b] place used Single rail in station yard

iwithout main tracks)

c) Vvariation of leakage con-

ductance 0™ 0.5[5/km]
d} Contrel length 20 ~ 1,000{m]
e) Train shunting sensitivity More than 0.8{L]

£f1 Multi-indication ability 2 position indication

g} Rail breakage detecticn Possible (only on the signal

rail side)

h) Maximum current of electric 400([A]
rolling steck
i} Scope of devige concentra- Power transmitting cable,

tion less than 2[%], 500[m]

power receiving cable, less
than 3.2[Q]1, 500im)

2) Conditions of environment

a) Surrounding temperature -30% +70 [*C}
L) Humidiry Less than 95%
] Power source OO 12[¥] * 10%
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3} Track relay

a) Type Polarized gravity-drop type
by Coil resistance 0.3

c) Rated current 2.0([A]

4} Minimpum operation current 1.3[A]

e} Relea-se current | D.B[A]
) i) DP'EratJ:.cn release ratic More than 0.6

g} Overcurrent: " Continucus 2.8(al

hy “Turping time 0.41sec]

i).. Contact_arrangement " HR4

5 w I
E 3.0 - \"I _c.l 1:||,
‘E LB H 4 Track clrouik
ig 30 \" 1 - ¥y 12¥ .
T-r- '\ - 1 -. B, 0. Hi e
e 2ol AL 2.3
! ) ‘.‘“ ! H-l-n!.nr- oyt et lon
i 1.0 T twrreaty L 3IAI

' m— mermal wwiresgs 1080
d R S
! .

g [ % ] il.p

Panionm jashags gobalectanew &[4/l

Fig. 5-8 Relationship between the Maximum Leakage Conductance
and the MPaximop Contrel Length of the Track Circuic
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{by Construction of Track Circuit

The DC track circuit construction is the single rail type

" as shown in Fig. 5-11. .
| I-
A
A v b v
R Ap.: ARrrester
. R: Track resistar
i FL: Filter ]
FL FL REC: Silicon rectifier
TR: Track relay
R
AC-100 .v- trec | aht S
Ar : Arrester REC : Siliecon recgtifier
B : Track resistor TR : Track relay
FL : Filter

r +

Fig. 5-11 Construction of DU Track Circuit [single rail)

{4).» Divided-and-Multiplied Frequency:Track Circuit
fa) oOutline and Major Punctions

In the divided-and-pultiplied freguency track circuit
system, the frequency divider takes out 1/2 frequency of the
power source freguency, the divided frequency current is sent
to the track circunit, and the receivipg side multiplies the
frequency, then the 2-dimension 50 or 60 Bz track relay is
dri;en. The oonstruction of this HYQtEn is simple, and the
reliahility i high. However, the beginning adjustment takes
time and the power consumption 1s large, ’

This system ig used when there are less than 10 track ...

circuits in the station tracks of the JMR.
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1)

a)

b}

<)

el
£}

q)

h)

i)

3

2)
al)
b)
cl

3)

a)

b}

The oajor functions of the divided-and-pmultiplied fre-
quency track circuit are shoem below:

Conditions of track circuit

Kind of electrification

Place ysed

variation of leakage con-
ductance

Control length

Train shunting sensitivity
Multi-indication ability
Rail breakage detection

Maxjimum current of electric
rolling stock

Scope of device concentra-
tion

Tolerance of disturbance
current

Conditions of environment

surrounding temperature
Humidity

Power saurce

Track circuit type

Communication method

Fregquency

- 23 -

AL,
tion

DI and nop-electrifica-

Ectween stations and station
tracks {also single rail
type is available)

0" 0,58/ k)

20 " 2,000 [m)
0.06 & Q.20
31 position indication

PosSible
400 (a]

Less ihan 2 [km] (less than
15[} transmitting B re-
ceiving cable)

50 or 60 Hz [(40(Al), 25 er
a0 "z (1.81A]}

=30 v +70[°C ]

Less than 95%

10
AC 110(V1 0

Ho-podulaticon phase dis-
grimination

25 or 30 Hz



4] Transmitting system

al Transmitting power 240[VAl

b) Apparent power 00 [VA)

5) Receiving system

a) Receiving and level 1[v]

Z2.4[n)

b] Apparent power 220 [val

-c) Track relay {(rated voltage or current)

T Track gide = AC D.7%[v) (D.90[V])Y 1.25(a]
local side AC 11G([v]

0.43[na] (0.36[Al}

With.50:Hz; inside { ) is
. in.the-case-of 60 Hz

{b)." Constructicon.of Track Circuit

The structure of the divided-and-multipled frequency track

circult is as shown in Fig. 5-12:

Sending end

Impredance bond
(for frequency divigar apd o
multiplier]

krctiving end

Inpadance bored
tfor frequency divider and
multipline)

1 ] t b -
TErLl it
A = L ae B
vinding

T
Trach remisto

Arcester * Prang

nifeer
FE

Frequency dividar

REVErBIng Londie LGNE

CuerourTent deteflor

Frequency multiplier

S0 (&0} KE

Trach celay

EH

T®

Signal high-volisgy power Lime

-

\tig)
M -
T

Fig. 5-12 cCenstruction of Divided-and-Multiplied
Frequency Track Circuit (double-rail)

Principle to Produce Divided Frequency

As shown in Fig. 5-1), twe ircn cores are wound separately

arocund input coll Ny, and comnonly with cutput coll M:. The N,
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coils are wound in the inverse polarity tn each other, and are
connected in a series through the silicon diode,

The Hz coil on the gutput side is connected to a rescpance
capacitor ¢z, sc that it may rescnate to 1/2 or the input fre-
QUENCY.

¥When AC input of 50 H=z
(or GO Hz) is supplied to

this circuit, it is a half-

wave rectificated by the

silicon diode, and given to

N1 ©oils as the DC bias.

Because the inductance

varies periodically, due to

the so-called parametric

excitation, the oscillation Fig. 5-13 Circuit Connection of
. . ency Divider

of the divided frequency is Frequ ¥

produced.

{5} Divided Freguency Track Circuit

{a] Outline and Major Functions

The divided freguency track cirecuit has been developed to
replace the conventicnal MG track circuit. This sytem contains
frequency dividers for track use and local use, and drives the
track relay nf.25 or 30 Hz, with a 2 phase 4 line structure.

In this 5ystem, there are few parts and it is highly reliability.
ThE_ffequency divider for track and the freguency divider for
local are used in inverse pelarity, and the power source ef-
ficiency is goed. This system has been used in the station
tracks of JHR, in the case of more than 10 track circuits.

The major characteristics of the divided freguency track circuit

are as the following:
1) Copditions of track circuit

a} ¥ind of electrification AC, DC and non-electrifica-
tion

. T
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el

£)

gl

hl

i) -

1)

)
a)
b}
c}

i}

a)

b)

4]

a)

b)

Place usad

variation of leakage con-
ductapce

cantral length

Train shert shunting
sensitivity

Multi-indication ability

Rail breakage detection

Maximum current of électric
rolling stock

scope of device concentra—-

tion

i - v

Disturbance current
resistivity

Conditions of environment

surrounding temperature
Humidity

Fower Source

Track ¢ircuit type

Commutiication method

Frequency

Transmitting system

Transmitting power
{per yard)

mpparent power {per yard)

- TR -

station tracks (also single
rail type is availakle}
0 v 0.5[5/km]

20 % 1,000[m]

Q.06 ~ 0_2[0)
? positign indication

Posgible
. 400ial .

Less.than.2 [(ka)--{less.than .
15 [{1] :trapsmitting- & re-
ceiving.cable) .

50 or 60[Hz] {40{A}), 25
or J0[Bz] (l.B[A)}

-30 v +70{°C]"’

Lass than 95%

AC 1101V} T20%

Ho-modulation phase dis-
crimination

2% or J0fH=z)

{Type 1Y- {Type-2] {Type- 3)
1[kVal 2 [kVAl 3 Tkval
2.3 [kVA] &_61kVal 9.9 [kval



5] EReceiving systea
al PFeceiving end level

b)Y Apparent power Same as the transmitting

system
c)] Track relay
(rated voltage or current)
Track side when 25[Hz1. 20[v] Q.D75[A])

¥hen 30[Hz], 24([v] 0.075[Al]
Local side 2% or 30[Hz]: 110|v) C.5[A])

i{b] <fonstruction of Track Circuit

The construction of the divided frequency track cirecuit
is as shown in Fig. 5-14.

In Baet dlpvaded eul

dw 1for dirvidid asd
multiploml Ereguesry]

malehplied | injumciey]

[===—————m——

| ]
H rraquants di-
I wedw taraz:

L o ek — — —
i

-
H

FEL T i

(B} E-type track TEsistor
{f) Impwdance band
divided frequepcy track (3} Relay transformer (25-2 typs,

Line transformer
Power source mwitch for

circuit ”

Phase dstuaction relay
Frequency divider
Transformer for divided
frequanty Lrach c£lecuic

30-2 Lypeld
Track relay [25/730-2 pypel

e

Fig. 514 Construction of Divided Frequency Track Circuit
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A5 shown in Fig. 5-15, LT Lina | - i LT Lina
ryanforpa RE L] trafpformslr
e TiM Aoty tranero

frequency divider, the low -
vultuée detectar‘fcr-input
voltage {LVR}, the phase

the power source switch for {mormal]
- .oofmEmn A e,
use with the divided fre- f 1
gquency track ¢ircuit (FY-COD) i 5
consists of switches 5; and ! E

[]

Ss for the normal and spare ' E
line transformers, Ewitches Sy E
FV-L Lamee s FV=6 |oeneee —_—
Sy, 5S4, 55 and 5¢ changing Freguency Tt wquEngy E’tqu-ncy ; v
divider dividur dlvider * : :
over the normal or Epare fiocal Lspere trrash) ] ‘
"
L]
i

detectoar-for-T and:L.

rhases. of the-frequency ¢ - : nn1un
divider output; and the- ul-l Ipul“ I‘ml ;’ frach pomer s “1?

device for phase reversion,
Fig. 5-15 Construction of Power
Source Switch for Di-
{6] 80 Hz AL Code Track Cirguit . wvided Frequency Track

[a) routline and Functions

The.B80 Hz AC code track circuittis a system-in which_80 Hz
frequency is adopted as the carrier-in-order-to-avoid the-domain
of low frequency oseillation from the thyristor control ca;rto
form & long track circuit and to aveld the electric rolling stock
and its multip%ied frequency, and in which low fregquency modula-
tion is made to increase the safety. The electric rolling stock
current resistivity is the sape as with other track circuit systems,
and it can be used on 50/60 K electrification line. When the
length of the track circuit is 4bka), it has & shunting sensitivity
of more than 0.35[51); the device is small in size and conServes
energy. .

The major characteristics of the 80 Hz AC code track circuit

are shown as balow:
1} conditions of track circuit

al Kind of electrification AC, pC, and nap-electrification

N - 7H -



4}

“3)

4}

b} Place used

c) Variation of leakage
conductance

d)] Control length and
shunting sensitivity

e} Malti-indication ahility

£) Rail breakags detection

g} Disturbance current
resistivity

h} Maxipum current of
glectric rolling stock

i} Scope of device con-

centration

Conditions of environment

a) Surrounding temperature
b}l  Humidity
c) Power source

Impedance bond

Transmitting system

a) Modulation type

k) Carrier frequency

c) Modulation frequency

d) fTransmitting power

e} Transmitter load
impedance

f] Power consumption

Double-rail

0" 0,5[5/ kn]

20 n 2,000 [m] ;, more than Q.B|

2,000 ~ 4,000[m], more than
0.35 (51

2 position indicatiaon

Possible
S50tE=z1, 40[a), BO[Hz], 2(A]
&C 400 |A]

Contral cable length 1 v 3[km],
400

=30 v +7017C]
Less than 95%
DC 241v] £ 10%

1[mH] , 200(R/raill

Sguare wave amplitude modula-
tion

B0 1Hz]

2.5[Hz] (150 code/minute),

4.0[Hz2] {240 code/minute}

Maximum 40 [VA)

600 [11)

Hormal state 50([W]; shunting
state less than 72[W]
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5} Receiving system

a) Demedulation type Envelape detection

b} Recelver input
impedance 600 [§1]

“g) Minimum operation level 15{dEm] 0.6[V]

d} Pand-pass filter
attenuation 80 + 41{Hzl, less than 6&[d4RB]

B0 * 20(Hz], less than 40[dR)

g} Power consumpticn Lass than 3.5 [W]

f} Track relay . = . 7.51v], &00[0), NR4

If:the receiving:level compensated. is.l2 A:13[dB],-when |

"the:lengthiof the.trackicircuitiis.4 [kml,.rail breakage.detec- -

tion is-possible. Refer-to Item. 5-2-1{2}{c). In this cage,
0.35101]1 can be ensured as the shunting sensitivity, as seen in
Fig. 5-16.

To prevent the failure of Epe track circuit in the case
of breakage in:the ingulation, the.track cirgopits of 150 codes
and ‘250 codes-are-used by:-placing. them alternately. It-is alszo

possible to-develop:thisito:ATC by increasing-it-by-several codes.

ki ¥ T T T T
Llavesl wvarlathon st Fuculviog sl

— 4 = 1
| T Y « i E0e

~J
a

1%

-
o
- ! i~ b el
; ko |1 Track clrewiy
: s anlll I
T _‘—ﬂ.‘u H—'—'-"-:
i, T |
» o r = Er fanis
E- l / v REAS
= =" -_i-lﬂ-'ﬂ' -t R 11 TeilT
1 Wl
£ — I s 2 ~rat 1,80
E % el / _'_gl"‘t f/ Ryt Wamtlng yuslbtants
- ok
3 =
-

\
\

1} 1.0 2.4 1a’ LH ] 1.0
Lengrh of Wisch Cligwlt [hm]

Fig. 5-16 Characteristics of Receiving Level Variation
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ib] Construction of Track Circuit
The construction of the track circuit is shown in Fig. 5-17.

The block diagram of the transmitter and receiver is Fig, 5-18.

The signal level diagram is shown by Fig, 5-19.

|" — Max. 000w II May. -lDUDm_—"i
— . ] 28,
40 Mo . 150 CO0E 240 COCE ]
- I : }~E:-l;1 I'~
* l'r h\; Ap k—-q— . 1 iil
cti < ZB: Ippedance bond
hp: AITESEtEY
L ! C: Restnance condenier
) T: tranamitter
T R R: Receivar
1 ‘ TH: Track relay
s v
DC 24v TR
1
Fig. 5-17 Construction of BO Hz AC Code Track Cilrcult
[Transmitrar)
output |
lat -l b
Oacillater B0 (Hz| Modulator Amplifler cranaformr
——3= t5 track circuit
ceqzerey oo 3k .
divider
|neceLvez] 2.5 or 4[uz)
Variabia ' e ]
"eranafprmer Elitsr * Pemodulator Sﬂti:i:: Aelay driver Track relay
- from are .
ik 3| §—={ e e 1—{we
cLlrcuir S‘ ’

Fig. 5-18 #Alock Diagram of Transmitter and Receiver
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l

Aecelwver lnput

3
Lo
TransmilLLing

power,

Iepedance band
Track CLECuit

Impiedance bond
BPF qutput

LECLLE )

(77.40) ‘—\

L L]

T 0 o~

= . \ Minimum GretaLion
~ \ . fievel

¥ 20

b

—
| I d

| - | 15¢8m
Langth of track cufuu. : -1EIC.I.'.I[|-|[] I \

10 ]

Leakage cordictance s 0.5 08 /hm] | \ )
o

Q 1 r 3 4

Length of track circuit |nal

W

Fig. 5-12 Level Diagram of 82 Hz AC Code Track. Cireuit

(7) AF Track Circuit {concentrated device type)

(a) As the signal frequency of the AF track circuit (concentrated
device type) . the combined two waves ©f the single wave f{sine wava) ,

excluding the higher harmeonics of the power source, are used.

Thus train detecticn is done, and the devices are concentrated by

cables. Because device concentration is available up to 10 km,
the power source for the level crossing alarm between stations or
the signal devices is supplied through buried low voltage power
cables from the ﬁtation, signal high voltage power lines are not

‘required, and savings in the constructicn cost can be expected.
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trated device type) are below:

1}

aj

b}

<)

d)
e}
£)

gl

h)

i)

3}

Conditions of the track circuit

Kind of electrification

Place used

Variation aof leakage
conductance

Cantrol length

Train shunting sensitiviey
Multi-indication ability
Rail breakage detecticn

Maxim' m current of electric
rolling stock

Scape of device concentra-

ticn

Disturbance current resi-
Btiwity

2) Conditions of environment

a)
)
)

3

Surrounding temperature
Humidity

Power Source

Impedanée bond

4) Transmibting system

a)

Type

The major characteristics of the AP track circuit {concen-

AC, DC, and non-electrifica-
tion

Between stations

0~ 0.5(3/kml

20 ™ 2,000 m

0.2 % (0]

2 position indication

Possible
400 [A]

10 [km] -
({PE star-type cable 1.24)

50 or &0(Hz] . 40[Al

The higher harmonies coxpo-
nent of the electric car
current is éignal wave +3i3dB.

=10 "% +401(°C}
Less than 95%
AC 100[V] % 10%

1[mH] at 11kHz]

Combination of 2 frequency
waves
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b)

(o)}
d)
e)

E)

5}
al
b}
c)
d)
e}

£)

ql

Signal frequency
A line {up-track)

B line ldown-track}

Transmitting power
Transmitter load impedance
Redundancy system

Apparent pawer

Receiving sSystex
Demadulation
Receiver input impedance .

Minimum cpuration loewvel

Band-pass filter attenuation

Redundancy sSystem

Apparent power

Track re.ay

615, 630 H2z and 915, 530 Hz

%65, 5B0 Hz and B65, BBQ Hz
{(Refer to Flg. 5-20)

+3i8 dBm (per singlno wawve])
600 |51]
Stand-by rescrvation

Less than L50[VAl{per track
Circuit}

2 frequency amplification
600 [

-10 dpr. (per single wave)

Farallel double system

Less than 40 [VA]{per track
glrcuit)

24[v], 200[2), KR4H4R4

The AF track circuit system is a system which congentrates

devices at each statien and which is equipped with the redundancy

system. ‘Therefore, it has the characteristics of high reliabilicy,

easy maintenance, easy detection of trains between stations, and

can be earily removed to the ATC.

(b)

Construction ©of the Track Circuit

The construction of the track circuit, the block diagram,

and the level diagram are shown in Fig, 5-21, Pig. 5-22 and

Fig.

$-23 respectively.
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R0 pown 3

Distribution of frequency

: B15,630 and 915,930([n2]
: 565,580 and 8G65,BRO[Mz]

no wo Harmonics of 50[Hz]
ne oo .
22 oo 22 = /Har::.omr:a of &0[HZ]
| ! |
]: TT F [ [l! 'I T Tﬂ ’ $ I
i ¢ ‘l I .
II ‘ Jl i i f i I.I If I
=1 1f
o0 = o [=lw] o oo
wFu o
Fa % 88 3202 2%
Fig. 5-20 Distributicn of Signal Frequency '

h@mml

&

B St e

o5 ¢

- g AC 100GV

S Nz ] 565 [Hz | '
a8 iHz] 80| Hz!
Signal davice ahad
™ & ™ e
AC 100V
, Trandmiteer -
E - -
—%\ e Dawn 27
F %REcEZLVE[ ! [y J.TF.
e Joor
\
Dgwn 37
i A
Signal cable ISQEAI !
Down ITR
|Dcn.m 2HR | ' v
vaun ZHR Dnru;- 'l‘HR
p Down 20R Down 1
Down IHA

Fig, 5-21 Construction of the AF Track Cirgcuit
{concentratod device type}
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Transmitting
block
. 1 ] i .
l -~ -’ lst system .—@—@‘@—@@
oweitlavr: A tToites roeroziio?]

- - - - - T i SkR

COR o track
toee—3E — cireuit

Znd system

l " I ] -

Bard-pass fxlter —’*I
- — = - ==
1

from track

_ fi@j{@i@:@:@j@m—w
]- BETRE e |
- - - - b - '

l— RC100Y
| MR2_ -
! 2nd system —_—
| ME2.2 | : E

Fig. 5+22 transmitting and Receiving Block Diagram

31&"‘""‘: clrcuit

Receiving bleck
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(B} Hon-insulated Track Circuit

In the non-insulated track cirguit system, the track circuit
itself pxists, but there is no rail insulation of the track ecir-
cuit boundary. Although the maintenance for the rail insulation
is not required, train detection near the track circuit boundary
does not exhibit sharp performance. Therefore, when signals
exist, 1f the detection accuracy varies greatly, the signal is
changed to red by the train jitself, which must ke looked ocut for.
Mareover, the non-insulated track ¢ircuit generally has a short
track circuit, and the shunting sensitivity is low.

The non-insulated track c¢ircuit is divided into 3 kinds,
according to the receiving system: namely, the voltage receiving
system, the current recelving systém and the voltage current
receiving system. in the case of the voltage receiving system,
the accuracy of detection of the boundary is low. Therefore, to
ipprove it, the use of a higher frequency is necessary. ‘hlthough
the d;tectiun accuracy with the current receiving system is good,
there is much variatien in the detection accuracy due to the
shunting resistance of the wheel axle. As to the voltage current
receiving system, although the fisld equipment is complex, the
high detecticn accuracy can be obtained even with a low fregquency.

The non-insulated track circuit is divided to two kinds by
the place of transmission: the ceantral transmitting type and the
end transmitting type. In the central transmitting system, the
receivers are installed at both ends, so its construction cost
1 cheap. &although the construction cast of the end transmitting
type is high, it has the merit that it can be developed to ATC
easily.

{a) Central Transmitting Type Voltage Recelving System

The major characteristics of this system are as follows:

Carrier frequency 5 waves, & " B[kHz]
Modulation frequency 21 [ez)

Track cilrcuit length 5300 [m] (one sidel



shunting scnsitivity Hore than 0.8[R)

Transmitting power +38 [dBm]

An example of the track eircuit construction of this system

is shown in Fig. 5-24 below,

- L= 2km —

\ (A3, T) \ {AJ2T) \ (B3¢T) \K (R32T) I
fe _ﬁ f; _f fi [ £2 _d £2 _t £
[ ?
AT AT ATl B1,T B1T Rl,T
R 5 r B 3

ITR A3TR A3:;TR BITR  B3;TR
A AV \f - Eﬁ_ — O 24V

Fig. 5-24 Example of Central Transmitting Type Voltaqe
Regeiving System

+

(b} BEnd Transmitting Type Current Receilving System

an example of the constructicn of this track circult is
shown in Fig. 5-2%, and the major characteristics are listed

below.

Major featuras:

Carrier fregquency 6 waves, 2 " 3[kHz]
Modulation freguencgy 16 ~ 361HZ]
i waves responding to G,'YG.
Y., YY
Track circuit.length 1,000 (m]
shunting sensitivity More than 0.2(%]
Transmitting powar +38 [dBm]
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£, m ' £2 | r(‘ém fa
*

r (i( (rf

R
Fig. 5-2% Example of End Transmittlng Type Current

Feceiving System
{c] Central Transmitting Type Voltage Current Receiving System

_hn example of this track circuit construction 1s shown in

Fig. 5-26, and the major characteristics are listed below,

Major features:

Carricer freguency & waves, 320 " 620[Hz] or

& waves, 2 v &[kHz]

Modulation frequency &, 10[H=z] or l&, 21[Hz]
Track circuit length 1,000Im] or 500[m] (one side)
Shunting sensitivity More than D.3[0)
Tranemitting cutput +38 [dBm}

E=1 or 2lkm] —— ="

O —O

£ _t £

’?ﬁ ??J (A3T) ‘1 (B3T)
f.;% orr

ARIAT
R aTs

3TR

AITR BITR
AYi AV4

*
[

A
o
]
k2t
£
-

Fig. S-26 Example of Central Transmitting Type Voltage
Current Receiving System
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5=2-2 Track Circuit and Rolling Stock Current
.1} Interference Current and Its Sources

Generally, in the AC electrified secticn, the electric )
rolling stock current flows unpericdically in the electric
girguit, which consists of substation - trolley - slectric
rolling stock - rail - substation. This becomes the factor
contributing various effects on the signal equipment.

Table 5%-5 shows the spurces of the interference current
which chiefly affect the track circuit in the AC electrified
section. As a major source affecting the tragk cireuit, the
higher harmonic current from the thyristor coatrolled car is
shown in this table. It has been more than 10 years since
the thyristor controlled car came about, and the interference
has been reduced compared ta the early days. However, &vend
in the future, efforts should continue to be made to improve
the interference, including the problems of the substatian
and signal system.

Heedless to say, in the track circuit in the AC electrified
section, the electrie rolling steck current and the signal
current coexist. Therefgre, it is important to sufficiently
-resist the intrrference of the electric rolling stock curreént;
that is anti-interference ability is required.

Further, it has been made ¢lear by actual measurements
in the past that the stray current from the DC electrified
section extends to the scope of several 10 km. In applying
track circoits, care mist be given to this. Moreower,
there are problems such asz the effects of polarization on the
OC track circuit in the PC sleeper section, the rush current
and the low fregquency oscillation dus to the thyristor controlled
car, etc. ‘ , _

In applying the track circuit, which is very important in
ensuring safetf operation, it is essential to sufficiently
understand the various features and phenomena of these inter-
ferehce currents, so that the stability of the functions can be

always expected under all environmental conditions.
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Table 5-5 Sources of Interference Currents in AC Electrification

Track clreuits

Electrifi- pivision Source affected
caticn type
AC substaticn Higher hemonig current
AF track circu.it)
' harmoniec currmnt
Thyristor controlled car Highes T =
Diode cax Fush current 7 LF track circuiﬁ:)
u
Electric (70 400 Hz)
railway Thyristor controlled car Low frequency oscillation
system ] _
bC substation {AC/DC -
A connected rail: / DC stray current LF track circuit
{20 % 30 Hz)
Others (PC slsepar secti , ,
aepa on Bolarization
eto,)
) o DC track circuit:)
Other Current supply line Induction
industrial
systems General plants DC stray current




(2) 'Effects on the Track Circuit
{(a) Thyristor Phase Controlled Eolling Stock

The thyristor phase controlled rolling stock is different
from the conventional rectified rolling stock, in that the size
of the harmonic wave is not in proportion to the fundamental
wave and varies according to the control phase angle, and that
the maximum value of the higher harmenig wave does not occur
simultanecusly. Because the operation time of the train de-
tective recelver is about one second, an interfarence current
continuing longer than this may affect the detection, depending
on the wvalue. Therefore, the JHR performs freguency analysis
by plotting the maximum value of each harmonic wave.

In past tests, thers have beecn cases where low frequoncy
oscillation due to the thyristﬁr controlled rolling stock
reached a maxioum of 31 A in the rangs of several [Hz] " 20[Hz],
when the feeding circuit and the car control system were nat
sufficiently matched.

The thyristor phase gontrolled car of the JNR has reached

the levels of performance described helow:

o The high harmonie current

30 ng| T
et
varies according to the 00—+ 1967.4
: irs) . 7 TUTT(Tha Jun FLLTaR)
BTy WeagallEe
control Flh.aSE anglﬂ* but 1pa \‘k Jrokd Substation wF
. % TT
the maximun.value generated - T
LY h-h . eamle loooeotlzds
is approximately l/n'"® 1o Y & FPECALLOA
- . =0 Eingle loswmative
at the powering time, and = X \ [T Rathi
! 1} H
] — =1 ¥
2/n'"¢ at the time of the s . a - s
3 LI I
. . s T ; I
regenerative braking, AU
. 1 ol
However, the regencrative M A!
1 '
i [ L ST
current is generally less o SN e —]
: A
i B3 H L L T
than 1/2 of the powering > Ny
time. Therefore, as the Lt it
a1 ok 043 J00Q JOO0 5020
absolute value of the higher ' frequency el

harmonics, it is sufficient  Fig. 5-27 Frequency Analysis

‘of AC Thyristor Controlled
Electric Locomokive

Lt use the value of the

powering time. (Sse Figs.
5-271 29)
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200 o Filter on the car {5th, Tthl, 200
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0.5 F 4,5 F ,
A= An
g.2 L N . " . PR 0.2 L L A 1
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Frequency Analysis of AC
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Fig. 5 30 Fregquency Spectrum of Thyristor Controlled and
Dinde Locomotives
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¢ With the advance of the control technique, the occurred
current &f the aven harmonics is about 1710 of the odd

harmonics. (See Fig. 5-30) '

< The gencration of the low frequency oscillation tends ta
decrease remarkably in comparison with the 19705, due to

advanced analysis of the generation mechanism and car

techeology.

(b} Rush Qurrent

When the AC electric locomotive or the AC electriec car
passes a dead section, or whén its pantograph is rained, thHe
air blast circuit breaker (ABB) is operated, and as the
transient phenomenon of the main transformer on the car, a
rush current from the excited current is gensrated. Because
this current contains a large amount of DC component, it
sometimes affects the DC track circuit, Therefore, when a
DC track ¢ircuit is used, anti-interference planning must
sufficiently take the rush current Into consideraticn.

Fig, 5-31 shows the re-

sults of actual pmeasurcments

by the JUR for the EF70 type

" AC electric locomotive. The ] | : :
3 h‘f‘_‘._’
rush current (I component) i : : -
: . R s ottt
which flowed along the rail 2 i PN ]
. H . v 1‘: - N 1
when the ARBR was operated 1 s 4__ 3{‘__7 _ﬂz%__
was 30 v 70 A. Although the L D R R =t T
IR ] H LS
attenuation during 0.3 "~ Q.5 A T

Fintdet &f [Lam Ba|

second is large, later the Fig. 5-31 DC Component of Rush
Current by AC Elcctric Lovo-

attenuation is small, and it motive (EF70 type)

takes 5 seconds until it be-
comes about 1 A. In the case of the new type electric locomotive,

further improvcment is expected by making the main transformer

small.
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{c) DC Stray Current

Past actual measurements also clarify that if there is
a DC substation near the AC-DC connecting point, the currentc
of the DC electric rolling stock flpws, even several tens of
kilometers of rail into the AC electrified section. Flg. 5-32
shows the feeding circuit, in which the AC electrified section
and the DC electrified section are directly connectéd and the

return rail is used by both.

L . AC electrified
DT electrifind iy
section section
e )

r
1 Centact wire

D¢ substation Load

Rail

L
i
M\f

x=£

Fig. 5-32 Feeding Circuit at AC/DC Connecting Point

DC stray current I, flowed to AC electrified section can

be obtained approximately with the following formula from this ‘

figure.

1 _ _-ox 1 —alx-1} [r]
Ix"EIE +51E

Where, I = DC load current [A]
a = ¥r-g : Attepuation [1/kmi
rw Rajil to Ground DOC resistance [({1/km)}

g = Rail te Ground leakage conductance [S/kml

Flig. 5-31 shows the calculations of the DC stray current

which flowed along the rail in the AC electrified section,
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L]

tionof 10 or 20ko. From thls

when the ground leakage con- L i | T 1 _J
ey —_— [=3(34
ductance is changed to the i EN ] : Ret3im |
o e —-—
conditions of a load current ' s n bl _J
) r=t{imfifum
of 1,000 A and a load posi- - F=Cle 2 &ien E“!
=2 !
}

figure, it is understood that

the smaller the leakage con-

ductance and the longer the

distance from the DT sub-

Current along raily I, [A]

statiocn to the AC/DC con-

.necting point, the larger

the DC stray current becomes. 2 NEEEEENEEE
Distance x [km]
Because the leakage Fig. 5-33 Example of OC Stray
lations
range of the DC stray cur- Current Caleu

rent is wide when the DC electrified section and the non-elec-
trified section are adjacent, it is a basic principle that the

DC stray current should be completely cut off by the rail in-

sulation.

{d} AC Stray Current

At the boundary between the AC electrified section and the
non-electrified secticon, if the rail insulacion is sufficient,
the AC stray current to the non-electrified section theoretically
does noet occur. However, if the rail insulation at the boundary
sharts, or is broken, the AC stray current is generated through
the ground leazkage resistance. Therefore, In propertion to the
value af the stray current, the track circuit in the non-glec-
trified section is affected. Although it depends on the Lype
of track circuit in the non-electrified zection, basically, one

of the following counktermeasures is reguired.

0 If the stray current is small and the transmitting device has
sufficient power capacity, a series resistance is inserted
at the receiving end to increase the transmitting output.

