3.2.4 HNumber of Locorotives

The nuzber of locomotives is decided by preparing a locomotive
rostering diagram based on a train diagram and considering depot ac-
cess, time for inspection and rostering reserve into consideration.
Since, however, the master plan did not contain any train dlagran,

the number of locowotives was decided by an approximate calculation.

(1) Calculation of nusber of electric locorotives
This number was calculated under the following conditions:

1} All trains in electrified sections are hauled by electric
locomotives.

2) 1In the preseant train diagram, the number of express trains
is overvhelmingly larger than that of local txains, but the Link
average operation time was determined by assuming 2:1 as the future

ratio between the nuzber of express and fast trains and the number of

local trains.

3) The average switchback tire of locomotives at terminal sta-

tions is 40 minutes for passenger trains and 80 minutes for freight
trains.

4) The daily average use tive of locomotives is 16 hours. (ihe
use tire of the preseat CC201 diesel locomotives is 13 & 14 hours, as
indicated in Table 3.1.10.)

The nucber of electric locorotives assigned was determined
under these conditions and by establishing the nurdber of trains for
the transportation demand in 2002, calculating the number of locomo-
tives and using 15% as the reserve rate. The daily average per-
vihicle running distance of locomotives assigned was deteroined to be
648.3 kn. 1Ia deternining the nusbher of lococotives, therefore, 650

ka was used as the running distance of each locomotive assigned.

(2) Calculation of nucber of diesel locomotives

The following was used as the conditions for this calculation:

1) The daily average per-vehicle running distance of the pres-
ently used €C201 diesel locorotives is 447.8 km. The CC201 Lype Is

mainly used to haul express trains.
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2) The future ratio between the number of express tralus and
the nusber of local trains is 2:1 and the ratic between the tire an
express train takes to travel a single-track section and the time a

local traian takes to travel the sare section is 1:1.5.

3) ‘ihe tire for a freight train takes is the same as for a
local passenger train.
From the above conditions, the daily average per-vehicle

ruming distance of diesel locopotives assigned is:

Passenger trains: 400 ko

Freight trains : 300 kn

{3) HNuzher of locorotives

Table 3.2.6 shows the nusber of DC and AC electric locorotives
and the nurber of diesel locorotives obtained each year after electri-
fication, using the above per—vehicle running distance of electric and
diesel locomctives assigned. Here, 1994 was used as the year electri-
fication of the Merak Line will bhe completed. In 1994, a new AC elec-
exified double-track line will be in use between Hanggaral and Krawang
and the DC electric locorotives that will have been used in this
section will be unnecessary there and transferred for use on the Merak
Line., The transfer will be smooth because the nuzber of DC electric
locorotives that will be in use in 1994 in both sections agree at 16.
The total nuzber of DC and AC electric locomotives fn 2008 is 275.
The nuzber of diesel locomotives will peak at 82 in 1989 and gradually
decrease thereaftexr. Siace their number is not large, those which

will becozme superfluous can probably used on branch lines.

3.2.5 Nucher of Passenger Cars and Freight Cars

¥More detailed conditions rust be stipulated for passenger cars
and freight cars te determine a highly accurate number because their
conditions are complicated. However, about 2,500 passenger cars and
about 3,900 freight cars will be necessary in 2008, as a general
standard.

Passenger cars now used for express and fast trains can be used

after electriffcatfon but alrost all freight cars will have to be
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Table 3.2.6 Number of Locorotives by Year

after Electrification

Electric locorotives ?;iﬁg_
Year Electrified section DC AC Subtotal tives
HMri ~ Ckp
19388 Ckp * Cn 14 25 3¢ 68
1989 Ckp ~ Bd 14 32 51 82
1991 Cn ~ Yk 16 57 73 63
1992 Yk ~ Slo 16 65 33 59
New AC double-track
line completed for
1994 HManggarai to Krawang: 16 92 108 1
Jak ~ Mer
1995 S$lo ~ Sb 16 127 143 58
1996 Sb ~ Pro 16 138 154 54
Co v~ Sbi, Bd ~ Kya
2603 Pro ~ Jr, Sm ~ Slo 192 237 256 8
Boo v Si
Jr n Bw
2008 Kts ~ Bg 19 256 275 0
51 a Pal
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replaced by the new type provided with air brakes, which are desir-
able.

3.2.6 HNumber of Personnel
(1) Electric locomotive crew
KWorking conditions, train schedules, depot positions, etc. are
necessary to accurately determine the necessary nusber of electric
locorotive driver and assistant. Here, only the approximate nuewber 1s

determined. It is calculated under the following conditions:

1) An electric locorotive is manned by two persons: an engine

driver and an assistant.

2) The per-capita average duty distance of engine driver and

assistant including the reserve is as follows:

a) Electric locomotives 160 kg/day
b) Diesel locometives 30 kn/day

This is typical of the present diesel locomotive duties at
the main depots, the per-capita average duty distance {including vaca-
tion tice) being 101.6 km., ‘The ratio between the present schedule
speed and the schedule speed after electrification (maximun speed: 160
ka/h) is generally 1:1.8. 15% is used as the reserve rate. Calculat-
ed from these conditions, the per-capita duty distance is as stated

above.

Table 3.2.7 shows the aumber of personnel obtained fron this

calculation.

(2) Electric locomotive inspectionfrepair personncl
Two persons are necessary for the inspection and vepalr of a
single electric locorotive. The approxirate nucher of total persoanel
s shown in Table 3.2.7.

