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1-1 Elasticity of Traffic Volume

Trend of Passenger Traffic

Year | Population GNP Passenger-km Average | No. of passengers
(Million) |(Crores.Rs.,) | {Billion) lead (km) | (Billion x @)

1950 360.950 17,469 106.9 68,8 1,554
1955 390.397 20,190 118.4 69.6 1,701
1960 430,575 23,802 164.3 72.1 2,279
1965 479.005 30,399 240,86 4.4 3,234
1968 512,318 -31,590 303.0 1.5 4,125
1973 572,999 36,629 416.2 88.5 4,703
1977 626.586 43,076 565.5 87.1 6,493
1980 §70.040 47,180 7126.6 103.9 6,993
1581 685.185 50,824 869.9 107.8 8,069
1882 . 700,672 53,166 945.2 111 .4 8,485
1983 716.507 54,084 969.3 121.3 7,991
1984 732.628 58,112 1,059.7 125.8 8,424
Source: Surface Transport and Year Book of Railway

1971 price

La(NP*®) = ~7,260 + 1.493*Ln {GNP) Y=0.9946

NP: No. of Passengers
NP=C*GNP~1.4%3 Elas
C, a: Constant

L1c1ty=1.493

Passenger—-km includes the road traffic volume
Average lead is the data of non-suburban traffic by rail.
¥Y: Correlation ecoefficient

Trend of Freight Traffic

Year Population GNP Freight Average Traffic volume
(#Million) |(Crores.Rs.) Ton—km lead (km) | (Billion¥*x)
1950 360.950 17,469 56,2 513.0 109.55
1955 390.397 20,190 70.1 541.0 129.57
1960 430.575 23,802 108.3 603.0 179,60
1965 479.005 30,399 147.4 611.0 241.24
1968 512.318 31,590 171.4 633.0 270.77
1973 572,999 36,629 211.8 675.0 313.78
1977 626.586 43,076 260.2 713.0 364,94
1980 670.040 47,180 - 295.90 154.0 391.25
1981 685.185 50,824 319.7 743.0 430.28
1882 700.672 53,166 357.2 . 733.0 487.31
1983 716.507 54,084 371.3 734.0 505.86
1984 732.628 58,112 386.5 730.0 529.45
Source: Burface Transport and Year Book of Railway
1971 price

Lo{t*ux} = -8062 + 1 3089%Ln (GNP) 7Y=0.992
1: Freight~ton transported.

T=C*GNP~1.308%
¢, a: Constant

Elasticity=1.3089

The ton-km includes the road traffic volume.
Average lead is the data by rail traffic.
Y: CQorrelation coefficient




1-1 Continued

Year GNP per Capita - No. of Trips per Capita
(Re) (1971 price) ~ (Billion/yearva)

1950 483,97 . 4.305

1955 517,17 ‘ 4,357

1960 | ~  552.80 & . ] 5.293 j

1965 63463 ] 6.751

1968 . 616.61 o 8.052

1973 639.25 | - 8.208

1977 |, - 687.47 . 10.363

1980 7046.14 10.436

1981 741.76 - 11.776

1982 : 758.79 | 12.110 N
1983 754.83 11.153

1984 793.20 11.498

LN (No. of Trips per Capita)=~l3;i34%2.352*LNV(GﬁP per Caﬁita)
¥=0.9774 '
NP=NPo* (No. of Trips pef Capita)
~NpO¥CH (GNP per Capita)™2.352
Elasticity=2.352
Y : Gorrelation coeffiéientf

C,a¢ : Constant



1-2 Passenger Transport Time and Fare between Each Zone

(1)

(2)

(3)

Transport time data

Item | Access/ Waiting time,
_ Egréss time | Check-in time Commercial speed
Mode (min.) (min.) (km/h)
Railway 100 20 Before upgrading 65
After upgrading 70
New Corridor 170/Max. 250
_ 115/Max. 160
Bus 100 20 40 km/h
Aircraft 90 60 500 kw/h

Passenger fare data

Access/
Egress éost (Rs) Travelling cost (Rs/km)
Railway - {(Bus) 7.0 Convenktional lines 0.1t Rs/km
Long Distance Express 0.36 Rs/km
New Corridor 0% up ~ 100Z up
Bus (Bug) 7.0 0.09 Rs/km
Aircraft (Taxi) 40 1.00 Rs/km
Time value.
1985 5.0 Rs/h
2000 7.5 Rs/h

Since the future growth of the passenger's time value is more
important than its value itself in determining the modal split, the

time value for business travelers accounting for a major portion of

" train passenger is adopted as the representative time value.

And it is assumed that the time value distribution will chamge little
from the present pattern im the future and that growth of the its

average value will be proportional to the increase of GDP per capita.
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1-10 Current Transport Volume at Each Station (Delhi-Kanpur)

Station Passenger Loanipovt . Preight traniport
Wo. 0f boarding passengers) Tonnage soming~in | Tonnage going-oukt | Ho. of vagons coming—in | No. of wagans going-ocut
Fiscal yasv 1984 1984 1985 1584 1983 1984 1983 1984
Delhi 35,421 33,822 . - 14 0.2
#ew Delhi 41,234 50,484 6,400 6,367 1,073 915 260 760 12 68
Delhi Shahadara 14,484 14,023 F3] 33 ] F] 0.7 0.9
Sahibabad 3,121 4,017 42 171 158 1 1 10 2 2
Ghaziabad 12,282 19,130 2,303 2,510 2,097 3,1 10 10} g 10
Chipayans Brurg
Haripat 14 801 :
Dadzi o 4,040 3,603 32 31 4 ] 2 2 0.2 0.1
Boraki Halt 194 . 185
Ajarbpur 549 623 —
Drankaunr 4,123 4,338 9 10 108 127 0.8 9.6 5 1
Yair %4 st
cholas 550 548
Sikendagpur 184 218
Yhurja 2,276 2,073 3 2 86 139 0.1 0.2 & T 6
Kamaipur Halt 115 128 i .
Danvar 297 423
Somna 883 538
Kulwa 2718 215
Hehraval 55 Y] . :
Aligech 11,487 12,751 666 430 174 197 23 - 24 8 3
Daud Khan 158 |, 7 :
Handrak 651 [
Sashi 369 [3] 1 t 3 . 0.1 0.1 0.4 0.3
Hathras 1,828 1,727 142 55 93 106 & 5 4 5
Fora 590 347
Jalesar 851 9y
Chamorola 267 |- 262
Barhan 29 603
Hitawali 351 142
Tundia 1,948 - 3,547 13 18 113 14 0.6 P4 1 1
Micangaon 385 319
Firozabad 1,687 2,046 7 12 1 1
Makkhanpur. 351 280 11 11 156 35 5 0.3 I F3
Shikohabad 1,883 2,11t
Xaurars 213 227
Bhadan 357 427
Barlai 266 251 .
Jaswant IR 493 1 [} F13 17 3.4 [P ] 1 3
Saiai Bhupat 54 - 40 - ) =
Efawah 3,732 4,235 18 8% 198 12% [ 5 7 [
| ERdil 208 230 i

-Bharthans 1,552 1,648 16 5 88 37 0.5 0.3 2 1
Samhon - 243 283
Achalda 1,353 1,355 2 1 5 6 0.1 0.1 0.3 0.2
Pata 5% 208
Fhaphund 2,233 2,217 7 & 5% 74 [ 0.5 3 4
Kanchsusi 449 432
Jhinjhak 1,593 1,670
Ambilapur 454 458
Rura 1,440 1,795 4 5 3 k3 0.2 0.2 9.1 9.1
Roshan Hau Halt 100 131
Maitha 541 560
Bhaupur [E) 529 -
Panki 35 : 365 54,163 2,918 2,01% 2,150 155 131 93 98
Govindpuri 1,11 1,243
Juhi Yard .
Kanper Central *F 2,781 *2 27 l#2 17 2 1

Tatal 171,011 173,664 14,019 Y 13,164 6,423 7,423 565.2 546.7 224.9 .38

*1 1 Upper class pajsegars between Delhi and Kzapur
*2 ; Freight ‘traffic volume between Delhi and Kanpur