{Improvement of 5/N)
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o When the moasure above is not effective, or if the stray
current is large, the system must be changed to angther

type-

For reference, the AC stray current when the electrified
section and the non-electrified section are not separated froo
the rail insulation is shown in Pig. 5-34. Variations of the

AC stray current according to the train positien are shewn in
Fig. 5-25.

Track cipculT in non-eleerrlfied
section: mHone
kail insulator at boundary: Kone

Ip = 1004
G : (1) 2.9 S/kmi2 km)
12 ] () 0.4 52035 )
(D 0.1 s/kmid )
Iy = Ao stray current
10 L : Train'a distance from boundary
Inside { | shows the le?gth of 1
ls when Iy betOows masimim
=
L]

AL stray current
m

S .
AEBUNCISGE

) g 4 L a lo 12 14 Ik 18 0
I-_l_,. Distance from boundary ihkal

IK 1]
A\

A=gluctyifled
amgtiaon

Fig. $-34 AC Stray Current in Kon-electrified Section

b
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into non-clectrified section [A]

[A)

AC stray current

16

14

—
%]

-
(=}

Ip = l0OA

0.4 5/km

Gl =
J.1 5/km

/
el

1

4

Train position in electrified section [km]

{l: distance fron boundary}

Fig. 5-35 Relationship between AC Stray Current
and the Train Position

The relationship between the AT distance and the AC stray

current varies greatly, depending on the location of the sub-

station, the feeding current system, the ground leakage



resistance, etc. When the AT distance is expanded from 10 km
to 15 km, if the leakage resistance is small, the AC stray
carrent hardly changes. However, if the leakage resistance
jincreases, the AT stray current uii.l increase by about 20%

at 2.50-km, and by 40 " 50% at 10{i-km.

The méximum AC stray current in the case of broken rail
insulation is shown in the example calculations in Figs. 5-34
and 5-35. Therefore, if the track circuit can be improved sa
that it resists this AC stray current, it will be sufficient.

Although cnly the problem of the boundary between the AC
electified secticn and the non-electrified section is described
here, the case of the boundary hetween the AC electrified sec-

tion and DC electrified secticon is the same.

{e} Polarization

In the case of the DC track circuit in the PC sleeper
section, if the PC sleepers are wet, polarization of the rail
occurs due to the DO voltage between the rails, because of the
alkali ions of the concrete. Therefore, cven if the transmit-
ting power %o the track circuli is <ut off, the same polarity
residual voltage exists between the rails,

Also, the JER has experienced in the past peolariratiocn of
the PC sleepers in the DC track circuit in tunnels. The chang-
ing time af the polarized relay took 40 v 60 seconds, and

seyeral minutes were necessary for

ag
returning it to the former normal
17}
current after the track relay \\
drop~away, due to the passage of F 60 \\
ain. -
a tr E S0 Y
For reference, the relatieon- o 40 xgkh
g - e e
. . | . —
ship bétween the residual voltage 10 P~ |
after cutting the sending power t_
and the amount of time passed is 0 a 1 I 3 a4 5

Timw [min. | )
Fig. 5-36 Track Relay Cur-

rent due to Residual
Voltage

shown in Fig. 5-36.
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This can be regarded as a kind of battery. Therefore, by
increasing the normal current in the track relay, the time of
discharge can be reduced. Thus, the improvement of S/H of the
DC track circuit gan be achieved by increasing the normal cur-—
rent at the receiving end as much as possible, resulting in

advanced anti-interference ability.

{1} Countermecasures againzt the gElectric Car Current in the Track
Circuit

{a) Track Circuit Unbalance and Anti-interference Ability

Generally, the unbaiance ratio of the track circuit Uy is
expressed by Ug = Up 2 U,

wWhere, Ur = unbalance ratio of the rail current, and Uz =
unbalance ratio of impedance band.

Up depends largely on the geometrical structure of the
feeding «ircuit to the rail. Fig. 3-37 shows an example of
actual measurements in a BT-system AC electrified sactian.

The larger the frequency, the larger the unbalance ratio. -And
it alse wvaries with the position of the train. This tendency
is also appears in the.case of the AT feeding current.

Uy was 0.4 " 2% in the case of a conventional rail.
However, for a recent product, it was less than O.1%v, apd Uz

was negligible.

L. Q——J.L =7 di—
o :
1. |

l-# '
Ll Y ." " n

L | . ‘H::‘.-' : Iil‘" ‘
[ 'm—l‘—s . "I
4] . 8-
s ma 400 o w0 1000 - Fackl i

Frvgquency LHal

unbalance pacio |ul

Fig. 5-37 Unbalance Ratic of Rail Current in BT-systed
AC Electrified Section
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That is the track cilrcuit unbalance in the DC electrified
section mostly depends on the unbalance of the rail bond and the
jumper bond. Further, in the AC Elect;ifed secticn, az menticned
before, the track circuit unbalance is considered to be chiefly
decided by the gecmetrical layout of the conductive parts in the
feeding circuit.

When the equivalent interference current is mixed inte the
track circuit receiver "i_ " can be expressed by the following

formula:

ig = %'In'UB'K

Where, I, = The "n" degree higher harmonic rolling stock
current {A)

=
+=}
]

Unbalance rqtin of track circuit

b
]

Coefficient determined by the communication system
of the track circuit

That is, "ip" is determined by the level of the high har-
monic current mixed into the receiver in the freguency usad,
by the number ef interference source, and by the unbalance
ratio of the track circuit. Therefore, in the unbalance zone
of the track circuit which requires stable performance (for
example, Ug = less than 10%), the track circuit must be designed
50 that it is suffigiently resists the *ip". Further, in the
zong in which safety failures are permissible {for exanmple,
10 ~ l00%), it must be deﬁigned s¢ that the track relay surely
drops away-.

As the 5/4 of the roceiveyr, the JNR ensures more than 6 db
in general. provided that reolling stock current is Ip = 400 A,

the content of higher harmonics = 1/67%, and Up = 10%,

(b Anti-interference Akility of DC Track Circuit

As mentioped before, in the AC electrified section, IO
components such as the rush current and the stray current exist.
Therefore, when single-rail DC track ecircuits are constructed

in the =station tracks, these interference currents shunt into

- € _



the track rolay from the return rail, and danq;erous failures may oocour.
Letus calculate the relationship between the control distange
of a single rail DC track gircuit and the interference current
shunted into the track reiay, by taking a. hypothetical vxlue
for the DC current flowing inteo the track circuit.
When the train shunt circuit at the power sending end
occurs and no leakage of the brack circuit exists, the current
shunted inte the track relay reaches the maximum. The equivalent

¢ircuit in this case is shown in Fig. 5-318

I, R I,
T - .
g AN -
Ra
A
o
Rz IR

I, = OC interference current flowing into the return rail
side [A]

Ip = InterEe?ence current flowing inte the track relay [A]

R) = Resistance of return rail [f}] !

Rz = Resistance of signal rail [(f1]

R. ®= Resistance of receiving end []

Fig. 5-38 Equivalent Circuit of Shunting at the Sending End
in the Single-rail Track Circuit

With this equivalent circuit, Ig = In*Rif{Ra + Ryl

Fig. 5-3% shows the relationship between the contrel dis-
tance "L" and the interference current IR when R. 1% in the
various conditicns of Igp = 100 A, Rp » 50 mil/km, and R; =
80 il km.

Because the rush current invalves che attenuation factor,
I, varies according to the response time of the relay. As shown
in Fig. 5-31, the longer the response time, the smaller I,
becomes. While, Iy also varies depending on the lengtﬁ aof the
track circuit, or the receiving end resistance.

]
4

S .



Interference current Lal

(I, = 100A)

1.0

20

\f-?

%]
[}

e
=]

o 0.1 0.2 0.1 0.4 0.5 0.0 D7 Gg.2 0.9 1.0 1.1

£: Length of track cirevit [km)

Fig. 5-39 Relationship between the Control Distance and Interference Current



Concerning the track relay, it is desirable that its
release current be about two times the interference current.
Alsa, the track relay must have sufficient anti-interference
ability, including transient pesponse of the relay {action/
release tima).

The contro! distance is also limited by the train shunting
sensitivity, leakage conductance, and the resistance of the
power sending and receiving ends. Therefore, it is necessary
to declde the control distance taking the actual conditions
of the yard and also the resistivity to the AC component inter-

foerence into consideracion.

(c] BRasic Principles of Measures for S/ Improvement

As mentioned in Ikem 5-2-241), the scope of the phencmencn
and effect of the interference current in the AC electrified
secticn is not uniform. Therefore, countermeasures for this
must be considercd for each type of tragk circuit used. The
phenomena produced by the interference current are divided to
those resulting in safety failures and those resulting in
dangerous failures. Especially, the DC track circuit causes
dangerous failurns, by turning into conditions for when no
train is operating at times when trains exist, due to the
interference by the rush current and the-stray current.

The nop-mxivlation type track ¢ircuit may directly cause
dangerous failures when the interference currents mix iLnta
the signal. Further, it is recommended that this kind of track
circuit not be used,

In any case, the basic principle of countormeasures for
interference current is to improve the 5/N. To 5, the improve-
ment of the track circuit type, increasing the transmitting
output, improving the trapsmitter, increasing the receiving
current, and reducing the track circuit length are considered.
For the reduction of N, improvement of track circuit unbalance,
adoption of a proper feeding system, and improvement of rolling

grtack are considered.
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£-2-1 pffects of Feoding CQurrent to Signal BEquipment

{1y 1increase of Rail Voltage

The valtage distribution of the rail voltage in a single

track section of the AT feedipng current system varies with the

fallowing conditions:

o AT distance

o Existence of CPW, and its distance from AT

o Position af train

Provided that D = distance between AT, 4 = distance of Chw

from AT, L = distance of train from AT, the increase of the rail

voltage is as follows:

o The rail voltage reaches maximum, when L = 2/3°d
o The rail voltage reaches minimum, when the train position
is at AT.

This relationship dees not change, in the single rail track
circuit as well, unless the return circuit side rail is broken.
However, when the returh circuit side rail is breken, the rail
voltage generally reaches maximum when a train exists near an AT
and the rail breakage position is between the train and the AT.

Abnormal increases of rail voltage cause burned signal
devices ([power transmitting and receiving devices of DC track
ci;cuit. etc,), burned rail fastening devices {insulated jeoints,
etc.), and electric shocks to maintenance workers or passéngers,
etc. Therefore, scmetimes, countermeasures to control rail
voltage are NOCesSSary.

The feeding current system and the structure of the track
gircuit in the station tracks are shown in Fig. 5-40. Concerning
the rail voltage and the voltage loaded to the rail insulation,

the calculations for the track circuit structure of Fig. 5-40
are shown in Table 5-6.
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e

)
¥ ¢ Position of rail breakage

Fig. 5-40 Feeding Current System and Station Track
Circuit Structure

Table S-6 Increase of Rail veltage at Time of
) Fail Breakage

to the rail insulation

Ip = 100 A, based on the conditions in Fig. 5-40.
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Lekage Single-rail type in all Single-rail type only
Hode constant station tracks for side track
0.1 5/km v 20 V) 1B v (20 V)
Normal | 4 3 18y (17 V) _ 15 v (15 V)
During 0.1 150 v (230 v} 30 v (18 V)
rail 0.2 120 ¥ (180 V) 25 v (14 VI
breakaqge ___
Inside [ |} Shows the maximum voltage Laaded



"As to Table 5-&, the values hardly change even if the length
"of the station track circuit is varied considerably. When the
AT distance is extended from 10 km to 15 km, the rail voltage
increases hy akout 25%.

During nermal times, there is almost no difference between
the double-rall type and the single-rail type as regards the rail
voltage and the voltage' locaded to the rail insulation. These
voltage values are in the range of 15 % 20 ¥ for load current
100 A. However, if rail breakage occurs, when a single-rail
track circuit is constructed for the entire station, the rail
voltage reaches as much a5 150 V, and the voltage loaded to the
rail insulation reaches 230 ¥,

When a main track is constructed with the double-rail track
gircuit, large voltage does not ocour, even if one side rail is
broken. When the entire staticn is corstructed with a single-raif
track circuit, although large woltage does not occur during normal
times, in the event that the return circuit side rail is broken

in a section in which no more than 2 return circuits in paralliel
are constructed, the return circuit is linmited. Thus we fear

large voltage may occur.

{2] Countermeasures to Contrel Rail veoltage

Fig. 5-41 shows the wvariation of the rail voltage with the
load.

« Generally, the maximum leakage’resistance in good weather
is presumed as 5{-km for ordinary ballast. Therefore, the rail

'voltage during normal times is about 33 v, PFurther, the smaller

the ground leakage resistance becomes, the lower the rail voltage
becomes.

However, if the neutral point of the track circuit or the
return rail is grounded artificially, the ground return current
will increase and the induction voltage in the communication
cable will increase.

In the ¢ase of the JNR Shinkansen bullet train, the rail

voltage reaches about 100 V even during normal times. Therefore,



Load gurrent: 100[A]
AT distance : 10[km]

40

Gb.g_ls_‘;k/_\
1o |

R\
/
—
il

/_/ ‘
/c/// 0.4 5/kn

=
/ o5 N \

Rail voltage [V]

AT ’ cPH AT
(AT : L0km)
Distance @f load position from AT [km]

Fig. 5-41 variation of Rail Voltage with Load Removal

the voltage control device is installed near the passenger plat-
form, by which only the power source frequency is grounded through
a low resistance,

Alsc, as the voltage inéreasing cortrol method when there is
a rail breakage in the single-rail track circuit, there is the
mat%od shown in Fig. 5-42 in which a bypass circuit in parallel
iz added to One roturn circuit section. Howeyer, the breakage
detection function of the return rail is lost in the part where

the circuit is composed in parallel.
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—

(:): Countermgasure during normal times
{* Adopted in the Shinkansen of the JHR)

: Method when rail breakage occurs in single-rail
track circuit ' .

Fig. 5-42 Rail voltage Control Measures

{3) Inductien Interference to Signal Equipment

As the power source of the contact wire in the AC electrified
section, a high voltage of 50 or B0 Hz is used. Thercfore, induc-
tion voltage or induction current is generated in signal devices
such as the block circuit, and signal centrol cable, which are
parallel to-or adjacent to the contact wire. Also there is the
possibility that the track circuit installed nearby may suffer
interference duc to electromagnetic lnduzliun.

As types of induction interference, there iz interference
dye to electrostatic induction generated in proportion to the
contact wire veltage and interference due te the electromagnetic
induction generated:-in proportion to the electric rolling stock
gurrent. These are summarized in Table 5-7. Inductien inter-
farence to the signal and safety eguipment is mostly due to
¢lectromagnetic induction, which can be reduced to sope extent
by screening. However, it is practically impossible to reduce

it to zero.



Table 5-7 Induction Phenomena Affecting the Signal Devices
in the AC Electrified Section

Bind of induction

Induced bodies

Interference

rermissible in-
duction waltage

Hormal Limes:
(L] Cable Cy s
Electrostatic Possibility that ED.V
or {2} Bare conduc- men may suffor shnormal Limes:
Electraomagnetic tor ?;::t;;: shngt (Stand 4;: :E
. . u - r
induction [3] Irocn tube, a e}q v CCI:;]a
etbc. g
Possibility that

Electromagnetic ] , th 1
i . gn Track clrcuit @ re a? s
inducticon calfunction

(Ground current)

(a}

Affects on the Human Body

When the distance from the feeding current condlicter is

small, due te the contact wire voltage, a high electrostatic

voltage beyond the allowable range is induced in signal devices,

iron tubes, steel cables, etc.

Examples of electrostatic induc—

tion ecalculations for the AT feeding current system of the JHR

ar= shown

In this figure, {(c) means the position of the signal device

and “h* i

in Fig. 5-43.

s its height.

Because of the effects of the screen

grid of PW, GW, etc., the electrostatic induction voltage of

actual eguipment 15 presumed te be lower than {he values in the

figure,

Moreover, through ground faults of the contact wire, etc.,

the rail voltage increases rapidly instancly.
body contacts these devices, it is dangercus.

necessary grounding be performed that for ali devieces which can

be grounded.

- 6L =

If the human

Therefore,

it is
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Fig. 543 Calculations of Electrostatic Induction

- 62 -



{b)

1}

2]

Effects on S5ignal Equirment
Slgoal control circuit

According to past measurements, thereareno special pro-
blems concerning the effects of electrostatie induction on
the signal control ecircuit.

Also, concerning the effects of the electromagnetic
induction, the balance ratio of the vinyl cable for signal
use is 40 dB at the least, and that of the cable is 60 dB,
in general.

Therefore, it is considered that no effects ggour, not
only in the case of short cables in the station, but also in
the case of long distance circuits connected with the DC

device load. !

. Track cirouit

Due to the AC electrification, sometimes the track
circults ‘n the BC alectrified section and non-elecrrified
section, which are paralle}l to or across the AC feeder lines,
are affected. Further, the range affected varies aécordiﬂg
te the lewvel of the electric rolling stock current, and the
geomatrical relations of the pasitions.

The effects of the induction interference by the AC
electrification differ cdepending on whether it occurs in the
station trackg or between the stations. In the gase of the
station tracks, for the track Fircuit whigch performs the
approach locking and the route locking of the relay inter-
locking davice, a track circuit unbalance ratio of 100% is
considered to allow safe operation even during abnormal times.
while if it is between stations, a 20% track circuit unbalance
ratio is considered sufficient. ]

Also, the allowable interferance voltage loaded to the
track relay at that time must be 1/2 of the relay drop-away
voltage, because the value of the vane vibration in the 2
dimension type track relay is 1/2 of the relay drop-away
voltage.
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The allowable values of the interference currents in the

track circuits commonly used are as follows:

DC track circoit
(single rail):

Divided-and-multiplied
frequency track circult,
and commercial frequency
track circuit;

80 Hz AC code track
circuit;

AF track circuit f[(con-
caentrated device type);

1040

The allowable interferenge current
flowing into the track relay is 0.4 A,
{Refer to Fig. 5-97

In the case of 100% track clrcult un-
balance, the limits of wvalues of the
interference currents flowing in the
rail are shown in Fig. 5-44.

The allowable valcves of the Interference

currents nbhtained from this figure are
shown in Fig. 5-45.

50 Hz 40 A, 80 Hz 2 A
Refer to Itea S5-2-1 (6]

600 CH 25 A, 900 cH 17 A
Refer to Fig. 5-23

-
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—
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. Fig. 5-44 Limit of Interference Qurrents of Various Track Circuits
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Allowable walue of rail interference currentlal

(c)

forms the ground return cir-

40

20

1¢

Impedanece bond S00A

During 100% unbalance
\
& 83.3[Hz]
A 4
> \ \F "'1 o/
S/ \ X /[ ]
= \
W VR A
Y
vy
/]
L\
T THz o V \ (
Divided-and- \
multiplied
Erequency \'
A3(Hz)
o} Hz] (+5) 100 [Hz]
(Multiplied freguencyl
50[Hz] Secticn
10 50 100

Interference fraguency [Hz]

Fig. 5-45 &allowable values of Interference Currents
in Track Circuits

falculations of Induction Interference to Track Circuit

cuit.

cirecuit shown in Fig. S-46,
the induction voltage as in E
the follewing formula cccurs

in the induced circuic.

The electric railway

In the case of the

Fig. 5-46 principle of the Elee-
tromagnetic Induction of the
Electric Railway
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V= -juMll (V) (Formmla 1)

when, V = To~ground induced wvoltage to the induced circuit [V]
W = Anqular frequency [rad/sec]
M = Mutual inductance I{H/km)
£ = Length of parallel circuit Section [km!
1 = Induced current [A]
VoY

i =— l&

= Al (Formila 2)
ZR

where, 1 = Ground return current flowing in the induced
circeit  [a]

Zp = To-ground impedance of the induced circuwit [&/km)

Y = To-ground transmission constant of the induced
cirguit [1/km]

¥ = #ZRY
Y = Ground leakage admittonce [§/km)

In the ¢asc that the induced gireuit is a signal cakle,
besides the to-ground induced woltage "v" and the ground return
current "i", there is the problem of noise voltage generated
in the cable core due to the unbalance to ground of the cable
core.

Further, when the induced circuit is a track circuit, the
ground impedance "Zp" is small, and the ground retirn curcent
"i" becomes the problem.

The actual calculaticon of the induction is not simple as
in Fig. 5-46. Because there are several electric conduectors
{T, PW, F, and rail, etc. in Fig. 5-47) eoncerning induction,
the effect of the induction from the each electric canductor

must be calculated respectively and the vector sum of these
obtained.

Concerning the AT feeding current system, the current
distribution of the feeding current cipguit becomes complicatred
due to the AT distance, the distanrce between the PW and the
-impedance bond neutral peoint, the load position, the ground

leakage admittance of the rail, etec.
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Fig. 5-47 AT Feeding Circuit Systen

ﬂlsm concerning khe track circuit on the induced side, the
interference induction varies according to the distance from
the electric railway (AC electrified), the length of the para-
llel circuics section, the relative position to the feeding
current, whether or not there is screening, ete.

Although it is possible for these lnducticn calculation %o
be obtained manually, the calculations becomes complex and it
is difficult te obtain an accurate value.

The JHA has e#stablished a system which progesses all the
above galculations with a large-scale gomputer, including the
mutual inductance M and the ground return current induced in
the track circuit.

Concerning the JNR Shinkansen bullet train, part of the calcula-
tions are shcwﬁ below. Fig, %-4B shows the inducing current and
the induced current in the track c%rcuit of which the distance
is 100 m when the train position varies. The distribution of
the inducing current varies much aceording to the positien of
the train.

Fig. 5-49 shows the results of calculations in the mest
severe conditions to understand the scope of the induction
interference from the sShinkansen. From the results, we know

that the induced current in the track circuit which is parallel to

the Shinkansen 15 as follows:
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When the distance of the track circuit from the Shinkansen

is 2 km, the maximum induced current is ©.%1 &, and when the

distance is 1.5 km, the maxirum is 2.28 A.

Generally, a commercial frequency track circuit is used

for the conventional line, parallel to the JMR Shinkansen.
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The scope and method of improving the induction interference

in this case are shown in Table 5-8.

Table 5-8B Measures for Improving Induction Interference on
the Commer<ial Frequency Track Circuit [when track
cirguit unbalance ratio is 100%}.

Distance from
Shinkansen

r_

Disturbing current
induced to rail

Measures for improving induction
interference on ca-mercial fre-
guency track circuik

More than 2 km

less than 1 &

KoL necescary

1.5 % 2 km

1 w2 A

Adjustment by resistance

L&tss than 1.5 km

More than 2 A

The system is changed te DC,
divided-and-multiplied, divided,
B0 Hz or AF track clrouit,

Table 5-8 shows the case of station tracks in general, The

track circult unbalance ratio between stations is 20%. There-

fore, the values can be obtajincd by multiplying the values of

induced interference current in the table by fire.

Bocurate induction calculations are not ohtained from

Table 5-8, and as was mentioned befare, the conditions of

screening and the length of section must be considered.

{d)* FProtection from Surge Voltage

As types of surge voltage to the signal devices, there are

thunder surge which strikes through the line transformer from

the high voltage distribution line, thunder surge from aerial

cables, and abnormal voltage due to contact with wire ground-

fault,

eto.

To protect the signal devices from these abnormal

veltages or thunder surges, countermeasures using insulated

‘transformers, protective devices, wacoum arresters, gr Zener

diodes are required.

“ry







5-1 ATS
5-3-1 Classification of ATS Systens

Although safety in train ceperation depends on the cautien
taken by the driver, with the advange of hi%h speed and high
density operations due to electrification, it is desirable that
ATS fautomatic train stop device) be installed for the improve-
ment of safeky.

The ATS iz a system in which the brake is automatically
cperated when the train has run beyond the limited speed through
control which operates with the signal indication. As shown in

Table 5-9, there are various types of ATS.  {ATS is sometimes

called ATE)

{1} Control System

Information transmission systems te the gab are roughly
divided into two types: the point control system and the conti-
nuous contral sttem. The poink control system is operated by
wayside coils whirh are installed on the ground; and the conti-
nuous system (s gperated by ubtilizing the track circuit.

It is said that the point control sytstem is inferior to
the continuous contreol system in its adaprability to indication
changes of the signals and in reliability of the information
transmissicon system. However, the construction of the point
control system, including the greund devices, is simple, and it
is superior in maintenance of the equipment and econony.
Moreaver, when there are varicus operation sections of cars,
extensions to other sections is possible enly by installing
simple ground devices. Therefore, for cases such as transport
between clties, the point control system is superior to the

continuous centrol system,

{?2) Information Forno
The wayside coil system is a modulation system utilizing
dropping LC oscillator installed on the car. IE the reseonance

frequency of the wayside coil on the ground is set at "f", when the
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Table 5-9 Classification of ATS SBystems

Information . . Kind of | Kame of
. o
Control system transmission Information forms Speed checking system brake Lype
RO memory .
Single information Point Gper?tlun.after Emergency A
coufirmation-
treatment
ar h :
on ¢ With memory., bltte a
step-pattern
Polnt control wayside coil Multi-informacion Continucus
aysten With memory. .
itt
brake-pattern D e c
Mo memory Ditto o
Ground No memory Ditto E
Point
50 Hz Single informaticn go m”:?FYr ;
peraticn after .
track circuit On car confirmation- Dhitte F
treatment
With memory, Nomral G
Continucus AF track o ) step-pattern
control eystem |clrcuit Multi-information (On car | Continuous
With memory,
Emer gency H

brake-pattern




device on the car passes over the wayside coil 1t can receive the
information of "f,". Hecause about seven kinds of wayside coils
on the ground can be installed, the car can reFeivﬂ seven kinds of in-
formation., When the number of bits of information is not sufficient,
by combining two wayside coils, more information can be received.
By locating the two wayside coils at a proper distance, the passing
speed can be checked on the car. In the future, the train classifi-
cation and train number device c¢an be equipped on the car, with-
cul any wide reformation of the device on the car.

Concerning the track cireuit system, by intermitting the
transmission in the commercial freguency track circuit, 3 * 5 kinds
af codes are produced; and by combining erQuenéies in the AF track

gircuit, % v 10 kinds of informaticn are continuously produced.

{3] Speed Checking System

The speed checking of the ATS is classified a3z the follawing:
ta) wWhether the speed checking is done or not.

(b} whether the spoed is checked on the car or on tho ground.
When the chécking is done on the car, the wayside coil system
is easy.' Depending on the kind and distance of the wayside
coils, the car receives the speed limik, which is compared
with the train running speed. In the psase of checking on
the ground, the train running speed is calculated hy the
passing time of the loop coil installed on ground, and if
the train speed exceeds the speed limit, the ATS is operated

from the ground.

fe) Whether there is a memary on the car or net. In the case of
spead checking on the car, there is the system in which thé
speed limit information re¢eived from the ground is put into
the memory device and the speed is continucusly checked, and
the system in which there is ne memory and the speed is
checked enly at that point,
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(4} Confirmation Treatment or Mot

With some types of point control systems, there are cases
where adapting to changes in the signal c¢an not be done suf-
ficient. To prevent this problem, the driver, after switching
to Yconfirmaticon treatment", operates the train with his caution.
However, 1f the "confirmation treatment" is done, thé ATS is cut
off and is not operated. Therefore, a system which has the ATS
function at the least even after the "confirmation treatment”,

or a system in which the “confirmation treatment"™ does not exist
from the first is desired.

(5} Emergency Brake or Normal Brake

When adriver has made an error, if .the ATS-is used to sup-
port it, the emergency brake is suitable. However, when we want
to make minor speed contrcl by the ATS, the ATS will operate verf
aoften, and a normal brake is more suitaﬁle. Therefﬂre; a'high
class ATS 1% one which functions approximately the same as thé
ATC (automatic trﬁin control deviee),

Thus; vach type of ATS has its respective features, and
selection of the appropriate type is generally decided by con-
sidering the train density, kinds of rcliinq stocks, the opera-
tion of the section, the duties of the driver, and the investment.

Concerning the conventiconal lipnes of the JNR, the cars
utilized %nclude a'wide range, and the conditions of the sections
used are wvery different.

Therefore, as ground devices, a simple

and unified sytstem is regquired. Accordingly, except in commuter

traffic section in major cities, the simplest type of point
control system [Type A of Takle 5-9} has been generally used,
However, systems in which there is a memory on the car and the
spead is continucusly checked, without the "confirmation treatment”
{Type G of Table 5-9) has been developed and its application to

main sections are being planned.
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' 5-3-2 various ATS Systems

As mentioned before, there are various types of ATS, and some

of these are explained horo.

ill The Present ATS System of the JNR

The present ATS system is5 type A of Table 5-9. It was
developed based on the cab alarm device which has been previously
developed. Therefore, its structure requiras "confirmation
treatment™ by the driver when the alarm is Indicated.

To ensure safety in all trains, the alarm-points interlinked
with the sigpal indication control of the signal device are made
at the points of a set distance from the signal on the ground
(Miximum emergency brake distance plus empty running distance,
for the maximum sSpeed of a train in the section).

Therefore, a train approaching the signal device indicating
the stop signal will receive an alarm to the driver at this alarm
point, in spite of the train speed.

In this case, unless the driver switches ko "confirmaticon
treatment” within 5 seconds after receiving the alarm, the train
will be stopped with the emergency brake through the fucntion of
the ATS. Howevar, after the driver switches to the "confirmation
treatpent", the ATS will not operated the emergency brake.
Namely, it is a system in which the transpeort efficiency is not
be obstructed by unnecessary stopping of a normally running train
by the ATS. Thereforo, after the confirmation treatment has been
made Ey the driver at the alarm point, the operation will be
performed, depending on the driver's caution and skillfulness.

Fig. 5-50 shows the function of the present ATS, and

Fig. 5-51 shows tha construction of the ATS of the JHR.

{2} Peoint Control Type Continuous Speed Checking System

The point control type c¢ontinuous speed checking system 1s
Type B in Table $-9. The car is equipped with a memory device for

checking the spesed and the continucus speed checking is done based
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on the information from specified points en the ground. This
Eype is used by some civil railways in Japan, Because detailed
ééntral can be done according to khe signal indicatiens, it is
suitable for commuter traffic sectiens in large cities. However,
much information is required for curve control, and the adapt-
ability to changes in the zignal indication is not sufficient.

An example of this system is shown below. The speed check

point performs the speedrche¢king in 4 steps [B% km/h for Y signal,

45, 10, 0 kn/h for R signal}. See Fig. 5-52,

Bunnlng I pred

< ] [ c ] &

Whiry Lasp ights Rad lamp lighra and ball Fimge

00w T4
j ] 1 red lomp 1ighea

Fig. 5-52 Example of Point Control Type Continuous
Speed Checking System

There are 3 kiads of wayside coils as follows:

Wayside coil A: 3 pieces of information: "free”, 65 ko/h,
and "stop"™
Wayside coil B: 2 pieces of information: “free".and I0 km/h

Wayside coil ¢: 2 pieces of infornmatign: "free” and 45 km/h

The changesover of the information i3 made by the changeover
of capacitor, C; " C4.

When the signal device breaks down, the train can enter the

area inside the signal by pushing the confirmation key when pas<

ging directly over the wayside coil.

The conhnecting diagram of the grournkl device and the device

on the car are shown in Figs, 5-53 and 5-54, respectively.
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(3) Point Control Type On—car Speed Checking System

The point gcontrol type on-car speed checking system is Type

D in Table 5-2. 1In this system, the emergency brake ia operated
I when the actual speed exceeds the speed limit, by comparing the

standard time {gcnerally 0.5 or 1l second) which has been put in

the memory on the car with the passing time of the distance of

2 wayside coils.

The system i5 used in some private railways in Japan.
Because there is no memory for the checked speed, its construc-
tion is simple and the adaptability to changes of the signal
indication is geed. By locating the wayside coils at suitable
intervals of distance, the desired speed checking is possible.
Therefore, it is suitable for cases of future AC elecirification,
such as main lines bhetween cities.

An example of this system is shown helow., The speed checking
point performs the speed checking in 3 steps (70, 30, @ km/h for
R signal). 5See Fig. 5-55,

L

——

FAVAY FAVAN AN
A

0
? el

Fig. 5-55 Example of Point Control Type On-car
Speed Checking System
The kinds of wayside coils are as follows:

Wayside coil A: Free and stop
Wayside ceil B: Free and speed checking
Wayside ceil C: Speed checking
Because wayside coils B and ¢ are common for speed checking
use, only the 2 kinds,-A and B are sufficient. The changeover of

each information is made by the changeover of the capacitor.
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The distances for wayside colls P and € are as shown in

rable 5-10, according to the checking speed for each 0.5 second.