3.3 Train Dispatchers

According to transportation demand forecast, the nveber of trains
will facrease suddenly after electriffcation. Generally, the line
capacity for single-track sections is said to be 80 ~ 90 trains (both
directions) and this is roughly the number of trains that wil} actual-
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Table 3.2.7

Electric Locomotive Crew and

Inspection/Repair Personnel

Electric Depot inspec-
Yeay locorotive tionfrepair Remarks
crew personnel
1938 310 18 (1) Electric locomotive crew
is the total of driver
1989 418 102 and assistant.
1991 592 146 (2) The “inspectionfrepair
personnel” is for depots
1992 656 166 only and does not in-
clude workshop person-
1994 1,212 216 nel.
1395 1,440 286 (3) The "inspectionfrepair
personnel' here is only
1996 1,508 308 those who work on elec-
— tric locomotives.
2003 2,072 512
2008 2,222 550
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ly be operated. If as many as 80 ~ 90 trains are operated, pass-by
between trains proceeding from both divections will be necessary at
many stations and thus operation adjustwent and operation arrangements
by train dispatchers will be Increasingly loportant.

The present three-stage system of Head Office, Regional Office
and Inspection is an excellent orxganization but it is necessary to

increase personnel and expand equiprent in preparation for elecirie

operation.

3.3.1 Vork of Train Dispatcher
The following work is perforced by train dispatchers:

{1} Routine operation adjusteent necessary for normal train opera-
tion. {Instructions on matters including train operation tice
changes, coupled and divided operation of train set: changes of order
of operation; changes in operating track and arrivalfdeparture track;
changes of pass-by and overtaking stations; changes of classification
of running speed and releasefconnection restriction of cars; discon-
tinuance of train operation in tice of train delay; tentative train
stop at station; change of turnround station; discontinuance of train

operation; operation for recovering tice delay.)

{2) Routine train operation arrangements necessazy Lo cope with

fiuctuation in traffic demand.

{3) The following work is to be perforiced In case of an operation

accident or occuvrrence of calamity:
1) 1Investigation of situvation.

2) Discontinuance of train operation, tuvrnround of train, can-

cellation of trains earoute and detouring train operation.
3) Operation of rescue twain.
4) Other ecergency actions.
(4) Knowledge of weather conditions and counterceasures.

(5) Investigation of train operation plan data and reporting.
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3.3.2 Equipment
The following are necessary equipment for train dispatcher:

(1) Direct dispatching telephones {for connection with station
and depot)

{(2) Facsimile telegraphlc apparatus
Forther, it is desirable to have train telephones for direct-—

ing operations (radio connection of train dispatcher and train).
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CHAPTER 4  ELECTRIFICATION PLAR

4.1 Selectlon of electrification systen

The clectrification systens now adopted in various countries
in the world are diverse, as fllustrated by Table 4.1.1.

They can be classified into three major systems of direcl
current, single phase alternating curreat and three phase alteraating
current, and these systees can be further subclassificd by voltage and
frequeacy.

This variation is suvinised to have been caused by differences
in the historical developrzent of electric railways in the respective
countries. Sore countries which already have large sections of 16-2/3 1z
AC electrification or BC electrification naturally promate electrifica-
tion systens of the sawme kind with view of relling stock operation.
However, as a worldwide trend in recent years, many countries have been

adopting commercial frequeacy single phase AC systea.

- 255 -



PUTTAVZITAS aseud ¢
Aurwxon 28594 ostyd 9YIUTS AMGT ‘ZH £/7-91

ooucay ‘pustduy ‘ucdef uoasds Sulpedd 13
uwotun 39TA0S ‘odurag ‘wedef woashs Furpodi IV
woTun 22TA0S ‘puTTIug ‘oduRlg woashis Buspody °TIWYS
asseyd oT8uTs (2H 09/08) Aouonbaay TTTYXDWWED IV
ATTaT ‘uUOTU] 30TACS A 000°C
ssuexy ‘ueder A00S°T ¢
SWORSAS VOLITDTITIIOATD 30 vorarerTdde 20 ardooxy
uoTITWIOFUL
m 1
| (ae'99) TR | (3¢ cs)
| | 227469
a2t pes et H,mwomﬂ WO e mistes <un*09> L0T*LY |
i L] _. 4 R
sm T@ | £D | g |cee'st| e | tou'Ty o098 Tﬁ.ﬂimgi CTT | GZT | s6n | 20T £99°0918% 61| L1L°6
e
sl 2% _ s |2 A ST A3 1T iiiﬂj 53.3_ou_io.:ion_znﬁig_ A000°C 1 4005
M-I 5e z , _ w>ooon_ :xma _, MR
- _ no w IR $/3=9T | R T zH 0§ _ ¥ 09 | _>8n i w7
iy ] il |
5 w3 = = . .
% ® _ v owyd STHUTS EETSIELERELE & L
1 | L
£°Z861

PTION SUI UT VOTICOFITAIVNTI ApmyiCy 10 WOFITMATS T°TCw OT4TL

- 256 -



4.1.1 Direct Current Systenm

In the direct cuvrent system, power transformatfion equipment such
as silicon rectifiers, ctc. to convert AC power received from a general
electric power network into DC power are provided in substations of an
electric raiiway, to feed DC power Lo the electriec car line, to drive
the DC motors of electric vehicles.

Since long age, the DC system has been adopted in vavious countries
in the world. 1In this system, the high tension DC moter for rolliag
stock is techrically restricted with respect to insulation design,
rectification, etc., so very high voltagés are not adopted. In the
world, the highest voltage is 3,000 V as shown in Table 4.1.1.

Since the contact wive current is larger in the DC systen than in
the AC systen, the voltage drop increases, requiring substations at
closer intervals than with AC systems.

Furtherrore, the large current requires the current capacity of
the contact wire to be large. Therefore in general, a feeder is provid-
ed in parallel to the contact wire, to veduce the voltage drop and teo
increase the current capacity.