11 -



1-10 Current Transport Volume at FKach Station (Faridabad - Agra Cant)

Station Passenger transport

_ No. of boarding passenger

Fiscal year 1986
Faridabad 2,848
Fardabad N.T. 2,434
Ballab Garh 1,861 i
Bad _ L4
Mathura : 23,123
Bhteshwar 682
Vrindaban Road 213
Ajhai : 1,361
Chatta S " 231
Kosi 952
Hodal B 281
Sholak N 172 ]
Rundi . L 322 ]
‘Palwal 2,059
Asaoti ] ' 592
Frah - 62
Kitam _ S 63
Runkta _ 55
Blochpura o §2 .
Agra City 708 E
Rajaki Mandi | 1,985
Agra Cant 6,744

Total 26,853

- 12 ~



Train Diagram Pattern (New Corridor)
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M = Track capacity

H = Time zone for train operation

Train Number Ratio between

{excluding & hours for waintepnance work)

f = Track use ratio ... 0.8

-Period required per pattern {min)

A = Train number per pattern

DPLI-AGC and AGC-CNB Sectious

h
® A

(24-4) x 60 x 0.8

H % 60 'x f
- h

=

N

4.

X

38

£°101 = 100

=

. cum

AGC

]

DLI
2

2

§. Egpress
200 km/h

L. Expresé
160 km/h

in—j] 1 secale = 2 minutes

7% km

75 km

Mryl

50 km

AGRA

60 km

60 km

ETW

70 km

70 km

e 283 iR S '
Train Diagram Pattern {New Corridor)

Fig. 2
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2-2 Margin Time

In opevatiag trains, it is most desirable to run them in accordance with a
fixed schedule. It is unavoidable, however, that their operation is
sometimes delayed due to construction work, accidents, and bad weather.

For this reasons, a certain margin time is provided in the time schedule.

How much percentage of the standard operation time should be set aside for

margin time varies with the types of trains.

For instance, a delay in the operation of Train A which will be comnected
to many trains may affect a wide area of railway sections for a long period
of time, while the same delay of Train B way hardly influence operations of

other sections and time periods.

Accordingly, extensive study is needed on how much time should be secured
for margin time. It is customary for JR, however, to set aside around 2%
of the standard operation time of super express trains and 3 % 4 % of that

of express trains for margin time based on past experience.

In actual .train diagrams, however, some time is additionally allotted to
the above time 1in connection with wvarious factors such as overtaking
trains, yard-work, stoppage at major stations and other technological

considerations related to diagrams.

As for other trains (local passenger trains and freight trains}, there are
many cases in which the loss time like © in Fig. ! has the same meaning as
the margiﬁ time and if examined in completed train diagrams, the loss time
will amount to about 8 ~ 10%. From above reason, formal margin time for
these trains is not allotted exdept in special cases.

B B' A ! ]
A: High-speed train

B: Low-speed train

B': Low speed train (with minimum

stopping time for being taken over

,a F*' by a high-speed train)
: . : o: Loss time of Train B

Fig. 1 Loss Time in.Overtaking"stop

- 15 -



2-3  Assumed Traffic Volume at the Time of Completion of the 7th Five Year
Plan (1990)

The 7th Five-Year Plan of the IR calls mainly for reinforcement of
transport capacity during 1985 ~ 1990. Its objectives are being attained

in stages.

With regard to the section between DPelhi and Kanpur, construction of block
huts, storage loops, and extension of platforms are provided for in the

plan.

The Traffic volume in the section between Delhi and Kanpur at the time of
the completion of the 7th Five Year Plan, estimated in consideration of the -
past record and existing situation, is as follows. The estimate is based
on the assumption that, since transport demand will continue surpassing
trdnspbft capacity uatil 1990, the transport capacity and actual traffic

volume will be equal.
1)  Increase in train kilometers

The per-day train kilometers between GZB and CNB in the period from
1980/81 to 1986/87, calculated on the basis of the operated train

number are as follows:

Table 1 Increase in Train Kilometers

. : (Traiﬁ—km/day)
1980-81|1981-82{1982-83]1983~84 |1984-85 |1985-86|1986-87
Passenger [17,390. {17,560 {17,840 |18,670 120,530 |20,530 |20,860
Freight  |17,380 (17,326 [18,560 18,670 (17,880 [23,220 [24,000
Total 34,770 {34,886 [36,400 (37,340 {38,410 |43,750 44, 860

The aunual growth rate of total train kilometers has been 4.3% on an
average between 1980/81 & 1986/87 and 2.5% between 1985/86 and 1986/87.

Since reinforcement of such facilities as block huts and storage loops
is being pushed in the Section, and some transport capacity build-up

can be expected, the growth rate of 2.5% is adopted.

- 16 -



2)

Accordingly, the anticipated increase in the total train kilometers

~ between 1985 and 1990 are calculated as follows:

43,750 (km) x 1,0255 = 49,500 (train-km/day)

49,500 (km) - 43,750 (km) = 5,750 (train-km/day)

The km increment is to be allotted evenly (50% each) to passengers and

freight.

Per-train Increase in Transport Capacity

a)

Passenger Train

" The rate of annual increase in the number of connected coaches per

B

train in the Allahabad Division between 1981/82 and 1985/86 was 3.7%
on an average, according to DOMESTIC STATISTICS PART-1, Traffic
(1986 - NORTHERN RAILWAY).

‘Load in bogies (Normal) for Exp./Mail in the Section in 1985/86 was

17.6 coaches. Assuming that the similar growth to that of the
Allahabad Division 1s attained in that Section, the formation length

in 1990 will be around 21 coaches on average.

In view of the effective length of tracks and platforms, it is

considered difficult to comprise all trains with 21 coaches. If the

‘number of coaches is increased to the level of Load in Bogies

(maxiﬁum), namely 18421 in accordance with OPERATING DEPARTMENT
BROAD GAUGE (1986 NORTHERN RATEWAY), the increment will be about
2,080 passengeré/day (equivalent to 2 additional trains of 18-coach

formation).

Tf local trains are increased in stages to the level of Load in
Bogies {Maximum) - 14 a 17 coaches, the local train increment will

become about 1,620 ~ 3,400 persons/day.
Freight Train

The annual rate of per—train increase in transport volume in the
Allahabad Division between 1981782 and 1985/86 was 4.6% on an
average, according to DOMESTIC STATiSTICS PARTS-i, Traffic (1986
NORTHERN RAILWAY). '

- 17 -



3)

On the assumption that an average annual growth of 4.6% can be
secured from 1985 to 1990 by increasing Box-N wagons and 9,000-ton
trains, the following per train transport volume can be anticipated

between Ghaziabad and Kanpﬁr.

Table 2 Traﬁsgort Volume'Pér—Train

(tonftrain)
GZB ALJN TPL ) ETW : CNB
%1985 1,425 1,434 1,594 1,616
| 1990 1,780 1,790 1,990 2,020

* Based on the Freight Link Traffic of 4-2-1, (2)-3) of ﬁhis Report.