Table 5-10 Distance hetween Wayside Coils
at Speed Check Point

Checking speed Distange between
{km/h) wayside coils [m)

5 1.34

15 o 2.73
20 3.42

id 4.81
S0 _ 7.59

70 10,37

The cannecting dia-

Far sprad chach For spaed chasx for st . gram of dovices on the
—— — )
c 2

ground is shown in Fig.

[ 3 L]
Fa Fa
: 5-56.
'L.._ ju---.i-—ﬂgi n
Lh This ATS system can

Ep alsoc be used for checking
oun RoR . the speed limit at a point

A ﬂl
-'-"Il.ﬂ l?-

3 fl..

GLpn

“ﬂ“ e ar curve, for preventing
over-running of the stub

I RTOMN ! I AR I TR
7 track, and interlocking

Fig. 5-56 Standard Connecting Diagram of - of the crossing gate,
Devices on Ground

Moreover, by adding the
train number transmitter, the train number, etc., £an be sent from
the car to the ground, and the application to the train operaticon

administration system is possible.
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CHAPTER 6

ELECTRIFICATION AND COMMUNICATION



CHAPTER 6, ELECTRIFICATION AND CﬂﬁMUHICATION

6-1 JInduction of Communication in Conjunction with Electrification

6-1-1 Outline

One thing that cannot be disregarded in any attempt to
electrify a railway is industion. The question of inducticn
arises in regard to bare wires, cables and, as has been elucidated
in the preaceding chapter, track circuits.

Induction, as referred to here, is a phenomenoen in which
voltage of the kind that endangers commurnication ¢ircults anpd
noise hazards of the kind that hampers comounication Facilivies
are generated, as electric energy is transmitted to some of the
communication lines when the compmunication lines are close to
electric railways or power transmission lines.

Induction comes in two types -- electrostatic induction and

electromagnetic induction. Their characteristics are shown in
Table 6-1. '

Table -1 Comparisan of Chararcteristics of Electrostatic
and Electromagnetic Induction

Type Tnduction Communication lines affecred
source
Within 20U m from an A.C.
railway
Electromagnetic Electric within S km from an overhead
induction current power transmission line
Within 100 m from an underv_
ground power transmission line
Elect . Within several tens af peters
. :E i?Statlc Voltage from an overhead powser LLARS-—
induction mission line

When rectification is made with mercury and silicone rectifiers
in the D.C. electrificationw of a railway, noisc.hazards are pro-
duced on the nearest communication line primarily by the six-phase

higher harmonic components which come out on the side of the direect
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current output. BSuch noise hazards are mitigated by inserting
into the D.C. output side of the rectifier a wave filter which
1s composed of a reactoer and a condenser and by improving the
degree of balance of the gommunication line.

In the A.C. electrification of a railway, however, a com-
mercial frequency (50 or 60 Hz} at a high voltage (20 or 25 KV}
iz used, with the consequence that the induction thus producad
is guite strong, not conly producing noise but endangering human
lives as well. JHRE sets the critical woltage at less than 60 V
of the counterpoise voltage at normal times and less than 430 v
at abnormal tioes., The tolerable limit of the noise voltage
between lines is set at 1 mV for cables and 2.5 mV for bare wires
{both are the values assessed with the auditory sgnsitivity taken
into acgcount}.

In the ﬂase.of an A.C, electrification, therefore, the high
frequency waves are restrained with the insertion of filters into
electric vehicles as a measure on the inducing side. In addition,
an attempt is also made to lessen the induction by using an auto-
transformer "[(A.T. type] and installing a booster transformer and
negative feeders {B.T. type) on the side of the feeder circuit.

In foreign countries, on the other hand, a feeder system
(direct feeder syStem) in which neither B.T. nor A.T. 15 used i=
adopted, This simple system, which is equipped with simple feedar
circuits, cannot negessarily be described as an effective system
for urban areas from the standpeint of the induction of communica-
tion.

Dnlthe induced side, an attempt ic made to lessen the induction
by enclosing bare wires in cables, uwsing shielded cables and insert-

ing peutralizing coils and feeder draining coils. Moreover, a

cumulation of the induction voltaga is prevented by inserting in-

sulating coils and secticns.
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6-1-2 Electrostatic Induction

In case an overhead contact system or an electric power line is
suspended above the ground surface in parallel with a commupica-
tion line and their heights above the ground are h; and hy, re-
spectively; the electrostatic capacity is C;; and the counterpoise
electrostatic capacity is Czz the voltage of the electrostatic
current induced in the communication line is expressed in the

eguation of;

Ci1
Cyz + C12

Vg =

where V is the counterpoeise potential of the electric power line.

This equaticn may he replaced by the following cone.

b? « (hy+hn)?
b* + {hi‘hsz
2h
L |

log

Vg =
. 2 log

where r) is the radius of the electriec power line, b is the hori-
zontal distance between the electric power line end the communica-
tion lire, hy is the height of the elegtric power line and hy is

the height of the communication line.

Overhead contact
system or electric
-1 power line

L
Communication line

sz h

PP F R LR AL LS L L AL

Fig. 6-1 Electrostatic Inducticn
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as is discernible from this equation, the magnitude of the
electrostatic voltage is determined by the voltage of the elecirie
power line and the locational correlation between the electric
power line and the communicatien line. The parallel length of
the communication line has nothing to do with the magnitude.

6-1-3 Electromagnetic Induction

When the electrig rurrent flows an electric power line with
the ground as its return route, a magnetic line is generated as
indicated by the dotted line in Fig. 6-2. Here, if there is a
communicatjon in -parallel with the electric power lice, an induc-
tien voltage is generated in the comnunigation 1553, depending on
a change in the magnetic line. As the electric.current of the
electric power line on lts return route to the ground is I(A),
the angular frequency is w, the mutual induction coefficient of

~ the electric power line is M{uH/km}, and the parallel length of
both lines is L{kn), the induction voltage Vm is expressed in the

equation of:

Vg = —jwMET

Electric

. Electric .
power line power line Communica-
{1} 1 tion lipe

Comminica- n 3
tion lina 1 h?

(2 1
r TR rrrrErE T

— b ——
Fig. 6-2 Electromagnetie Induction

The relative induction coefficient M is determined by the
distance between the electric power line and the coczunication lipe,

ground conduction rate and frequency. The greater .the aforementicned

value, the smaller M.
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This equation has been introduced separately by Carson of the
United States and Pollaczek of Germany and is known as the Carson-

Pollaczek formula. The equation is expressed as follows,

2

M= [2 log + _4
k n
kébT+ (hi-hz)? 3z ¢ i T
S 4
- 0,1544 - j {= = —— k {(hy+ hz)}]
' 2 37 v

where k = 2n/25f, ¢ is earth conductivity.
: As ig discernible from the earlier equation, the electro-
magnetic induction wvoltage greatly varies, depending on fraguency,

parallel length of commnication lines, eteo,

6-1-4 Earth Conductivity

The lines which serve as the basis for a prediction of the
electromagnetic induction voltage are two parallel lines above
the ground. The elegtric and ¢ommunications are normally composed
large nuppers of parallel lines. Therefore, the electromaqnetic
tnduction which is generated between both systems is clarified in
a complicated circuit squation with an application of the tﬂécry
of multi-line transmission., The sipplest basic circuit is the
gorrelatjons between a single eleckric line and a single com-
munication line. On this basis, various, complicated phenomena
may also be progressively clarified,

Here, an impértant role is played by the earth. When induc-
tion is studied, the earth is an important parameter which cannot
be disregarded at any moment.

This holds true in the case of electrostatic induction but
the ecarth plays a more important role in Ehﬂ gcase of electro-
magnetic induction.

AS5 a matter of fact, the earth features a big resistance and
its value varies to a great extent, depending on the soil.. This is
known as the earth conductivity.

The earth conductivity is the yeciprocal of the resistance

ratic and expressed in siemens [(5/m) on the basis of the S.I. unit.
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For the computation of induction, there is a need tg compute
the earth conductivity. JNA makes it a practice to measure it at

a standard distance of 4 km. The estimated values of the earth

conductivity are shown in Table 6-2,

Table G6-2

Soil ! als/m]
Wet so0il 0.05
Dry soil 0.005
Clay o.1 Comparison
Choke 0.03 Underground
Lo 0.01 water : 0.405[5/n)

am . .
Coarse sand g.3x% 10" 1ron ¢ 1x10715/m]
0.3 % 10-" Inzulator : Less than :0-°

Grawvel ' 0 . (5 /0]
Agquegus rock {110y = 10-°
Ignecus rock__l {0_3>1)=10-?

B-1-5 Induction Characteristics of Various Feeder Systems

Programs for electrification under wvarious feeder syscems have.
been referred to in other chapters. 1In this chapter, an attempt
will be made to introduce the characteristics of each feeder system

v

with special reference to the induction characteristies.

{1} Direct Feedar System

The direct feeder system is the most basic of them all,
zomposed of trolley lines (T) and rails 1R). One variation is
"a system in which HFs are posted in parallel with the rails and
the rails are connected with an NF at every several kilometers

with HF connecting wires. Here NP scrves a8 4 protegtive wire
(PW) .

The advantage of the direct fecder system lies in the fa;t'
that as the composition of its circuit is simple, this system is
cost-¢ffective and easy to maintain, whereas the disadvantage is
that as the rails in the entire section is charged with the return

circuit current, the hazards of induction to the comwnication
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Table 6-3 Induction Characteristics of Feeder Systems
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line are great and the rail patential is higher than in any other

feeder system.

[(2) B.T. Feeder Systenm

In the B.T. feeder system, a boost transformer is installed
at every four kilemeters or so and the trolley wires are fitted
with B.T. sections to contain and absorb the return current with
which the rails are charged, so much sc that the effects of a
reduction of communication induction are of significance.

The B.T. feeder systems come in two types -- a simple B.T.
feeder system in which boost transformers are placed between the
trolley wires and the rails and a system in which WFs are in-
stalled Lo absorb the electric cu;rent. The former systenm is
simple but far inferior to the latter in terms of the effects
of a ;Eductiun of communication induction. But it goes without
saying that the B.T. feeder systems are better than the direct
feéder system. In the rail insulation, there appears a veltage
at the secondary terminal of the boost transformer and short-
circuiting and epening are repeated by the wheels when a train
goes by, making the maintenance of the insulated section poor.

A B.T. feeder system is therefore used in cases where the lead
current i1s not too hig,

In any event, the B.T. feeder systems excel in thé reduction
of communication inductioq, on the one hand, and on the cther,
regquire B.T. sections, ete., 50 much ro that the composition of
their feeder circuit is more complicated than in the direct feeder
system and that the ippedance of the feeder circuit is great,

When the load is extremely great as is the case with JNR's
Shinkansen, the arc which is generated in the booster section is
large and it 1s pecessary to come up with measures for its elimina-
tion., Here, the contact wires become complex in compesition.

JER makes exclusive uge of a system in which NFs are in ex-

istence but B.T. systems without NFs are put to practical use in

some countries. ' . -
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{3) A.T. Feeder Systen

The A.T. system is one in which the feeder voltage from
a transformer station is made higher than that of the contact
wires and dropped to the necessary contact wire wvoltage with
an autotransformer (AT) installed every 10 km or so along the
rails,

In the A.T. feeder system adopted in Japan, the feeder
voltage from transfermer stations is twice as big as that of
the contact wires. It would be possible as a matter of course
ke make it further higher by changing the number of AT's turns.

This system is fitted to the supply of massive electric
power as the feeder voltage from transformer stations is high
{two times). If the lead capacity is left constant, the
electric current 1% halved, thuSISEtting the voltage reduction
rate at 1/4 and enlarging the distance between transformer
stations. Por a single lvad, therefore, it would be theoreti-
cally possible to make the distance betwesn transformer stations
four times longer than in the B.T. f[eeder syétem and 2.5 tines
longer than in the direct feeder system. In actuality, an in-
crease in the distance between transformer statiens results in
increasing the number of trains in between, so that the distance
will be made 2.5\.] times longer than in the B.T. feeder system
and akout two times longer than in the direct feeder system.

An extension of the distance betwsen transformer stations is
of advantage particularly when the poink where a power source
iz available is a long way off.

Moreover, as the lead curreat is absorbed by autotransformers
at right and left, the induction voltage on the long communigation
line is offset and the gurrent with which the rails are charged
is contained, with the presult that the effects of & reduction of
induction hazards is of significance. If the distance between
autotransformers i3 about 10 km for a load which comes in the

" neighborhcod of the load for the conventicnal railway lines in
Japan, the characteristics of communicatiaﬁ inducticn are practi-
cally the same as those of a B.T. feeder system in which 8T's

are installed at an interval of 4 ﬁm.
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In order to install AT's with a considerable capacity at
every 10 km, however, there would be a necd to install trolley
lines and feeder wires of one and the same insulation class.

There would be no booster sections but the circuit wauld become
complicated in composition.

{4) Cocaxial Cable Feeder System

In the coaxial cable feeder system, & coaxial electric power
cable is laid aleng a railway line in addition to a direct fueder
cireuit (with MFs}, and at every several kilemeters, the internal
conductor of the coaxial cable is connected with.the trolley line
and the external conductor with the rails,

pistribution of the electrlc current in the coaxial cable
feeder system is similar to that of the A.T. feeder system, so
much so that the effects of a reduction of communication induction
is of significance. As the mutual impedance between the internal
angd external conductors 1s great for a‘coaxial cable, the recipro-
cating impedance drops to a significant degree, and the distance
at which feeding may be done is as long as, or longer than, that
of the A.T. feeder system, depending on the specification (thick-
ness) of the coaxial cable.

The coaxial cable feeder system 1s of disadvantage in the
sense that coaxial cables dre dear and it is difficult te restore
to normalcy the coaxial cables which are cut of arder, but these
factors must be taken intc‘acccunt as against the total cost of
the system, mutual spare systems of the upper and lower coaxial
cakles and cother coperation methods.

The capacitance to the ground of the feeder wire (internal
conductor of the ceaxial cable) is about 10 times greater than

in the aerial suspension type. Given this facter, it is necessary

to solve problems, such as on an increase in the action burden of
lightning arresters forthe feeder circuit in the light of an
expansion of the harmoniec current caused by a significant drop

in the resonance frequency of the feeder circuit as well as the

coocrdination of insulation.
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JNR installs coaxial cables for several kilometers in a
section of Shinkansen's power transmission system, and the use
has been favorahle for several years. MNowadays, coaxial czables
are adopted in the feeder system of tunnels on a full scale,
albeit for several kilometers. The reason i3 becayse the total
cost of this system is lower than the cost of engineering works
far other systems for which much space must be set aside for

the composition of aerial cirguits.

£-1-6 Compariscn of Induction Voltage between Feeder Systems

The simulated computatien of induction voltage in various
feeder systems is done helew,

The condition for this computation is that an attempt is made
tc compute the induction voltage of the communication line which
is generated when a single load moves along the feeder circuit of
each model, and that the basic wave and an BOO Hz noise wave are
taken up for a comparisan that the direct feeder system, B.T.

feeder gystem and A.T. feeder systenm are compared.

{1) Comparison of Induction Voltage of Basic Wave

of the induction voltages which are generated in the com=
munication lines {with route lengths of 1, 2, 4, &, 16, 24 and
5S¢ km) positioned at a peint near the feeder point of each
feeder circuit,.a point close to its median point and a point
close to its end, the greatest voltage is computed for separating
disténces of 50, 100 and 300 m, as indicated in Table 6-4.
A study under JNR regulations shows that there is no influence
in the B.T. fecder system as against the cﬁnstant induction risk
voltage critical value {60 V} in the case of cammunication lines
{not shielded) with.separating distance of 50 m and that in the
case of 50 km, the voltage exceeds the critical wvalue in the A.T.
feeder system. In the direct feeder systen, communication lines

with lengths of more than 4 km are affected.
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Inductive voltage in tne case of f = G0iiz

v

when the separating distance is 100 m in the A.T. fceder
system, the voltage is lower than the gritical value. In the
direct fceder system, the veltage exceeds in the critical value
when the communication lines are more than 16 km in route length
even if the separating distance is 300 m.

From these results, the induction voltage increases virtually
in the order of A.T. < B.T. < Direct when the communication lines
are short, as indicated in Fig. 6-31. wWhen the communication
lines arc long, the order is B.T. < A.T. < Direct. Particularly
in the direct feeder system ipn which the communication lines are
long, the induction voltage is about 7.7 times as big as in the

B.T. feeder system.
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When a communication line, 1 km long, is hypothesized in
the position of each feeder circuit, the maximum inductien

voltage generated in each communication line with a length of

1 km by a movement of the load is computed as shown in Fig. 6-4.

v
20 -
o Direct feeder
E sy stem
=
& ~“—--*~_-~ﬂaﬂ‘f, Average
= - - ]
no1sf (1.43)
L B.T, feeder 3
B system
o

3.5 P _;l”ii“%e A.T. feeder
E : 10L -0) syYstem
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Fig. 6-4 Maximum Induction Voltage of 1-lm-long Communication
Line at Every Kilometer in Feeder Systems
{separating distance S5SCm)

when these induction veltages are averaged for each feeder
cirepit, the indurtion voltage stands at about 15.7 ¥ in the
direct feeder system, about 11 ¥ in the B.T. f[eedcr system apd

about 7.7 ¥ in the A.T. feeder system. when these mean values
are compared with that of the B.T. feeder system at 1.0, the
mean value is about 0.7 times bigger for the A.T. feeder system

and about 1.43 times bigger for the direct fecder systom.



{2y Cémparisnn of Voltages of 800 Hz Noise Lovel

. Of the noise voltages {longitudinal electromotive voltages)
which are generated by a movement of the lead in the c¢ormunication
lines {with route lengths of 1, 2, 4, &, 16, 24 and 50 km] instal-
led at a point near the feeder point of each feeder circuit, a
point near its median point and a peint near its end, the maximum
veltage is computed for ﬁhe separating distances of 50, 100 and
300 m as indicated in Table &-5.

In the table, the route length of the feeder is shor-er in
the direct and B.T. feeder systems than in the A.T. feeder systen,
s0 that the route length of 50 km in the A,T. system is added.
Given this fa:tér. the longitudinal electromotive voltage of
the communication line is computed in the state @r a matched
feeder on the assumption that the next feeder circuit (with the
sam& route length} stretches Erom the segtioning post. Therefore,
the load is single when the communication line extends aver bath
sides of the feeder circuit of the sectioning post, so that
whichever large noise is adopted. Here, as the exposed
length Dﬁ the cormunigation line bocomes shork, the noise woltage
becomes small as indicated in Table 6-5.

From these findings, the lengitudinal electromotive wwolrage
becomea large in the order uﬁ A.T. < Dirgct<B. T. when the com~
munication line is as short as 1 km, as indicated in Fig. 6-5.

In proportion as the route length of the corunication line in-
credases, the voltage increases in the order of A.T. < B.T. < Direct.
When the cosmunication line has a route length of more than 13 km,
thﬁ voltage increases in the order of B.T.< A.T.< Direct. When
the communication line is longer than 24 km, the voltage is about
6.5 times bigger in the direct feeder system than in the B.T.

feeder system.
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Induction Noise Voltage of Communication Lines
of Communications in Feeder System (Vn)
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wWhen this is compared with the basic wave (60 Ez), the
effects of the degrading current by the ground leakage admit-
tance of the rail in the case of the noise voltage is smaller
than in the case of the hasic wave, s0 that when the route
length of the.communigatian line is short, the noise voltage
caqservely beccmes higher in the direct feeder system than in
the B.T. feeder system. However, the ratic is smaller than
in the case of the basic wave. When the communication line
is morc thap 24 km, the ratio in the direct feeder systen is
about 6.5 times than in the B.T. feeder system, smaller than
about 7.7 times for the basic wave.

when a communication line of 1 km in lengrth is hypothesized
for each feeder cireuit, the biggest longitudinal eleccremotive
voltage which is generated 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 inficate that the maxipum and minimum
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breadths of the noise vertical voltage in the antire section
of the feeder circuit are greater than in the case of the
induction voltage of the basic wave,

When the maximum neise woltage in each section of the
l-km-long communication line is averaged for the entire section
of the feeder circuit, the noise voltage is about 2,320 [oV)
in the direcr feeder system, about 3,470 [m¥] in the B.T. feeder
system and about 2,120 |m¥] in the A.T. feeder system when the
separating distance is 50 {ml. From these results, the logitudl-
nal electromotive vwoltage stands at about (.61 time in the
A.T. feeder system and about 0.85 time in the direcc feeder
system when the noise vertical voltage of the B.T. feeder system
iz gt ak 1.0, when they are compared with the induction voltage
of the basic wave, there are converse signs that the naise
vertical voltage i3 somewhat smaller for rhe A.T. feeder system
{about 9.7 time as large as in the case of the basic wavel and
that of the direct fesdoer system {about 1_43 times as ?iq as in
the ¢ase af the basic wave! is smaller than that of the B.T.

feeder system.

£-1-7 Meazures against Induction Hazards

When measures against induction hazards are to be taken, they
must be studied from the diversified technological standpoint while
returning to Lhe-oriqinal point of the electrification program.

For example, density of public communrication lines by the
economy and citizen's activity, eritical values of ipduction veltage,
atc., and legal restrictions in the country where ele&trificatiun
is to be stepped up must be studied in a comprehensive manner to
work cut induction measures. If an erronecus step was taken, what
was done for an improvement of railway transportation with electrifi-
cation would likely to result in generating induction hazards.

The flow of weasures against induction hazards in normal cir-

cumustances is shown in Fig. 6-7.
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As indicated in the figure, the inducticn measures for A.C.
electrification may be divided into the following types.

Measures gn the feeder's side

Induction side
Measures on the #lectric vehicle's side

Measures on e oo ication route's .
side the communicati - 5ide of the induced

As far as induction measurecs are cancerned, the induction
hazards shoyld be restrained as much on the induction side as
possible, before steps are taken on the side of the induced.

As measures on the side of the feeder, the'B.T. and A.T. Systems
are widely in use. As regards electric vehicles, induction is
gencrated by the thyristor of the phase control, so that it has
become a practice to take harmonic wave measures.

Even if these measures are taken, ths induction hazards on
the side of the induced cannot be completely eliminated. Given
this factor, it is negessary to take measures against induction
hazards, such as for communication routes. -

The induction hazards with A.C. electrification come in
electrostatic and electromagnetic induction.

The electromagnetic induction voltage is geperated by the
added voltage of electric vehicles, giving rise to sericus hazards,
such as noise in the communication line, difficulty to listen to
in telephone conversgations and erronecus connection of exchangers.
As for the countermeasures, scopes, methods, etc., are determined
on the kasis of a preliminary induction caleulation, but they ara
Cﬂﬁpliﬂﬂtpd and difficult. HNormally, the communication route is
shielded with a cable and the track circuit is altered, such as
with a change in system. As a matter of course, the track egircuit

for electrification itself uses a feeder circuit and rails, 'so
Ithat the insulated current of the contact wWire is mixed, bringing
about a direct impact. For this reason, it is necessary to change

the system of the conventional track cilrcuit.
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In the focllowing, ap attempt will be made to introduce the

basic matters related to contermeasures. against electromagnetic
induction.

(1) Heasures on Feeder Side

In the B.T, feeder system, as is discernible from Fig.
6 - 8, the return current which has leaked to the ground is
boosted by the boosting line due to the boosting effects of
the booster transformer, and the volume of indﬁétion ter the
cuéside varioes, depending on the locational relation betwezn
the electric wehicle and the bogsting line. The volume of
induction is greatest when the location of the electric vehiele
coincides with that of the booster transformer. The interval
for installation of booster transformer can be éetermined with
the volume of induction to the extearior taken into consideration.
in JHR, the distance is about 4 km in the suburban areas and
1.% km in the built-up area. '

In the A.T, fecder system, as is discernible from Fig. &-9,
the current which has leaked to the ground flows to the ATs at
both ends of the load point, the direction is reversed, and the
distance at which induction is given toe the ocutside coincides
with the distance between AT and AT, the electric current being

less than half that of the B.T. system.

JHR standardizes the A.T. interval is set at 10 km, but in
a comprehensive perspectiée. the induction degrading effects
are practically the same as in the B.T. feeder system.
The distribution of the load current in the A.T. feeder
system is not so simple as in the B.T. feeder system, and there

ia no simple way of knowing at what lead point the volume of

induction beocomes greatest. Conseguently, this computation is

difficult to make, unless a computer is used, and the inducticon

is computed after defining Zmp - km.
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Note: The distribution of the load current is virtually determined by
the section between the load point and the beoosting line, and
even if the load moves, the induction voltage remains virtually

constankt.
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In thiz equation, as indicated in Fig. 6-10, the electric
currents with which the trolley line, feeder line and rail are
chargad are expressed as Iy, I:, and li, respectively, and the
mutual induction coefficients with the communication line are
expressed as Mje, Mjc and Mjc, respectively. The induction

voltage Vp of the communication line is:
Vp = ~Jwi{Miz Iy + MzcIz + MacIa) &

where L is the length of the induced communicaticn line.

Herwa, in case the contact wire and the communication wire
are separated from each other to some extent, the distribution
of the load current, extending over the feeder circuit, changes
in a complicated manner in conjunction with a movement of the
load. Conseguently, the inducing current is computed in terms
of Am-Fm for each section, and the highest wvalue is taken up for
that section.

Mic ™ Mip = My = M
=1e] tha£

Vp = -JuM{I; + I + I3}k
Here, it is defined that

(i1 + 1z + 1312 = Agp-ka

VE = 'jwn'ﬁmp'm
The induction voltage which is generated in a ¢emmunicaticn
wire is computed is prospectively computed after the maxioum

Am-Km has been caleulated. The Am-Km is the parameter with which

the induction voltage is realized.
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Fig. &-10 Am-Km of Feeder Circuit

{2} Measures for Electric Locomotive

when an electric locomotive cantrelled with a thyrister
chopper travels in a section electrified in A.C., a harmonig
wave is generated in the feeder circuit, so that filkers are
installed in the electric lecomotive, the number of divisicns
on the sccondary side of the main transformer is increased,
cumulative control apd other measures are taken.

On the cther hand, in the computation of the noise voltage,
the eguivalent disturbinglcurrcnt {(Jp} for which the harmonic
wave of the electric locomotivo is assessed is used. The induc-
tign voltage is in proporticn to the equivalent disturbing
current. For any electric locomotive and car, it is necessary

to minimize the equivalent disturbing current.

(3) Measures on Communicaticn Side

According to the equation for the prediction of induction,
the inducticn voltage may be reduced if the mutual induction
coafficient, length of the communication route, shielding coef-
ficient of copmunication cables, degree of equilibrium, etc.,

are reduced.
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(a} Method of Reducing Mutual induction coefficient (M}

The mutual induction coefficient (M) is a constant which
is deternined by the separating distance between the feeder
cirguit and the commnication wire, ground conduction ratio
and fregquancy.

The earth conductivity is determined by the soil and the
frequency cannct be changed. fonsequently, the separating
disrtance pust be made longer te reduce M. Communication lines
other those used foar a railway line -- i.e., public and other
communication lines in areas octher than those in the raily
site -- nust be moved away as far from the raily line as gos-
sible, such as by changing their routes,

However, it is difficult for the sake of security and
reasons to keep a railway communication route from the railway
Site in normal clrcumstances. Giwven this fastor, it is im-
puss;ble Lo reduce M,

.Incidentally. the relationship between the earth con-
dpctivity and the separating distance and the mutual induction

coefficient is shown in Figs. 6-11 and 6-12.

(b] Cormmunication Circullt

The -ommunicarion circuit is divided as it is put in with
insulaﬁing cpils at an appropriate interval as shawn in Fig.
6-13. '

Here, the distribution of the indugtion weltage in the
communication wire is shown in the lower part of Fig. 6-13.
However, this system is applicable tc for a D.C. circuit and
in case small sections are prepared with a large number of
insulating coils, the loss in transmission cannot be ignored
in the light cf the loss resulting from a combination of

insulating coils.
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i¢] Methed of Using Shielded Cahles

AS regards the shielding coefficient of a shinlded
cable, the larger the inductance of the cable sheath, the
better the shlelding effect. Consequently, shéathing with
steel belts which raises the permeabllity is of much effect.
The smaller the value of the earth resistance for the earthing

of the sheath and that of the sheath, the greater the effect.
K = (Ry + Rg)/(Rg + Re + juwL)

where ¥ is the screening factor, Rg is the resistance of the
sheath (Q/km), Re i5 thé earth resistance of the sheath {{l/km)
and &% is the reactance of the sheath (/km).

Ag is discernible from this guation, the screening facteor
against noise is smaller than that for the cormercial frequency.
The specifications of aluminum~5he;thud steel belts for out-of-
town communication cables, as indicated in Table 6-6, are that
tha screening factor is set at less than 0.6 with the electric
current at 50 or &0 sz]. the electric field at [V/km] and
the earth resistance at 1 [}/km}. For Shinkansen, however, the
screening factor is set at 0.4 with the electric field at iﬂﬂ

[V/km] and the earth resistance at i [{i/lm}, as the inducing
current is big,
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Table E-6 Specifications of Streening Factor of Cables
in Sections Electrified in A.C. [JHR}

Type of cahle Screening factor zzjigtlan electric

Cables for conventional

railway lines Less than 0.6 50v ko

tables for Shinkansean Less than 0.4 100 ¥/km

Of late, cables with electroragnetic steel belts which
are designed to raise the permeability in order to set the
screening factor at less than 0.1 have bheen developed.

In principle, an underground burying methed is used faor
aluminum sheaths. In order to reduce the gonstruction cost,
the cables the aerial suspension of which is made possible
by corrugating aluminum have alzo been developed.

As regards the earthing of long shielding cables to be
installed near a railway, JHR makes it a practice to sat the
_resistance at less than 5 {f)], while taking account of actual

construction, and carry it out at places at an interval of
several kilometers where earthing resistance may be reagdily
secured. According to a trial computation in which a variety
of conlitions is hypothesized, the shielding effect may be
inprﬁved if-earthing is done halfway in addition to both ends.
Howewver, ib would not be of effect if the earthing resistance

at a halfway point is greater than that of both ends.

(@} Method to Minimize Balancing Deqree of Clrouit

In ﬂnrmal circumstances, a communication route is com-
posed of two lines. If the ground electric potential of each
line is equal, no induction voltage will be generated between
twa lines. In actuality, however, the lines will be out of
balance due to the electrostatic capacity and line impedance.
Cables normally have a balance of 60 % BD 4B but the balance

.of the equipment with which the cahles are connected is lower
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in many cases, so that the balance of the lines as a whole is
reduced. To make up fer an imbalance of the lines, it is
advisable to insert lines of the kind which may assure a high
impedance for the ground and a2 low impedance botwean the lines.
The N-shaped repeating coil shown in Fig. &-14 has such func-

tions.

Fig..6-14 ‘N-shaped Repeating Coil

(e} Other Methods

Carrying is done with the use of a frequency which is not
affected by induction neise., The abnormal voltagé is chased to
the ground with the installation of arresters, dralning coils,
etc. The methods employed by JNR are shown below.

The induction measures of the exchange telephone and dis-
patching circuits for which15hieldipg cables are used are
irdicated in Flgs. £-15% and 6-16. Arresters are used for the
arresting of lightning and other induction measures and other
measures are taken, wherever necessary, insulation coils,

N-shaped repeating ooila, etg., are alszo used.
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6-2 Composition of Transmission Routes
6-2-1 Outline

The gravity of telecommunications in the railway transport
system increases in the informaticn-oriented society.

Telecormunications take charge of transmission routes.

The transmizszion routes may roughly be divided into two systems --
wire and éireless systems. Both systems are linked to each other
and intograted to form a network of communication routes. The
networks of transmission routes vary, depending on the substance,
reliability, distance, number of routes, etc. For the composition
of a network of transmission routes, the most economical and
"effective method fitted to the c¢haracteristics of each network of
transmission routes is formulated.