On the olther hand, a low voltage facilitates the insulation of
overhead catenary system and apparatuses, and the insulation distance
in tunnels, bridges, etc. can be kept small. Together with a long

history and amuch experience, this system can be said to be technically

sicple.

4.1.2 Single Phase Alternating Current Systen

The single phase AC systenm includes several kinds, depending on
voltages and [requencies, as shown in Table 4.1.1. Recently, commercial
frequencies are being often adopted. The reason is that since electric
power having a corcercial frequency received from a general transmission
line can be supplied to electric cotor vehicles without having its
frequeacy chauged, only substations are required to have transforwers
resulting in an advaatageous simplification of equipnment.

Furtheroore, since electric motor vehicles are mounted with
transforeers, voltages in the rotor vehicle can be freely selected.

For this reason, a relatively higher voltage can be adopted for the
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contact wire, and thus, the contact wire current can be swmaller, with

less voltage drop, allewing substations to be set at longer intervals

and with fewer substations. FEven when the voltage drop poses a

problem, series capacitors can be installed in substatfoas or overhead

contact system, to conpensate for the circuit impedance, allowing
relatively vasy conservation of voltage. _
The speed control of the electric motor vehicle, is also simple

vhea cozpared to the DC system, and the coefficient of adhesion

between the wheel tread aad the rail can be set at a high value.

Furtherrore, the starting force on the grade can be wade large, relative

1o the oultput.
On the other haond, since a high voltage with a commercial fre-
quency is uwsed, it may intecfere with a telecommunication line existing

ncarby, reguiring preventive measwres to reduce interference to be

taken.

Yoreover, since single phase power for electric railways is

received from a general three phase transeission line, the three phase

power supply systen, if small in fault level, may cause a voltage va-

balance or fluctuation, and thevrefore, the power source must be select-

¢d with due atitention paid to this poiat.

Table 4.1.2 shows a cozparison of the technical features of a DC

systea (1,500 V) and a single phase AC system (commercial frequency
25 kv).
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Also for single phase AC systems, various systems have been
developed and put into practical use because of differences in the
situvation and historical background of the respective countries,

Above all, due to the differences in preventive measures against
jnductive interference on telecorrunication line, and in the feeding of
large power to overhead contact system, various feeding systems have been

put into practical use. These will be described below.

(1) Comsercial frequency (50/60 Hz) single phase AC system
1) Simple [eeding systen

The sinple feeding system is the most basic composition
consisting of a contact wive and rails. As its variation, NF type
sinple feeding system is used, in which a negative feeder (NF) is
provided in parallel to the rails, with the rails and NF cennected every
several kilometers by NF contactors.

The provision of a negative feeder facilitates the protection
and detection in cases where insulater flashover occurs in a feeding
civcuit, and has the effect of decreasing the impedance of the fceding
circuit.

A featurcs of the siople feeding system, is its siople circuit
configuration making the feeding circuit economical and easy to raintain,
but since the return circuit current is fed through the rails in the
section, the inductive interfence with telecommunication lines becomes
large, and the.rail potential becouzes disadvantageously high compared

to that of other feeding system.

2} Autotrvansforver feeding systen

In the autotransforeer Feeding systewm, the feeding voltage
from a substation is set higher than the contact wire voltage, and is
lowered to the required contact wire voltage by autotransformers {(AT)
provided about every 10 km along the wayside, to feed power to electric
cotor vehicles.

In the ordinary autotransforcer feeding systew, the feeding
voltage from the substation is double, and it can be raised further by
changing the turn ratio of the autotransformers.

This system is suvitable for feeding large power, since the

feeding voltage from the substation is high (double the voltage fed to
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the clectric wotor vehicles)., Furthermore, since the feeding current
from the substation is small, being 1/2 of that of the simple feeding
systenm, the voltage drop due to the inpedance of the feeding circuit is
srmall, allowing the substations to be set at greater intervals.

1hat substations can be sct at long intervals is advantageous
especially when the site of the power source is distant, and in such
cases, the total construction costs includiag the transmission line are
lower than for the simple feeding systen.

Furthevreore, since load current is boosted by autetvansforeers
on both sides, the induced voltage for a long telecormmunication lines
is offset, and the current flowing in the rails is limited, effcctively
reducing the interfercnce.

The intervals of auteotransformers are decided in consideration
of the effect of reduction in induclive interference on telecormmunica-
tion line, rail poteantial, voltage drop of feeding circuit, ctc., but
is gencrally withia 10 to 15 kn.

On the other hand, autotrawnsforcers with a capacity corre-
sponding to 1/3 to 1/4 of the train load capacity must be arranged at 10
to 15 km intcervals along the wayside, and feeders with the same insuwlation
class as contact wires rwust be provided throuvghout the wayside, making

the circuit configuration complicated compared to the simple feeding

systen.

3) Booster transforecer feeding systen

In the booster transforzer feeding system, booster translforrers
are arranged at intcrvals of several kiloxeters (about 4 km) with booster
sections provided in the contact wire, to boost the currvent flowing in
the raids. ‘This decreases the curveat flowing into the ground and
ceffectively reduces inductive interference on telecormunication line.

There are two kinds of booster traonsforrmer feeding systess
a sicple systea with booster transforcers iuserted betwcen the contact
wire and the insulated rails, and another systen with curxrent boosted
by an additional mepative f[ceder provided.

The foreer is sicple but is inferior to the latler in its
effect of decrcasing inductive interference on telecommunication line.

ltowever, it is better than Lhe sicple feeding system. Furthereore,
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since the secondary terminal voltage of the booster transformer ap-
pears between the insulated rails to repeatedly short circuit and
open cach time a train passes, the paintainability of the insulated
parts is low. For this reason, it is only when load current is not
so large. 7

As regards disadvantages, the booster transforrey sections make
the feeding circuit configuration complicated, and the fzpedance of the
feeding circuit larger than that of the simple Fceding systen.
Furthermore, if the load current is large, a large arc is gencrated in

the beoster section, requiring a special arc suppressing rceasure to be

taken.