Estimated Traffic Volume in 1990

Based on results of prediction under 1) and 2), the traffic volume in

1990 is presumed to be as follows:

a) Passenger

Table 3 Passengéf'Traffié Increase by 1990

' .(man/day)
- GZB KRJ ALJR DL SKB ETW  CNB
1985 44,892 | 41,478 [41,286 (44,924 [40,674 | 42,274
Increase of train| 6,900 | 6,900 | 6,900 | 6,900 | 6,900 { 6,900
Kilometers® '
Increase of 3,700 3,700 | 4,744 | 5,484 | 3,856 | 4,744

connected coaches 1
1990 . 55,492 | 52,078 {52,930 }57,308 151,430 | 53,918

%) The additional number of passengers as a result of the increase in
train kilometers is as follows: -

. 5,750(km) 2 = 2,875(km) cemsaeraiae Incfease.in train kilometers
. 2,875(km) = 438,2(kn) = gltrains) ... 1ncrease in the number of

s

. trains
3,120{persons) _,, 1B-car formation
3,780{persons) | . 21-car formation

Total: 6,900(persqns)

#

1,040(persons) y 3(trains)

13

1,260(persons) g 3(trains)

- 18 -



%2 The additional number of passengers as a result of the increase in

the number of connected coaches is as follows:

. Exp./Mail:. 36 coaches for 14 trains (equivalent to two trains of

18 coach formation) 1040(persons) x 2 = 2 pgo(persons)

. Local },620(person) ~ 3’404(persons)

b} Freight
Table 4 Traffic Volume Increase by 1990
(ton/day)
GZD ALJN THL ETW - CNB
1985 59,077 | 68,821 | 71,153 | 72,234
Increase in train 10,680 | 10,740 11,940 12,120

kilometers *1l

Increase in hauling 14,770 | 17,150 17,750 18,060

tonnage %2

1990 84,527 | 96,711 | 100,843 |102,412

*]

The increase in transported tommage due to the increase in train

kilometers is as follows:

. 5,750(ka} + 2 = 2,875Ckm) ., Increase in freight
- train kilometers
. 2,875(km) = 411.7(km) = gltrains) |, Increase in the number

of trains
. 6(trains) x hauling tonnage per train for respective sections
(1990)
The transported tonnage due to the increase in hauling tonnage
is calculated as follows:
. The numbers of trains for reépective gsections multiplied by
the increase in the per~train hauling tonnage.
The train numbers for respective sections in 1985 are as
follows:
GZB - ALJN ... 41.5 (trains)
ALJN - TDL ... 47.9 (trains)
TDL - ETW .... 44.6 (trains)
ETW — CNB .... &44.7 (trains)
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2-4 -Use of EMU for Lbcal Passenger Trains

The distance between stations for local trains is relatively short, with
many of them being less than 10 km., The average distance between stations
ig 6 tm for the GZB v TDIL section (about 184 km) and 7 km for the TDL ~ CNB

section (about 228 km).

For the G2ZB n C.BUZUG section (3.6 km) and the CHL ~ SKQ section (9.2 im)
in the GZB ~ ALJN section f{about. 131 km), comparisom of the standard
operation time is made between the case of EL (WAG-4) traction trainm of

1,000 tons and EMU (IM3T x 2) train.

Notes: 1. Regarding EMU, running performance at more than 75 km/h is
estimated. _
2. It is assumed that the track is straight, the gradieat is level,

and there is no limit on train operation speed.

As shown in Fig. 1, EMU trains feature high acceleration and decglefation.
For local passenger trains which are operated in small inter-station
distance, therefore, use of EMU is effective in shortening operation time
and recovery of delay. In addition since EMUs require no connection
changes and allow shorter yard-work and shuttling time, their employment in
suburban transport, which requires high  transport capabiiities and faces

the problem of insufficient platform capacity, is desired.

Table 1 Example of Operation Time Reduction Effect

GZB ~ C.BUZUG] CHL ~ BKQ
WAM-4 (1,000 ton) &1 46" - 8'54" .
EMU 4'og" 8'o0"
Shortened operatiomn 46" 541
time

- 20 -
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2-5 Track Capacity

As a result of calculation based on the automated signals and improved

train speed, and also applying the ratios of number of trains by types, as

indicated below, the track capacity turns out as shown below.

1)

2}

3)

Ratio of train types

The ratios of number of trains by types are assumed as follows.
B T < S |

IExpo Mail'no.---ennnnlnll.t-- 14

B 10 L N

. Fast (freight) .. .vviiervnvnne 7

. Ordinary (freight) ......c ... 10

e TOtAl teeivrivansansicnssanss 34
Pattern diagram and time required for one cycle

With average distance of approx. 10 km between two locations of passing
tracks (including passing tracks to be prepared mewly between GZB and
CNB), and the aforementioned train number ratic by types, the pattern

diagram can be composed with approximately 270 minutes per cycle.
Rough calculation of track capacity
The track capacity is roughly calculated as follows.

. Preconditons:

. H = Train operation time zone ...
22 hours (i'hoﬁrs are for maintenance)
. 0 = Margin time ratio
207 of running time
. £ = Track usable rate
75% (upper limit of actual data of JR)
. P = Time required for 1 cycle of trains péttern
270 min
. A = No. of trains in 1 cycle of train pattern
34 trains
. N = Track capacity (number of trains)
Hx 60 x £ x4
N = = 103 (trains)

P {1l + a)
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2-6 Number of Trains by Year Without Construction of the New Gorridor

Table 1 The Section

- - ey
Year Train S LT GiB RRJ ALIN 0L SXB BTH. G
Actugl 1985 |Pass.] L. Exp = - - - = - -
Record Exp, Hail |{40) 50 40 40 [1) [Y] L¥]
Locgl (o) 10 12 10 ) [ [
V.P (9 2 P 2 2 2 z
Total (52) 52 5& 52 Sk 48 50
Fre. | FasL = = = - - >
Ord. 39 45 - 48 a4 46 1]
Total 39 45 48 [ 46 46
A 1 1 1 2 2 2
[~ fatal 92 140 101 160 96 58
hiter 1990 | Pass-) L. Exp - - - - - - -
inplementation Exp., Hail |(43) 43 43 47 45 [3)
of the 7th Local ° {10} - 10 12 10 8 4 6
Eive. year plan ¥.P 1.2 2 2 2 2 2 2
Total (5%) 55 37 55 57 51 53
Fre. | Fast - = - - - -
ord. 43 49 Sh 49 51 51
Total -~ 43 49 54 [ 31 51
H 1 1 1 2 2 2
. Total 99 101 110 108 104 106
After upgrading [1991 [Pess.|L. Exp { &) 4 [ 4 4 4 4
the sectiom Exp. Hail (o2} 53 52 53 [ G5
Local {13} 10 12 10 [] [ &
Vv.P 2) 2 2 F 2 2 2
Total (68) 68 70 58 [ 55 57
Fre. | Fast 20 20 20 20 20 20
Oid. 23 29 36 30 32 32
Total 43 49 56 50 32 52
M -1 1 1 F] 2 2
Toral 112 120 125 113 109 111
1995{Pass.{ L. Exp {5). 5 5 5 5 5 5
Exp. Mail |[(67) 67 67 o7 58 56
Local 111} 1T 1% 14 ] A K
v.P (4] 4 i & 4 [ &
Total (A7) - &7 88 (1) 75 69 71
fre, | Fast 30 0 30 g EL 34
Ord. . 23 31 43 I 36 36
Total 55 61 Fi [ &6 1)
H 1 1 1 1 2 2
Total 143 150 158 141 137 139
2000 Pass.f L. Exp [ 3] 7 7 ? ? 7 7
I Exp, Meil}(93) 93 93 EE) 78 7 76
2015 Local {12) 1 17 10 5 & 5
N.P [EYIE 4 4 - 4 & 4 3
Total (116} 116 115 107 97 91 23
Fre. | Fast 37 37 37 137 37 37
loxd. 41 47 60 - 51 53 53
[ Total 78 84 97 88 90 90
[ F] 2 i & 4 4
Total 194 202 W08 182 185 187 |

Bote: 1, The Namber Train is total of up and down trazins per day. Train respectively.