In the days when telegraph and telephone lines played the
leading role, aerial bare wires constituted most of the transmis-
sion routes for railway communication. In recent vears,
however, it has become indispensable to transmit, process and
contrcl information in order to assure the smooth management and
increased safety of railway enterprises. Given this factor, there

has been a sharp rise in the demand of transmission routes and
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there have arisen strong calls for an improvement of their quality
and for a retaining of their credibility. Against this background,
the bare wires which have intrinstic defects in the form of limited
route capacities, induction hazards to cormunication by A.C. ele-
ctrification and instability caused by disasters, metesrolsgical
conditions, erc., have been replaced by SHF radio system and coaxjal
cable carrier for long-distance transmissicon routes between the head
and regional supervisery bureaus or central provincial institutions.
For medium-range transmission routes between a regional supervisory
bureau and work sites and betwaen work sites, the use oflcables has
been stepped up. Due an improvement of the guality of transmission,
data communication, centralized transffic contzrol (CTE) and cen-
tralized substation control {CSC) systems which are not directly
linked to various computers have been developed for the sophisticated
transmission, processing and control of information.

Table B-7 provides an outline of the frequency belrs used by

JHR's transmissicon facilities.

Table 6-7 Frequency Belts Used by Transmission Facilities

Type of
electric Frequency Facilities used
Wave
SHF 3,000 MHz v 30 GHz Microwaye route (7,500 MHZ)
Train telephone, train crew’s
" s W
UHE 300 Mtz 3,000 iz radgic telephone {100 MHz)
various types o©f liaison
Ay
VHF 10 MHz 00 MMz (150 MHZ)
BF 3 MHz 0 MEz Snow-plows (30 MHzZ)
For maintenance of power trans-
MF v 300 KHz " 1 MHz migsion lines and for ships
(2 MHzZ)
LF 10 A 300 Kiz Inﬂuctinn radio, cable trans-
Kz mission routes
VLF 1 KHZ 10 Kz Carrier circuit (bare wires and
telegraph)
i ier tele-
LF 00 Hz " 3 xHz Telephone wires, carrie
graph [vgcal)
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6-2-2 Cable

The rallway transport system is based on rails, along which
a variety of fagilities are installed, and there arises a need to

asgure a flow of information and liaison aleong them. For this,

it is neceﬁsary to install wire routes aloeng the rails. 1In the

old days, bare wires were used primarily for this purpose. The
bare communication wires are of such astructure that their electric
characteristics tend to change greatly under the influence of
mateorological conditions and to be affected by storms, snowfalls,
lightning and other patural disasters aﬁd man-made happenings, such
as robbery. Moreover, as their capacity ig limited, virtually

every bare Wire has been replaced by a cable for modern railways,

thus turning out to be nuseum pieces.

{1) wha: 15 the Cable?

gbrnally. the cable is a bundle in the shape of a rope in
which a large number of thin cocentric wires, known as core
wires, are insulated, twisted together and sheathed. For the \

communication cables, the core wires are standardized at 0.4,

0,6% and 0.9 mm in diameter, Other diameters include Q.32 mm

1.2 pm, etc. For the signal cables, some are twisted with seven

soft copper wires; some use soft copper Wires as their core
_wires. ' _

For the insulation of the core wire, it used to be a practice
to use 4y paper or vinyl; but at present, polyethylene (PE) or
foaming polyethylene {PEF) ls used. For PEF, fine air bubbles
are contained in the inner part of PE and the characteristics
of its transmission are improved. FPEF is used as truck line
cables, such as for carrier cirguits,

For the protective sheathing of the consclidated core wires,
it used to be a practice teo use lead, but since 1955, it has
become a practice to ﬁse polyethylene in most cases and vinyl in
gome cases. Nowadays, aluminum and Alpeth shearths are also 'used.

wWhen a cable is to be buried in the ground, it is sheathed with
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Fig. 6-17 Example of Cables Used by JINR
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a steel belt, vinyl, PE or same other material for anti-corrosion
and the prevention of external damage. For comuunication cables,
two core wires are equally twisted at an appropriate pitch, or

four core wires are equally twisted in the shape of stars and

they are assembled in layers. Or unsheathed cables are suspended

from catenary cables with hangers.

In sections electrified with A.C., an aerial-suspensign
method is not used as aluminum~-sheathed cables are used. 1In
recent years, aluminum-corrugated :ab;es have been developed,

‘making it possible to use an asrial 3uspension method and strive

ta reduge the cost.

6-2-3 C(Carrier Communication

A communication cable is the most basic route of transmission

but in general terms, the cable is composed only of a pair of core

wires for a single circuit. Consequently, in case there is an

increase in the volume of telephone ¢ommunigation, théra is a need
to increase the logarithm to a polnt where the demand may be
catisfied, but it woyld cost an enormous amount of money to in-
grease the number of medium- and long-distance routes. It would be
extremely cconomical if a method with which a plurality of com-
munication could be simultaneously with a single circuit. To satisfy
this call, carrier comwnication and multiplex transmission tech-
nigues have been developed, and what has been perfected by such

technigques is carrier technology.

{1} <Carrier and Multiplex Transmission

In radio broadcast, sound waves are converted into storng
and weak electric waves by meané of microphones in the studios
of each broadeasting staticn, but they cannot be broadcast as
electric waves as they are. Given this factor, each broadcasting
gtation carries {(transmits) electric waves at a specific fre-
quency to a receiver at each family. wWith the receiver, a neces-

sary channel is selected and voices are reproduced.

- 120 -



In carrier cormunication, therefore, the high-frequencsy
electromagnetic wave (carrier wave) which takes charge aof the
carrying is converted intc a voice signal or other wave (or
modulated) and transmitted, the signal components provided to
the carrier wave are taken out on the side of a recelver {or
recovered) and reproduced in woices and others.

As indicated in Fig. 6-1B, A represents the frequency range
{audic band) and 1s put to common use for cables. The ranges
other than A are normhlly open. If they are used -- e.g., the
signal wave which is the component of each unit of communication
is put in the B, C and P frequenc¢y ranges in an orderly manner
without being mixed with adjacenﬁ signal waves -- a plurality of

signal waves may be transmitted by a single route.

B B c D E F

i

a dkHz 12kpz 16kHz 20kilz 24kHz Z8kHz 32kHz2

dudio band Freguency ~

Fig. &-18 Frinciples of Fregquency Division Multiplex
Transmission

The system in which such a plyrality of independent signal
waves are accumulated in a garrier route and at the same time a
large nunber of Signals are transmitted is called a multiple com-
munication system. Of the multiple communication Systems, the
system in which independent signals axelarrayed in terms of
frequency and many signals are transmitted is called a frequency
division system.

In grder Lo use many circuits in a single carrier systen,
efforts are made to efficiently transmit gignals in carrier routes
in high frequency ranges. As a result, carrier cables, coaxial
cables and microwave communication have been developed. On the
basis of these developments, short-distance cable carrier tele-
phony systems, coaxlal carriler telephony systems, SHF systems, etc..

have been developed,
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{a) Carrier Telephony

The multiplex . carrier telephone the installation of which
is most popular at present is of the aforementicned systenm.
This system uses cables, more than 0.9 pm in diameter, and is
commposed of 12 channels in a frequency range of 12 to 120 kHz.
This system is also entirely solidified (transistorized).

With a cable care wire of 0.9 rmm in diameter, there 15 much
decrement for such freguencies, so that a repeater is installed
at every 12 km or so. %hen the distance excesds 100 km, the
distortion of the wave pattern becomes great and the 5/N ratio
worsens, so that the standard is ccﬁfined with this distance.
In Fig. 6-19, the gomposition of the system and the arrangement

of frequencies are indicated.
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Fig. 6-19 Composition of Carrier System (FD) and
Arrangenent of Frequencies :

In addition, there is a coaxial carrier system with
large-capacity carrier circuits, making it possible te compose

460 channels in a carrier range of 60 ™ 4,000 kHz and setting



the relay distance at agbout 1.8 km. For JHR'Ss Shinkansen, CTC,
£5C and various other information and control channels are ac-

commodated In preparing a basic carrier route,
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Flg., £-20 Cable Carrier Terminal Equipment

(2} Carrier Telegraphy

As a means to transmit telegraphic signals, a cable isg
directly charged with the direct current for transmission at
close distances. As the signal pattern is distorted in the
case of long-distanice transmission, a carrier wave with an

appropriate frequency is modulated with telegraphic signals
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and sent cut. The receiving side recovers it and reproduced
telegraphic signals. This carrier telegraphy system is in use.
There are a variety of carrier telegraphy systems, but the
principal ones include an amplitude modulation system (AM] in
which the carrler wave is made intermittent with telegraphic
signals and a frequency shift system {F5] in the carrier wave
freqguency is shift by the mark space of the telegraphic signal.
The AM system is of the single-current type in which the carrier
wave is made intermittent, whereas the FS system is of the
metallic return-current type in which the garrisr wawve currept

with wvaried Frequencies iz used.
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Fig. 6-21 Code Current Transmission System

For JHR, the F5 system is mainly used for low-speed trans-
migsion in that no distorticon is caused either by noise or laysl
}ibratinn. For the data transmission of more than 2,400 Lits/sec,
a phase modulation system-is adopted.

JHR'B F5 syskems come in two typés =— a system for audio
frequencies in which frequencies within the audioc range (300
3,400 Hz} are used as carrier waves and a system for super-
audible frequencyare usedas carrier frequencies. For the former,

a carrier or SHF telephone ¢ircult is used and 6 or 12 telegrarphic
channels with a speed of 200 bits/sec are used, In the 1akter,

up to s5ix channels may be accumulated in a pair of cables but
there are difficulties about the quality of the chamnels. In

practically every case, the former system of audio frequencies

is used.



6=3%-4 EHF

As the modernization of transportaticn is in progress, it has
become indispensable that transmission routes should be developed
to cope with massive information and respond te calls for instant
deliveries of informaticn,

SHF is the highly reliable and stable transmission routes
by which an adequate number of channels may be offered and which
are high in transmiseion quality, proof against disasters and
high stable. [In JNR, the distance of about 2,000 km between
Hokkaids {northern’island] and Kyushu (southern island) is placed
under this SHF systems. The SHF systems total about 6,500 km in

aggregate’ length, formingpart of the basis for a modernized railway
today. '

fl} <Characteristics of SHF Communication
{a) Wide Transmission Pand — Multiplex Communication

The SHF system uses high frequencies of 3,000 ~ 30,000 Miz,

.Por transmission with 1,200 channels placed in this system,

a frequency width of about 3 MHz is required. As this is
1/1,000 that of the basic frequency and therefore comparable

té a frequency width of 0,001 MHz in terms of a 1 MHZ belt of
radlc waves. The greater the basic freguency, the easier the
hroadening of the frequency width, thus making it possible to
transmit much information. SHF for JNR's truck systems use

a 7,500 MHz band and the section with the greatest capacity is
1,200 channels.

{b] Good Directivity of Antenna -- Mo Jamming

when the f:equency is high, it is possible to come out
with an antenna with a sharp directiwvity f{travel of electric
waves in a specific dirascticn). "JNR's parabolic antannas
transmit parallel electric waves like a searchlight., This
Euggests that even if the same frequency is used at one and

-the same time, there will be no jamming as long as different
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routes are used for the electric waves., In JHR's SHF relay

gystem, two frequenties are normally used on an alternate basis

with a view to ecoanomizing electiric waves.

icl High Gains of Antenna -- with Small Transmission Qutput

The electric waves which are projected from a parabolic
antenna beams in a narrow space, s¢ that the gains are higher
than those of the standard antenna. Therefore, the transmit-
ter's output may be relatively small even for communication

at long distances.

{d} Straight Projection of Electric Waves -- Transmission with
High Rreliability and Stabiliey
In the SHF band, electric waves beam straight, so that
they are restricted by the distance of an obstructed view. -
As the transmission is stable and highly reliable, it is
possible teo transmit them at long and medium distances with

reflectors and repeated.

{e} Little Moise —— Excellent channel Quality

In the SHF band, electric waves are litrle affected by
natural and artificial noise and the good quality of circuits

is assured.

{f} Ipvulnerable to Disasters

For a wire route, wires are stretched at leong distance
but the travel route is space for the SHF system. In additior,
measures are taken against fires, storms, earthguakes, snow
disasters, floods, etc., for the relay substations and re-

flectors under the SHFE system.

ig} low Constructicn and Maintenance (osts

An SHF system is composed of an extremely large number
of channels, so that the cost per circuit is low, making

this system econcmical. The enly construction required for



this system is that during which its relay stationg are

constructed. The construction peried is shorter than that

af a wire eircuit,

(2} Cutline of JNA SHF Communication

{a) Communication System

The SHF communication system for JHR's truck lines is
known as an S5-FM system. In grder to multiply many calls,
the amplitude is modulated with gifferent frequencies for
each circuit. The group of frequencies thus produced is
frequency-modulated with a radio transmitter and beamed as
electric waves..

Then there is another frequency modulation systen in
thch a number of circuits are arrayed in time under a2 puls
code modulation system and then freguency-modulated. This 1is

known as PCM-FM system and used for some sections.

(b) Spare Route and Set Systems

For the SHF route for a truynk line, a spare route systen
which may assure a highjcredibility iz adopted. In the spare
route gystem, indicated in Fig. 6-22, two sets of radio
facilities with two different frequencies are installed --
one for one route and the other for two routes -— and the
transmitters of both routes are in gperation at all times.

. Here, either of the two routes is used by the receiving side.
For this reason, two radioc routes ﬁre in operation at all times
and even when one route is puk out of order due to some redson,
the normal route may be automatically and instantansecusly
switched on the receiving side to assure the continuity of
commynication., This system therefore is highly credible.

A spare set system 1s installed in SHF sections other
than those where the spare route system is in use. In the
apare st system, as 'indicated ianig. 6-23, only one route
is installed but two radios are installed. If one radio has

braken down, the other one iz automatically switched on.
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T : Terminal station equipment

v - Video combiner equipment

B :+ Branching devicge

W :  Supervision rack

E + FRelay and exchange system

TR: : Transmitter-receiﬁer for detection and relay

TRz : Transmitter-receiver for Heterodyne relay

A :  Antanna

Fig. £-22 Comprehensive Systems Chart of Spare Route Sysiem

Ft

T : Terminal station's equipment
TR : Transmitter-receiver

8W : Wave guida switch

Fig. 6-23 Spare Set System

Howadays, there are many cases iq which the spare set systenm
is preferred to the spare route system in the light of the im-
proved reliability of the equipment and the allocation of ele-
Ftric wave frequencies. JNR makes it a practice to use the spare

set system for new installations.
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{c) BRelay Systeo

SHf features a long electric wavelength and is close in
wavelength to light so. that it takes on the character of
straight propagation like electric wavés. In arder tc ecta-
blish a long-distance circuit, therefore, a relay station will
be set up within a visible distance (310% 80 km) and the electric
waves will be relayed from one such relay station to ancther
to connect a place at a faraway place. At relay stations, such
as supervisory and contrel stations, where many clrcuits have.
t< Le branched and places where circults have to be branched
to ralse the coefficiency of use of the gircuiks, & video
relay systeo is used. For other stations, a heterodyne relay
system is employed, In case the visihility 1is obstructed by
mountains, etc,, as relay systems do not have to be introduced
as the distance between relay stations is not long, a reflector
plate is placed at a place from which both relay stations are
éisible for 2 non-feeding relay,.

6~2-5 Digitalization
(1) what ls the Digital?

The éodernizaticn of railway transportation is getting all
the more brisk in conjunction with the sopiistication of soctal
activity. In' thls environment, there ha:'?. appeared a phencmenon
of reversal by circuit in which the conventional telephone system
sustained by analogs is replaced by non-telephone communication,
such as facsipile communication, data communication and control
commnication. There are signe of a further adwvance in the
appearance of this phenomencon with the development of en-line

computers.
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on the other hand, the advance of semiconductor technology
and digital signal processing technoclogy, to say the least of
L5I=, la remarkable, and it mpay be predicted that there will be
rapid progress in the digitalization of transmission routes.
Such signs are not gonfined to transmission routes and the
digitalization of exchange and terminal equipment will make

progress, shifting te the formation of a comprehensive digital

netwark.

{21 Merits of Digital Communicaticn
The merits of digital communication are as fallaws:
{a) Strong against induction noise and little effect from a
level change.

(b] The costs for terminal equipment and repeaters are

greatly redused due to the introduction of LSIs.

{c) Stable and high guality of transmission., This particularly

holds true in the guality of the transmissicon of data.

The P(M system is compared with the FOM system in Table 6-8.
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Table 6-8 Comparison of PCHM and FDM

Item of comparlseon

PCM ayetem

FOM #ystem

@

Hoime resistance

(1} A3 the pulse ig reproduced and
relayed, there is no multiplica-~
tion of noise, distertion and

leakage in the transmissicon route.

(2) The 5/N ratio of randem nolse in
gne relay Secticn is good envugh
with 20 dB.

{1} Tha nodae which interferes and
mixes in the whole of a transmission
route iy all agfumulated an) appesrs
8k circult noise at the final receiv-
ing end. .

2] An 5/ racio of 65% 75 dB is regquirad
for one rulay section.

Cablw used

City PE cable usalle

our~-of-town PEF cable

@&

tevel medulation

As dlectric waves are reprodoced,
ralayed and transmitted aftar thay
have been converted intg pulse codas,
thn changes in the joes of thq LrAns-
misgion raute do hot appear as loval
changes in the circuit., There ara
alight level changes in the terminal
gratlon's oquipment jaboue 0.3 dFS .

As luwel changes by the AGT fungtien and
thase of tha comprasscr and the tarminal
station's ogquipment are taken intoc ac-
count, it is noecessary te dot the S5/H
ratic at 2 di.

fand of tranEm.s-
‘slon [requency

(1} Maximum frequency: 1,544 MHZ

|2} Holay disgtance; Rogulred at
eyary 2% lkm for £0.9 mm cables.

(1} Freguency band: 127170 kiz

(21 Relay distange: Reguired ab avery
10% 13 km for $0.9 mm cablos.

Cast-offectivenass

Expensive wave filvers are not used.
Digital IC 18 fitted to mass-produc-

tion,

Expensive wave [ilblérs ace used bath at
terminal stations and for repcatofls,
limiting tha reduction af the cost.

Flexibility of
channal panel

Therw 35 ane Kind gf channel panol.
Interghangeable fop all call chah-
nels.

Mot inLerchangeabla because filters with
difFerent Erufuencios aru used Tor call
channels.

o @ ©

Superigrity ln date
transmisston

A% thu transmission sigunale are
pulsas in terms of the guancity of
digitala, massive information may ba
crapsmltbed wfficiagntly and highly
qualitativuly, depanding on Lho data
kignal procussing system.

In gencral, Lhe transmission coafticient
{capacity of transmission of data wsignaldl,
albeit different depunding on the sprad
and processing of the data signal, is

1es3 than 1/4 that of the PCH Syubem.




{3} Digitalization at JHR

In JNR, there appeared a phencmehan of reversal in 1980 from
telephones to data channels, control channels, etc., by type of
channels. Al present, practically every transmission route
is of the FI¥ system which uses analogs and the circuit coef-
ficiency cannot necessarily be described as favorable.

Given this factor, JHR, attaching improtance to the merits
which are to be gained from digitalizaticon, acts in concert
with the trend of CCITT and NTT (Wippon Telegraph and Telephone
Public Corporation) and intends to digitalize transmission

routes, exchange eguipment, etes,

As regards the present digital PCH system, specifications
are set f0r:

Wire System: PCM-24 (1.5 Mb/s, 24 CH)

Wireless system: 2 GHz PCM (1.5 Mb/s, 24 CH)
{1.5 Mb/s = 2, 48 CH}

The various problems posed for a shift from FDM te PCM are
under skudy at present.

Cne characteristic feature of the HCM system for which
specifications are set by JuR is that as transmission routes
are prepared in parallel with railway tracks in railway com-
munication, the drop and insert of transmission route is of
merit., D[rop insert, as indicated in Fig. 6-24,.i5 a system in
which conly the necessary channels aro branched and the electric
waves are converted into voice signals and other channels are
relayed in the form of digitals. In this system, Stations B
and C adopt the drop and insert system as indicated in Fig. 6-25,

and the transmission route may be constructed at low cost.
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6-3 Optical Fiber Communication

‘§-31-1 Optical Fiber Communication

Ten years or so have elapsed since the full-fledged research
and development of optical ccmmunica;iun with light as the medium
was started,

in this system it is feasible to compose favorable communica-
tion circuits by taking advantage of the characteristics of optical
fibers, such as broad band, low loss, non-induction, small diameter
and light weight. For this reason, optical fiber corcmnication
has been developed to a pointlwher& it mpay be put to practical use
not only in publiec teleccemunications but in railway communication
as well.

The use of the optical fiber cormunication system makes it
possible to transmit picture images broad in band and data the
gquality of whirch must be high. Multiplex communication, be it
large or small in guantity, is also possible in a flexible manner
and transmission may be done at low cost,

optical ccmmuni&ﬁtiun is exprcted to play a majer role in the

composition of cost-effective digital communication networks in

future.

6-3-2 Development Laser and Optical Fiber

(1} Development of Laser

Light is a kind of electromagnetic wave. The light which
is available in nature is a combination of electromagnetic waves
the band of which is very broad and which does damped oscillaticon
{Fig. 6-26). In 1960, however, Mainman of the United States
succeeded in experimenting the oscillation of ruby laster. This
laser, quite different from light available in nature, is co-
herent light in teyms of space and time with a narrow frequency
band like electromagnetic waves, such as microwave used in

- radic communication. In 1962, Nathan et al. succeeded in de-
veloping semiconductor laser which oscillated 'infrared pulses

at 77[¥]. Many improvements have since been made and semiconductor
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laser which continuously oscillates at radm temperature with a
life span of more than 10° hours has been developed. Semni-
conductor laser has many features. Compact and lightweight,
it may ke oscillated by small electric current and if this
electric current is modulated by signals, the output light may
be directly modulated. Senmigonductor laser has hecome the

principal cptical source for optical fiber communication.

e

Yk
W o
= O,

Fig. 6-26 Difference between Incoherent Light, Such as
Natural Light, and laser Light

Laser light has a frequency of several hundreds of thousands
of GHz, that is, more than 10" times as big as the maximum fre-
quency ©f several tens of GHz {milliwave band] of the electric
wave usad in comomunication at present, ang nhas the potential of
carrying information mors than 10“ times as much as that whi:h.

is carried by the electric wave.

{2) Development of Light Fiber

Even laser light which has the abovae features is subject te
dispersion and degradation in the atmosphere and cannot be trans-
mitked as leng in distance as the electric wave. photoconductive
wave routes with lenses had been under study but were not put to

practical use as there are many difficulties.

—13E.._



————y ?
A e !
T oh arLmed e
.
T
L

2
=

-
-
oh

r

Fig. &-27 Semiconductor Laser Element (Integrated with
Optical Fiber Connector)

In 1970, Coning Cozpany of the United Statcos dévelaped
a low-loss quartz cptical fiber with 20 dB/km, and thcore hasbeen
rapid progress in making optical fibers low in Loss. In .:.lapan_. a
low-loss optical fiber with 0,22 dB/km, close to the thearetical
limit, at a wavelength of 1.55 um has been developed in Japan,
beconing an assured transmissicn route for optical communication.

The optical fiber which has simplest construction is optical
fiber of the step index (51} type with a core of an evenly high
refraction rate ny at the center and a clad of a low refraction
rateing. In this, light is transmitted with a repetition of
total reflection at the boundary between the caore and the clad.
one problem posed for optical fiber of the 51 type is that the
transmitted waves fall apart during the.course of their transmis-
sion, as the light transmission speed varies between rays of
. light with different projection angles to the boundary surface
or those in different transmission modes {mode dispersion).

In contrast optical fiber of the graded index (GI) type is
such that by providing the refraction rate of the core with

square distribution, the transmission speed is equalized for



The arrow indicates the concept

Refracticon rate

each mode to reduce the mede dispersion {Fig. 6-28 (b)). At pre-
sent, optical fiber of the GI type is péimarily used for optical
communication,

In addition, optical fiber of the single mﬂae type the core
diameter of which is smaller {geveral pm) and which can ha Lrans-
mitted only in one mode has alsc been developed.

The low-loss optical fikers are primarily made of quartz.

In addition, multi-companent glass, plastic and their compounds

are used.
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Fig. 6-28 Optical Fiber of Each Type

The clad diameter is 100G ~ 200 um.’

The tore diameter is S0 " 100 um for the SI and GI type
and several wm for the single mﬂdE:typE.

A photograph of an optical fiber cable is given in Fig. 6-2%
1

and a cross-secticnal picture of optical fiber of the CI type is

shown in Fig, 6-10.
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Fig. b-30 Cross Section of GI-type Optical Fiber

- 138 -



6=3-3 Merits and Applicability of Optical Fiber Communication

(1) One Merit of Optical Fiber Communication is That Transmission
Large in Capacity is Possible

cptical fiber communication features lower loses and larger
_capacities than the conventional goaxial cable communication.
This is still under study, but if an optical pultiple system is
used at the same time, it will be possible tE further enlarge
the tapacity. The specification of conventional coaxial cable

communication and optical fiber communication are compared in

Table &-9.

Table 6-3 Comparison of Coaxial Cable Communication and
Optical Fiber Cormunication

Relﬁy distance . Band wigdth
Coaxial cable S km 12 MMz
Single-mode fiker )
+ 1.55 um LD 100 km 12 Mpic/s
GI-type fiber - 10 km 100 MpitsSs
+0.8 % 0.% |m LD

* Under study

This feature might be described as the primary reason why
high hopes should be pinned on the future of optical fiber
communication. Optical fiber communication is used for large-
capacity communication at short and medium distances, such as
public telephone circuits, TV signals and picture-image infor-
mation, and for long-distance communig¢ation, such as seabed

cable communigation.

(2) The oOptical Fiber Cables are Small in Diameter and Lightweight

The optical fibers are extremely thin or 100 " 200 um.
That is why they are thinner and more lightweight than the co-
‘axial cables. This feature makes it possible to do construction
work with ease and in an economical manner and optical fibers
are usable for the interpal wiring of the machinery which have to
be lightweight and for which the saving of space is mandatory,

guch as aircraft and ships.
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{3} There is 4o Electromagnetic Induction Moise

For wiring along electric power transmission lines and
electric railway lines and inside industrial plants, optical
fibers are of advantage as they are not affected by inductinn:
Particularly for railway communication, drops in the cost of
the optical system would make it possible to make it non-

metallic, as there is no need to came out with inducticn

mEe3SUres.

[4) There is Ho Cross-talk :

With light used as the transmission mpedium, there is no

electric cross-talk as is the case with metallic communication

lines.

(5] Rescurce-éaving

The materials are inexhaustively available and there is no
danger that they will dry up, making it possible to produce

low—cost optical fibers in the future.

{6) Procf against WHakter, Moisture and Heat

Optical fiber cahkles may be used in such an unfavoable
environment which cannot be put up with by conventional copper
wires.

Optical fiber communication with such a variety of features
ﬂaE alsoc a variety of applications. To form economical and
gptimum systems in e¢ach field, there is a need to choose appro-
priate luminaries, light transmitting and receiving devices.

As Juminocus elements, light emitting dicdes (LED) are used
in addition to semicondugtor laser (LD to which reference has

been made earlier. 'LED is a semiconductor which emits incoherent

light but low in cost and long in life, being full usable foxr
small- and medium-capacity communication at short and medium
distances. As the linearity to the Eiﬁiting current is favorable,

optical fiber cables are fitted to the transmission of analogs,
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such as ITY, and also local communication of several kilometers,
such as the terminal circuit of data communication.
. Structurally, the optical fibers come in the SI, GI and single

"modes. The cost rises in this arder. The single-mode fibers
excel in bands and the GI-type fibers in non-relay transmissicon.
The components include quartz, which features a low loss but is
expensive, plastic the features of which are te the contrary.
and emlti-component glass which comes in between gquartz and
plastic. Then there are quartz core plastic-clad, multi-component
glass core plastic-clad and other compound fibers, and each has
its owm features.

- Low-cost Si-pin photodiodes and Si-APD which 15 somewhat
castly but excels in senstivit} and response speed are uysed as
light intake elements in the DLE Um band. In the 1.3-1.6 um band,
the only light intake element which is usable at present isg Ge-
APD, which has such demerits as high coast, much dark current and
poor mﬂi;ture characteristics. At pre.ant, the development of

devices with new materials is being briskly carrier out.

6-3-4 Optical Fiber Communication in JHR

The greatest merits which are gained from the use of optlcal
fiber comhunication -- in whieh the characteristics of optical
fibors are put to effective use and which-are made up of roubes
higher in quality and efficiency than ever -- as railway comunica-
tion are: (:) the less is low and transmission may be made among
several 5tatibn5 withoue a relay, (:} its broad band may be put
to effective use in forming systems for the transmission of sur-
veillance picture images and For multiplex transmission, and (:}
thé routes. which are not affected by electrification noize and
impulse noise may be formed, as the optical fibers are not affected
by induction noise,

JHNR has the following concept for the sectors in which optical
.fiber communication systems may be used in the furure while making

Full use of the above features.
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{1) Extensicn of circuit for trunk transmission routes.
{2} Replarement of FDM carrier.

{1} Transmissicn of ITV and terminal cireuwit of data cocmunication

ilocal system}

(4} leng-distance transmission of TV (band compressing system)

The secondary PCM group (96 CH wvoecalized at 6.3 Mb/s) and the
tertiary group {480 (M vocalized at 32 Mh/s) constitute the main
pare.

The seccndary group (6.3 Mb/s) using the optical system is
structurally shown in Fig. E&-31.

Terminal PCM
station A

PCM=-24(15¥3) T

PCM-24{25¥5) |—

1 6M-Mux b E/Q _0___.__Q_REP _0_.___:).30

Cptical terminal
PCM-24 [15Y5) [ cable PCH
Multiplex Optical Repeater staticon B

device exchanger

"pPCM-24(48Y5] ™

45¥5
{24CH * 48Y5 = 96CH)

Fig, 6-31 sSecoendary Optical Group System
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CAAPTER 7. PERFCRMANCE OF AC ELECTRIC ROLLING STOGCK
AND RATING OF MAJOR EQUIPMENT

7-1 Basic Performance

7-1-1 Introduction

The overall performance of electrle rolling stock is the
synthesized result of varlous performances which are the bases
of the operation of trains, such as traction performance, running
performance {running safety), braking performance, and current

collecting performance. In this section, the traction performance

+ of electric rolling stock is described.

7-1-2 Tractiom Characteristics of Electric Relling Stock

Force required for traction of trains is called tractive
effore. The tractive effort usually varies with speed. The wvalue
of the tractive effort 1ls determined by tha speed-tractive-effort .
characteristics which depend on the prime mover of the rolling
stock (traction motor] and by adhesive characteristics which
depend on the friection between ralls and wheelzs. The adhesive
characterlstics will be described in section 7-2. In this sec-
tion, the traction performance wlll be explained.

In general, the traction motors and the wheels are directly
linked by the gears in the electric rniling stock. Therefore
the traction characteristics are determined by the characteristics
of the traction motor. DC serles motors are primaiily used fox
the traction mntnrs.nf the electric rolling stock, and the DC
serles motors will be described in this section. Tha same

concept will be applied to ather DC or AC motors.

{1} cCharacteristics of Traction Motors
The general equation of the characteristics of DC motors 1s
P n
= - '=‘—‘-:;-'K| " @
E<E_ IRaZd}Eﬂ $
where E: Induced voltage (V]

Et: Terminal voltage (V)



1: Armature current (A}
R: Internal resistance of motor (i1}
F: HNumbher of poles
A: HNuoher of armature circuits
Z: Rumber of armature conductors
$: Effective magnetic flux for each pole {(Wh)
n: Number of revolutions per minute (rpa}
From the equation (:), the speed characteristic beccmes
P ‘ C:)
.0 .
Since the cutput of the motor is E.I (W], torcue T (kg-m)

becomes
E.-1 .
T=0, 976 « T-'U' -976.X; « . I=E3 - T @

In therseries motors, . therarmature:current:is:equal :to. "
field current; or there is a constant relationship between both*
currents. Therefore, there is a definite reiatinnship between
¢ and I in above eguatien. The relationship is referred to as
the so-called saturation characteristic and varies with such
structures of the motors as the number of turns of fileld windings,
field cores, and_armature.coreg, and the like. In.the range
where the current value is small, ¢ is approximately proporticnal
to I. If I is increased, ¢ is alsp increased but tends to satu-
rate. For silmplicity, it is suppoead here that ¢ is proportional
to I, and the Equatiuns'(:) and (:) are transgformed as follows

N O,
) For .
Cr=Kj.1? - @

The number of revolutions is proportional to the voltage and -
inversely proportiocnal to the current. The torque T is propor-

tional to the sguare of the current.