Table 4.1.3 compares the technical features of the three
fecding systerns.
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(2) Special frequency (25 Hz or 16-2/3 112) single phase AC systen

A featurce of this system is that electric motor vehicles can be
directly driven by AC power, using a commutator motor, without a
rectifier.

With regard to the history of electrification using this system
fron the production of rectiffers with large capacity and mounting them
on cars was difficult in the beginning of railway electrification, and
the ﬁroduction of 50 llz commutator motors with good rectification was
also difficult. Furthermore, at 50 Hz, the generation of a critical
voltage to a bare communication linc was feared. For these reasons, a
special low frequency of 16-273 Bz (L/3 of 50 Hz)} having good rectifica-
tion and srall in its interference with the communication line was
adopted For single phase AC systeps, and 25 Hz was also adopted in the
same concept.

In this systeo, a special frequency is used, making the provi-
sion of special generator or cquipzent for convert ing commercial fre-
quency and a special transmission tine necessary. For this reason, this
systen is now adobted only ia countries where the special frequency

single phase AC electrification already has wide spread vse.

4.1.3 Three Phase AC Systen

A feature of this system is that since a three phase induction
cotor can be used in the electric motor vehicle, uniform operation can
be mde, allowing the speed drop on upward gradicats to be kept siall
and regenerative brake operation on downward pradientsito be casily made.

However, the large number of phases makes overhead contact systen
jnstallations complicated, involving difficulty in conposition and
maintenance of the crossieg portions. Furtheramore, the current col-
lecting device of the electric rotox vehicles, also becomes complicated.

This system is adopted in rountainous railways having steep
gradients, but recently, this system is being substituted by singie
phase AC sysiers orx by DC systémS,and is not being newly adopted.

Fig. 4.1.1 outlines the vespective electrification systens.
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4.1.4 Selection of Flectrification System

The features of various electrification systenms have been
described so far. For the eleclrification system of the min railway
lines in Java, the commercial frequency (50 Hz) single phase AC 25 kv

system will be selected. 1he veasons are described below.

(1) Electrification installation costs (for transmission lines,

substations, overhead contacl gystem, etc.) are low, compared with

those for the DC eclectrification systen,

(2) Since an AC system will be adopted for the first time for the
rain railway lines in Java, it is not necessary to consider its rela-
tion to any existing AC electrification system, for example, as in case
where an AC 16-2/3 Hz systea is existing/.

For this reason, it is both gencral and advantageous in view of
the production of electric locomotives, construction of ground
installations, etc., to adopt am AC 25 kV 50 lz systen which is mminly

and very commonly adopted in other parts of the world.

{(3) Over almost the entire arca of Java, a transnission network of
S8 Mz 150 kV and 70 kV is being conmpleted as the base of general
comrercial electric power. For this reason, there arxe few problens with
respect to power supply for electrification under the AC 25 kv 50 Hz
systen.

The commercial frequency (50 Hz) single phase AC 25 kv
electrification system, too, iacludes the simple feeding systen,
autotransforeer feeding system and booster transforeer feeding systeins
as wentioned above. Which feeding systess to be selected must be
decided, after considering of many factors including the condition of
the power supply network, measurcs to be taken to prevent conzunication
interference, construction costs, and maintainability of installations.

Cenerazl deliberation will be made on the main railway lines in

Java.

1) ‘ihe substation fntervals (possible feeding distances) of the
respective feeding systems are about 60 kn with the sirple feeding
systen, about 110 ki with the autotransforcer feeding system, and about

50 km with the booster transforcer [eeding systen.

- 267 -



1f the substation iantervals are long, the nuwber of substa-
tions can be smill by that, and the degree of [reedom in selecting the
power receiving points is large, requiring low costs in the construction
of transmission lines and substation installations.

On the other hand, with regard to the condition of the power
supply nelwork in Java as a whole, of PLN (State Electric Corporation)
which supplies general commercial eleceric power, in most regions, the
power receiving points for traction subsiations can only be obtained
at distances of about 106 kn from the 150 kV or 70 kV transmission
line along each main railway line. This is necessary so as nol to
cause problems of voltage unbalance, voltage Fluctuation, etc. due to
the single phase load of eclectric railway and in order to nminimize the
transmission line construction costs,

Therefore, from the condition of the power network, the auto-

transforser feeding system can be said to be most preferable.

7) With regard to inductive interference on telecorssunication
lincs, most of the laad along the maia vailway lines is paddy ficlds,
plowed fields, banana and coconut plantations, ete., and as for the
condition of geneval communication line equipmeat necarby, a barve con-
munication line of PERUMIEL (Telegraph and Telegram Public Corporation)
erected together with a railway comnunicatien line are laid mostly
along the waysides. Thus, the cormunication lines are not so
dense.

Therefore, if the bare communication lines along the
waysides are converted into cables together with the electrification,
there does not scea to arise so much difference among the respective

fceding systems with respect to inductive interference on telecorcuni-

cation line.

3) With repard to the maintenance of facilities, the sinple feed-
ing system has the simplest circuit configuration and is casy Lo
caintain.

In the autotransformer feeding system, when cenpared with the
sisple feeding system, the circuit configuration becores complicated
because auvtotransforrers are required throughout the wayside and ‘because

a fceder at the same as the contacl wire in insulation class is required.
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In the hooster transformer feeding system, the feeding circuit
configuration is corplicated since booster transforrers and booster
transformer sections are requived. If any measure is required to
suppress the arc generated im the booster transformer section, the

overhecad contact systen becomes ceven more complicated, and mainlenance

becorzes twst tyvoublesome.