2. Pass, Fre., V.P, Ord and M in the "Traio" Column. are Passenger, Freight, Parcel, Ordinary and
Mizcellaneous Train, respactively.
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2-8 Number of Trains by Year and Fare Increase Rate (The Section)

(Trains/dey, UP and DN)

Huzber of train and track capacity

Number of train and track capscity {Trains/day, UP zad DN)

Number of train sod track capacity {Irains/day, UP acd DN}

Humber of train and track capacity (Traios/day, UP zad po)
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{Treinsfday, UP and DN}

Number of Lrain and track capacity
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2~9 Train Number of the Section by Year and the Fare of the New Corridor

Table 1

Number of Train by Year after Construction of the New Corridor
9% up
(the Section)
Year Train DLI GZ8 KRJ ALIN TDL SKB ETW CHR
‘2000 |Pass,| Bxp. Hail [(68) 68 48 28 28 26 26
Local (12)- 12 12 10 8 4 6
Ve a4y L 4 A 4 4]
Total (84) -84 64 42 40 34 .36
Fre. | Fast 37 37 31 37
ord, 60 51 53 53
Total B4 97 88 920 90
N 2 2 [ [ [
Total 150 141 132 128 130
2005 {Pass.| Exp, Maill(20) ° 34 33 1l 3
) Local (12} 10 8 [ 3
V.P { 4) 4 4 4 3
Total {36) 86 73 48 45 .39 4l
Fre. | Fast 50 50 50 50. 50 50
Ord. 46 52 68 58 ] 60 60
Totatl 96 . 102 118 108 110 110
M 2 [ 4 [ ]
Total 168 157 153 155
2010 {Pasa.| Exp, Hail [{70) 39 kY] 37
4 Local (173 8 6 g
2015 v.P (&) : 4 4 [A
Total (86) 86 80 55 51 47 48
Fre. | Fast 60 60 . 60 60 60 60
Ord, 58 64 84 71 13 73
Total 118 124 144 131 133 133
o 2 2 2 4 ] 4
Tokal 2086 206 201 186 184 185
Wotes: 1. The aumber of trvain is total of Up and Down trains per day.
2. Pass. Pre, V.P, Ord and K in the “Train" Column are Passenger, Freight, Parcel, Ordinary
and Hiscellaneous Train, respectively.
3. Since track capacity will be fully occupied after 2010, the number of trains will be the
" same thereaftsr.
4. The hatched column shows the passenger train nusber set at lower levels than the demand

for the purpose of saving track capacity to sstisfy Freight traffic demand until 2010.
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Table 2 Number of Train by Year after Conmstruction of the New Gorridor

252 _up
(the Section)
Year Train DLT GZB ¥RJ AL DL ) ET™ T
2000 {Pass | Exp, Hail {(70) 17 17 5 35
tocal {i2) 10 B 4 6
¥ ) - 7 1% ) %
Total {886) _86 10 51 49 [%] A5
Fre. | Faat 37 37 317 37
ord. D Y S 3]
| Total 84 97 a4 90 - 90
W 2 R 5 N g
Total 156 L 141 1377 LR
2005 JPassd Exp. Mail (10D : 44 44 61 42
Local (12) 1] [] [} 3
v.¢ { 4) 4 4 [A 4 .
Total - 80 58 © 58 50 CL 32
Fre. | Fast ) 50 50 50 50
ord. ‘68 ) 58 60 60"
Total 102 118 108 110 1{0 ]
- 2 2 h A 4
Total 184 184 178 168 16 166
P — K -
2010 |Pasa ) Exp. Mail 50 . 50
4 Local [3 :3
2015 V.7 7 A -
Total 64 &0 62
Fre. | Fast 60 - 60
Ord. ' 13 o 73
Total 118 124 144 131 1313 133
] 3 ] Z & [ 7
Total 206 T 206 206 199 197 199
Table 3 Number of Train by Year after Construction of the New Corridor
504 up | |
- (the Section)
Year Train DLL GZR KRJ ALIN L SKB ET CHB
2000|pass | Exp, Mail(70) 46 a8 44 Wl
Local {i2) [
v.pP ( &) . 4
Total (86} 52 54 ]
Fre. { Fast . 37
| Ord. - 53 ]
Total a0 90
M & 4 -
Total 146 148
2005  rasad Exp, Kailj(70) 53
Tocal {13} &
¥,P { 4) &
Totsl (86) 61 63
Fre. | Fast 50 -
Ovd. hb 52 168 - 58 60 60
Total 96 162 118 108 31 1i0
7
Total
2010|Pass,| Exp. Mail|(70)
- @ 16081 (12
2015 | v.P %)
Total (86)
¥Fre. | Fast
. Qrd., 58 [13 84 71 73 73
Total 1138 124 16k | 131 i3 i33
M 2 2 2 2 2 3
Total 206 206 206 204 200 202
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Table & Number of Train by Year after Construction of the New Corridor

75% UP

{(the Section)

Year

Train

2000

Pass.

Exp. Mail

ETW

CHB

52

Local

v.P

]
rA

Total

(86)

60

Fre.

Fast

3

Ord.

33

Total

H

Total

2605

Pass.

Exp. Mail

{10)

Local

{12y

v.P

[8))

Total

(86)

80

60

Fre.

Fast

30

Qxd.

68

Total

102

118

10

110

M

Tofal

184

184

180

179

181

2010
4

2015

Passg.

Exp. Mail

(10)

Local

(i2)

V.P

(4

Total

(86)

86

80

60

65

Fre..

Faslt:

60

60

60

60

60

Oxd.

38

b4

84

13

FE]

Total

118

124

144

133

M

Total

206

206

206

206

202

Table 5 Number of Train
100% up

Year

after Construction of the New Corridor

(the Section) .

Year

Train

DLI

2000

Pass.

Exp. Hail

(70)

Local

(12)

SKB

ETW

CHB

Vv.P

(4)

Total

(86)

Fast

prd.

Total

M

otal

2005

Exp. Mail

(70)

Local

{12)

¥.?

{3

Total

(86)

80

63

67

Fre.

Fagt

30

50

50

Ord.

|46

60

60

Total

102

108

110

110

M

T

otal

184

184

180

183

179

181

2010

2015

Pass .

Exp. Mail

Local

v.?

Total

(86)

86

8O

71

65

67

Pre.

Fast

60

ord.,

71

Total

118

124

131

133

133

M

T

otal

206

206

206

202

204

- 3] -



(I0p11ICH MBN) uaelled EmnmmWﬁ:ﬂ@muH T "84

(ERD
oL
gy

LA
e 09
wy Q9
ex3y.
wy Q¢

FLKH
bt ¢
M : m ~ mwﬁx MB

SO P
L P 1. {1912d
, “f . " H
nywLy “Exg e —
vrEay dey g m—
ul2333d 134 23qEOY UIRIL W ¥ . ) =
?mlu ua2139d 23d DRITRDRI POLII = g . : 1 H4 -.nw.\-n”uom.ﬁn
g°G **° CIINI 287 RIWAL = I —
ﬁauo: 2IUPUIICIIS 10] 1INOY g Jutpriaxay L x II.I.aiIl..le . ¢ g qn.“\uﬂu“momw
aouuuuuno GTFIT 10 Fuak IMIL = N 870 =09 % (y=h2) THS = 55V ~ TG T
A3139d¥D WAL o N :

A 21

% . .
TX o9 TR "N UOTIINE QuI-DOV PuT Jav-11a
UdIAIIG Omudﬁ azquny -._md.h.ﬁ

(I0DTI20) MBN) UI913®d WRISET] Brexy QI-Z

- 32 -



(I0p1130) MeN) uislled WEIZETQ UTEBIL T 814

Bivay cdxg - we—
uywsy dxy 5 w—
92333%d 33d 3IqWAU OIWIL = ¥
(uIm) uwaaaged 13d pRayebaa potaag = g
g0 *°° OTINI IAN AIWIAL m 3
(%30x IDUCBAIGTRG 203 1INOQ % Furpnidxe)
uoTIRIFMO UIPIL 207 PuOT LY = R
A3vovdw wowal = ¥

,f
4
,V
v

saInuT Z = 21835 T

g x

64

8'0 % 09 X (y-7T)

L]

']
FRXO3XH

- N

S yrut 991

T z se32dxy *1
y/jon 052

€ ¥ re32dxy ‘S

uﬁo..nuuum‘ GND-DDY puw JO¥V-11d
usam3aq OTI¥E IFQEAN Ui¥IL

ARD ~ OOV & TT0 | e ,

“Iuiza

-~ 33 -



 (70pTai0D meN) uxd3zeg weaserq vieiy ¢ "3ty

. . . .o . Lo O N

o8 1 Tl..r[ll'x. utw g1 >

= BE

UIWIY -dxg < mme—
‘BTEaL rdxy tg e

cas329d 234 Jaqenu WIWAL o ¥ : LT ] 1 Fa g/ 09t
(uyw) wazazed 2ad prarnbas porisd a g sepadxy *1
QG **" OTINZ 3N AIVAL m F
681 ©/Ty 05T
{3108 IFuNAACTEW 103 23004 4 FurpuiIuI) 1t = AR L 5 gzazdxy "5