{2) Characteristics of polling steck

How let us consider the characteristics of the electric
relling steck on whigh this traction ootor is mounted. The

relationship of the rolling-stock speed V (km/h} and the tractive



efforc F (kg) on driving wheels with respect to the number of
revolutions n of the traction motor and torgque T are

v=—-——5ﬂ';'n'“ x 1077

®
pat SN0 ©)
where D; Diameter of driving wheel -

G: Gear ratio in reducticn gears

M: NHumber of motors

n: Transmiszsion efflciency of gears

In this case, the gear ratio has a very large characteristic
factor. With the same traction motor, if the gear ratic is large,
low speed but a large tractive effort are obtained. oOn the
contrary, if the gear ratlc is small, high speed and a small
tractive effort are obtained. The former is suitable for com-
puter trains and suburbhan trains in the pase of_electric cars,
ana for freight trains in the case of locomotives. The latter
is suitable for express or limited-expregs traing or locomotbives
for passenger trains. However, on recent traction motors, wider
weak field centrol is used. The wWeak fleld control correspond
in principle to the change of gear ratie. Therafore some electric
locomotives can be used both for passenger t£a1n5 and frelght
trains without discrimination.

The cutput P (kW) of the rolling stock can be obtained by
the following equation from the speed ¥ (km/h} and the tractive
effort F (kq) on the driving wheels:

P56 X 107 -

There are rated cutput, rated tr;ctlve force, and rated
speed In the rolling stock. The rated output is the maximom
cutput when the traction motor is operated at a specified [rated)
voltage under a 5pécified cooling condition (ventilation) for
a specified nuober of hours [continuous or 1 hour; contlnuous in
general) and the temperature does not exceed the specified temper-
ature rising limit. The operations of electric rolling stock
are not limited within this rated cutput, and the electric rolling



stock can be used in a region exceeding‘tha rated value for less
than a specified number of hours.
An example of the speed-tractive effort characteristics In

the actual operatiocn of electric rolling stock is shown in Fig.
7-1.

Tractles sffort, carfent end volisoe

A UEAYING wheel
= outpue

Flg. 7-1 An Exapple of Output Characteristics of Rolling Stock

At the start, acceleration is achieved at an approximately
constant current‘within the.limitraf adhesive performance {there-
fore at ;n approximately constant tractive-effort]: At-thia time;
the terminal voltage 1s increased in proportion to its speed.
When the terminal voltage reaches its maximum level, it 18 usual
to perform the weak-field control {(in some rolling stocks the
control apparatuses are not provided) , with the voltage being
kept constant. In geperal, since the fleld iz weakened so that
tﬂe armature current becomes constant, the input becomes constant,
and the cutput region is alsc constant. That is, the tractive
effort decreases in inverse proportion to-the speed. There is
a limitation in the weak field depending on the conditlons of the
commitation and the like in the traction mpotor, and the Field
ratio [(ratjo between the field current and the armature current)
cannot be decreased below a specified value (pipious field).

I{ the speed exceeds this value, the tractive effort rapidly

decreases, and the output of the rolling steock also decreases.



Therefore, there is no direct relaticoship between the actual
output and the rated ocutput, and sometimes the former hecomes
nearly twice the latter. The limit of the output ls determined
by the adhesive performance, the overcurrent 2nd gvervoltage
resistance of the traction motor, overspeed resistance, and the
like,

Therefore, the excellence of reolling stock performance is
dependent not only on the rated output but also on how broad the
gutput characteristics are. Rolling stock which is provided
with a large maximum output, a broad weak field region, and a
high allowable paximunm speed can be regarded as rolling stock
having excellent performance. If the temperature rise of the
traction motor is considered, it is advantageous to have rated
tractive effort.

The traction performance of rolling stoeck is described
above,' As for trains, train resistance 13 addéd to the traction
performance, and the accelerative force is then obtained. The
train resistance cozmprises 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 sometiomes called acceleration resistance.

The running resistance Ls resistance caused when the traln
runs on flat, 5traiéht rail track. The running resistance is
mainly composed of rolling_frictinq resistance between the wheals
and the rails, fricticn resistance of bearings at various por-
tions, and air resistance, The values of these resistances are
diffarent depending on the type of rolling stock, and experimental
squations have been obtained through running tests. when the
rolling stock is about to move, an especlally large value iz indl-
cated. This is called starting resistance.

when the traln runs on a gradient rall track, the train
receives grade resistance which is the component of the weight
of the train. This value is proportional to the value of the sine
of the angle of gradient. The curve resisiance varies with the

radius of the curvature and the rail gauges, and jts magnitude



is inversely proportional to the radius of the curvature. In
general, the curve resistance is small and does not pose a
serious problem., However, it should be ccnsidere& when the train
has to start an a gradient rail track with continuous Sharp
curves.

The relationship between train resistance and speed is
shownt in Fig. 7-2, Tractive effort and train resistance are shown
in Fig. 7-3. The portion wherein the tractive force exceecds the

train resistance expresses the accelerative force,

Train resletancy

GIada resiwtancr

Etarting exsldrance s ing
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1 ., Eparad
Fig.-7-2. Train Resistance. Curves
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If the tractive effort is lower than the train resistance, deceler-

ation cccurs. As a matter of course, the tractive effort when



the train starts should overcome the traln resistance [varies
with the weight of the trains and the gradfent). It should be
determined in due consideration of the conditions of the train
district where used and the trains. The tractive effort at the
start depends largely on the factor of adhesive performance
which will be discussed below. The relllng stock performance ig

greatly affected by whether the adhesive performance is good or
not,

7-2 Adhesion

The problems of adhesion can be divided into three; the problem
of the coefficient of friction (rcoefficient of adhesibnl between the
rails and wheels, the problesm of effective utilization of the

coaefficlent of adhesion, and the problem of readhesion.

{1 coefficient of Adhesion

The ratio between the maximum !imit of the force of the
driving wheelg which can transmit power without slipping on the
rails and the weight on the wheels is called the coefficlent

of adhesion {p). An example of the coefflclent of the friction
measured oo dry rails is shewn in Flg. 7-4. The average value

is 0.41 and standard deviation is about O.04E. When the rail

AVATAY W
walus

Fremehcy
]
¥

j

Lt PIRTLLY

Cowfficlant of suatle
frleeian

Fig. 7-4 Distribution of Coefficient of Static Frictien

surface is wet, the value drop slightly. If oil is applied, the



roefflcient ! odhrmion {4}

value drastically decreases. For actual rolling stock, since the
houndary between the adhesive state and the slipping state is not
clear and the welght of each axle varles, the coefficient of the
adhesicn as the rolling stock becomes apparent value.
the coefficlent of adhesjion decreases with the speed. The cause
i% considered to be the effects of the variation in axle weight
due to the up and down movement of the yﬂeel and axle. The
coafficlent is considerably reduced by rain, frost, snow, corro-
sion, dirt, oil, etc. on rail surfacea. The coefficlent of adhe-
sion is inecreased by Scattering sand on the rails. HeuSu;ﬂd
examples of the Bpe;d characteristics of tha coefficient of adhe-

sion.inJapan- are:shown. in-Fig. 7-5.
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Fig. 7-5 Distribution of Cocfficient of Adhesion and
Speed Characteristics
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Cowtficient of sllding fzigtlon I%)

When slipping occurs, sliding friction i3 caused, and the coef-
ficient of friction rapidly decreases in opposition to the slipping
speed. The coefficient of adhesion itself on the wet rails does

.not decrease very much. However, since the difference between the
coefficient of adhesion and the coefficlent-of rolling friction -
is small, slipping is consldered likely to occur. Measured examples
aof the coefficient of the rolling friction of AC electric locomo-

tives in Japan are shown in Fig. 7-6.
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Fig. 7-6 Example of Actual Measurement of Coefficlent
of 51iding Friction {ED75}

{2) Effective ptilization of Coefficient of adhesion

In order to ocbhtain as large a tractive effort as poseible, the

foliowing matters should be considered:
{a) Increase Axle Weight .

Axle weight cannot be increased too much. EBeavy axle
welight would break the tracks. Axle weight is limited by the

structure of rail tracks and bridges.

- 11 -



{b) Reduce Axle Welght Shift

At the time of starting, movement is caused by the trac-
tion force on the rail surface and the difference ln the height
of application points., Therefore the pressure of one axle
applied on the rails, that is, the axle weight, 1s shifted.
The shift of axle weight is reduced to a minimum by lowering
the transmission surface of the traction force as low as possi-
ble or by improving the transmission mechanism. ©Or the apount
of the shift of axle weight is compensated by changing the
individual forces of the motors (changing.the field ratioc or
the voltage) and_the like.

"“{¢) - Scatter 5and. on:the Rail 'Surfoces--

{d}) Increase the Humber of Control Stages of the Motors {or

Frovide Continucus Controll

The average tractive effort is hrought near the limit of

adhesion by increasing the number of the control. stages.

(e] Increase the Readhesion Characteristic

As for slipping (sliding), once the wheel begins to slip,
so-called sliding fricticn ls caused, the slipping can not
generally stop, and tractive effort disappears. When
slipping occurs, it is impartaﬁt to have the wheela readhere
as quickly as possible and to prevent the loss of tractive
cffort. EReadhesion performance determines the value expected -
in the distribution of the coefficient of adhesion hawving
broad dispersion, In the case of good readhesion performance,
a high adhesion coefficient can be obtained. 1In DC electric
cars which do not have readhesive functicn, a 0.15 adhesion
cocfficient 15 the limit which can be expected in the ac-
celerating region. ©On the other hand, in AC locomotives where-
in reaghesion can be perforwed, a cocfficlent of (0.3 can be

easily obtained.

- 12 =



As For the methods of readhesion, one method is to detect
the slipping with a slipping zonzor and forgthly acconpligh
reachesion by the use of sand scattering, Agtch returning, arca-
ture shunkting, aijr brakes, and the lixe. The other method is
natural readhasion by the use of circult structure and selection
of circuit constapts. The AC locomotives have excellent read-

hesion characteristics boecause of the latter,

o

Tractlve
wlfet

iy

ke

¢ ]
Slipping apeed

Fig. 7-7

In Fig. 7-7, tha traction Force becomes larger than the
adhesion traction foerce uW, and the slipping is supposed teo
start at To in the figure. As the slipping speed increases,
traction force decreases in accordance Wwith the characteristics
of tho motor as shown by curve A or curve B, While pW becones
the rolling friction with the slipping speed, the wvalue of u
becomes small and changes as shewn by a curve ﬁw- 1f the
characteristic of theo motor is as shown in the curve B. the
slipping is not stopped and dispersion occurs. In the case
of the curve A, the balance is obtained at the s5lipping speed
Yo, and the regadhegsion is accomplished. &As ghown in the
Figure, however it is not best for the tracrive effort to be
in this lowered =state, and it is expectéd that V4 will become
zero at the next chance. In the case of rheostatic gontrel,
or when the traction motors3 are connected in series, curve B
is obtalined, and the re;dhesicn characteristics are not good.
‘When the traction mntnfs;are all connected jn parallel, ang tﬁe

voeltage regulation at the terminals of the motor is small,

- 13 -



the readhesion 1s readily performed as in curve A.

In AC locomatives and rectifier-type locomotives have
better readhesive performance. They are provided with main
smoothing reactors, and as a result the readhesive charac-
teristics are improved, Fig. 7-B szhows the state of the =

readhesion, When a reacror is not provided, the curve is

I-.'

— TERCELDM
L1 34-141

-l-*

L !

Tm—p

] Fa
— SLLpELNg epeed

Fig. 7-8 Readhesion of AC Locomotives

described as broken line A. When a reactor is provided, the
reduction in the current of the motor delays is as shown by
curve A', and the slipping speed becomes larger than Vo, a
loop 1= deseribed in the direction of To to A' to T;, and the
readhesion is completely accomplished. 1In this phenomenen,
if the value of the reactor is small, the leop 1ls small and
convergence ocgurs at Yy, If the reactor is too large, the
decrease in the current is delayed, and dispersion is caused.

Therefore it is necessary to select a suitable reacter inductance.

T-3 Method of Determining the Rating of Ioportant Egquipment
7-3-1 -Method of Determining Performance of Rglling Stock

The characteristics of electric rolling stock are described
in gection ¥-1. Ewven though the Height-uf a train is given, the
load of the clectrie relling stock varies with the cenditions
@f the rairlway tracks {gradicnt, spved luigit, and the like} and
the operational conditions. This load is peculiar and different

frem general andustirial cachines,.  Load cenditions are inteor=ic-
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tent, vary from time to time, and temporarily exceed the rating.
If overload conditions exceeding the rating continue for a long
time, the temperatura in the windings and the like of main-
circuit equipment such as rracticn motors apnd main transforoers
rise teco mﬁch, the life of the equipzent (especially insulators)
wlll be drastically shortened, and the equipment will break.

This means that the determinaticn of the ratings of the important
equipment of the electric rolling stock tshould not be made by
the maximum load but by understanding the overall gperating
conditions.

The basts of the determinaticn of the ratings is the tempera-
ture rise, The estimating calculaticon of the temperature rise
€an be best performed hy a simcelated run in the actual train
district. However, tho calculation is tremendously complicated
and takes a lot of time. Therefore, the manual calculations
have until recently been performed on a Simple and short railway
track which imitates the actual traln district. lHowever, since
a method of simulating operations in the actual district by
computer has been developed recently, it is usual for this
method to be exclusively used.

A considerably accurare estimsted galeculation of the tezper-
ature rise in eguipment gan he performed through simulaFicn.

The root mean square (RM5)} current serves as a yardstick in
detgrmininq the temperature rise or rating of the apparatus and
is conveniecnt. The RM5 gurrent is a root mean sguare curraent

expressed by

foitae
i ]

s~

RMS current =

where T: time it current ]

The tegperature rize of the winding of the electrical
equipnent i3 proporticnal to the square of the current {in
cases whers the temperaturé rise of the equipment is supposed to
be based on the copper loss), and the current that gives the
equivalent tamperature rice i3 the RMS cuTrrent.

On the other hand, in determining the rating of the equipmént,
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the thermal time constant ¢f the Lemperature rise is an imporc-

ant factor together with RMS currenc,

The thermal time constant

is required in estimating the temperature rise at the overlpoad

in a ghort time.

Especially, it is required in calculations

for determining whether the rolling stock can be used in short-

time overload when the relling stock stops on a gradient and

restarts.

apparatuses are shown in Table 7-1.

The thermal time constants of important electrical

Table 7-1 Thermal Time Constant of Main Electric Apparatuses

T prmal T LI
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SeCOthing EeACtOr
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Lalf omaling

1210 ain-
S4vagal horare

in detemining the actual rating, as shown in Fig. 7-9,

the weight of the train and the railway-track conditions

{gradient, speed limits, interval of stations, etc.) are given,

the performance of electric rolling stock (rated specd, rated

tractive effort,

is assumed, and the running simulation is prograzmed,

way, the RMS
in the major
the like are

value of the

starting currunt, deceleraticn porformance, ekc.)

In *his

current of the traction mator, the tomperature rise

apparartuses, operating Lipe, enckgy Consunpticn,

calgulated.

rating for cach apparatus.

However,

and

A sort of estization can be oade on the

the values of

the rated speed and the rated tractive effort of the rolling

stock are nor always the optimum values.

Therefore, in Seneral,

the rated specd 15 changed (corresponding to the change in gear
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= Ratlway-track conditians
ALC Sut
{gradient, speed linit,

* Train weight s s=L

{nterval of stations, ate,d

i

* Anlling stocx perigrmances
are sak
(rated speed, rated
tractive force, Eield
ratio, =tc.)

—

g

Running simulation

l

« Output of results (RMS

" current of traction motor,
gperating Lime, energy
consumpticn, tempernture
rise of each apparatus,
atc.}

Are the
results good?

Yes

Rolling stock
perforoanccs are
changed {(ratcd

capecd amd rated

tractive cffort,

etz. are changed)

.

Fig. 7-% Flow Chart on Determining the Rating
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.ratio of the driving gear), the zimulation is further repeated,
and the cptimum performance of the rolling stock 1s determined.
In Fig. 7-10, an exarmple of the relationship between the RME
current {corresponding to output), the cperating time and the
rated speed when the rated speed is changed is plotted and
illustrated. In this case, if the rated speed is increased,
the oprrating time is shortened to some extent but Ls not
shortened when the rated speed exceeds that peint. Seyond

that point, only the RMS5 current increases {the large-output

[ | —_— - - - P
undzrzieod That the

]
[

acparatus ls required). Therefgre, it 1

there i5 a zsuitable rated specd.

*r
e

u

B

s

oo

|

oW

= M

- N

a3

o O

L]

&

& 2 o

o Cperating time

Ty
—

Rated specd

Flg, 7-10 Characteristic between RM5 Current, Operating Time
and Rated Spced

The rating 1s deterained as descriﬁed above. However,
further consideration i1s reguired at the stecpest gradient in
the district, where the restarting should be made. In this case
the teﬁperaturn rise in equipzent in a short time should be1

considered. A number of traction motors are provided in electric
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cars and locorocives, and one gr several of then may be cut out.
Therefore, it {5 negegsary bto consider the cut-out-operations of

the motors.

T=-31-2 Tractinon Motors

Thue characteristigs of relling stock depeond on the charac-
teristics of the traction ooters. Even though the sane traction
motar i5s used, the characteristics of the relling steck can be
changed by changing the gear ratle of the driving gear. In
general, if.the gear ratie is increased, the tracticn force at
low speeds is lnoreased (in electric cars, the acceleratian
performance iz improved), acceleration at high spend is reduced
conversely, and the maxioum speed iIs suppressed to a low level
{due to the limitation in the paximum nuzber of revolutions
of thé Lraction motor). If the gear ratic is made small, the
high speed rerformance Ls improved but the traction force {rated
traction force} at & low speed becomes soall. The gear ratio,
ezpeclally, when a one-stuge reduction gear i3 used {dﬁpendinq
onn the module and the diameters), has limitations and cannot be
increased infinitely. In ordinary leocomotives, the gear ratioc
ls 4 to 5.

The rating of the maln motor 158 determined by the method
described in 7-3-1 in the previous section. However, in the
actual traction motor, the allowance whereln selection is made
hecomes broad depending on the diameter of the wheels employed
and the gear ratic. It is important to determine the racing in
consideration of the balance between the mechanical prebhlems
of the traction motor and the driving gear and the rectifying
performance of the motor,

Furthermore, the thermal capacity in ‘the armature of the
series motor 1s generally different from that of the field of
the motor. And Lf the rated current of the field is reduced
(weak field rated motor], the motor becomes compact and light
waight . '

The limit of the temperature rise in the traction motor is

determined by the life of the insulater. Even though an insulator
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" of the same insulating clzss is used, the limit of the armature
is different from that of the field, 5ince the arzature is
rotated, its temperature rise limit is smallaer than that of the
field winding. The limit of the temperature rise in accordance

with the insulation class of the tractich moator is shown in Table 7-2.

Table 7-2 Temperature Risc Limit of Traction Moators
for Rolling Stock

fnie: drg)
Claza of 1nsulatlon
- H
Components Llasxs B Class F Class
Sraror winding lresistance methodl : 130 155 180
Armature winding (resistance method) 120 140 160
Commutator (electrical therpopecer mabhod} 10%
5% (Bepaping wherein greaie with
3 g - wan is used)
Bearing (thermometer cechod) F20d heat-resiinance is
40 (Other than abovel

7-3-31 Main Transformers

The rating of the main transformer is calc¢ulated by the
methed as shown in 7-1-1., At present, most ©f the main trans-—
formers are of an oil-circulating air-cocled type, and the thermal
tim: constant is very large. It is necessary to determine the
rating by further adding the loads of auxiliary machines to the
RMS current of the traction motor.

The winding rating of the main transformer does not always
colncide with that of the traction motor. In general, the rating
af the pain transformer is smaller. In the case of tap control, all
secondary windings are not used at all times, 1In the case of
phase control, the secondary-winding's current is changeabla
acceording to the coatrel angle a. The r:ting can be reduced by
the amount corresponding to the total thermal amount.

In the pain transforzers for the rolling stock, the rated
current density of the winding is usually larger than that of
gencral transformers, They are usually made of coppor

rather than jron. The tegporary overload is ingloeded in the



load of the relling stock during the operation, and the differ-
ence in temperature between the winding apd the ewoling ail 1s
large. Therefore, care should pe taken in the partial tezper-
ature rise in sach winding, and the temperature of the winding
at the time ©f restartipg shouyld be considered. In additicn to
the rating especlally with regard to the main transforamonr in
locomotives, it is necessary to reduce the voltage requlation
of the DC voltage on the traction motor side in grder o izprove
the seif-readhesion performance, and also it is necessary Lo
reduce the leakage reagrance and to improve the power fagtor
characteristics. In order to reduce the inductive disturbance
to the communicatiaon line, a large reactance is adopted.

The preblem of tnductive disturbance 15 especially considerahble
in thyrizstar-zyne rolling steck. It LS understoed chat inductive
disturbance can be reduced by proviZing the multiple stages en
the socondary side and soelecting atoropriate mutual reacLance
characteriskbics.  Shell-type transformers are advantageous=
hecause reactance characteristics can be selacted at will, and
the many ocpposing surfaces between the high and low voltages

can be provided.

Tahle 7-31 Tenmperature-Rise Limit of
.Control Apparatuses for Rolling Stock

Tamperatuly-rles llalt Ldsgl
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Myl et arvca wut el Th Mkt pe aer Lo
Class B Libulatien L L] L1-IR1 LY
Clang £ pmaulelionm 184 D {100
Windlage | Clang & imaulacloa L LU PN 5]
Tlawy P lumulst btm 114 113 (114}
Clady M Lnsulation 184 140 pldoy
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ol [ tomat L]
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[ RN PR T L F L R - W
Ivnfammully confrol 1wl
Tearmanal - - 2]
Fiaxible conductar W] TR ad{acenT partion snold 09t e affwcted i g
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7-3-4 Main Rectifiera

In recent rectifiers in rolling stock, Silieon dicdes and/or
thyristors are used. Since the thermal capacities of these
€ lements are very small, it is reguired in the rating design that
the elements withstand maximum lpad current and that ne fault
ocours from the overcurrent at the tiee of short ¢ircuit lat
the time 9f flashover of the traction mator}). A load pattern
under the severest conditions, wnich will actually oogur corres-
ponding to the adhesion liplt or the maximum acceleration
current, is established, and.the rating is determined. JAn
axample is shown in Fig. 7-11. The actual rated current is-
ordinarily nominated in a simpler pattern in the form of con-

tinuous operations plus a 1l0-minute overload.

J PN
FLTLTY l 1
L ]
Cont | ol lﬁl}'m::l.‘.".f.ﬂ'l-b&rmls;: 130" IHI‘l 100*
S — er—— -
Contipuad Jtarting on Zrartipg [adsond tLer]
o= raklon gradienc mnd ascglerallof on
{firak tlme) gradlisne

Fig, 7-11 Examples of Load Patterns of Rectifiers
{ED?5 serics)

7-3-5 Rating of HMain Smoothing Reactors

Here characteristics are similar to theose of the tractieon
motor. The temperature rise has the same tendency to change, but
the thermal time constant of the cpen-core, forced-ventilation
type reactor is smaller than that of traction motors. In order
to ioprove reliability and maintenance, it is usual to add some
allowance. As for the inductance characteristics, it is neceséary
to determine the characteristics from the pulsating current
characteristics of the traction motor and the permissible limits
+of turning current on and off. In general, so as to get the hyper-

Boli¢ inductive characteristics and canstant ripple factor against



[E]

the current, various air gaps are provided and/or bagnetic paths
are loined together in ircn cores. Furthermore, it 13 necessary
to consider the value of the inductance in corder to loprove the

readhesion characteristics,

3-& QOthers

With respect to okher electrical eguipment, for example,
convertors in main circuits and switches, the current rating and

the size af the electric wire are tdetermined in the similar way

- ag described in the detrrmination ¢f the above-mentioned appar-

atuses, It is especially ({oportant in determining the racing to

know the thermal time constant of the equipment,
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CHAPTER 8

MAIN CIRCUIT SYSTEM OF AC ELECTRIC
ROLLING STOCK, ITS CONTROL AND
. CHARACTERISTICS



CCHAPTER 8. MAIN CIRCUIT SYSTEM OF AC ELECTRIC ROLLIMNG STOCK,
' ITS COLTROL AND CHAPACTERISTICS

B-1 Main Circult System, fantrol ¥ethod and Features
A=1-1 Marn Circulr Zystenm

The cantrol system of AC electric rolling steck is changing
from the system of diregtly driving AC commutator motors with
apecial frequency (16-2/3 Hz) (direct system) which was employed
in Switzerland, Germany, etc. to the system of driving OC motors
using rectifiers with a4 commercial frequaency system (rectifier
system}. Faor the 16-2/3 Hz systen, a rectifier system is postly
being used. This 1s mostly because a rectifier system can use OC
motors of excellent performance and scasy maintenance while the
direct system requires substations to coenvert to special freguoney,
because there were disadvantages in the maintenance of commutater
rotors and kecause the recekifier sy=stem has better re-adhagicn
parformanue compared with the divect system and 15 more =suitable
for larger output capacity. Moreover, mercury arc rectifiers
have now been replaced by siliceon diodes and thyristors and their
performance has besn greatly improved.

For voltage contrel systems, there is a tap changing system
which changes the tap of the main transformer and a system of
controlling the phase with thyristors, ete. Also, systems are
now being tested in which the commutator motor is driven by once
converting to DC with a rectifier and then reversing to three
phase alternating current with a thyristor invertor. Some of

the ‘representative systems are introduced holow,

B-1-2 High Voltage Tap Contral

The tap changing system has the advqntagps of no power loss,
all pﬁrallel connection of traction motor and better re-adhesion
performance. The system of taking out this tap from the primary
winding side {high woltage side) of the main transformer is called

the 'high wvoltage tap changing =system'.

- 27 =



At the early stage of AC electrification of the Japanese
*  MNational Patlways, a high woltage tap changing system was mainly

adopted for the following reasons:

{11  Aldlthough high wvol:mage, the tap can ke changed hy brearing
small current and there is little wear in the chahgeover

switch due to arc.

(2} There is a greater nunmber ef windings on the high voltage

gide and more taps can he taken.

On the other hand, the pripary high voltage rvap changing

system has the following weak poinpts:

{3) For insulation, the changeover mechanism will becoms

larger and it requires more time for changeover.

{4} The wain transformer requires tap transformer and step-down

transformer and it will be bheavier and pulkier.

Although it has advantages and disadvantages as described
above, in the case of the low voltage tap c¢hanging system,
great wéar of chaﬁgeovnr switch due to large current ocfurs and
it is unfit for large output. Therefore the high voltage tap
changing System was adopted. The high voltage tap changing
system is, for the reason of its construction as mentioned above,
normally equipped with tap transformers and step~down tLrans-
formers. As shown in Fig, 8-1, a tap is drawn from around the
zone near input wvoltage of winding on the primary Side to low
intage zone and it is stepped down to regquired ﬁoltage with a
Btep—down transformer. Reguired voltage on the secondary side
is determined by traction motor woltage and then because the
locomotive’ as parallel connection of all traction moters is
generally selected to imprnve adhesion performance, wveltage on
the secondary side will be near the rated DS voltage of the trac-

tion ootors,
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Fig. B-1 , General System of High Voltage Tap Control

There are many wayscto change taps uithnu£ interrupting
current but in the case of high woltage tap cantrol, as line
fnigh woltage is impressed on the tap changer, insulation ef
control circuits and ocperating mechanisms, etc. bacomes important.

For this reason, the changer becomes bulky apd its gporatien
slower, On the ather hand, however, as the nunber of taps in-
crepases, a simpler changing system is used:

Fig. 8-2 shows an 'inchworm' advance system and Fig. 8-3
an alternating advance sStage system, both showing a figure of
principle of mechanism. Both change taps by moving sliding
elements (brushes or rolleors) on a series of condugtive segments
connected te the taps. Clesing/breaking of current is done with
a changeover sgwitch interlocked with shifting of the sliding
elemant and a control sequence which does not generate arg is
required between the segment and the sliding element. Only 2
changecver switches are required for the inchworm advance stage
and its construction is simple. But high accuracy is required
for imstalling the switches between the segment and the sliding
element and there is the disadvantage that sufficient clearance
cannot be provided between the segments for insulatian. In
order to eliminate this disadvantage, there are methods such as
shifting the sliding element independently like an inchworm

ocnly when passing over the segments.
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For the alternating advance stage system, a series of
segoments is arranged separately for odd skages and cven stages
and the sliding segment is,shifted, sc not much accuracy 1s
required for installation and there is a sufficient clearance
between segments for insulation. Four changeover switches

become necessary, however, which makes the system heavier and

buliier.
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For either of the above systems, current limit resistance
is required to control the short circuit current, because the
current berweoen taps is tcﬁpﬂrarily short-circuited., If its
performance is not adequate, a current limiting reactor nay be
used. Since the system using the current limiting reacteor has
disadvantages in weight, size and price and the breaking lgad
of the changuever switch becomes sewvero, however, there is
little merit in using the system except for such special pur-
poses ag obtaining intermediate veoltage between taps.

For simplifying the maintenance of changeover switches,
there are methods such as using vacuum switches with high
breaking performance and thyristors, ete. Eefére resorting to
these methods, arcless tap changing of low woltage tap changing
system has been put inko pragtical use and the low voltage tap
changing system with higher re-adhesion performance has been

adopted.

B-1-1 Low Voltage Tap Centrol

The low veltage tap changing system hag the following

advantages:
(1) Main transformer is compact and light weilght.

{2} The tap changer may comprise a cam/shaft control unit and
unit switch, etc.,

while it has the following disadvantages:

{3} It has large control current. In the case of arc breaking,
a3 the maximum current is limited by the breaking performance

of changecver switrh, it is not suitable for large output.

{4) There is a limit to taking cut a great number of taps of
low-voltage large current from the winding on the secondary

.side and a small number of taps can be taken out.
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When using the system for electric cars, it does not require
much overall cutput and the traction motor can be used in geries
connection, so practical application is made possible when an
ingufficicnt nurbuery of taps is supplemented by soMe mreasurgs.

Fig. &-4 shows so called cumulative/differential movement
system. The secondary winding of main transformer consists of
tap winding and base winding and by changing to negative polarity

f{differential] or positive polarity (cumulatiwve] with combination

Lirit reactos
with anter-
mediiee Cap

switches K;, Kz, the apparent r-_;ﬂ\

nunber of taps can be doubled, Maln
transforiry %

Moreover, as the internmgdiate . e —

3
3

voltage between taps can be ]

obtained with a limiting

Current reactor with inter-

mediate taps, the number of ITo laad)

tap stages are redoubled.

Thus a 25 stage notch curve is

obtained by wvoltage éifferen-

tials hetween the G-stage taps

and both windings. This system

ig ugpd for the Q]d-—typc af 1R Srlectioh s=1tCh TiTp Changeawe-r s-iich
’ E;"K1 Compinstion switch

Shinkansen electric cars of Fig. 8-4 lLow Voliage Tap Control
the Japanese National Railways. (CumulativesDifferantial Type)
The cuymulative/differential movemont sy=tem when used for
locomotives is disadvantageous with regard to re-adhesion per-
formance. The cumulative/differential movement system is a low
vﬁltage tap used for pulling cut trains and most of the secondary
windings are arranged in series and then reactance aof the main
transformer becomes largest and the regulation of DT voltage
becomes large. WwWhen the wvoltage regulation is large, DC current

greatly increases when slipping and this adds to further slipping

which is not desirable for practical application.
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To improve re-adhesion performance when pulling cut trains,
it is npecessary to reduce voltage requlation at low speeds or
reactance of main transformer at low woltage tap. For this, a
system such as that shown in Fié. B-5 which simply takes ouk
taps from the secondary winding side is desirable. However, as
mentioned hefore, such a low valtage changing system has an in-
sufficient number of taps. Fig. 86 chows a system where the
tap changing system is replaced by thyristors and the changegver
switrh igs turned to arcless changing and where continued control
betwesn the taps is made possible by adopting phase control be-
tween the taps of the thyristors. This system consecutively
turns on and off § switches on an even series and odd series
just as altermating advance stage of high voltage tap changing .
and intermediate wvoltage is aobtained by dividing voltage hetweean

taps as required and giving phase angle order to thyristors.
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Fig. B-5 General System Fig. 8-6 Arcless Tap Changing For Both
af Low Voltage Continupus Voltage Control

Tap Control
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The advantages of this system are that arcless tap changing can
be done, the reactance of the main transformer is small at low
gpeeds and has good re-adhesion performance, and the price is
cheap because the thyristor has good voltage resistance between
the taps. It also has a better power factor and few harmonics
conpared with all stage thyristor phase controls system which
will be discussiud below. The system was made possible hy the
development of 2 thyristor and the thyristor part could be sub-
stituted for the cagnetic anplifier. The Japanese latigral
Rajilways first used pagnetic amplifiar system before the advent
of thyristors and thon changed to the thyristor system. This
system can Se ¢called a completed form as control system of taps
and is used in representative AC electric locomotives, ED75 and

76 medel, of the Japanese National Railways.