4) The electrification installation construction costs of the
autotransformer feeding system and simple feeding systen were estimted
and the result are shown in Tables 4.1.4 and 4.1.5 for comparison.
Figs. 4.1.2 to 4.1.5 shows the schematic drawings of the respective
equipment.

As shown in Table 4.1.4, in view of the equipmeat units
reqiired the simple fceding system is lower in cost than the aute-
transforzer feeding system.

On the other hand, as shown in Table 4.1.5, the trial calcula-
tion assuning an electrificaticen section of 400 ko shows, the auto-
transformer fecding system ig wore advantagcous.

These example results of the estimate are given only for
reference, and the values would change, depending on various conditions.
However, the results clearly show the features of both the feeding
systems as mentioned before. Narely, that the autotvansforoer feeding
systeca with long substation intervals is lower in transmission line
and substation construction costs, and that the simple feeding systen
is lower in overhead catemary systenm construction costs because of the
sivpler equipments.

Conprehensively coasidering the above mitters, electrification
by the autotransformer feeding systen is concluded to be the wore
advantageous for the main railway lines of Java.

However, if in the future the power sources condition becozes
favorable enough to allow the locations for substations of electric
railway lines to be secured easily (depeading upon the region) a re-
exanination of the adoption of the simple fecding systen will be

required, generally conmparing the jnvestreats to be gade for electrify-

ing the ground imnstallations.
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Table 4.1.4 Cooparison of Construction Costs by

Electrification Systenms

1. 150 kV Sudbstation

Autotransfoveer
feeding systea

Siwmple

feeding systen

Receiving equipuent ]

—

30 30
Primary of transfovcer
Transforeer 35 30
Sccondary of
transforeer

35 32
Feeding equipzent
Corimon equipzeat
Total 100 92
L
2. 70 kV Substation
Autotyansforrer Sivple

feeding systen

feeding systen

Receiving equipzent
Primary of transforcer

Transforeer

Secondary of transformer
Feeding equip=zent

Conon equipsent

Total

Cost ratio For 150 kV
substation of autotvansforcer
system

30 30

33 28

37 34

B 100 _EZ
97} 1891
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3. Sectioning Post

Autotransformer Single

feeding systen feeding systen
Feeding equipment 31 23
Common equipment 1% 9
Total 100 37
Cest ratio for 150 kV substation (17) 163
of autotransforeer systen
4. Sub-sectioning Post

Autotransforeer Single

feeding systen feeding system
Feeding cquipsmeat 74 15
Common equipment 26 25
Total 100 40
Cost ratio [or 159 kV suobstation 81 (31
of autotransformer systenm

5. ATP

Autotransforcer Single

feceding systen fecding systen
ATP 160 1)
Cost ratio for 150 kV substation 15] (0

of avtotransforcer systen
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6. Transmission Line (per 1 km)

Autotransformer Simple
feeding systen feeding systen
o - & Y50k "B SYSGoky)
Structure 5 45
Hire 25 15
Total 100 60
Cost ratio for 150 kV substation
{16} 91
of auvtotransformer system
7. Overhead contact Systea (pex 1 km)
Autotrvansformer Simple
feeding systen feeding systen
Structure &4 L)
Feeder 12 ¢
Contact wire 39 39
Coraon equipzent 5 5
Total 100 85
Cost ratio for 150 kV substation
of autotransforecer systea (1.8] (1.5)

Note:

given
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Table 4.1.5 Construction Costs for an Assumed Section of
400 ko by Electrification Systems in Comparison

Autotransformer Simple ]
feeding systenm feeding system
Transmission iine 192 : 216
Substation 400 712
Sectioning post 85 54
Sub-sectioning post 64 48
ATP 80 0
Overhead contact systen 936 780
Total 1,757 1,810

Notes: 1) Fach transamission line is 3 km.
2) Substation lnstallations are as follows:
Autotransforver system: 4 S$, 5 SP, 8 S5P, 16 ATP,
SS intexvals 100 ke

Booster &transforcer system: 8 55, 9 5P, 16 55P,
SS intervals 50 ka
3) Each overhead contact system includes an allowance of 30%.
4) The respective installations show the values obtained by adding

“the cost of the ratio 130 kv substation of autotransforeer
systea”.

4.2 rPower Supply Retwork and the Influence of Electrification on the

Power Source
4.2.1 Power Supply Network
{1) Preseat situation

The present situation of PIN (State Electric Public Corporation)
in Java in 1981/1982 can be generally represented by installed capacity
of 2,229 ¥, system peak of 1,306 H{ and gross generation of 7,825 GWH.

The transnlssion network is based oa 150 kV transnission lines,
with the power distributed by 70 kV and 20 kV transaission lines. 1In
the west of Java, mainly in the two major cities of Jakarta and Bandung,
the sufficient transmission lices of the respective classes are provided.
Also in the east of Java, they are sufficiently provided mainly in

Surabaya. However, while the niddle area of Java is connected with the
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west of Java by a 150 kV transoission line, the avea is connected with
the ecast of Java only by a 70 k¥ 1line. Main power stations generate
respective 50 MY by machines 1 and 2 in Semarang Harbour Power Station,
and 3 units in Semarang Timur Power Station, located in the north total
about 60 Mi. Thus, the wide middle area of Java is insuificient

pozer supply, and especially the south area is very poor,

{2) Future planning

At present, the PLN is planning to improve the power supply
network on a large scale over the whole of Java. If this icprovement
plan progresses, they will have fastalled capacity of 6,235 MJ, a systen
peak of 4,301 ¥ and a gross generation of 25,620 GWI in 198871989, and
12,809 ¥4, 9,510 I and 56,649 NI respectively in 1993/199%4.