N0 % 59V ~ TAd

coTINIado UIPIT 197 INGE W1 = H
A2towdwa yowal w N y .
¥ x TAGExE " R TAQ1III5 EHD-DDV pur 2o¥-114

UITAIBY OTIBY AIQENN RTVIL

- 34 -



{30p1230) MeN) Bxeijed wexderd ureil ¢ ‘814

e ek 4 4P noap b L R

\

: “ ~
S L S

[
'

'Y
.........,..,1141.4...w;..._.,.wi..-.-.-.Au,..!-.-j..w.n.lnl..|.i| vrw mcm .

i
] LI !
Sl i 'SPINUTW 7 = DTEIE [t
) . sy Tpree et g
i ! ' _N_”_w

BTl *dxq +] muws
UIEIL dxT G e

u33119d 3ad zaqetu BIPIL « ¥ L@
(Uim} eza3aed 23d peaTnbaz potiad = g 3 [ N -qmwﬂ.“moww
2°0 "' o13w1 3NN ADWIL - 3
{430m 33uvuIlaTem 10] tanoy 4 Fuypnioxd) 07 % e S7E - Gl H 81 uawwﬂwmomm
GOTIXARd0 UIFIY 107 AUGT OWIL m 70 % 09 x (9-72) T
L 1721 103 =1 gND ~ DIV &~ 1Td
A3tewded 23wl w B

Y
FX09 X8 N BUCTIV3Z FHI~TOV puv JoY=ITd

4BDMIIY OTIVE IVQENN QWL

¥ x

- 35 -



2-11 The Conditions of Arrival and Departure Track Utilizatjon and their

Respective Capacity at Main Stations

The conditious of utilization of arrival and departure tracks and their
respective capacity at the Delhi, New Delhi, Tundla and Kanpur stations are

as follows:

The time used is according to the 1986-10-1 Working Time Table (NORTHERN
RATLWAY).

The following conditions are also assumed as premises.

. The track occupation chart at respective stations shall be used for the
computation.

. In counting the number of trains, any train shall be counted as ''one

one
train when it goes into an arrival track or leaves from a departure

Erack.

The time for using the arrival and departure tracks shall be the total of
the stopping time plus 5 minutes for advancing into the arrival track or

leaving from the departure track.

. The precise capacity of the arrival and departure  tracks can be
calculated on the basis of the actual train diagram and track occupation
chart. This time, however, it shall be obtained through a 'rough
calculation method used as the standard for studying improvémeht of

facilities.
{1) Delhi Station
1} Present state of platform tracks

There are 16 platform tracks. Four tracks (Tracks No, 13 - 16)
are dead-end tracks with their accommodation capacity being
relatively small, 8-11 coaches. In éddition{ for 8 tracks'(Tracks
No. 3-123, simultaneous arrival and departure of two trainss of.
short formation (with 12-15 coaches each) and a train of long
formation are made possible by using two tracks divided to use the

same platform.

...36._.



1

2

Fig. 1 Present State of Platform Tracks

Table 1

No. of Coaches that can be Accommndated at the Platforms

Platform track

No. of coaclies that

can be accommodated

Platform track

No. of coaches that
can be accommodated

2) State of the use of platform tracks

The number of arrival and departure trains, utilization time and

usage rates for the respective platforms are shown in Table 2.

As for the main arrival and departure tracks {Track No.

1 - No.

12), the average utilization time for a train is 103 minutes and

the average use rate of platform tracks is 57%.
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Table 2 No. of Arrival and Departure Trains, Utilization Time and

Usage Rates for the Respective Tracks

Usage rate (i)

Platform| No. of |Utilization time (min.} Averége utilization
No. trains 0-24:00 | 4:30-22:30 |time for a train (min.)]|(A)*1440] (B)*1080
@ ® ® x100 x100
i 12 167 667 64 62
2 8 645 580 .81 54
E 3 12 780 675 65 63
4 5 1,147 862 229 80
c 5 |s] 8 770 770 96 71
6 [4.5} 7 855 855 122 79
C 7 [5] 6 735 735 123 68
8 3] 8 815 - 590 102
C 9 [7.5} 9 870 675 97
10 {6.5] 8 840 715 105
E“ (8.51 9 475 655 75
12 [13.5}14% 865 805 62
Subtotal][951(106) | (9,764%) {8,584) {103)
13 7 780 111
14 1 110 110
15 3 660 153 -
16 3 395 132
Subtotal (14) | (1,745) {124)
120 | 11,509 (96)

Total

Note:

1. The mark [ in the platform No. column indicates the single

platform which is used by two lines.

2. The figures { ] in the no-of-trains column show the number of

trains counted in such a way that the train simultaneously using

2 lines is counted as 0.5 trains.

3. The figures marked with *1 result from calculations based on the

assumption that the number of trains between 4:30 - 22:30 is 84,

- 38 ~




3)

No. of arrival and departure trains that can be accommodated at

platforms

Assuming that the main time zone for the arrival and departure of
passenger trains is between 4:30 and 22:30 (18 hours), the number
of coaches that ‘can arrive at ovr depart from the platforms
calculated for the 12 main tracks {(Tracks No. 1-12) is as follows.

The maximum platform use rate is 75%.

a. In the case that the platform use time for one train is assumed
to be 103 minutes just as at present, the arrival and departure

of 11 more trains will be possible.

(Time zone for arrival and departure of trains x 60 x Platform use

rate x No. of platform tracks) - (Present utilization time)

_ (18(Hr)x60x0.75x12)-8584(min.) .

Average utilization time for a train

trai
103(min.} 11 (trains)

b. If, considering that a passenger train length will be expanded
to 18-21 coaches in the future, 5 tracks for the arrival and
departure of more than 18 coaches are secured (for instance,
Nos. 1, 2, 3-4, 5-6 and 7-8) while the 4 other (Nos. 9-12)
tracks are used for the arrival and departure of short trainms
as at present, the number .of arrival and departure tracks will
become insufficient even with the present number of trains.

Therefore, it is necessary to reduce the stopping time.

.. (18(Hr)x60x0.75%9) 8584 (min.)

N 103 (min.) A].Z (trains)

c. In cases where the stopping time is assumed to be 20 minutes,

30 minutes, and 40 minutes.

(a) In the case of a stopping time of 20 minutes.

.. (18(Hr)x60x0.75x9)
204545

N # 243 (trains)

(b) In the case of stopping time of 30 minutes

_ (18(Hr)x60x0.75x9) .

N 301515 £ 182 (trains)

.-.-39....



(2)

(c) In the case of stopping time of 40 minutes (almost the

same number as at preseat in New Delhi)

_ (18(Hr)x60x0.75x9) . L
N = A0i555 # 145 (trains)

Currently on tracks No. 1-12, the total number of ‘arrival and
‘depavture trains a aay'is 95 (84 tr&iﬁs during”thé'peribd between 4:30
~ 22:30), Assuming that the stopping time is about the same as that
for the present New Delhi Station (145 trains - 84 trains = 61
trains), the addition of traims between Delhi -  Kanpur (about 50
trains, bothway, in the year 2000) is basically possible partly because

the New Delhi Station will be also used.

Regarding the steps for the above, a review of the plan for using
terminals of both Delhi and New Delhi stations, expansion of
platforms, improvement or laying of _stotage_ tracks, raising coach

utilization efficiency, etc., are presumably needed.
New Delhi Station
1) Present state of platform tracks

Platform tracks total 11. ©f them, 2 tracks {Track No. 10-11)
‘are dead end tracks, and the number of coaches that can be
accommodated here is 16-slightly fewer than the 18-22 trains for

tracks No. 1-9.
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Fig. 2 Present State of Platform Tracks

Table 3 No. of Coaches that can be Accommodated at Platforms

2)

platform track No. of coaches that Platform track No. of coaches that
can be accommodated can be accommodated
I R L5 N S R SR
DR B SN Y S S A
3 g 2 . -
4 22 10 16
s T Y n T e T
____6 __________ i _____
State of utilization of platform tracks

The number of arrival and departure trains, utilization time, and

use rate for respective platform tracks are as shown in Table 4.