8-1-4 PFhase Control with Thyristors

When a thyristor for electrical power was developed for
practical application, 'the thyristor phase econtrol system' which
controls the total DO voltage with thyristor convertor was put
inte practical use.

In the case of mercury arc rectifiers, the rectifier system
used was single-way system {push-pull conngction), but when
dicdes and thyristors come to he used, the double-way system
ibridge connsaction} was adopted. Thé rectifier bridge comprising
thyristor arnd dicde is called 'Hyhrid bridge' and the one com-
prising only thyristor is called 'thyrigtur bridge'. ‘The hybrid
bridge is used for AC electric rolling stock requiring only wolt-
age control wvhen powering and thyristor bridge is used for
electric rolling stock using AL regenarative brakes yhich is
alsa capable of invertor operation of convertar, The thyristoer

cantrol system has the fellowing characteristics.
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{a) Single way it} Couble way

Fig. B-7 Single Way and Double Way

{1) There is no contactor such as tap changer and maintenance

and inspection will be eagier.

{2] Full notchless control will bring about smooth acceleration

performance and high adhesion characteristiec,

{3} The thyrister phase control system can reduce reactance of
the main transformer and improve re-adhesion performance nf‘
the locomotive. When automatic fixed wvoltage restrictien
(AVR) is used.to maintain fixed DC veltage against current,

re-adhecion performance ig further improved,

{4) The equipment can be made compact and light weight.
When phase contrel is made, there arise the Efollowing problems
with veltage and current waveform compared with the case of

slmple diode convertor:
(5] Power fagtor will décrease.

{6} Deflection of AC current and voltage waveform becomes

greater and impedimant by high harmonics will increase.
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These problems will be corrected by the following mcthods.

{7} Divide the windings on the secondary side of the main
transformer into several sections and connect in series.

{cascade connecticn)

{8) Improve overall woltage and current waveEorm and phase
relations by devising control systems such as asyrmetrical

contrel, phase stop control and fixed width control, etc.

{9) Connect rescnant filter to high harmeonics and absorb

caertain higher harmonics.

The aforementicned 'a}cless tap changing system' is
similar to multi-stage connectlion in series gorresponding to
several steps of taps and improves problems of the afore-
mentioned thyrister contrel relling stack. Fig. B-8 a} * 3)

show representative main circuit system which controls thyristor
phase.

—
L

-]
]
|

{a} Hybrid bridoge (bl Hybrid bridge
[Symmetrical on AT side) (Inverted parallel

thyristor on AC sidel

Fig, B8-8 Various Systerms of Thyristor Phase Contrel {1}
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(¢} Hybrid bhridge (d} Thyristor bridge
{Symmetrical on DC side)

“

Fig. B-8 Various Systems of Thyristor Phase Control (2)

Symmetrical connection of AC side of a) is a most repre-
sentative mized bridge and has the possibility of decreasing the
number of diode series compared with the system of b) bub it
requires a pratective fuse since the AC side is shcrt-Eircuifed
when the thyristor breaks down,

Reverse parallel connection of thyristor on AC side of b)
may increase the nurber of diodes compared Wwith the system of
a) but when thyristar breaks down, short-circuti current does
not flow and a protective fuse is not reguired, .

Symmetrical conneckion on the DC side of ¢) shows the
commutation failure phenamenon when a thyristor to be ignited
misfires, so it is necessary to install & bypass diode geparately
or install limit which will not choke the phase angle too much,

The system of ¢} regquires only half the number of diades
compared with systems a) and b) but because of the aforementioned
problems, it is not used for relling stuck:

Fig. B-9 shows the form of current carriage on the hybrid

bridge.
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Fig. 8-8 d) shows a thyristor bridge, Fig. B-10 shows the
form of current carriage on the thyristor bridge. The figure
shows & system whigh simultanegusly ignites thyristors on
opposite sides and is called 'symmetrical cantrol', while a
system which ignites each thyristor gseparately is called 'asym-
metrical control®. Fig. B-11 shows the form of current carriage

of asymmetrical control,
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Load

(a)

Voltage —|

il

5,
Sa
mrrent< D3

e

D

.

§

- A
EL T
ke
X TR
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Form of carrying current
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As shown in the figure, in the case of asymmetzrical control,
voltage change corresponding to same thyristor control phase angle
i5 about one half that of symmetrical control and it is more ad-
vantagesus for high frecuency control. Buk twice as many phase
control devices are required compared with symmetkrical control. By
adopting thyristor control, automatie fixed voltage restriction
(AVR)}, and automatic fixed current restriction {ACR), stc. as well as

. continuous woltage control can be easily undertaken. Therefore,
it can be said to be the most suitable ceontrcl system as well as
chopper control, ete., for fixed speed cperation control by speed

directive type and avtomatic gperation (ATO), etc.

8-1-5 Other Control Systems

The first of these is a cormbination of the main transformer,

main rectifier and resistance control as shewn in Fig. 8-12.

Starting resistance
-

motor

Fig, 8-12 PRheostatic Contral System
This system iz a simple addition of an AC-DC convercor to the

DC electric relling stock. It is heavy and no improvement can be

made in performance hut it is easy to apply to the rolling stock
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which is directly operated through different power supply systems
{AC and DC).

The rectifier plus chopper system shown in Fig. 8-113 is
used to control AD/DC electric rolling stock a3 well as the
resisrance control system. As a control system of the exclusive
AZ eleoctric rolling stock, improvements in nerformance and
elimination of contactors for main ¢ircuits ara rade possible
unlike the resistance control, It is an ieprovenent over the
rosistance gonteal LUt compared with a simple thyrister contral
SYstem, 1% is ac disadvansate in welghi ane [rife.  LUT Eowdr

factor is better compared with the phase control systes.

Chopper

el

N
1)

motor

Fig. B-13 C(Chopper Control System

Fig. 8-14 shows a driving system of commutatcrless motor by
the combipation of AC/DC convertor and three phase invertor, and
inductjion motor is mostly ueed for traction motors. Induction motars
are generally lighter compared with DC mutérs of the same output
and the weight of a truck can be reduced but the total weight
including the convertor will he greater. Regenerative braking
will hecome possible when an AC/DC convertor is added with in-
versiogn function. Alse for improvwing the power factor of an
nczné convertor, a system equipped with forced commutacioan device
ls tried for 16-3/3 Ha, etc. {ex. Quadrantal convertor of 0B,
AC-Liyp for ET4:20, e£c.1. The circuit shown in Fig. B-15 (a) is
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INV. AC
] moLor

Invertor

Fig. 8-14 AC Motor Tracticn System
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B, extinction anglel

{a} Main circuit with forced
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Fig. B-15 Circuit Equipped with Forced Cormutation
Circuit and Method of Control
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a IC-LUB circuit and it has the function of controlling firing
angle ¢ and extinction angle B as shown in (b). It is a systenm
which carries the same width of current at both front and back
sides of 90* as the center. But equiprpent increases Lo carry
out cormutation and itz weight and price ipcrease, 50 a careful
study must he made fo- iz apnropriateness cxGenpt inoacess where
l6=2/3 Hz elpgtrification is carried out for improving power

factor. 1

B-2 Theory, Control and Effects of AC Regenerative Brake

B8-2-1 Theory

Fig, 8-16 [a) and (b} shcw# connection of hybrid bridge and
that of thyristor bridge respectively,
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Fig., 8-16
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Since the hybrid bridge system's DT output yoltage €an not turn
toc negative voltage, it cannot make invertor gperation. On the
ogther hand, the all thyristor bridge system has all arms com-
prising thyristors and opposite arms dre fired with gate pulses
of the same pha=e. (This is called symuetrical centrol.} In
this case, the current carrying angle of each arm is about 180*
regardless of control angles s¢ far as DC current is not inter-
rupted, and a negative period appears on the D¢ putput voltage
waveform. In case af a centrol angle of 0%<a<80®, the average
value ¢f the waveform is positive but in the case of a2 contiol
angle of 90°<;<]180°, it beoeomes negative and invertor operation
becomcs possible. Incase of operatlng invertor, when the control
angle @ iz made too large, commutation fails. In the practical
circuit, as shown in Fig. 8-17, as there is always reactance on
the AC side, AC current ig not instantly inverted when the
thyristor is fired and overlapping angle u is-created. Therefore,
the current carried throogh thyristor arms 2, 4 will not turn to
0 at @, and it will only turn to O at o + u (= B-u}. Thyristor

arms 2, 4 start to extinguish at this point. When angle of lead

Cenneckion

I wi_tisd T vl by =i fere
{inwv-a1ar La' njut WAl e}

ArE Furrenl wavefsre i:/f
Icre., 14 =

k.
[
N

Fig. B-17 Waveforn of Each Part during Operation of Invertor
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of contrel B is small, current on the.thyrister arms 2, 4 cannot
be commutatad to thyristor arms 23, 4 and motor voltage on the O
side and AC wvoltage overlap during the next half cycle and
overcurrent is produced. This is called gemmutation failure.
The angle of lead of control requires minimuma value of 2 min.
which will not cause cormutation failure. This walue must be

made larger, the larger the reactance on AC side,

B-2-2 Sycmetrical Centrol

The symmetrical control is the same control system thegreti-
cally explained in 8-2-1. It is a system of controlling veltage
by having some producing positive voltage with a at less than 90°
{powering arecal and cthers producing nesative voltage with 0 at
pore than 90° (regenerating area) and making their total any
positive voltage {during powering}! or any negative voltage
{durihg being regenerative}.

Fig, 8-18 {a} shows a case where the secondary side of the
main transformer is divided into four parts and 4 thyristor
bridiges are connected in series. As shown in the figqure, when
(:) and C:) arn controlled with @=0% and (:) and (:) with o =
maximum {= A min.), the total cutput voaltage becomes almost
zera, The passage of current is formed with each arm and the
secondary winding., By bringing the control angle (:) from this
position close to zerw, up to 1/2 the positive voltage i3
obtained as shown in the same figure {b)-{1) and by further
bringing the control angle (:) tlose to zero, up to the total
positive voltage is obtained as shown in (2}, This shows during
powering, but during regeneration, the control angle (:) is
q%adually increased from the condition as shown in the same
figure (a}! to & min., then up to 1/2 of negative voltage is
obtained as shown in {b)-{23) and wﬁén (:) is controlled to
B min., the total negative wvoltage is obtained as shown in

{4).
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Fig. B-18 Symmetrical Control

8~2-3 Asymmetrical Control

When symmetrically controlled, each unit bridge naturally

generates either positive or negative voltage and in effect it

is same as the number of stages of soeries connections being

reduced to one half. Therefore, it is better to control both

ides of the AC terminal of the bridge separately (asymmetrigally]

and make the passage of current without producing unnecessary

voltage. This is called asymmetrical contrel.

In Fig. B-19, Armms 1 and 2 fire every half wave at the same.

phase angles of ¢; and a; and completely apart from this, Arms

3 and 4 fire every half wave art the same phase angles Q3 and ..

This will make two combinations of current carrying arm

(eg. 1-2 and 1-4} and produce a pericd of producing vcltaée {when

the opposite arm is carrying current, ¢g. condition a. c.) and

period of not producing voltage {when the arm adjacent to AC

terminal is carrying current, eg. condition b). . Therefore, with

@1, G2 ~ 0 when @iy and Q. are controlled, only the positive

voltage zone can be controlled and conversely with oj and a.
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clase to the maximum value of 180% (at 182° cormutation hecomes
impossible, therefore to o min.} when and s are coantrolled,

only the negative voltage zone can be controlled,
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Fig. 8-19 Conditions of Control and Qutput Veltage
under Asymmetrical Control

In other words. in the basic cirguit shown in Fig. 8—15; while

in the case of symmetrical control, 0° v 90° are positive voitage
and 90* ~ 180° are negative oltage, in the case of asymﬁetrical
contral for the same circuit, there are 2 sets of gate control
systems with positive and negative coptrol ranges from 0° to 180°

respectively. (Fig. 8-20)
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The same applies to series connection and an example of division

in half is given in Fig. 8-21, While powering, a group of a11.

17 and fzp-fip; is fixed ak 0® and a group of fipa-Tyy and Arg.

ir;, is controlled. Likewise while regenerating, a group of Gii.
1y and tz23-0py i5 Fixed at minimem B and a group of G1r-913

and typ-raay is cc&trulled. As observed, while asymmetrical control
has advantages in ripple factor, power factor and higher harmonics,
a phase ccntrol system requires Ewice as many nurber of series

connection bridges.

Prswar lng Braking

0 OO 0 ©©

-

(L] 1)

Fig: 8-21 Asymmetrical Control during Series Connection

8-2-4 FReduction of Third Harmonic and Improvement of Power Factor

In the case of single-phase rectifier type rolling stock,
harmonics as many as power source f{requency multiplied by odd
number, are gencrated on AC side. Many countermeasures are
undertaken but the third harmonic becomes a problem with respect
t the power network.

In Fig. 8-16 Thyristor Bridge Circuit, and Symmetrical
Control, theoretically the 3rd harmonic current cnntain§ 1/3
or 33y of the basic wave. Onder asyrmetrical control, just as in
the case of the hybrid bridge, there is no difference inthe absolute

value of Jrd harmonic portion but the basic wave portion decreases
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in proportion to the better power factor and the percentage of
the content will be greatcer,

The same trend agpears when power Factor is improved by
series cannegtion,

Therefore, certain countermeasures will have to he caken,
when it is necessary to control the percentage of content of Ird
harmonic below certain level. i

One of the methods considered is to make the waveform of
AC current onhe which contains a small amoune of 3rd harmonic.
When waveform of AC current is made rectangular, the absolute
wvalue of the Jrd harmonic will be greacest when current 1is
carried at a full 180° wideth of the half wave and at 60% width
and it will be zero when current is carried at 120° width.

Therefore, it wili be possible devise a method of control
and decrease the 3rd harmonic. When regenerative brakes are
uted, the thyristor bridge will be operated as a separataly ex-
cited invertor and the =ffect by the control angle «ill become qgreat.
To roduce the effect, it is necessary to further enlarge reactance on
the AC aide and etgoaenlarge the angle of @min,, but the pow:r fauter
will godawn. Various measures to be undertakenat the rolling stock
end For reducing harmeonics wi.l.l be discussed in detail in B-4.

Anather method considered is to install an LC resonance
power filter for ahsorbing the 3rd harmonic ar feeder transfarmer
on the greund. {It is nearly impossible t¢ tount the eguipment
on the rolling stock because of its weight.) At the same time,
this filter works as a phase advancing capacitor and improves the
power factor. JNR has substations installed with Ird harmonic

filters which alse¢ improves the power factor.

Subztatlon

fulter wtach

<2
L% :-::ﬁ"ﬂll.' Ralling
£

Fig. 8-22 Example of Installing LC Resohant Power Filter
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8+2-5 Effects

The effect of power saving with AC regenarative brakes in
the Japanese National Railways is discussed below. In October,
1968, JHR changed electrification gystem of continucus EBﬁﬁugrade
section which had heretofore been DC powered to single phase 50Hz
AC and started to use regencrative brakes for balancing braking
by the locomotive.

The topography of the district is as shown in Fig. §-23
and electric locomotives of B-2-B and B-B-B type are used to
pull passenger trains and freight trains. Elegtriec cars which
do not have regenerative brake are alsoc used. FHRegenerative
brake efficiency (regenerative energy divided by energy <anfumed
during powering)] estimated from the actual measured value between
FUKUSIIMA and YOWNEZAWA is 35 ° 27h fcrlpaﬁsing trains and about
20 for lecal trains and avorall power saving is estimated at a
little over 30%. '

As an example of saving purchased power, after AC plectri-
ficotion in October, 1968 power consumptian after electrification
decreased to about 84% of that of DT electrification. The value

hincludes the amount of pewer consumption in other than graded
sections, as well as by electric cars without regensrative brakes
and increased number of trains after AC clectrificatien, which
'will alseo show great effect of AC regenerative brakes.

AT regenerative brakes are not only more advantageous in

power saving but also in weight and performance of electric

locomotives compared with rheostatic brakes.

8-1 AC Motor Drive System and Its Ercbléms
B-3-1 - Background

The system of driving AC rolling stock with an A{ commuatator
mztor is generally used in West Germany and Switzerland whexe a
special 16-2/3 Hz frequency is used. Also in Japan in the

beginning of AC electrification by cammercial freguency, several
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models of motors were manufactured and cempared with the system
using DC motors. According to the resultg of various tLests, the
D motor system usling the rectifiers on the car has since been
adopted domestically in Japan.

©n the other hand, the AC motor traction discussed here is
A traction system using the so called AC nON-COormutator notors
such as induction motors or synchronous motors, etc¢. OQutside
Japan, a method of diraect control by changing poles using 3
phase induction mators and ceolleecting power from multiple AC
trolley wire ar such methods as driving 3-phase induction
motors by changing single-phase AC to I-phase with a4 notor
generator have long been put into practical application.
although these methods have the advantage of simplifying the
construction of the motor, they have disadvantages in their
equipment arnd’ control methods, S0 they are not widely used,
Therefore, a serious study of AC motor traction system has only
beon started since static invoertors with a large pﬂwErrthYIistDT
gould boe put into practical use.

According to the publichod literature, the earlicst type of
rolling stock using athree phase invertor traction system is a
diesel electric locomotive which was remodelled by Brush Ce. in
England in 196%, It had a synchronous generator driven by a
dicsel engine and the AC cutput was commutated to DC by a dicde
bridge. Four AC traction motors of 168 kW were controlled to
O~ 100 Hz with 4 ilavertors installed separately. In those days,
the rating of thyrister elements was zmall and required many
series and parallel wnits, making the invertor hecame large, so
only onc rodel was panufactured. This locomotive was a diesel
clectric locomotive and 1t was not an AC line System. In 1968,
AT input typo VLEOE, VLE0D model locomotives wore manufactured

in WSSF.
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VLAOK is induction metor type and YL7IH 185 a synchreiacis
moter EyRe, both gf which are d-driving axles eype locorof:ives
and permanent connection Lypes.  They wore later remodellaod to
synchronous Dotor type with 8 driving axlés.

JHR conductod MUMIYS 7L type electric car eguipped the
synchronaus rotor in 1972 and a test run was achieved on i
MIPPZ main line.

Also a test of an induction mokor system was canducted in
France and AT electric locomotives such as El20 type of DB and
Ee 6/6 II Model of SBR were introduced.

In 1980, Jie made a trial production-of a 650 kW induction
omatar and AC/DC canvertor, DC/IIAC invertor, etc. and wvarious
tests are being undertaken on the tesk rack For practical use

in thao future,

8-3-2 Characteristics of AC Motor Traction System

Cumparing the AC motor traction system with the DO motor

traction system, the following points are noted on the motor.
{1} As there is no commutator, maintenance is not required.

(2] Squirrel-cage induction motor and synchronous motor using
a non-contact excliter have no brushes and if the motor is
axcited with a slip ring for synchronous motor, as there is

little brush wear, maintenance and inspection will be esasier.

{3] As-thErE is noe commutator, the highest number of revolutiorns
can be enlarged and the motor gan he made compact., Tharefore,
the weight of the truck ingluding the traction motor can be
reduced. ‘

{4} Especially in the case of an induction machine, axial
direction will be shorter for the =size of rotor and it can he

made compact.
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{3] A squirrel-cage induction motor is of simple construction

and casjier to builld.

6] There are no acgidents caused by flashover. Also iks per-

formance has the following characteristics.

(7} By the speed-torgue characteristics of the traction motor
and quick hrake response, adhesion performance between the

rail track and the wheel iz improved.

(B) There is no limit to the field factor unlike DC motors, so

high speed performance can be increased,
{9} There is greater possibility for regenerative brake,

While they have these advantages, converting systems such
as invertors, cyclo convertorsg, etc, are required and many
technical problems as complex circuits and cormutation limit
and physical and econonic problems restricting the outer shape, '
weight, price, ete. of the whole vehicle must be sclved,

In addition, if multiple AC motors are run with ane convertor,

centrol of different wheel diameters will also become a problem..

8-3-31 Types of AC Motor Traction Systems -

When AC motor tracticon systems are classified, they are
grouped by motor inte inductien motor systems and synchronous
motor systems, and by power convertor they are grouped into
cyelo convertor systems which directly covert AC input of a
certain frequency into AC cutput of variable frequency and a
system using invertor which once cormutates AC input into DC
and further converts it te AC of variable fregquency autput.

The cycle converktor systicem, the former, is only limited to
the curruvnt typa but Lhe latter or the system using rectifier
and invuertor i1s further classified into the voltage type and

the curront btype.
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{1) Induction Mators and Synchrongus Hotors

When using a synchronous rotor, as 1t is icpossible to
control torque with an invertor of separate control type which
gives froquency from gutside and as theré is a possibility
of dissynchronizatiaon, an automatically controlled invertor
iz used in ¢Corhination to detemine the number of its own re-
volution by input power. #lso the gurrent type is used for in-
vertor or €ycla converter and commutation is done by rotating
machine's counter electronotive force and timing of cormmutation is
matched with appropriate phase of counter electromotive force,
50 the position detector to transmit the pogition of rotor to
the invertor side becomes ipdispensable. As abserved, the
commutation of invertor or ¢ycle convertar is carried out
through the counter electromotive Eorge of the motoer and complex
commutaticon circuit becomes unnecessary, which has the advantage
of eliminating the use of & high speed thyristor. Om the
other hand, it is impossible to aperate multiple motors wit
aingle invertor, and each motor must be equipped with an in-
dividual inverter, with respective rotor position detection
signals given to the invertor,

Cencrally, the revolvimg field type is of simpler con-
struction, but =lip rings, or a non-contact exciter or other
means become negessary to excite the field magnet. ’

For thege reasons, as the constructlion of the rotor is not
as simple as that of a squirrel-cage induction =mator, 1%L is a
little inferior to the lnduction motor in achieving a higher
nunber of reyclutions. Therefore, the induction motor i1s more
likely to have advantages in terms of size and weight.

Judging from the relations of corumutating voltage as
described above, input voltage and input furrent become ncarly
same phase and operation at a high power rate berones possible.

However, with motors with a rating of several hundreds to
1MW, as its size is determined by other facteors, the advantage

of making it compact can hardly be achiewved.

+
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on the other hand, in the use of induction motors detec-
tion of the number of revoluEians is required for controlling
targue but detection of rotor phase is not necessary and an
invertcr‘in a separate exciting system which determines fre-
quency with an outside oscillater can be used.

However, as earmmutatlon of the invertor is not ecceordinated
to induced voltage, it is necessary either to use a forced
coammutation circuit using oscillating current or to use semi-
condugtor elements with self extinetion ability such as a
gate turn-off thyristor (GTO] or transistor for large power,
atc.

Alsg when the difference in the diameter of the wheel
which is driven by respective motors }5 controlled under a
small value, multiple &ﬂtors can ke run in parallel with a
single invortor. 7Tn the case of squirrel-cage induction
motors, it can be run at a high number of revolutions, so it
can be made conpact and lightweight. -

Fron the foregoing, if commutation of the inveétor can
ke done with a simple circuit by using GTQO, etc., there are
many merits in using the induction motor and .the record shows
that more induction motor systems have heen produced to te
Trial praduction using synchronous moters has been undertaken
as moentioned before, in cases such as the VLABQE of the USSR
and the FUMOYA 791 type clectric car of JVR. In about 1981,
the French MNaticnal Railways [SNCF} ran tests with a current
type invertor system. Those using induction mators include
E120 type of Wost Germany and Ex 6/ I1 type of SBB for areas
of input frequency of 16 2/3 Hz for trial use. With input of
commcrcial frequency of 50 Hz or 60 Hz, trial ﬁrcductinn is

being carried out in Japan and West Gormany.

(2} VWVoltage Type Invertor angd Current Type Invertor

In case ipduection motor is used fpr AC motors as mentioned

before, 2 types of inverter, i.e, Voltage type and Current type

can b¢ considered.
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Cyclo convertor
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Rpoctificr
invertor

Fig.

Convertor
furrent type

Voltage type

current type i

systeom Motor

Synchronousd cotor

Inducticon motgr
Induction motor

Synchronous motor

B-24

Fig. 8-25% shows a caomparisan of voltage invertor system

and current invertor system with electriec rolling stock of AC

erolley line.
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SQUALT e alne e
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curTent f K\qff L—J
Cloae ko
SLive wapue Iquars wareg
£l High speed thyclator Hedium speed thyfaiskor

Fig. 5725

With & voltage type invertor system, DC vnltage is maintainegd

at a certain value with an input

frequency are controlled with a voltage type inverter.

rectifier. Motor woltage and

Oon the

other hand, with current type invertor system, input voltage form

the ipvertor is controlled with a rectifier on the input side,
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and only frequency control is carried cut to simplify the ecircuit,
With regard to the main ¢ircuit, a large c¢apacitor is reguired

for a voltage type invertor systems to maintain a certain voltage
on the DC portion and a large current smoothing reattor is reguired
for current type invertors toc maintain certain DC current. When

4 regenerativa brake is used, a current type invertor can CoO0-
struct the brake circuit by reversing the rectifier an the side,
reversing the direction of voltage and without making any adéi-
tional circuits.

With woltage type invertor systems, it is necessary to add
a set of reverse series circuits to the rectifier on the input
tide or to use a rectifier on the input side or to use a
mecharical convertor to reverse the vulﬁage of the I< portion
increcasing the nurher of pieces of equipment used.

From the woltage and current waveform of the motor, a voltage
type inverter system has a square wavefcrm for voltage waveform '
ang current waveform becomes nearly sine wave. This relatien is
reversed ip the current type invertor system.

Gengrally the Current type invertor system is simpler in
overall constructicon from the standpoint of the compositiaon of
commutation circuits, etc,

When semy-conductor elements with self extinction ability,
such as GTO, etc. are used, the wvoltage type invertor systcom
will become similar. The selection is made according to the
output of electric relling stock and conditions of input voltage,

ete.

3-4 Evaluation Based on the Actual Structure of Eolling Stock

The application of AC motors to AC electric rolling stock,
" has been tried and tested, as mentioned before, in Japan, the
USSR, West Goomany, SHit:Erl;nd. etc. West Germany and Switzerland
have already taken steps toward practical applicaticn ahead of

others.
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In particular, the E120 model locomotive manufactured by

German Federal Pailways for 1ts main lines in 1979 has received

warldwide attention as a full-scale larde gutput induction motor

system loccmotive,

The German Federal Railway specially reguired cormpact size

and light weight a5 well as large cutput, and much =ifort has

been paid to make the whole equipment in compdact slze.

The E120 model is Bp-Bg axial arrangement bype and w2 ighs

84 tons.

The weight of the axle is 21 tons, and corparing with

the AC cormutator motor which was generally used by the German

Fedoral Failwavy,

the

relative welght of Lhe motor iz lighiar

and the decreased truck weight including the traction moter

gives less load on the rail track.

Table 8-1 Comparison of Elements of Main Locomotives

T Tres ELID 1944 BB 15000
Pailuay | E:) oBp §.5.C.F
Maintenance weight | Bat B4 BAE
Axle weight | 11t 11t o
Axla arrangement - I B-B B-B B-B
Maxlmuz Length 1 19105 mm 16060 11470
Max imum width I0GUmm 111 7m. | ADEEmm

MULtor type

1 Fhass inductian mator

Oirect E'IJ.IIII'I.I'. = .1 X-F 4

Direct furrent bono =ator

Locomative oubput

A4 00k W S130kwW 4360%W
loont Lowoua )
Traction moter cutput LADORW 1287w 2180KW
[continuaus)
Traction motor welghk 2180 1730kqg TR ke
A.C.153kY A.C. l5kV¥ A.C. 25KV
Electric symcem 16-2/ Mz 16-2/Hz Somz

Conkrol aystem

4 Qyadrant convertor
and PWM bnvercor dreive

Thyristor .pha.su control

Thyristor phake control

Track width 14 35mmn 1415mm 1435mm
Hak ipus apeed 160k N 16Ckm M 180km T
Flrat manufactured 1319 1974 1971

year
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From the standpoint of overall construction, the main trans-
former is suspended below the fleor as in electric cars, producing
more space above tle flesr. The center passage is insialled en

the floar with equipment arranged on both sides, which shows that

much effort has been made to utilizne space (Fig. B-26}).

=
— — -z_._ ''''' - T ST e Ty
..r:rm‘f:. ST LR RS
w:.-_‘:'ﬂ"' 3 \
P 01700
. Fali]

=7 = | . ¥

TR : s D e

A En si] e 1 HOIE e Py |

. - =
! 1(_" . ;1 2
= ; orRal
1. l T o
N _7) L
T 200 !

1 Main transiormer B Switchgear tor ayxiliaries
2 Traction powwer COnverors 9 Convenar los lhige-phase auzilianes
J Braking resistances 10 Campressar
4 Traclion maior chokes 11 Cormpressed air and braking gguipment
S Translormer ol coaler 12 Contrad equipment
6 Switchgear and capaciors 13 Electronics module
7 Traclion motor bloweds 14 Control desk

Fig. B-26 E120 Type {DB)

The E120 was originally built as a common locomotive which
did not reguire a change in gear ratio between high speed pas-
senger trains and heavy freight trains. For this reason, the
regquired output of the locomotive is large but use of an induction
Entor greatly contributes to the increased output of the traction
motor and to reducing the truck weight.

Further, the induction motor system has greater pulling

strength for axle to improve the adhesion performance of the

rolling stock (Fig, 8-27).
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From the stapndpoint of the circuit system, the control
circuit, such as the invertor, becomes more complicated compared
with the alectric rolling stock.

Vhile reliability and ease of maintenance of the traction
potor are improved, there are certaln disadvantages. Also initial
cost at the time of mapufacture of the rolling stock tends to
be higher,

it is thought that this will improve in the future as
reliability is enhanced and prices lowered by mass production,

The evaluation of inductiecn motor traction mystem will
likely change in the future when the reduction of the wolume of

maintenance work for the rail track and rolling stock is alsc

considercd.

f-4 The Problem of Harmonics
g-d-1 Analysis of Characteristics of Reectifier Circuits

The main circuit of AT eclectric rolling stock i5 generally
a rectifier type with substantial reactance on the AC side, and
load current on the DC side is not fully smoocthed DC but so
called puls=ating gurrent with large ripples,

Therefore, when planning is made without considering the
fact that the main circuit is a pulsating current circuit and
riéple current, valtage may not be obtained as planned and in-
creased temperature caused by the pulsﬁting current of the
equipment and increase of commutation flagh will make the
egquipment unusable.

also steps must be taken against the problem of harmonic
fault caused by the flow of harmonic cuf}ent through the trolley
line and the rail track.

{1) Setting of Basic Single Phase Rectifier Circnit

There are many rectifier circuits used for AC electric

Yolling stock, and here a single phase bridge circuit is
taken up ags shown in Fig, A-28,
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EpSin @

Fig. B-28 Basic Single Phase Rectifier Circult

For a fixed pnumber of circuits, there are impedance of
electric trolley line and impedance of the main transformer on
the car as imgedance (Xp! of the AC side, and after the racti-
fier, there are inductance possessed by the main smwoothing
reactor and traction motor and impedance ‘tXd) on the DC side.

Also the traction motor generally has counter electromotive

force (E€] which is generated by revolution.

{2) Commutation and Phenormenon of Overlap

Like a diodn bridge, the operaticon of a rectifior not
cont}alling phase immediately make coemutator when power sourae
voltage is revarsed as shewn in Fig, 8-29, when there is ne
reactance on the AC side.