According to this plan, the fmprovement of the powexr supply
network in Java will be made at the rapid rate of 20Z per year, and the
power supply network is expected to rapidly become substantial.

As for transmission installations and substations, too, those
vhich are now being constructed are scheduled to be completed by 1984,
and those vhich are now being planned are expected intended to be
completed by 1990, as shown ia Fig. 4.2.1. 1In particular especially, a
500 kV superhigh tension transpission line is going to be constructed
across the north of Java, connecting Suralaya, Gundul, Banduag Selatan,
Cirebon, Ungaran and Krian in each section by 1990. 1f this is
completed, the power supply network will be greatly improved.

The south central section of Java Is also going to be connected
by a 150 kV transmission line.

Therefore in the leng rum, the locations for supplying-the re-
quired power for electrification of the rain railway lines in Java
should be secured with hardly any trouble, though there may be soze
places which require long distance transmission lines.

Presuced locational relationships beiween substations for

clectric operation and PLR power sources are shown in Fig. 4.2.}.

- 218 ~






s | A | @)

®

xS
3 " @IATISARI PAGADEKIARY (5)

W — ey — S o — e "".:.
| CIXAPEK JATIBARANG n
p LY
\\ “ l '
-, -
(&) - ----=---- N, Ml

S

)
-
CIREBCH /\17/1
. NG KA
. 1 SR ® ,’ FEAALAS PEEALONGAN 5
s AL = () ,--,\ £
LY CE wry poy "ﬁE“()' et Adeaa s () ot ¥ 2
@ -\ h-hmh_’ _;'.'--'-—--
CIBADAK " ‘ - CICALENGKA WELERI ~
e . | BAKDUNG P
2 —— N (&) ¥ATANGEGHS
‘ §
A
é\ » | cinus
-~ - )‘,‘ ,a'.‘ 2 .ﬁj - ‘é& -
™ TASTIALATA - - - @)

-
fe g LRSS
<

LEGENDA
GARDU INDUK KABEL TRANSMISI
KETERANGAN GENERATOR
70 kv | 150 kv | 500 xv| 70 kv | 150 kv | 500 kV
EXISTING ] ®
DALAM PELAKSANAAN X ® | |---- e |

LOAN COMMITTED

O R R ETTIT

RENCAHA

@ |0
o




ERANG /4
o i »
‘.—\ : y
' (
o TP IATISARL PAGADENBARU (S): :
- pp— o S B \
\CTXAPEX JATIRAPANG : .
N . -
e/ -
AL

.,

\ -~
e Y
= ELORA Sy
\ | N ~ ~
S e Ay BABAT
CIBADAX En T w N SR
e | BRNDUNG P )
P v ) — Sy
o CEFU BOJCKEGORD
LEUHANRATY ® :
BAMJAR @ KALTKUXUR
~ g SGEN | NAANT 2
e

F
h .
- ¥
-~ 3'
-
=

I
________ RWOXEKT ' \ e =g KGANIUK
""""" ) @507 e
......................... K _ SOLO __.@-- & ® = P RERTGSO0N]

........ . y
G ramnl ™

31 - _
) . R )
=~ ‘ -~
b [
* ¥ KEDIRT
2 g .
l u BANGUNG] A
- @\
LEGEHDA o @ 'ﬂ%ﬁu ST
BLIFAR
GARDU INDUK KABEL TRANSMISI
-—] KETERANGAN GENERATOR
70 xv | 150 xv {500 kv | 70 kv | 150 kv | 500 kv
EXISTING ® @
DALAM PELAKSANAAN ® ® _____ e | mmu-

LOAN COMMITTED

RERCARA

iAo

@CoR .
|
|
|
|
!
;

LY
(2208 \‘:\B

Fig.4.2.1. Power Suppiy Retwork and Traction S




EFFALOREEN

e @i

-."hhﬂ’

SURABAYA

WELERI “
Y

N = e S
G — " L4
s Sy b — Pmaoum‘oo@
KEBLMEN T~ il
— 'O YOGYAXARTA ﬂ 1eces()
EUTOARIO § WATES ) A
=t s “a
l, \\
-~ Tl ) W\ N IATIFGIO
s ®-----= @ 3y JEHBER
L FUIEN ¥ TWGEL L NG AN s
It GAGUNG o gy
, .
SIMBER
KABEL TRANSHISI i Pi;('t-"'G I AN
| FALIBAX 3
70 kv 150 kv | 500 kV KOGOIAMP Y
a ..

_____ el ol dewr L - N N

——— - —— . e—— | - N F |

........... asanastd (NN XX N

Fig.4.2.1. Power Supply Network and Traction Substation

- 279 -












4.2.2 Influence of Electriffcation on the Power Source
(1) Voltapge unbalance

In single phase AC electric railways using comrercial frequencies,
the electric power is in principle supplied to the single phase load of
an electric motor vehicle from a single phase circuit consisting of
overhead contact wires and rails. Thus unbalances occur in the threce
phase power supply network.

The degree of wnbalance is gencrally expressed as a ratio of the
nepative-phase-sequence conponent to positive-phase-sequence copponeat

and may affect rotary devices, integrating watthour nmeters, etc,

1) Influence of voltage unbalance

a. The negative-phase-sequence inpedance of three phase induc-
tion rmotors widely used by general consusers is usually less than 20%Z,
being very small compared to the positive-phase-sequence impedance.
For this reason, even a relatively seall negative-phase-sequence voltage
cavses a high negative-phase-sequence curreat to flow. The negative-
phase-sequence current gencrates a reversely revolving ragnetic field,
decreasing the effective rotary force and increase copper loss,
threatening to cause the teoperature rise of the windings, partial
heating of stators, etc.