Taking the example of the main arrival and departure tracks

{Tracks No. 1-9), the average utilization time for one train is

50 minutes, with the use rate of platform tracks being 48%.

-4
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Table 4 No. of Arrival and Departure Trains, Utiligzation Time, and Use

Rates for Respective Tracks

Platform| No. of [Utilization time (min.)[Average utilizétion “Usage rate (%)
No. trains 0-24:00 | 4:30-22:30 |time for a train (min.}) (A)+12401 (B)+1080
. ® x100 %100
1 19 905 765 48 63 71
2 21 745 650 - 35 52 60
3 25 760 760 31 53 70
4 13 770 170 59 53 71
5 10 670 670 67 47 62
6 3 480 460 50 13 43
7 8 605 605 76 42 56
8 10 549 5349 55 38 51
9 i 11 715 715 65 50 66
Subtotal {(125)[112]1] (6,199) (5,944) (50) (52} (48) (61)
R S T [ e s B e ,..--...-m.....—Jr ———————— B e
10 2 103 52 7
11 3 390 130 27
subtotal {5) (493) {99) an
Total 130 6,692 {52} (42)

3) No. of arrival and departure trains that can be accommodated at

respective platforms

Assuming

that

the main

arrival

and departure time zone for

passenger trains is betiween 4:30 and 22:30 (18 hours), the number

of arrival and departure trains that can be accommodated by 9 main

tracks (Tracks No.l-9) computed oa a trial basis are as follows:

a. In the case that the platform utilization time for a train is

assumed

to be 50 minutes

as at present, the arrival -and

departure of about 26 more trains will be possible.

_ (18(Hr)x60x0.75x9)~5944

= 26 (trains)

N

50
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b. In the case that the stopping time is assumed to be 20 minutes

and 30 minutes:

a) In the case of stopping time of 20 minutes

(18(Hr)x60x0.75x9)

T 20(min. )+ (5+5)(min.) % 243 (trains)

b) In the case of stopping time of 30 minutes

_ (18(Hr)x60x0.75x9) . .
N = 30(nin.)3(5+5) (min.) * 182 (trains)

Currently, on tracks No. 1-9, the number of arrival and departure
trains per day is 125 (112 trains between 4:30 and 22:30). Based on
the present stopping time, the arrivals and departures of about 26
trains are poésible, so there is somewhat more room than in the case

of Delhi Station.
(3) Ranpur Station
1) Present state of platform tracks

There are 6 platform tracks. Of these six, one (track No. 8) is
a dead end track, while the No. 3 track is also used as a

long-term storage track.

5
|z
rzzzz
1

—8 —4

‘Fig. 3 Present State of Platform Tracks
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Table 5 No. of Coaches that can be Accommodated at Respective Platforms
No. of coaches that | No. of coaches that
Platform track Platform track
can be accommodated can be accommodated
L__H}”_*____m_“__ll _________ i ____________ U _______
2 6 0 S 18
3 13 8 12
(Note) No. 8 track is a dock platform.
2) State of utilization of platform tracks

The number of departure and arvival trains, utilization time

and

use rates for respective platform tracks are as shown in Table 6.

Table 6 MNo. of Arrival and Departure Trains, Utilization Time and Use
Rates for the Respectiﬁe Tracks
Platform | No. of | Utilization Average utilization ‘Use rate (%)
No. . trains | time (&) (min.)|time for a train (win.) (&) + 1440 x 100
3 21 755 36 52
yi 17 695 41 - 48
4 15 630 42 44
S AN U U SRR SN SN SO A 62____
subtotal | (67) (2,965) _ (44) (51)
s s T Tess ) e T T 62
S I 855 | w3 R
Subtotal | (14) (1,810) (129) (63)
Total 81 4,775 (59) (55)

Ag for the main arrival and departure tracks (Tracks No. 1, 2, 4

and 3),

and the average platform use rate is 51%,

- b4 -

the average utilizatlon time for a train is 44 minutes,



(4

3)

No. of arrival and departure trains that can be accommedated at

respective platforms.

Results of the trial computation for 4 main tracks (Tracks No. 1,

2,

4 and 5) are as shown below.

Since the train setting time zone is mnot strictly limited, the

platform utilization time is assumed to be 60X,

a.

In the case that the platform utilization tiwe for a train is
set at 44 minutes as at present, the arrival and departure of
about 11 more trains than at present will be possible.

0.6x4(tracks)-2,965(min.) . :
g - (26(Hr)x60x xﬁ(;«zs;‘) min:) & 1) (trains)

Since Kanpur plans the establishment of platform tracks, the
arrival and departure of about 39 trains will become possible
if the wutilization time for one train is assﬁmed to be 44
minutes.

24 (He )x60%0.6%2(tracks)) . -
N = (24( r)xéh?minf)( racks)) . 39 (trains)

In the year 2000, an increase of about 50 trains (both way) from the

present level is anticipated., The additional accommedation capacity

requirement will be met with the present capacity for 11 trains and

the capacity for 39 trains to be created by the year 2000.

"Tundla Station

1) Present state of platform tracks

There are 4 platform tracks. For tracks No. 2 and 3, improvement

of signalling facilities is planned under the 7th Five Year Plan.

m
VAN RN
: ,
\_hizzzzm/

Fig. 4 Present State of Platforms
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Table 7 No. of Goaches tﬁat can be Accommodated at Platform Tracks

Platform tracks No. of coaches that can be accommodated
b — Fa— l | 6 HHHHH
2 17 L
3 18
e e o e s e ] o et e e e i e e s s e R b i s o
4 14

Note 1: Track No. 1 is a dock platfdrm;

2) State of use of platform tracks

The numbers of arrival and departure trains, utilization time, and

use rates for respective platform tracks are shown in Table 8.

Table 8 No. of Arrival and Departure Trains, Utilization Time, and Use

‘Rates for the Respective Tracks

Platform { No. of | Utilization Average utilization Use rate (%)
No trains | time C)(ndn.) time fof g train (min.)'() + 1440 x IOO
1 3 620 207 | 43
2 22 607 28 | Y
3 25 | 762 31 53
4 17 705 1 a2 4
Total 67 2,694 (41) (47)

3) Wo. of arrival and departure trains that can be accommodated at

platforms

d.

In the case that the average stopplng time for a Ltrain 1is
assumed to be 4] minutes as at present the 'arrlval and
departure of about 18 more  trains will be possible (the

platform use rate is assumed to be 60%).

(24(Hr)x60x0 6x4(tracks)) 2 694(m1n )

Gi{min.) £ 18 (trains)

In the case that the stopping time of a train is assumed to be

10 minutes, 15 minutes, or 20 minutes:

- 46 -




(a) In the csse of stopping time of 10 minutes

- (24(Hf)ﬁ60x0.6x4(tracks)) . .
N = 10{min. 3+ (5453 {min.) + 172 (trains)

(b) In the case of stopping time of 15 minutes:

o = (26(Hr)x60%0.6x4(tracks)) _
N 15(min. )+{5+5} (min.}  * 138 (traiuns)

(¢) In the case of stopping time of 20 minutes:

_ (24 (Hr)=60x0.6x4(tracks)) . .
N = 0 tmin, )+ (5+5) (min.y - 115 (trains)

About 50 more trains (both way) are expected in the year 2000. Since
the present number of trains is about 50, it is necessary to set the

average stopping time for a train at about 20 minutes.
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The rated'power {P) of the traction wmotor (TM) is set with consideration
given to the increase in allowable temperature. It is indicated in the
following formula:

1

P.= —75g0 " NEtIn (Kw)

Here, N: No. of ™
Et: Terminal voltage of IM
I: Current of TM

n: Efficiency

The actual power, however, can generally be raised to 50% more than the
rated power 1in consideration of the coefficient of adhesion and the
allowable, short-period overcurrent value (a2 shorter service life due to
temperature increase shoﬁld be remembered, using the rule of halving of the

service life with each increase of 6°C or 8°C).