But when there is reactance on the AC side, current can-
nat 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 simultaneously and current 1 and current
2 overlap, This is called overlap, The pericd is rcalled
overlap angle. During the overlap angle, the gircuit is short-
circuited on the arm of the rectifier a2nd part of the DC veltage
will be missed. The lowering of average DC voltage due to the
missing DC voltage is called 'commitation reactance voltage drop.

This will greatly affect the characteristic of the relling
stock
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Fig. 8-2% cCurrent Voltace Waveform
{In case of no commutation reacrance)

“\ o J
. (Epaing
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1

gz"ﬂ '

)

{Comutating condition)

Fig. B-30 Phenomenon of Overlap
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{3) The Characteristics of Basic Rectifier Circuits Making
DC Current Full Smoothing Current
Table B-2 szhows the characteristics of a single gphase

rectifier circuit analyzed by the Perfect Smoothing Theory.

{4) The Characteristics of Single Phase Bridge Circuits in
Cansideration of Pulsating of DC Current
Equivalent circuit of single phase bridge circuit {uni-
form convertor] is shown in Fig., B-31 and waveform of each

part is shown in Fig. B-32.

Xp_ ip

T

JéEpﬂnE

Ed

Fig. B-21 Eguiwvalent Circuit of Single Phase Rectifier
2Epvind

oy

— o w—

Fig. 9-32 Waveform of EBach Part When DT Current Pulsates
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Table B-32
Characterigtics af

Basic Rectifiar Circuit for the

Ralling Stack
{In_ the case of DC current

full smoothing}
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OC valtagm e et x v i
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In this casue, as circuit resistance is not genorally

fl

large, analysis is made without regard to this.

4

A circuit equation is prepared from current and voltage

of each part and from this equation, DC voltage, DC current,

averlap angle, AC current, power facter, and the harmonic

content rate are cbtained.

These characteristics drawn as a model are given in

IEC Pub. 4l11-2 (Pawer Convertors for Electric Traction) which

An exazple {Uniform Convertor)

was offered mostly from Japan.

is given in Fig. 8-33 " Fig. 8-18.
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Fig. B-33 DC Voltage Requlaticn
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Fig. B-38 . Content of A.C. Side Harmenic Current

rharacteristics of Cascade Connection Circuits

{5)

If there is only one rectifier set, power factor may

deteriorate and harmonic current may increase, so it is

customary to use multiple rectifiers connected in series.

Flg. B-39 shows equivalent circuit of cascade connecticn

circuit and Fig. B-40 shows waveform of each part.

Voltage and current of each part is obtained as described

above .
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-Fig. 8-40 waveform of BEach part of Cascade Connection Circuit
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A5 commutation is done separately by cascade connection
rectifinrs, the movement of AC current becomes two stage.

This makes current mwovement smaller and helps contribute
to the reducticon of harmopic current and improvement in the
power factor.

Fig. 8-41 and Fig. E-42 show power factor against cascade

connection stage and impraved condition of equivalent jarmiing

power (JP) by model waveform.

i parial
Iu FIFILE

Power
factor o

] F ) 0w ® o
DC voltage

Fig. B~41 Characteristics of Power Factor of Cascade
Connection Circuit
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L ]
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Fig. 8-42 JP under Multi Stage Control (Hybrid Bridgel
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When the number of cascade connections increasas, a

greater effect may be brought about than thoese shown in

Fig. 8-41 and Fig. 8-42 by commutation interference dun to

mitual leak reactance among the windings of the main trans-

former.,

In parcicular pewer factor in the final condition and JP

are the same regardless of cascade ¢onnection, but actually

the greater the number of series connections, the greater the

power factor and JP tends to decrease.

2= analysis of cha-

racteristics requires a complex circuit equation with many

calculation elements involved and as it takes considerable

time and labor for manual ecaleulation, a computer i{s used for

simulation. Fig. 8-43 shows -a flow chart of the calculation.
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Also for attesting the resnlts of simmlation and shtaining
dynamic characteristics, sometimes final determipnation of a
fimed number of circuits is made by using an exact model
simulator which eractly simulates actual circults elements

and collecting various data.

8-4-2 Harmwonic Influence due to the Rectifier Rolling Stock

The rectifier rolling stock by its nature includes mamy
harmonics in woltage and surrent. Thig is because DT current is
smogthed as puch as possible for vse and current suddenly changes
by the commutation phenomenon occurring at ‘each gyecle.

Many faults ccoccur due-to such high harmonic wvoltage/current.
The main [aults inculde‘inductive disturbance which is caused by
inducing veltage on adjacent communication lines and mostly
causing noize and signal disturbance which causes mis-operation
on the signal track circuit due to the paszage of lpad current
of the electric roliing stock through the rail, and the effect

upon the power supply system.

(1) Feeder System and Inductive Disturbance

The inducktive disturbance of commication lines includes
electromagnetic induction and static inductien, but in most
cases only electromignetic induction may be Considered. As
voltage is induced on adjacent communication lines by trolley
line current and return current of the rail and ground, a
method ©f reducing induction by collecting return current to
the return circuit installed coamparatively near the trolley
line is adopted. The method ingludes the booster transformer
(BT} system shown in Fig. 8-44 and the antc transformer (AT)
system shown in Fig. B-45. In the case of the BT feeder, the
current of the negative feeder line and that of the trclley
line are the same but in the case of the AT feeder, as current

is divided in half and passes through the negative feeder line
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and trolloy linoe and feeder woltage is twice as much, wvoltage

being reduced to 1/2.

extended.

Therefore, feoder distance can be

Current
of bhoth
Substatlonfa, BT windirge
po T |
*qual
——_— . Kegative feedar lipe
1 NI
1 Trollay line !:III
yry =,i —
Bematar =
el [
n
Rall
Fig. 2= Preder Zyscen (211

SunSCAE i Q‘

f Halr of
Ef 19lling stack

ﬂur:en: »

b
D

*'l:urrent dbwaidad
Eil in halE

—_—

Fig., B8-4% FPeeder System (AT)

{2)

Mothod of Showing Indugtion Trouble and Forecasts

As a method of evaluating induction trouble, equivalent

jarming power Jp is used on the trelley line gide (inducing

side),

Jp is obtained from the follewing equation,

Jp = ¥ LSy - Ip)?t

Whero; Sn: noise evaluation factor (Fig. B-46)

In: n-degree harmonic current content

As an equation to forecast noise veltage induced upon cam-

munication lines from Jp, JNE uses the follewing equation.
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Frequency, He

Fig. B-46 Hoise Evaluation Factor (1852 CCITT)

Moise voltage Vy = Wagp-Mapg-Jp-E-Kaog ¥ 1072 {rV)

Provided, Wage = 27 800

Magy s Mutual induction facter of trolley line and com-
munication line at 800 H=

R: Parallel length of trolley line and communication
line

Kego : Electromignetic induction reduction factor at 800 Hz.

Jp obtained from the harmonic current calculated in 8-4-1 (4)
is shown in Fig. B-47. The larger the reactance on the AC side

and the larger the ripple factﬁr, the smaller Jp becomes.

- 79 -



Pulsa height value ripple factor WP

Fig. 8-47 - Relations between Ripple Factor and Jp
{No phase control)

‘B-4-3 Problems regarding Harmonics and Countermeasures

Generally harmonic current generated by the rolling stock
on the thyristor side is larger compared with the conventional
dicde rectifier rolling stock and various troubles are liable
to rasult in electrical systems, so various countermeasures
are undertaken at both the rolling stock and the electrical

. equipment side.
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{i] Multi Divisions of Secondary Winding of Main Transformer
{pulti-stage ¢ascade connection)

As given in B-4-} (5] above, power factor caﬁ be improved
and Jp can Lhe reduced by dividing the secondary winding of the
main transformer inte many stages, But there is a limitation
to the number of divisions from the standpoint of design and
fabrication and the effect of harmonic reduction decreases when
the number of divisions exceeds a certain level, so 4 or &
gtages are used in practical application. JkR uses 4 stages
for 111 type, 78l type electrie car and ED?7, EDVB type AC

locomotive and 6 stages for EF7] type AC locomotive.

{2) Vernier Fhase Control System

This contrel system is a system of reducing harmonic
current by increasing eguivalent division with a zmall number
of divisions.

200 type Shinkansen electric cars of the JHR divide the
secondary winding of the main transformer inte & sections and
adopt the vernier phase contrel system.

Flg. 8-48 shows relations of notch orders of the master
controllar and the operaticn of rectifier units of 200 type

electric cars.
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Fig. B-428 Explanation of Wotch Order and Rectifier Unit
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'The voltage ratio of each secondary winding of the main
transforrer of 200 type electric cars is, as shown in Fig. 8-48,
comprised gf 2 windings of ratie 1 and 4 windings of ratio 2 and
equivalent 10 stages is carried out with a total of 6 sets of
rectifier unjts [hybrid bridge). 1In other words, only the
rectifier with winding af voltage ratic 1 of Ho. 1 unit {1/10
af total secondary voltage] is a continucus phase control stage
and others are QN/OFF control stase at the control phase angle
0° . when the control ::mgle of the phase contrel stage advances
from 180° to 0° and DC output increases to its maximum, output
of the phase control stage is reduced to 0 and at the same
time the second unit is fully outputted and veltage is taken
over. Then the phase angle.of phase control stage is again
controlled krum 180% to 0° and voltage is gradually taken over.
This is called vernier phase control.

Before and after taking over/changing of control stage
voltage, DC output whole woltagqge is constont and continuous
phase contrml over the full voltage range becones peossible.

Harmonic current can be made smallar by making the voltage

of phase control stage smaller and using it repeatedly.

{3} Method of Increasing Commutation Reactance

Erlaryging the overlap angle is effective in reducing the
harmenic current. For enlarging the overlap angle, it suffices
to enlarge reactance on the power supply side. But the power
factor decreases and voltage regulation increases and then
the specified performance of the rolling stock cannot be
obtained. Such disadvantages in weight and econcmy are brought
about with the increased rating of the main transformer (kVAa}
and the increase of number of stages ¢f gascade connection due
to insufficient output veltage.

JHRE mostly uses arcund 20% of wvoltage regulation defined

by the following equation at maximum voltage.
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Edo - Edr AE4
N ——— —
€ Edo 160 = Edo 100

Provided, € : Voltage regulation (A}
Edo: Hon-load DT cutput voltage (V)

Edr: Rated woltage [rated voltage of main trans-
former * number of traction motors in series)

(v}
£HEd = Edo - BEdr

AFd includes voltage drop of reactance of main trans-
former, voltage drop of DC resistance of main transformer,
forward voltage drop of rectifying device and drop of DC
resistance of main smﬂcthing.reactor.

If the vernier phase control systen is adopted, there is
a method of entering the reactor on the AC side only of the
phase control as an effective method ¢ reduce harmonic by

enlarging overlap angle,

Eds

Edr

Trackior
motor
voltage

ol
Idr Tractlon motor curcent (Al
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 fun:t;an of reversing
DC power to RC power, all ams of the brldge are camprised of
thyristors. As explained before, such thyristor-bridge gate
control systems have syrmetrical control and asymmetrical

control.

- B2 -
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AT locomotives of the JWR equipped with the ED78 and
EF71l type redgenerative brakes of 1968 adopt recti-invertor

type asymmetrical control. However, this system has, as shewn

in ¢urrent waveform of Fig. 8-50, such disadvantages ag get-
ting larse moving range of the current due to the existence

af minimen control advance angle 2 cin.

in the low oltags

{low speed) area and getting large equivalent jamming power Jp.
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(1) Duripg poverlng (47 (uring regenmcatlye nraking

Fig. 8-50 Trolley Line Current waveform of ED78 Type
Pegenerative Braking System Locomotive

As & new gate control system, a system of controlling thyristor-
bridge as hybrid bridge has become the principal system of the
rolling stock equipped with AC regenerative brakes for JNR in
the future. This control of thyristor bridge like hybrid
bridge type control (this is_alsn-a special type of asymmetrical
conktrol) is the system as shown in Fig. B8-51, where.a hlack

coated cne side whole arm thyristor is fired as the free wheel
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diode of the hybrid bridge.
By this method, the same

wavefoon is obtained for
pc current during powering
as that of the kykrid
bridge, and when regene-
rating, control is obtained
by selecting AC winding

" according te the mevenent

o

of the cneed and the _—
current meving range at .
f min. becomes smaller

compared with recti-

invertor type asymmetrical .
control. Fig. B-52 shews Fig. B-%1 HBybkrid Bridge Type .
the trolley line curreat Control
waveform in the case of

hybrid bridge type control.
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Fig. 8-52 Trolley Line Current Waveform of Hybrid
Bridge Type Control
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Fig. 8-5) shows a model plan to indicate the trend of Jp in

the case of asymmetrical control and hybrid bridge type control.
The reduction of Jp is an advantage of the hybrid bridge type
control, while the current may pass thiaugh the black coated
arm at all pericod {360") shown in Fig. 8-51 and a thyristor

of double rating is reguired comnarad with 15C° ©C arc.

i hsywmetricil

} /contml

Hybrid bridge
type control

Regenerative #4—— | | — pguering

W

Voltage
Fig. B-53 Trend of Jp

{5) Unbalanced Reactance Viewed from Each Secondary Winding of
Main Transformer toward the Power Supply Side
Hothing that making 2 gradual movement of primary current

waveform during commutation will be effective in reducing Jp,
it is pessible to slow the movement of the primary current
waveform by making the commutation period of each unit uneven
by designing intenticnally unbalanced reactance viewed from
each secondary winding of the main transformer toward the
primary side, Fig. 8-54 shows the AC current waveform of the
rectifier unit and primary current waveform ip when magnetic
coupling of each secondary winding with the primary winding 1s

unevean.

Fig. B-54 shows that when 4-stage rectifier units start
comrutation at the same time, primary current ip's movement is

slowed down by sliding the commutation peried {overlap anglel
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as shown in the figure.

By using this effect, it

is possikle ¢ Teducae Jp

without adding zgeesial

parts, but sophisticated

consideration is required

for designing allocation

of reactance of the main

transformer.

{6] Method of Inserting
Reactor

One of the reascns

for primary current
waveform becoming sharp
is that AC current changes
linearly during the com- Fig. B-54: Primary and Secondary
nutation of the rectifier. Winding Current Waveiorm
Linear movemnnts of
current occur due to constant inductance at the circuit where
the current chanqa:a and if induction changeyg with the movement of
gurrent., curved gurrent movements are expected to occur. The
saturation form reactor method shown in Fig. 8-55 is where
guth a Baturation form reactor is used with a rectifier circuice,
As shown in the figure, the effect of slow change of
current wiveform is expected, The non-5jaturation reactor
method shown in Fig. 8-55 is eimply tﬁ enlarge the overlap
angle and slow down current movement during commutation. But
for Z coupling type windings as shown in the figure, when the.
contrel angle is 07, the current movement of both windings mutually
offzets to show no reactance and o prevent the reduction of
- output wvoltage.
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Saturation type Non-saturation type
reactor method reactor method

iT in

Circuit

Current waveforn

Fig. B-55 Method of Making Obtuse Angle of
Current Waveform by Reactor

B-4-4 Problem: during the Regenerative Hraking

Harmonic current characteristics and power fagtor character-
isties during regenerative braking are, as during powering,
greatly affected by reactance character¥stics of the trolley
line and main transformer and inductance of the DC side and
influences by the control angle. Power tactor characteristics
can be improved qualitatively by setting small 8 min. of each
thyristor bridge, which is connected in series, while JP is
reduced by setting large reactance of the AC side. Howsver,
when reactance on the AC side is made 1afger, the overlap angle

during commutation increases and then B min. increases.
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As obscrved, the reduction of JP and improvement of power
factor have contradictory conditions, so’integral studies of
these factors are made and reactance characteristics of the
main transformer and B min. are set and the control systems
are degcided.

Fig. B=% - Fig. 8-59 show a comparizon of pawer factor
and Jp at the time of powering angd regenerative braking with

main transforomer of the same characteristic.
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. CHAPTER 9

DETERMINATION OF SPECIFICATIONS FOR
MAJOR EQUIPMENT OF AC ELECTRIC
ROLLING STOCK



CHAFTER 9. DETERMINATION OF SPECIFICATIONS FOR MATOR EQUIPMENT
QF AC ELECTRIC ROLLING STOCK

9-1 Co-ordination of Insulatieon, Co-ordinpation of Protection and
Protection Equipment

9-1-1 Co-ordination of Insulation of Extra High Voltage System

Power system of electric railway including substation,
contact line and electric rolling stock is an extra high voltage
clrcuit of several tens of kilovelts, and countermeasures f[or
lightning surge and switching Surge are necessary as in the case
of a general power system., However, it is useless and dis-
advantagecus to have the same level of dinlectric strength to
substations, ¢ontack lines and electric rolling stock. Thore-
fore, it is necessary to make rational positioning of dielectric
strength requirements for each of these cocmponents, and keep
clear of the range of protection role assignment for each component.
An exarple of cﬂ;ordinatiun of insulation for JNR's sShinkansen is
shown in Fig. 9-1. Ce-ordination of insulation shall be con-
Sidered separately for shock wawes such as lightning surges,

switching surges, anrd abnormal voltage in commercial frequencies.
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‘A direct lightning strike is discharged by the insulator line,

- and abnormal impulse voltage at a voltage leower than the

insulator wvaltage is discharqed by the lightning arrester, and

the wolrage for the lower systom is restricted.

pecause of the

large enpergy of the switching surge, it is generally devised

not ta be discharged by an arrester.

Value of the test woltage for dielectric tests, and impulse

voltage tests for newly manufacturegd electric rolling stack

eguipment is determined based on the linmit voltage of the

arr¢sLaer,

Takln 9-1 indicates the values of dielectric strength

test voltages of internatiponal cpecification (IEC 77) and JUR

specification (JRS)

*

In the case of JHR, values of dielectric

strength for high voltage equipment are wet conditicn for outdoor

equipment and dry condition for cab eguipment.

Table 9-1 Dielectric Strength Test Voltage
Intermational 1 ShyrnARAER
I0[h¥
ele:t_rm‘.gchnlul JHR I0[RY] syniom i I8 nw] ayatenm
omminxipmn ) ]
LIRS T T
Commercial Tomnercial 1 1 N | Commerepal Irgilas v ?
Erequency timquency Rinalaw = wi frequency Friak cave I
mir=Blagptl CLEEULL preansr ] ] .
linterpalel i-2E421xw] Dlxv} 140 uv] v 175 [wvl
- leer greundh 2. IE+2 V] Dry TQTkv| e II0IRYE
Wer 60[WY]
Makn trannforme? [primary dhdsl L TSE+1. 5 [kY] H0EkV] 170 LAV a2 kW) ATEww)
* 2 wmin, Cropped wave 10 mum,
1alkv]
- Leecondsry oldad] 7.35E"«310Y] 1ojevy= 1afev)-

Haté L

lalectrie teat tirr 1 min., astept othervias specifisd,

L1 Effective valur of pomiral voleage LW, E'; Effective wvalus of Excondary slde mo-load
voltey® lhwj,+) For ©4eguar wolk of 3 (Y] @F leas.
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9-1-2 Prorection System of Electric Rolling Stock

Failure in electric circuits includes insulation difficulties
~such as short circuits, grounding, etc., abnormal increase of
vltage and/or current, temperature rise caused by failure and/or
performance reduction of cooling eguipment, erg. Failure detection
instruments will ke prepared with corrusponding structure, and
steps to be taken with respect to the fallure are mainly taken
by cutting out the circuié.

Protection units of the main circuit are classified from the
end, as traction motor circuit, convertor circuit, and total
circuit including main transformer. The main circuit of JHUR's AC
electric locomotive, type ED 77, is shown in Fig. 9-2 as &

representative sxample of a main circuitf.

(1) Pratection of Traction Motor Circuit

Traction motors and their gircuit switches, control eguip-
ment and cables are subjected as the object of pratection, and

their abngrmal phenamena and dispositicons against them are as

shown in Table 9-2.

Table 9-2 Frotection of Traction Motor Circutit

Traction mokor Breaker open

QVer-current {for silicone
rectifler locomotive)

Traction motor Cver-current

flashover relay (MMOCD) Thyristor gate off
{for thyristor

Short circuit controlled locomotive)

Circuit jrounding Ground .. AEB {(VCB} open

relay (GD)

Detection sensitivity of over-current relay is desirable
to be selected to cperate as near as practicable to the maximum
allowakle current of the traction motor, taking also over-current

protection into consideration. As for the protective cutout, a
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line breaker as normally used for circuit switching is employed
.Ian it is for the protective cutout. This oethod was adopted
for the reason that over-current in the case of short circuit,
etc., 18 relatively small because in an AC electric locoamwstive
voltage drop in the main transformer and main rectifier is

large and the circuit voltage is alsoc generally low,

(2Y Protection of Power Conmvertor Clrcuit

Protection of the silicon rectifier circuit and/ar thyristor
contorlled rectifier circuit include many items such as over-
current protection, temperature protection of slements, restric-
tion of ahnormal voltage intrusion, abnormality detection of
phase control deviece, etc. Items of dﬁtectiﬂn. detection

instruments ard protection procedures are shown in Table 9-3.

Table 9-3 Protection of Power Convertor Clrcuit

Shert circuit

Flement shﬂrtt:::::hﬂver—current

relay (MRfOCD]

ircuit
< ABE (VCH) open
Grounding ————— Ground relay {(GD)
Abnormal Fault detecting
phase contral device
High temperature Texperature Traction motor cir-
of element Telay cult open
‘Lﬁhnormal element Fault detecting Indication (continue

device operation)

Abnormal wveltage

suppressed by arrester and surge absorber

{3) Earthing Prctection

Because the secondary circuit of the main transformer is
cut off from the earth {(rail, bodyl, ecach instrument of AC-

rolling stock shall be grounded at some place to fix its wvoltage
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to ground to a certain value. WHormally, earthing is made
thravgh a resistance of about 1 X0 to restrict the current under
earth fault to about several apperes as woll as to detect the
current to find out the earth fault. This will reduce daxzage
to equipment caused hy earth faults, and allows a highly
sensitive derection of earthing. This current detector 1s the
ground relay, which ¢overs all the main circuit from secondary
winding of the main transformer to traction motors. Therefore,
the protective gutout is to be performed by cutout of the main
switch (ABB) of primary side of the main transformer.

Too sensitive a ground relay may cause frequent operation
even under small reduction of insulation without any actual
damaqe .

‘Therefare, it is advisable to have detection at a wvalue of
about 0.2 ™~ 0,5A.

{4) Protection of Whole Circuit

Ultimate protection on AC-rolling stock will be made by an
air-blast circuit bresker {(AEB) wr vacuum circuit breaker [VCB)
which is a main switeh, These main switohas are eperated by a
gsignal from the various failure detectors mentioned above.

On the primary side of the main transformer an RC-over-
current relay is also installed to detect gver-current caused
by a shert circuit or earth fault of the maln Eransformer or
tap changer. This relay, however, is sometimes devised to-act
with about a 0.5 gec. operation time lag. The purpose of the
delay is to prevent mis-operation by excitation input current
of the main transformer, because of maip breaker closing or
reenergization at crossing the dead section, Excitation ipput
current ©f the main breaker varies with the phase at the time
af peenergization, and of usually 7 to 8 times the current
flows and takes about 0.2 sec, until it is stabilized.

In relation to the protection of the main transformer,

leakage impedance is larger for secondary side failure, and
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the primary side fault current is relafively small, with time
lag causing no problem.

On the ather hand, fault current is very large with supposed
primary side metallic circuit shortase, may exceed the capacity
of main breaker, and when near a substation, the spread of
fault by failing to eut out on the rolling steck can be con-
sidered. Therefore, protection €o-ordinaticn may sometimes be

necessary to protect the primary side assigned to the on-land

protecticn range,

8-1-3 Equipment for Protection
{1} Arrester {Lightping Frotector}

An extra high voltage circuit may be intruded with abnormal
voltage caused by lightning surges, etc. An arrester is in-
stalled to restrict the abnormal voltage value to a value
lower than the insulation level of the eguipment. In Eurcpe,
simple discharge gaps only are sametimes applied in lieu of
e¥xpeniive arresters. In this case, a trip arrester is inétalled
in the substation for discharge.

The AC-arrestur is made to be sealed in a double porcelain
tube structure, and is filled with inert gas as shown in Fig. 9-3.
&5 for the internal circuit, the indirect line resistance and
6 kV discharge gap unit are piled up in series in just the number
appropriate for the rated voltage. The discharge gap unit is

Non=linear reslttance
e
'l "",

shown in Fig. 9-4,

1 Ion irradiator
Maln qlP*-=- P__—HL-
Line side Hﬂldinq spring
- Hon-linear
1'__,_.-U'ppt'r plece Main gap E i-“’% rapintance
- Insulator Blowralf
i E;'_'_ A liacy . 1___,
3# Insylation bolr Z © coll huxilliary . Blow-off coil
_;E.-G.;p unit 16 KY) IE m-—' qag s 3 =g
rh—'ﬂhdrl:terzstlc elamant 2 X i Q
__; F=Insulation tray Main ElP-’;'n _
E__,_..-Lour plece ¥ ﬁ
' 1

_— Fubber cushion Hain gap .

I
—-c-t't

/ wp
Crounding aide - =
gtrweture of
qap unit -

Fig. g-3 Model LA10SA Arrester Fig. 9-4 Discharge Gap Unit- (6 kv)

Elxccrie connection
of gap unit

- 99 -



The specifications of JRR's standard arrester LALOS and

LEZ201 are also shown in Table S-4.,

Table 9-4 Performance Specifications ‘of
20 k¥ and 25 kV Arrester

" LAlOS LA201
Type (for 20 kv) { (for 25 kV)
Rated voltage {kV} o 42
Hominal discharge current (kA 10 10
Discharging veitage of an 61
comercial voltage [KV)
Discharging of impulse voliage Less than Less than
(kv) BO 120
Relaxed impulse wave discharging| Less than 90 ~ 120
voltage (kV} 8o
. ) Less than Less than
Discharge current at 5 kh 75 120
Less than Less than
Cischarge current at 10 kA Be 130

{2) BAC-main Fuse

In cases where the possibility of AC-rolling stock baing
driven by mistake into a neighboring DC-section is foreseen, a
main fuse is installed to protect the ¢oil of the main trans-
former.’ Fusing characteristics of the main fuse will be deter-
mined from the follewing requirements; i} in the cage of driving
into a DC-section, protection shall be secured even if the
contact line voltage is low, ii} co-ordination with the short-
circuit current proef wvalue of the coil shall be maintained,
iii} in an AC-section the fuse shall nu£ be fused before the

ARB is cut off against fault current.

{Ei Alr-blast Circuit Breaker (ABRR)

Flg. 9-5 ipndicates the structure of an air-blasr circuit

breaker. when closing the breaker, the disconnecting portien °
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L. air eylinder B, Breaker rotary insulator

2. Main valve 9. Blade of breaker

). Circuit-epening electrmg~ 19, Porcelain toke for wventilakian
magnetic valve 11, Fixed contactor

4., Clreuit-rlosing electro- 12. #Zpring for movable gontaceor
magnetic valve 13, Mavable contacknr

5. Taggle spring 4. Cover of breaker

6. Breakey operation piston 15, Hon~linear resistance

7. Brwaker operation cylinder 16. Bage

Fig. 9-5 0Qperation of Air-blast Circuit Breaker

is closed; and in the case of breaking, the main wvalve is
gpened and the disconnected portion is cut off while compressed
air (7 kgfcmzl is blown to the spot, Extingtion time of the
arc of the discoennecting portion is guite short to be within
l-cycle after cutoff, and the total breaking time is within
J-cycles. Because the surge voltage of the hreaking circuit
{switching surge) has a large influence on the excess wveltage
proocf wvalue and/or insulation specifications of main circuit
electric equipment, non-linear rasistance is connected hetween
the poles of the discennected portion so that abnormal voltage

during awitching will not exceed 200% of normal service wvoltage.
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(4} Vacuun Circuit Preaker (VCB)

This breaker employs a vacinm valve circuit breaker for
high voltage applying high dielectrig¢ strength and arc diffusion
artion in the vacuum, to the disconnecting portion. The struc-
ture of the breaker is shown in Fig, 9-&, Compressed air is
used for making: howewver, the breaking is performed by the
spring force by excitirg the tripping coil. Because of this
simple structure and =rall action stroke {about 20 rm), the VCB
allows a very simple operation mechanism, small and lightweight
in comparison with the ABB., Sufficient attention should ke paid
to the sclection of mon-linear resistance botween poles, as the

high performance of circuit breaking may cause cutout befgre

Termira I
robable terminal
Stationary contactoy Closing spring i—
rmtactor ™ —_— | 7] n
.

...;Ll.l . !

: s £
| = e - e
Uacuurn___vl;a - ] H ==
valve / ; y ]
Bellows

Porcelain tube

PoOrcelain tupe

Uperation rod

SL:-iplnsj.un lever

Solenoid Rek “ m
valve Spring
Ny

p——

| Clesirmg cylinder

Conkeal
terminal
bax
mv.:-rnr Dpeuti&n Aunibiary
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Fig. 9=6 VYagcum Circuit Breaker and Vacuum Valve
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the 2erc point of current reversal, resulting in the yield

of a large surge voltage.

Ratings of ABE and VCB being used by JNR are shown in

Table 9-5.

Table 9~5 Specification of Air-blast Circuit Breaker and
Vacuum Valve Circuit Breaker

Type RER VCB
€B103 CBZ00 CBl05, 106 ] CB20L
Model saries 58Ties series series
. (for 20 kV) [(for 25 W[ {for 20 BV} [{fur 25 kV)
Faced woltage (W) 24,000 30,000 24,000 30,000
Rated current (A) A0 290 360 200
Rated freguency (Hz) 50/60 &0 50/80 50/60
Rated <utour
\]
capacity (MVA) 100 100 100 10
Rated contact 0.04 0.04 0.04 .04
parting time (5)
Rated intaerrupted d-cyeles 3~cycles
. 0. 06
time (S) ¢.06 (0.05) (0.05)
Operating pressure 7
] 5 ]
tkg/em®) |
9-2 Pantograph

9=2-1 Outlinsa

Various types of current collecting devices are adopted in

accordance with types, structures, conditions of railways, in

which pantographs and collector shoes are most widely used at

present, &nd trolley poles, bugels, etc., are alsc used in smaller

proportion.

Among those above, pantographs are used for catenary

contact line systems, and large capacity high speed electric cars;

and a variety of pantographs is used accodrding to the object.of

service such as system of electricity, structure of car, running

condition, etc.
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9-2-2 Types of Pantographs

Forms of pantographs include the Z-type and trapezoidal-type,
and each of these has a variety of types in accordance with the
system of raising and lawering, the system of contact line, size
and structure of the framework depending on the variation of
contact line heights, differonces in electric system, AC or DC.

& comparisen of the Z-type and trapezoidal-type will be discussed

later, and types of pantograchs and their special features are

as follows:

{1} Operation System
{al] Spring Raising and Preumatic Lowering Systam

When raising a pantograph, the nook will be released by
an air ¢ylinder or a solencid, and the pantograph is raised
by the force of the spring, and is lowered by the air ecylinder.

This system i5 applied in many of JNR's pC-cars, because
it can be operated with a manual hook releasing by combined
installation of such apparatus (in the case of solenoid ap-
plication, it is not necessary), in cases where a compressed
air sgurce is not available, and the structure is rather

simple,

b} Preunatic Raising and Gravity Lowering System

énrce for raising the pantograph is by the spring force
as in the case of spring raising, however, the spring is
pulled by a prneumatic cylinder., When the pantograph is te
be lowered, compressed air in the cylinder is discharged to
reduce the spring force, and the pantograph will be lowered
by its own weight.

This system has less possibility of damaging the contact
line, because of its ability tu‘cﬂntrnl the.raising speed,
and is applied in JHR rmainly for DC-electric locomotives by

which the amount of current collection iz large.
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fc} Prneumatic Faising and Spring Lowering System

Raising and lowering action is taken by charging and
discharging air in the air cylinder as in the case of pneu-
matic raising and gravity lowering system, however, a lowering
spring is installed as well as a raising spring, and the
lowering spring overrides the raising spring force when
compressed air is discharged to lower the pantograph. Also,
during the raising, spring forge is killed by the air cylinder
to raise the pantograph.