However, if the voltage unbalance factor is 5% or less, the
decrease of rotary force, drop of power facter, increase of copper loss,
tenperature rise, etc. do not pose any practical problem.

b. The single phase curreat coning from a siagle phase load
point into a thvee phase power network ray flow into a rotary machine
on the power supply side such as a goeaerator or rotary condenser, teo
generate a reversely revolving tagnetic field, to make worse the
waveforo of generator voltage and generating heat in the retal portion
of the rotator.

These phenormena depend greatly on the design of individual
AC generators, and cannet be discussed generally. However, because of
appearance as a heat gencration phenorencon, it is not a large restric-
tion for yotary rachiae windings with large thermal tice constants,

considering the fluctuvating short tire loads as in the electric operation.
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¢. 1t can be considered to cause an ercor in the integrating
watthour meter or the mal-function of a protective relay, but does not

cause any practical problen unless in very bad cenditions,

2) Allowable value of voltage unbalance
It is theoretically proper to consider the allowance of
voltage unbalance actually at the terminals of induction moters, turbo-
generators, synchronous rotary condenser, etc. However, in general,
for the sake of safety, the value at the receiving buses of substations
for an electric railway is restricted.

For loads to be largest in short times like eclectric railway

loads, the allowance is almest 5%. However, if there is a general load

with a low allowance nearby a receiving substation with siople phase
loads, for the sake of safety, 3% is considered to be an allowance for
a wean load of continuvous 2 hours.

The formula for estimating the voltage unbalance are as shown
in Fig. 4.2.2, according to the variocus connections of the receiving
transforeers of substations for electvic raflways adopted to decrcase
the urbalance.

for cases of using a single phase transforeer, the approxicate
values of the voltage unbalance factor K are obtained from the fault
level Ps and the single phase load P in Fig. 4.2.3 .

As can be seen from it, the basic seasure to be takea to

prevent voliage unbalance is to receive from a power souvrce with a high

fauit level.

{(2) Voltage fluctuation

Voltage fluctuation can be classified in view of peviods, into
long tire [luctuation in the order of hours of general loads, short tice
fluctvation in the order of seconds or minutes due to the load fluctu-
ation of electric railways, xolling nills, etc., and rorentary fluctu-
ations in the order of cycles due to the load fluctuvation of arc furnaces
and welding rachines.

The large load [luctwation in an electvic railways occur due to

the start, povering, coasting, stop, section passage, elec. of eletric
wotor vehicles,
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The load fluctuation of a train at the time of starting are
relatively gentle in the order of 30 scconds to a minute, but the load
fluctuat fons at the time of coasting and dead section passage are almost
momentary.

In general, a voltage fluctuation factor at a load point is

expressed by the following equation:

£ = xQfPs % 100{%) ¢ : Voltage fluctuation [factor
Q : Reactive power of fluctuating lead
Ps: Fault level

x ¢ Coefficient

As can be seen [rom the above, if the fault level of power source
is srall with a fluctuating load removed, the voltage fluctuwations are
large, and may affect the other gemeral customers connected to the sanme
power network.

The allowance of voltage fluctuations depends vpon the equiprent
and rachioes of plants, etc. covered by the same pover supply network,
but in general if the voltage fluctuations ave gentle, it is about 10%.
For momentary voltage fluctations, it is about 3 to 5Z. Fig. 6.2.4
shows the relations between the voltage Eluctuation factor and the fault

level Ps with a single phasc transformer used.
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Fig. 4.2.3 Voltage Unbalance Factor
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4.3 Configuration of Feeding Circuit
%.3.1 Voltage and Frequency

The variable ranges of voltage and frequency are important
factors in designing rolling stock and ground jnstallaticns. In the
electrification preject of the miin railway lines in Java of this time,
UIC codes will be adopted, considering the commonness with 25 kV systen

now highly adopted in varicus countries in the world.

{1} Voltage

Standard voltage 25 kv
VYariable range 27.5 ~ 19 kv
Short time voltage drop 17.5 kv

{2) Frequency
Standard frequency 50 Hz
Variable range 51 + 48 Hz

4.3.2 Configuration of Feeding Circuil

An electric railway, From an electric viewpoint, rakes one
electric circuit by substations, overhead contact systen, electric
motor vehicles and rails, and this is called a [eeding circuit.

Fig. 4.3.1 shows the flow of current in an autotransforuer

feeding civcuit.

(1) Circuit configuration

The range in which a substation supplies trains with power is
normal ly upto a central point {sectioning post) of the distance between
the two adjacent substations and it is a very long section {in case of
autotransformer [eeding systen, about 30 ko on one side). Therefore,
if the feeding range of a substation is arranged as a sole continuous
circuit, service interruption due Lo a contact wire accident or
raintenance causes the feeding to be stopped over a long scection,
greatly affecting tvain operation.

For this reason, in an AC electrification in general, the
feeding circuit configuration as shown iv Fig. 4.3.2 is adopted.

In the feeding configuratiou of a substaticon, in general,

feeding is rade differently in the respective directions, and when
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theve is a supply voltage phase difference between the respective

directions, a dead sectfon is provided to prevent any contact fault.

Curvent supplied [yom substation

Current attributable to

-—..k
r
Y

boosting effect of AT
— Contact
— ™" il "% wire
| l ] ;
'l t [ i Autotransformer (AT)
L“FW_IO 1 I |
Substation ~ Rail
Electric
aolor
vehicle
I ~AT feeder

Fig. 4.3.1 Autotransforwer Feeding Circuit

5§ 55p 5P S5P 58

i)

S$ - Substation
§SP - Sub-sectioning post
SP - Sectioning post

¥ig. 4.3.2 Configuration of AC Feeding Circuit
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A sectiening post positioned at an intermediate point between
substations is provided with a dead section since there is a voltage
phase difference between the two adjacent substatfions, not to cause any
contact between different power sources.