In view of the higher outdoor temperature in India, however, power up tO
1.2 times the rated power can be used in the case of 4,560 KW EL as seen in

an attached table.

in the case of the 3,500 KW EL, the 3-phase asynchronous power system with
excellent readhesion characteristics are used, and commutator and armature
winding are eliminated, therefore it is assumed that power amounting to 1.4

times the rated power will be possible.
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3-3 Speed vs. Distance Curve of Trains on the Section {Braking)

Speed

(km/h)

160

New (2BL t+ coaches 700 't) (18)

130 §

WAPL ¥ coaches 1,000 ¢ (18)
90 1

WAP1 + coaches 1,170 t (21)

75 WAGS + wagons 2,250 t (28)

WAGS + wagons 4,300 t (56)

WAGS + wagons 3,300 £ (40)

WAGL + wagons 2,250 ¢ (28)

0 o , 2 | 3
: Distance (km)
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3-4 Comparison of the High Speed Train Characteristics

Country Germany France Japan Hote
iten DB SNCF JR
Shinkansen
Type of EMB ICE GV Series 0 Series 100 Series 200
Composition MeT 1.5 + 77 + 1.54 16 H 12H4T 12 M
Carrying capacity 432 386 1,342 1,277 BBS
(pasgengers)
Train length (m) 276 200 400 402 300
Train weight (ton) 554 383 892 84S 697 Tare
418 970 922 59 Weight of loaded car
Max. sxle weight {ten) 20 16.8 16 15.3 16.4 - |
16 13.9 T
Max. speed (km/h) 250 270 20 230 240 Operation
Rated power (kW) 3,640 x 2 525 x 6 x 2 185 « &4 » 16| 230 x4 x 12 {230 = 4 x 12 | Continuous
7.280 6,300 11,840 11,040 11,040
Seat piteh (ma} 972 1,160 1,160 1,160 Pirst-class
864 240 1,060 940 ocdinary
Roos
Corridor width (mm) 400 640 600 £00 First-class
400 600 500 400 ordinary
Noise level 4B {A) 90 ~ 95 Under 80 Under 80 Under 80
Acceleration (ka/h/fs) i.86 1.76 0.96 1.60 1.60 5 km/h
0.60 0.25 0.40 0.40 2190 km/b
{240kz/n)
0.20 0.25 0.13 260 km/h
Braking distance (m}) 260 o/ >0 210 ka/h -+ 0 | 230 km/h -+ 0 | 230 kn/h -+ 0 | Weight of loaded car
' 3,700 3,000 3,840 4,100 .and full service
Carring capacity per
passenger
Power (kWfpass.) 16.9 16.3 8.8 B.6 12.5
Weight {tonfpass.) 1.28 0.99 0.66 .66 0.79
Cousumption gnergy 43 33 28 34
{Wh/pazsenger ko)
Transport service 1984 16 1985 136 1985 31 Million passengers/year
43 373 85 Thousand pagsengers/day
Train cost per passenger 173 166 18 100 152
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3-7 Speed vs. Distance Curve of Trains on the New Corridor (Braking)

Speed
{km/h)
2501

200

150 1

24T
Full service

GM10T
Full service

lOOW

50 1

<
-

_60_.

Bistance (km)

T

6



3-8 Bolsterless Type Bogie

The bolsterless type bogie is so designed to improve running stability and
riding comfort for the high speed rolling stock, and to reduce track
destruction and vibration noise for its light weight, and requires less

power cost.
(1) Outline

1) 1In order to reduce track destruction and improve the running.
stabiiity during the high speed drive, the air spring is directly
mounted on the bogie frame instead of the counventional mounting
method Qsing the bolster and bolster anéhor. The traction device
is mounted at the rolling stock body which connects it with the
‘bogie. Furthermore, the bolsterless type bogie has the following

features in order to minimize the non-suspended weight.

a) One-wear wheel

b) Holiow axle

¢) Flanged cylindrical roller bearing as the journal bearing which
reduces the overall length of:the axle

d) Grease lubrication for axle bearing

e) Gear box and axle box made of aluminum alloy

f) Speed generator mounted in the suspended part

In order to minimize the suspended weight, the following systems

are adapted which reduce the weight of bogie frame.

a) To change the position of the brake cylinder to scrap the end
beam
b} To adapt the new system of axle box suspension to reduce the

length of side beam

2) For the rolling of bogie, the damper to add resistance is modified
to minimize the snaking motion and the lateral force at a sharp
curve, which reduces the wear of the wheel flange and improves

riding comfort during high speed drive.

3) The air spring' is modified to improve the running stability,

curving performance and riding comfort.
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3-9

(1)

4} The wheel tread shape modified, and appropriate support rigidity
of axle box is applied to reduce the lateral force and improve the

running scability.

Fig. 1 shows an example of bolsterless type bogie and Fig. 2 shows the

hollow axle.

Axle box suspension
Axle box

Fig. 1 An Example of Bolsterless Fig. 2 Hollow Axle
Type Bogie

'WN' Type Coupling

Function

The 'WN' type coupling couples the armature shaft of traetion motor
in the suspended part and the pinion shaft of gear box in the
non-suspended part, and transmits power allowing their relative

motion.

The 'WN' type coupiing has enough degree of freedom for the

~displacement of both shafts caused by the variation of deflection of

bogie axle spring, and the lateral and longitudinal wmotion of wheel

set.

There are new and old types of couplings. . In the new type, the rubber
stopper system is adapted in which the air cushion isg used instead of
the coil spring to prevent the vibration in the axial direction and

the coil spring failure.
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Figs, 1 and 2 show the driving device and sectional view of coupling

respectively.

Armature
) shaft
. Traction motor 'WN' type Gear box
-—1__1\' ' coupling/
T - r--}{,Pinion
1 1 SR = O T
(i
L
[ |
|
(] [h
Y T
. ~Ji
Axle L4
.
-, Wheel L~
Large gear
Fig. 1 Driving Device
Coil gpring " Rubber

Avmature shaft i~ stopper

Pinion shaft

) /
/

i

0ld type New type

Fig. 2 Bectional View of Coupling

{2) Structure

1)

The 'WN' type coupling, the double internal external gear type
coupling, has the external gears shrinkage fitted with the
tapered part at the eod of traction motor armature shaft and
pinion shaft, together with the sleeve with the internal teeth of
the same number, and the flange on the sleeve tightened by the

reamer bolt.
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2) The external gear has round teeth ead for large crowning, and the

internal gear has the large face width to allow the displacement.

3) The sleeve joint has the center plate. In the old type coupling,
the -function of gear 1is ensured by pressing both ends of the
center plate (which has a hole at the center) with the coil
spring, while in the new type, the rubber stopper with the nut
presses the ceanter plate (which has no hole at the center) for

displacement.

4) TFor ecasy assembling and disassembling of traction motor and gear

box, 2 pes. of center plate are mounted.

3-10 Electromagnetic Air Brake

in the conventional automatic air brake, the brake valve controls the
pressure reducing and pressure. intensification in the brake pipe, and
with that brake, the brake is applied in the order from the top to the end
of train., For this reason, long idle running time is'required to have the
effective brake power if the train is long, and the traiﬁ canpnot stop with

short brake distance.

For highly responsive brake control,'therefore, the magnet valve is mounted
in each rolling stock. ~With this electromagnetic air brake, each magnet
valve (PFig. 1) simultaneously operates at cab brake operation,. enabling the

syinchronous brake application and taking off throughout the train.

Fig. 1 shows the schematic diagram of electromagnetic air brake system.
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3-11 Disc Brake

The disc brake system has the axle disc type as shown in Fig. 1 and the

wheel disc type as shown in Fig. 2.