This system allows & siepler structure than that of

pneuwmatic raising and gravity luweriﬁg system, apd is used

widely on AC-, AC/DC-cars, electric locomotives of JUR, etc.

{27 Size and Structure of Frame

Size of the framework is determined by the required moving
range in accordance with the height variation of the contact
line. Shinkansen allowsg the use of a gmall pantograpn frame
from its almost constant contact line heiqht. however, In
casea of Jarge variations of height as in the conventional
lines {(low height portions exist in some turnnels and over-
bridged lines), large moving range shall be secured and the
framework consequently increases in size.,

Framework is structured in most céses in trapezoidal form,
however, in some rcases when the occupation area on the roof is
required to be reduced, crossed lower frame type, which has its

lower half frame crossed, is also used.

{31) Difference by Electric System of AC and DO

There is basically ne difference in pantographs according
to whether AC or DC current is used; generally however, by the
large differcnce of contact line's voltage betwouen AC-system and
DC-systen, difference of collector bow and munber of pantographs.

different materials of the sliders are resulted in, and a large

- 105 -



current collection type is required by DC-rolling stock., In
the case of AC/DC-rolling stock, although changeover of
pantegraph between AC and DC sections can be adopted, at least

it is necessary to prepare the large current collection ability

required in the DC section.

3-2-3 Structure of Fantcgraph

A pantocgraph consists of a collector bow or bows to which
sliders which contact the contact line are attached, suspension
device to hold the collector bhew, a framework which enahles the
collector to be raised apd lowered in accordarce with the heighs
of the contact line, and a base frame for supporting this frame-
work, and also operating components to raise and lower the
pantograph such as springs, air an cylinder, etc. The base frame -

is mounted on porcelain insulators on the rocf.

(l) Collector Bow

A collector bow is equipped with sliders which slide with
the contact line, and the materials of the slider are sintered
copper or iron base alloy, melted copper base alloy, iron,
carbon, etc., and shall be selected in consideration of currant
collection caparity including that for requirements during

stopping, resistance to wear, etc.

(2) <Collector Bow Suspension Device

various structures of the devices to support collector bhow
Are avﬁilable, and two examples from JHR are shown as representa-
tive examples of them; Fig. 9-7 indicates principle of P5-16
type for catenary contact line, and Fig. 9+8 indicates that
of P5-21 type for rigid contact line (for joint operation with
underground railway]. Basic structure is almost the same
allqwing movement front and back, up and down, around and back

by way aof a coebhination of springs and links. The latter Gne,

the P5.-2]1 type, employs a spring systam combining ceil springs
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and rubber bellews between the collector bow and suspensicon
arm in consideration of sasy follow up to fine variation of

pesitions, because of the rigid contact line systen of subways.

Pin (A} Tollector baw
el

“spring {1}
A Pin (B!
SF:ing {21

Upper frame Spring (X}

\
Paint D jpring [4)

-

Fig. 9-7 Pantograph for Catenary - Fig. 9-8 pantograph for rigid
" Contact Linwu Contact Line

{IJNR P5-16 Type) (JHR P5-21 Typel

{3 Framework

A framework consists of an upper framework and a lower
framewcrk, to form an H-truss for the upper framewsrk, N- or
M-truss for the lower framework in the case of a trapezoidal
structure employing steel or alupminum pipe, However, stailnless
pipe structures are increasingly used in recent years Lo cope
with the requirements of maintenance free structure or pre-
vention of strength reduction due to sorrosion, etc.  Lower
frame crossing type ecploys the same upper frame structure as
that of the1trapezoidal type, however, tapercd steel or a

sguare stainless tube is used for the lower frame in lieu of

truss structure.

9-2-4 Performance of Pantograph
{1} Upward Force Characteristies

Upward force is a2 static force pressing the slider of a
collecter bow to'the contact line. 1t significantly affects
the follow-up characteristics. The follow-up characteristics

are improved with increasing upward force, howaver, too high an
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. upward force may give rise to problems of inadequacy with
gontact line structure ©r increased mechanical wear of slider
and contact line, and too low an upward force will cause
generation of arc 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. JHR is presently adapting an up-
ward force of 5.5 kgf in the case of DC-cars, AC/DC-cars, and
the Shinkansen, and 4.5 %gf in the case of AC-cars, as the
standard value, but those values lie in the lowest group from
an international point of view. The most suitahle value of
upward force is desirable to be determined in overall consider-
ation of collecting current, service speed, structure and
condition of the cantact line, weather condition, material of
the slider, ete., which affect the desirable value. ({Fig. 9-9),
The upward forge is ’
desirable to have flat
characteristics without
relation to the change

of warking heights of

T Mechanical wear
the pantograph. /
o . Electrical wear
{2) Follow-up E. {Large current)
Characteristics " ~—o___~—Electrical wear
5 - {small current)
Follow-up cha- "
@ Upward £
racteristics are cne 2 . Upw orce
of the most important © Fig. 9-9 hRelations between Wear af
items in the current Slider and Upward Force

collection sySterr.

The dewiring phencmenen is generated by impropar follow-up
gharacteristics, and conseguently magnitude and frequency of
dewiring and rate of dewiring are used to evaluate the follaw-up
characteristics. As the magnitude of dewiring, they are roughly
Adivided into small-, medium-, and large-~dewiring. Small dewiring

is a phenomena of 1/100 sec or less dewiring for each time,
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giving rise to almost no actual damage. Medium dewiring is
that of 15100 to 1/l0 sec. and in many c¢ases arises from the
jumping of the collector how at a point of discontinuity in
the contact line {(hard point, variational point, ete.). This
may not Cause problems in cases of low frequency, howewer, it
geneérates problems af increased slider wear and partial wear
of contact line, etc., with increasing frequency. Large de-
wiring is a phenomenon of the dewiring exceeds 1/10 sec, at one
time, and is mostly caused by inability of following-up by the
collector bow itself at suppoarting points of the contact line
or at section points. This may cause not only abnormal wear
of slider and econtact line but also may haﬁé a bad effect on
electric equipment, and must be rostricted as much as possiblae,
Dewiring rate indicates rate of the time in which pantograph
iz apart from the contact line during the car running, and is
normally Eaiq to be desirable to be 1% or less in DC-lines and
34 or less in AC-lines. However, the value sometimes attains
to several tens per cent under high speed running or by a rigid
contact line, the effect of dewiring has other relations with
the size and frequency of dewiring and the rate cannut.be

evaluated unconditionally.

(3) Capacity of Current Collection

The caPQEity of current cellection is very much different
in conditions under stopping and running and it is necessary to
consider them separately.

Current collected during the stopping of cars is restricted
by the temperature rise of the contact point of the contagt line
and slider, apd it is necessary to be restricted to a certain
range causing no decrease of tensile strength of the centact
line (about 150°C or lessl, being caused by heating of the
contact line. In the case of a carbon slider, resistance wvalus,
and consequently the temperature rise, is larqge, resulting in a

small permissible current.
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Current cocllection duving running is mostly decided by
the wear of the slider, the wear is alse affected largely by
other factars as stated, and is empirically decided by actual
car tests, ete.  Allowable current wvalues hy JNR are approxi-
mately as given in the Table 9-5,

Tahle 9-& Criterja for Fermissible Current Collection
Value (per one pantograph)

]
Stopping Running
. Continuous Peak Continuous Peak
Carbon 150A 26048 500a 10004
slider .
Sinterad
alloy S500A 1600A A00a 20004
slider

Reparks: Upward force 5.5 kg
Slider arrangement; 2 rows for carbon slider
4 rows for sintered alloy slider

(4) wWear of the Slider

Wear of the slider ic affected largely by varions facteors
such as the condition of the contact line, capacity.of current
etollection, weather condition, etc., among these the effect of
the material of the glider is the most significant.
| As materials for sliders, iron base material in France,
carbon kase in Germany and UK are predominant. In Japan,
sintered material, which has quperior current collection
capacity and wear resisting characteristics are most widely
used, inspite of rather higher cnst,.howe¥er. carbon, etc.,
are also partially being used. Use of lubricant is effective
to decrease wear of metallic sliders, and various lubricants
ﬁavé been stuﬁied. In AC-sections, where corrent collection
requirement is small, use of a carbon slider which is gpod in

lubrication characteristics is effective to prevent wear
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of the contact line, however, mixed use of metallic and carbon
gliders in same line had botter to be avoided., because of a

tendency of increasing wear.

9-2-5 Camparison of Z-type Pantegraph and Trapezoidal Pantograph

Z-type pantographs are widely used in France, etc., and
wWere originally devised to reduce the installation arca for ap-
Plication in the railway division with very large différence of
contact line heights. There is basically po point which makes
it superior in performance in camparison yith trapezgidal panta-
graphs. JHR once designed and test manufactured a Z-type
Fantograph only to find.cut that trapezoidal pantographs arc
rather superior in total weight, reduction of suspended eguivalent
mass as the governing factﬁr of follow-up characteristics, and
the differences of link pechanism and aercdynamical characteristic
by direction of running were also smaller by trapezoidal type.
Where diffcrences in the height of the contact line is signifi-
cant, and a large operation range is reguired, the z-ryﬁe is
advantageous. Therefgre, it is desirable to select a pantograph

considering sarvice condition, maintenance gondition, ete.

9-2~5 Representative Example in JHR

Various types of pantegraphs are used by JHUR for different
Purposes, and their representative ones are as indicated from
Fig. 2-10 to Fig. 9-12,

-
Fig. 9-10 pg5-16 Type {for DC-car) Pantograph
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Fig. 95-12

P5-201 Type {For Tohoku-~, Joetsu-Shinkansen)
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9-1 Main Transfommer
9-3-1 HMain Transformer for Folling Stock

The main transformer for rolling stock has special character-
istics different in a variety of points from general purpose ones,

including:

{1} The transformer is of single phase, and the wave forms of
valtage and current are not sine wave, because it is used in

combination with a rectifier,

{2} It is a special itom which is compact, lightweight, and
shake, shock apnd vibratlon resistant, fitting into the space

for equipment.

{3} Because of high current density ip winding, and much loss
caused by their small size and lightweight structure, the

cooling design becomes an important point.

(4) The transformer has many taps for speed control, and also
has many windings including a 3rd winding for auxiliary

machines and a 4th winding for cabin heaters.

{5) The transformer is subjected to sewvere flugtuaticons in

voltage and load,

9-3-2 Core TQPE and shell Type

Transformers are classified intc core type and shell iype
from their structure, The core type ha; each primary and second-
ary winding in ¢ylindrical form and are arranged concentricly.
on the other hand, shell type has each primary and secondary
winding formed in plate type and are arfanged in stfatified form.
Fig. 9-13 indicates the basic structure of core type and shell
type transformers. Comparison of core type and shell type as

main car transformer is shwan in Table 9-7.
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Table %-7

Core Lype

Shell type

-Fig. 9-123 CorerType and Shell Type

+

Difference hetween Core Type and Shell Type

Core type Shell type
] ore secitonal area Small
Magnetic ¢ Large
i it .
circul Core magnetic path length Long Short
i Average coil length Short Long
Voltage per turn Small Large
Current
circuit bumber of turns Many Few
Cylindrical | Disk winding,
Coll arrangement concentric alternate
arrange

The shell type is superior frum koth a structure and cha-

racteristics point of view, and JNR adopts the shell type only,

except for very early designs.

The reasons for selecting tha shell type are as follows:

{1)

Shell type allows relatively free selection from many possiblae

arrangements of primary and secondary windings and therefore has

a large freedom of design for leakage reactance. Also this type
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allows us to make detailed design considerations such as inten-

tionally giving variation teo the reactance of each split winding

of the secondary side, to reduce higher harmeonic currents,

(2) Core and windings can be directly screwed and fixed with the

tank wall, te make the arrangerment of core and winding for high

Tresistant 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 application, enabling smaller size and lightar

weight, when considering an under floor structure as in the

case of JUR's Shinkansen-car. the core type design is diffiecult.

AS an example of the shell type main transformer, the

structure of JHR's electric locamotive main transformer is shown

in Fig. 9-14.

10.
1.
12,
13.
14.
15,
le.
17.

High woltage bushing
Tank cover

01l feed pump
Blower

Coaling pipe
Relief valve
Uoper tank

Lower tank

Core

Coil

Insulation board
Grooved insulator
Upper insert
Wooden brace
Lower insert
Wedge

Corc receiver

Flg. 9-14 . Btructure of Shell Type Transformer
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g-3-31 Temperature Rise and Cooling of Main Transformer

The temperature rise limits of the main transformer is speci-

fied by JHR a5 Shown in Table 9-H,

Among these, dry insulationp

is disadvantageous in characteristics, hear capacity, weight, etc.,

therefore an oil girculation air cocl system is solely used by JuR.

Table

9-B Temperature Rise Limit of Main Transformer

for Folling Stock

Torit:  2rq]

MpanuTing

Oip Ealled

]

Katural akr €ooling

ul eaecalatien qomling

=rotyEn

1
"

Loz stion — — - .
mathod Nemal Heat Tegisting] Bormal Heat resiguing | Speckah beat oo bl b
imulacipg | ersulacang Loauleting | 1ned]stying prouf uinanber B l F 1 H
AT paper papET papger Ting paper !
1 '
ReELsTansE -
0 [T} 1% 1 190 1y o1 - 1m
Winding l_m J .
. Tha [™OWecRF " | !
B 1] 1] L] LY} H
i1 re Ehod ' i i

[Hote)

Scandard arblent temperature i 257C (10 pn wincerh,

From the classification by insulation, oil filled type cor-

responds to class A insulation (maximm allowable temperature

1059C.}, however, in the case of electric locomotives, the oil

circulation air gool type takes its standard ambient temperature

as 25°C (for general purpose transformers, 40°C), and allows a

higher temperature rise limit of winding and ©il correspondingly.

Temperature of winding is an average value by resistance method,

and is determined te be 75 deg. in normal insulating paper assuming

the difference to the maximum temperature as 10 deg.

In the case

of applying heat resistant insulation paper, which is superior in

heat resistance, $5 deg. will bo allewed and in the case of

special A-class insulation {consists of polyamide paper, and

silicone oil base insuation) wup to 100 deg, are allowed.
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Details on the temperature rise in the case of heat

resistant insulation papnr are shown in Fig, 9-15.

Mpx. £O11 besferature {Heat vpot) 110%C
Avemraje coll Lerpeatyre T 1ot
{Difference of coll and oll)

IGLFfrrenca oFf ol and

Tamp#raburs readingl T - -

Hax, temperature of inmuracingoil S=— | 3"
d
&5 I Aideqe I 100dege
[Mazrqin} dpgc
Bliegc
T . i 6odeqe
rat rala ttin
BRI ure ¥ E® q — —_— b Y anec
Arbient terpatabture (Summar] acer
Srandayd ambiwhl TeFprrature :

25*¢
Amblent temperaturul¥inter] \\‘ l 19°¢

Fig. 9-15 Termperakture Rise Limit of Main TransforDer for
Foliing Stock (with heat resisting insulating paperl

Insulation oil for transformers is used for cooling; however,
if the transformer is installed under the fleoor, and flame proof-
ness is required, silicone oil is used. A comparison of the
characteristics of imsulation oil is shown in Table 9-9.

Table 9-9 Typical Properties of Insulating Oils

Type of oil Silicone Mineral FCB
Specific gravity, 25°C 0.96 G.B7 (20°C) 1.52
Kinematic viscosity (ost) 50 o1t 12
Pour point {*cy <=50 <=30 <-30
Evaporation, 95%C, 5h (%) 1] . 0.4 .
Flash point {*cy o 140 130 (self-
extinguishing)

Coefficient of expansion | 10.6x107"* | 7x10-" 7.4x10-"

[ec/fec.°C)
Hy gas solubility 1Y 16 B 5
Diglectric constant, 2.7 2.2 . 5.2

50Hz, 50°C .
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9-3=4 Design of Main Transformer

A basic factor of the transformer design is to detemmine
voltage per turn of the winding (V/tl. The relation

(v/t} = Number of winding = Rated Voltage
axists., Therefore the nmumber of windings increased by sclecting
smaller value of {V/t], to be so-called copper machine, resulsing
in increased copper loss and reactance. On the other hand, by
selecting a larger (V/t) walue, the number of turns is reduced,
to he a so-called irgp machine resulting in increased core less
and the reduced reactance. In the case of the maino transformer,
(v/t} iz determined smaller in comparison with general trans-
formers. A value about double that of the current density in
conductor tEAfmmz}, in corparison with nbrmal transformer, is
selected.

¢nld rolled directicnal silicone steel sheers are uvsed to
the corv with the design to make a flut density of about 150005
under naximﬁm contact line voltage, )

Arrangement of windings will decide reactance character-
istics, thercfore the most suitable relation shall be made,
standing on a wide range study of output characteristics, short
circuit current, voltage variation under commutation, veoltage
variation of the third winding, etc., stability of control, re-
duction of higher harmonic currents, | -

An example of the reactance characteristics by tap changing
T b

system is shpwn in Fig. 9-16. o030k
Alsa, a désign flow chart
for structural design and E% 9-pf
winding arrangement is %E p.aanf
shown in Fig. 9-17. EE
EE 0.0l
i
. % .enof
0.005 -
o L l. 1 1 . i1 — ——

Ey Iy B By B B3 By 31 51 31 By Eg By Egp
. Tap mumber
Fig. 9-16 Reactance Performance
{JHR TH11}
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Rated current (R}

9-4' Static Power Convertor .u

5-4-1 Rating of Element

A static power convertor consizts of silicone rectifier

elements and/Or thyristor elements, Accampanied with developnent

of manufacturing techrology and coaling technology, the capacity

of these semiconductors has become larger, Fig. 9-18 indicates

the transition ¢f the increase of the capacity of thyristor

element, and Fig., 9-19 indicates a decrease in the nurber of

elements per unit capacity of static power convertor accompanied

by increasing capacity ©f an element.
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Fig. 9-1B pevelomment of Rated Voltage,
Bated Current of Thyristor Element
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Fig. 9-1% Development of tlumber of Elements per
Unit Capacity of Static Power Convertor

Flat type elements became standard with increasing capacity.
An example of the structure of a flat type clament is shown in
Fig. 9-20. .JHR has established specifications for each element
to standardize, so that elecents of different ranufacturers can
commonly be applied. Example characteristics of standard

element being used by JHNR are chown in Table 9-10 and Tahle 9-11.

Table ©-10 Characteristics of JHR Standard Silicone Dicde

Type SIAD0-12 SISD0-25 5I1600-25
Structure Stud type Flat type Flat type
Rated average forward curi:?t 280 200 1,600
Rated working raverse vol::?e 1,200 2,500 2,500
Rated non-repetitive peak 1,500 2,800 2,800
reverse valtago (vl
Rated element junction 150 150 150
temperaturc (®c). | {81200C=160)| (5IBQOC=160)
Over-current (S5-c¢ycles) (A) 3,600 9,500 23,000
Maximum reverse currsnt (ma) 30 50 &0
Forward voltage drop (V) | 1.0001.40 | 1.25v1.50  |1.20v1.60
Therral resistance (*C/ W} 0.15 0D.04 0.02%
{oil cooled
for both sides)
1
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Tahle %-11 Performance of JHR Standard Thyristor

€SI €51 CSI
Type 250-10, 12 400-25 1000~ 25
SLruCture Stud type Flat type | Flat type
Rated average current ¥.9] 250 400 1,000
Fated working peak reverse .
voltage v 1,000, 1,200 2,500 2,500
Rated non-repetitive péak
reverse voltage vy 1,200, 1,450 2,750 2,750
Rated ¢peration peak forward .
blogcking woltage (V) 1,000, " 1,200 2,300 2,500
kated gate voltage
Forward {v) 1o 10 10
Reverce ) 5 s 5
Ratead i
ad gate Lrigger current 3 4 10
(R)
Rated 3 i t
ed junction tempera urf 125 125 135
(°Cl
Over-current {1 cyole, A) 5,000 B, Q00D 18,000
Forward voltage drop v) 1.25 ~ 1.65 | 1:5Q7%2.00 | 1.402.00
Maximum revorse leakage
current {ma) 20 an 100
Maximum forward leakage
current AmAd 20 0 100
Minimum gate trigger current
{normal tempcrature, mh) 00 300 350
Maximum gate non-trigger
current {ma) 1.5 1.5 5.0
Maximum gate non-trigger
voltage - W) Q.15 0.15% F.!D
Tuzn On time {us) 16 1% 6 110
Turn off timo {us) - - -
Faxi it
aximm thermal resis ?f;jw} 0.15 0.05 0.025
(For both
sides]
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9-4-2 Design of Current Bearing Value

. To decide current capacity of a static power CORvertor the
load pattern rust firse e cstablished. As the leoad pattern, SHLR
assumes grade-starting follewing continuous operatian, and two
times of starting is adopted ip consideration of failure in grade-
starting. An exarmple of load pattern is indicated in Fig. 9-21.
The current value of continuous operation coincides with con-
tinuous rated current., Establishment of such a severe, leoad
pattern made JLR's static power converter exhibit far higher

reliability in comparison with Eurcpean anes.

Upper post

Junction
ff/’ffcatg Cas?pde lead
- lr:-“:" -F""‘.' L e @
NP o 10

:Ef;ﬂ Yy LI _
- ~— Ceramic seal
Gate lead

Lower post

Fig. 9-20 Example Structure of Flat Type Llement
{Thyristor CST 400-25)

ED?5 AC electric _ 4260A 4090A

locomokive {Rs 111 ,,jaﬂlﬂﬁ
Ll 533008
Shinkansen car . 28004
(RS 200) 204GA
L1500k ]
980RA [T T |280A

: . [0 - '
Continuous L_qaun 4.! Cantinucus -.'.JL.._.'L.’:E.! '--:oo-#i

current 607 r80" current “;r-wé?- 0

Fig. 9-21 Supposed Actual Laad Pattern

Heat generation of the element is expressed by the product of
forward voltage drop and forward current. A pﬁllet of an elepent
is very small and the thermal time constant is also very short,
therefére, cooling is a very important task. In the case of tem-
perature rise, the temperature of the element shall bhe designed to

be kept always lower than rating junction temperature of element.
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Iecision of the pumber of the element cqnnected in parallel
shall be made in consideration of the load pattern and temperature
at the junction point.

Fate of current unbalance between elements arranged in parallel
differs with the method of connection as shown in Fig. 9-22, and
is assumed to be 10% by string joint and 204 for mesh joint.

Rated average farward

String connection Mesh connection
current of an element is a
mean current value for one

cycle when half wave is

flown in 1/2 cycle, and . 1

-

about doukle of the output
current may be considered
as allowable by bridge
connection. Fig. 3-22 Connection of Elements
on the other hand

when phase control is to be performed by thyristors siixed bridge,
allowable current value will be a value nearly ecgqual to rated
average forward current, because free wheeling current flows

through the divide arm as DC when the thyristor is switched off,

9-4-3 Design of Voltage Bearing Value

Element voltage in a static power conyertor is determined by
abnormal voltage such as lightning surge, switching surge, etc.,

rather than by normally applied inverse voltage,
{1) Switching Surge

}t is presumed that the crest value of surge voltage is
twe times larger than the crest value of maxipum service wvaltage,
and this value is transferred teo the secondary side of the main
transformer at the ratio of winding numbers and is applied to
the elements. Rated peak working reverss voltage is designed
to be the value of this or more because switching 'surge lasts

a relatively long pericd, and occurs fregquently.
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When wvoltage is5 partially born by a series connection of plural
nusber of each slemont, a 19% allowance will be included to

cover the unbalance of voltage bearing.

Y2 x Maximum Secondary Valtage of

Main Transformer % 2 < 1.1
Rated Peak wWorking Reverse
Valtage of Element

Number of serially
arranged elements
{Switching Surge)

{2) Lightning Surge

An arrester will operate against lightning surge and
restricts the voltage, therefore, the maximum walue of the
surge voltage is presumed to he egual to the restricred
lightning woltage of the arrester, and the surging transition
rate is taken as 90% of the winding ratio including filter
effect,

Heverse voltage bearing wvalue of the element is taken as

rated non-repetitive peak reverge woltaqgeo,

Number of serially
arranged elesments
{Lightning Surge}

Arrester Restricted Voltage

F— : ; : ~0.9
Winding Ratic of Main Transtormer

1
Bated Operaticn Mon-repetitive
Feak Reverse Voltage of Element

®]l.1=x

9-4-4 Selection of Cooling System

A cooling system of the elements ipnecludes: .

1} forced air cooling, 2) oil cireulation air cooling, 3} freon

beiling cooling.

{1) Forcod Air Cooling System

The system is to cool the elements by forced air blowing
on the element eooling fina. EHecause the cooling portien ig
impressed high voltage, consideration against dust, rain and

gEnow, and routine malntenance are regquired. There are limits
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__to the reduction of heating resistance, and a certain limit for
application ¢f modern large capacity elements is caused by

cooling capacity.

(2} o0il Circurlation Air Coolling System

e oil circulation air copoling system is further classi-
fied into a type which ﬁlaces the elements in eil, which is
circulated and cocled, and a type which sends oil to cooling
fins only and cools them. The former type immerses elements
in oil, therefore takes more time for maintenance wiork such as
replacing elements, however, this point will be overcome hy
highly reliahlé design. The latter one allows a more simple
replacement of elements or inspection of parts, however, there
is the drawback of the structure of the cuoling systoem becoming

more complicated,

. {3} Freon Boiling Cooling System

A frean boiling cooling system cools the elements employing
vaporizing heat of liquid frecon, and is able to attain very
large heat dissipation, Fig, %-22 is a drawing indicating the
principle of freon boiling coocling system, and Fig, 9-24 indi-

cates a comparison of

heat transfer coef- kadistion ta
outsjde

ficients by air cool- . v ooy i _L Condensating
ing, oil cocling and ~ inr' '\" e ;' ;;.’.- surface

o ) Puttle of 3% Flon of e y 3 Condenzed liguid
freon boiling cooling. boiling 3y madium vapar \r.g*:f'dmn
, r _Evaparation
The freon boiling Cooling medium %) \ I !,L_; spaca

ligquid level / ¥4 -Semiconductor

cooling system is also 2 iheat generating

classified into two 5 v
——

types as in the case

of 0il circulating
air cooling system. ,

_ _ Fig. 9-23 Principle of Cooling System
One is an immersed with Boiling

type which inputs
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Fig. 9-24 Heat Transfer Coefficients for Various Coolants

elements and related parts

in liquid frecon and seal
the whole. The other is
a non-impressed type
{independent Ein coeling
typel to coql only the
interior of cooling fins
by boiling cooling. The
former is simple in
structure; however, as
it 'is sealed, replacement
nf parts !s difficult.

Therefore, it is suitable

Ligquld
tuba

Condensar

Electrical
terminal i
Huat
sink
Fig. %25

Call

Immersed Type

Vapor tube

Container

for siliccne rectifiers or the like, which consist of fewer

parts and have higher reliabiliey.

type is shown in Fig, 5-25,
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The principle gf the

latter, non-immersed type

Vapor
is shown in Fig, 9-26, Condenser J ;"'“

i

This system has a canpli-

cated structure, but Liguid coatant
Y. 1) ]

allows easy inspection TastrwoiT

Connectian

and replacement of parts,
tube

theraefore, is adeguate to

be applied for a thyristor

Auwlizry t';ilr cell

power conveartor which has tube Ractl
more structural elements.

Cooling by heat ex-
changer {condenser) is Fig. 9-26 HNon-immwersed Type with

L ; dansaer and
also divided into forced Linked Fon en
Reservolr

air cooling and patural
air cooling, and a com-
parison of these cambination

is shown in Table 9-12,

Takle 9-12 Beiling-cooeling Rectifiers

Type Features
. . Co ct
Immersed, with 1 TPl
forced-air cooling . 2. Simple and rigid
construction

1. Completely static
Irmmersed, with

. . 2. i e d rigid
ratural-air coaling Simple and rigi

conatruction

. l. Compact
Hon-immersed, with B

forced-air cooling 2. Easze of accessibility

Non-immersed, with l. Cormpletely static

natural-air cooling 2. Ease of accessibility
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9-4~5 Gate Circuit

Gate signals are required to control thyristors. The gate

clrcuilt consists of a phase shifter, gate signal amplifier and

gate transfgrmer.

Following performance is required for the gate circuit to

control main circuit of a relling stock:

L

(2)

(3

{4}

shifting phase angle shall cover the whole range of 0° to 1ED*

the gate circuit shall be suitable for temperature and valtage
change, vibration, and it shall have low secular change and

high reliability,

synchronization of phase with contact line voltage shall be

maintaiped,
time lag shall not vccur because gquick response is required.

aAmplifier of gate signal, is to generate gate pulse of the

" thyristor corresponding to the controlled chase angle signal from

the phase shifter, The standard gate pulse wave fomm is a com-

bination of narrow width pulses with steep and large psak valuas

and a wide width pulse ko secure stable canducting candition.

The width of the pulse shall

be continued until 180°
peint where voltage revarses 0% -
for the duration that the
forward current is normally
flowing to thyristor.
St;ndard gate pulse wave is

shown in Fig. 9-27. ol §

10%

1us

Fig. 9-27 Standard Gate Fulse Wave
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9-4-6 Main Smoothing Feactor

futput voltage apd current from statcjic power convertor has
a large width pulse because of single phase full wave rectifica-
tion, therefore, if it is directly connegted to traction moters,
that cause troubles in the peint of temperature rise and commuta-
ticn. .The pulsation factor of the wave form shown in Fig. 9-28

is specified as,

I = Tmiq
Pulsation factor ip = EEEE—:*Efiﬁ-x 100 (v)

And in the case af AC-

. Imax
rolling stock, the pulsation Py 3
factor at near the rated -3~ qi__._ P gt Y
power ls generally rastricted 14 :Lh‘

to 30% or less by electric

locomotive by which the power
af traction motor is large, Fig. 9-28 Pulsation Wave
and 50% or less by electric car.

For the above purpose, the main smoocthing reactors are in-
putteé between the static power convertor and traction motors,

By setting the value of reactance properly, this reactor
exhibits large effects also in the side of readhesion character-
istica. Therefore, main smoocthing reactors are inserted for
each traction motor by a locomotive in which high readnesion
characteristics are required. .

On the other band, pulsation factor is desirable to be raised
from the viewpoint of reducing higher harmonic currents and Jp
current of contact line.

The current-inductance characteristics of the mpain smoothing
reactor are designed hyperholic ones; so that practically a
constant pulsation factor may be cbtained in the practical load
current range. An exanmple of the characreristics is shown in

Fig., 9-29.
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9-4-7 AC-filter

AC=filter is installed

between the secondary 12 ; ! | ] | i
winding of main transformer 3 H.] : : : [ }

and static power convertor. E i T 1 1|

The main role of the AC-filter E 2 l N

is to abscrh the surge of E 12 I i ﬁx}
intrusion as; 1) suppressing ] = : : T‘
switching surge, 2) lowering 4 [ [ I 1_]
transmission rate of lightn- ‘o wuﬂigzi;ﬁjaum&Tm
ing surge, 1) suppressing of

dv/dt and gurrent vibration Fig. 9-29 Characteristics of

Main Smocthing

when the elemtns are com- Reactor [(JHR IC23)

mutating.
An AC-Filter consists
of C-k filter, and each value of C and R is selected with attention

given to the following:

{1) selection of value of C to suppress the voltage rise at switch-
ing surge (transition of exciting energy of the main trans-

former to the secondary side) to the allowable value or lower,

{2} selecticn of value of R to be within the non-vibration range
with secopndary reactance. Further, R acts as potential
-divided resistance for high frequency surge, and in this

sense, the smaller the value is the better.

For the purpose of reducing higher harmonic currents, sub-
stantially large capacity is hecessary and therefore it is gener-

ally not practical,
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g9-5 Traction Motor, Drivipng Gear

g-5-1 Selecticn of Traction Motor

Motors for driving wheels of electric rolling stock are
called main motors or traction motars, and the folloewing perform-

ance is required.

{1} it shall be usable at high efficiency in a wide speed range,
{2) easy spoed cantrel,

{3) large traction force at starting or in grade section,

(4} 1load unbalance shall be small under parallel cperaticon,

({8) can resist a guick change of source woltage.

Series motors are best suited to satisfy the above require-
ments, and generally a direct current series motor is selected.
However, recently separately excited motor is also ahle to be
Operated stably by virtue of power-electronics control.

On the other band, in case the power regenerative brake is
used, shunt characteristics become necessary, and a compeound
motor or the system 