The brake power of the disc brake is obtained by pressing the brake disc
mounted in the axle or on the wheel onto the lining, it is being widely

used as the friction brake for rolling stock and the wheel tread brake.

It features the large absorbing energy and is used for the air brake of
high speed train with large brake load, or for eddy current brake of the

trailer.

The air or hydraulic power is used for brake cylinder. The brake disc is
‘mounted in the driving truck, which has the traction motor and gear box, at
both sides of wheel {wheel disc type), and, in the trailer, between the

left and right wheels (axle disc type).

The high speed train with disc brake has the wheel tread cleaner for stable

coefficient of friction between rail and wheels.
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Bogie center

1

Name

Brake cylinder

Brake lever

Brake lever

Brake lever connection

Brake lining bracket

Brake lining hanger

Brake head

Lining

Brake disc

1 @@@J@@@@@e?

Fig. 1

Brake lining hanger

No. Hame

(@ | Bydraulic cylinder

(@ | Brake lever '

(3 | Brake lever connection
@ | Release spring

® | Lining -

& | Brake head

@

®

Brake disc

PePP

¢

Axle Disc Type
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3-12 3-phase Asynchronous Motor and Regenerative Brake

(1)

(2)

General

In improvement in speed of rolling stock, making its weight lighter is
desired to avoid raising track maintenance cost. However, the weight
of rolling stock tends to increase because of the requirement for

increased capacity of iundividual units of power equipwent.

As one way of keeping the weight of rolling stock light while
increasing the capacity of power equipment, the DC motor is replaced
with an inductioh'motor and the rhéostacig brake with a regenerative
brake. This allowé the traction motor and the'méih transformer to be.
light and the main resistor aﬁd méiﬁ_contfoller eliminated. Although
an inverter, must be additionallj used,'the'power plant'section'wﬁich
accounts for about onme fourth of the total weight of a rolling stock

can be reduced by about one third,
Problems with brushes and commutator

The following problems are associated with the use of brushes and the

commutator which are required for a DC motor.
1} HWecessity of regular inspection

Regular inspection including replacement of worn brushes, check of
commutator condition, check for contact of commutator and its

repair, are required,
2) TFailure-causing factors

Failures of DC. motors are mostly improper commutation and
flashover. In addition,_failures'of the traction motor plays a

major part in rolling stock troubles.
3) Difficulty in increasing the capacity of the traction motor

Because the commutator and brushes occupy.a relatively large area,
the capacity per unit volume of the traction motor cammot be
increased as desired. Consequently, it is difficult to enlarge
the output of the traction motor which is to be accommodated in a

small space of bogie.
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(3

4} Structural weakness

The commutator consists of mica and copper layers laid upon and
tightly fastened to one another, resulting in a structural

wealkness.
The use of induction motor

The induction motor provides a required speed characteristic curve by
controlling the interlinkage flux of the rotor and rotor current.
However, since, it is difficult to directly detect these two
components, it 1is necessary to calculate and control the frequency,
voltage, and slip frequency to be applied to the induction motor based
on such paramelers as circuit coastant, rpm, direction of revolution,
current of.different phases, etc. Introduction of state-cf-the-art
power elecLronics technology with GTO (gate turn-off thyristor) and a
microcomputer makes it easier to conitrol frequency and complicated and
quick operation of wvarious parameters, which made practical
application of the induction motor possible. Because a greater torque
is required for the induction motor used as a traction motor, it is
necessary to generate a 3-phase current using an inverter. The

following improvements are made by utilizing the induction motor.

1} The problem described in (2) is solved by using the induction
motor as a traction motor, which does not need any brushes or
commutator. This lowers the maintenance cost while enhancing
reliability and capacity without increasing the weight of rolling

stock.

2) Because torque is abruptly decreased with increase in revolution
speed, the re-adhesion performance at the time of slippage of

wheels is improved.

3) The induction motor provides the simplest structure of AC motors

as well as strength withstanding a higher revolution speed.

4) The capacity of the wmain transformer can be reduced by controlling

and improving power-factor by GTOs.

- 69 -



(4)

(5)

The use of regenerative brake

The 3-~phase asynchronous motor system does not fequire a main resistor_
and resistors for brakes because the powering circuit is used as a
regenerative brake as it is. This system has advantages in weight,
maintenance, and power-factor over the existing rheostatic brake

system and regenerative brake system by DC motor.

Others

The problems with the 3-phase asynchronous motor system to be solved
in the future include lowing the cost of GTOs, establishing design
standard, and enhancing the reliability of the bearings for a high.

speed motor.

Shown below are the block diagram of the traction circuit by 3-phase
asynchronous motor and the standard speed characteristic curve for an

induction wmotor.

Pan.

Traction motor

Main Comverter _ Inverter
transformer

6600

Fig. 1 Block Diagram of Traction Circuit by 3-phase Asynchronous Motor
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@ Starting region
: Constant-torque region
(©): Constant-power region

Characteristic region

T Torque

v Invertor output voltage

I : HMotor current

fg: Slip frequency

f1: Invertor frequency

2
Y T =K'
f1 f1
120 n : Revolutions
- (fI - fS)
P No. of poles

K, K': Constaant

Fig. 2 Standard Speed Characteristic Curve for an Induction Motor




3-13 Eddy Current Brake (ECB brake)

As for the trailer brake system, the rheostatic brake cannot be used, and

the air brake application during high speed drive causes the large brake

disc and lining abrasion, increasing the maintenance cost. Therefore, in

the series 100 Shinkansen EMU, the eddy current brake is used instead of

the rheostatic brake in the electric motor coach.

(1) Principle and conception

1}

2)

3)

The coils of the same of different pole are mounted on the
opposite side on the axle disc. When the current flows to the
ﬁoils; the dise has the eddy current, and the braking force is
obtained by the operation im the magnetic field. Figs. 1 through
4 show the chart of principle, external wview, . the brake
characteristics of each pair of poles, and the characteristics of
speed and braking force according to the coil current variation,

respectively.

The heat energy generated during the brake application causes the
temperature rise in the disc and wheel. The material with high
heat resistance and good magnetié characteristics has to be used
to keep the axle temperature surge within ~the tempering

temperature.

For long brake disc and lining life, it is desirable to apply the

eddy current brake up to the low speed area as much as possible,

Therefore, the mono-pole opposition system which ensures the
braking force for up to 70 ke/h speed is used. (See Fig. 3 Brake

Characteristics for each Pole.Opposition.)

Table 1 shows the brake application system of trailer for each speed.
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Table 1 Braking System of Trailer

(An example of series 100 Shinkansen EMU)

Speed range . System
230 ~ 70 km/h | Eddy current brake

70 &~ 25 km/h Eddy current brake (required braking force by

the rheostatic brake in electrie motor coach)

25 km/h or less | Air brake

Coil current

%\\\‘ Wheel
rq‘ - Direction N~ N\
“J - ~

I \
Wheel ™y § } '
Iy
NHy
<A,
RCB coil Eddy-current brakes
(pirection of Dlrection ! The eddy-current brake used for
flux) Of braklng . .
E foree J/ ) . i the trailers consists of a
ECB disc wheel disc held between coils
(in case of mono-pole to generate an electromagnetic
opposition) braking force.
Fig, ! ¢Chart of Principle Drawing Fig. 2 External View
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Required braking forece

600
A

Mono-pole opposition

piffecent pole opposition

Braking force (kgf)

: 1
0. 10 2

i
}
I
I
i
|
i
I
! )
30- Speed (ka/h)

" pig. '3 Brake Characteristics for cach Pole Opposition

(An example of series 100 Shinkansen)

600;— / Required.braking force
ook emeg 180A _

N\,  ECB braking force characteristics according
to the brake current characteristics in
electric motor coach -

[
bl
o .
@
9
H *
W B
& | 1004
e
i i
o . l
n Coil current i
|
!
|
!
i
| l
0 70 230 Speed (km/h)

Fig. 4 Speed and Braking Force Characteristics

(An example of series 100 Shinkansen)
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