Furthermore, at an intermediate point between a substation and
a seclioning post, a sub-sectioning post is provided for lionited
sectioning for correction of a fault or raintenance. MNowever, this is
not requirved when Lhe number of trains is small.

In case of autotraﬁsformer fceding systen, a sectioning post or
sub-sectioning post is provided according to the location of the auvto-
transforrmer, for collective arrangerent of apparatuses, te attain
econoaization.

Fig. 4.3.3 shous the configuration and nares of autotransforeer
feeding circoit. Figs. 4.1.2 to 4.1.5 show connection diagrams of
standard substation, sectioning post and sub-sectioning post of auto-

transforcer feeding systco.

4.3.3 VPreeding Network and Arrangerment ef Substations

The positional relations between the PLR power supply network
and the substations of autotransforcer 25 kV 50 Hez feeding systen in the
electrification project for the main railway lines in Java are shown in
Fig. 4.2.1.

Figs. 4.3.4 (1) to {(9) show the approximite locations of
substations for electric operation, sectioning posts and sub-sectioning
posts for the respective sections of sin railway lines in Java in the
respective stages of clectrification,

Yor substations for electric operation, lecations which can be
connected to the buses of PLN substations as high as possible in fault
level were sclected. Howvever, depending on regions, there are peints
which require branching fron a PLN transnission liae.

The PLN power supply network ifatensifying projects obtained at
present cover only upto 1998"'s, and the power supply sitvation in 2000
is surmised to be feproved further.

Therefore, Lhe locations of substations for electric operation

in the respective stages must be deliberated in detail ia relation with
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the pewer source situwations, including the possibility of adoplLing the

simple feeding system.
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THE SECOND STAGE ELECTRIFICATION PLAN

(JAXARTAKOTA) MANGGARAI A KRWANG (1,994)
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4.4 Selection of Overhead Contact System and Structure
4.4,1 Basic Matters

Since overhead contact system supplies power through pantographs
to electric motor vechicles, there rust be mechanically and electrically
sulficient harrony among them. '

Furthermorve, such emcteovological conditions as air temperature
and wind, too, must be considered as preconditions for designing.

The following basic matters are only proposed at this stage, and
some of them will have to be clarified in wore detail through discus-

sion with the Indonesian side.

{1} Speed and hauling capacity
At the tire of electrification, the following speeds and hauliag
capacity will be attained.
Passengers 100 kafh, 400 tons
Freight 85 ko/h, 1,000 tons
but the facilities ﬁrepared should be able to allow 120 kn/h to be

attained in future when the track have been completed.

(2) Heights of vehicles and contact wire
Hefght of vehicles: 3,800 o
Hin. height of contact wire: 4,250 ma {(tunnel)
' 4,900 rn {railway crossing)
Standard height of contact wire: 5,300 mn (according to Jakarta

Hest Line)

3 Insulation distance

The insvlation distance between the voltage applied porticen and
the earthed portion determinés the scale of the improverent to be perfofn*
ed for existing bridges and tunnels, and also affects the raintenance
of installations after electcification.

¥or the insulation distance, the UIC gives standard values
(ninicum insulation distance 220 ra, mowrenlary proximity insulation
distance 170 va), but in various couatries, they try to lessen the
values, for more economical electrification. Also for the electrifica-
tion of the sain railway lines in Java, this conception is adopted, to

adopt the following values.
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Minimum insulation distance 200 mnm

fomentary proximity insulation distance 159 mm

(4) Metcovological condicions

The meteorclogical conditions in Java are approximately as

follows:

Air tesperature  122°C ~ 435°C Average #271°C

Wind velocity 20 mfsec., rax.
Rainfall 1,500 v 2,560 rmm/year on flatland
3,000 v 5,000 txafyear in mountaiaes
IKL Jakarta 85
Bandung 115
fasikmalaya 13
Tegal 46
Semarang 100
Yogyakarta 114
Solo 72
Swrabaya 115

4.&8.2 Selection of Catepary Systen

The catemary systems now adopted in the respective countrics of
the world for electrification can be classified into the follewing four
basic systems.

Sieple catenary systen

Stitched catenary systen

Corpound catenary systea

Contaclt wire systenm

These systems are also combined, to make lwin simple catenary
systeo, elc. for example. Due to Lhe differences fn the kind of wire
vsed, tension, elc., they can he further classified into many kinds.

These various systenms are adopted respectively in the various
histories of railways and in different conditions of train operation of
speed and load, in the respective countries.

Fig. 4.4.1 shows examples of calenary systers.
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{1) Siople catenary systen

In the catenary type, this is the simplest system. In ordinary
simple catenary systenm, Lhe upper linit of speed is usually about
100 knmfh, but the heavy simple catenary systém with a total teasfon of
3 tons {contact wire = 1 ton, messenger wire = 2 tons) by adopting a
thick catenavy wire can sufficiently meet upto 120 kefh.

For the wain railway lines in Java, as mentioned before, opera-
tion at 120 knfh is considered for future, and furthermore, considering
to introduce rultiple unit electric cars with 3 to 5 pantographs per

train, the adoption eof heavy simple catenary systen is surmised to be
best.

{2} sStitched catenary systen

The speed adaptability is higher than that of siwmple catenary
system. In this systes, since a stitched wire (generally a wire
sraller than the catenary wire in seclional avea is used) is provided
under cach support point, the coaposition of catenary is conplicated
conpared with siople catenary systen. Especially in construction and
raintenance, the adjustrent of the stiched wire is difficult.

Furtherirore, the stitched wire say break due to any rechanical
or electrical cause, drooping below the contact wire, as a trouvble.

Therefore, this systewm is not recormended for the main railway

Jines in Java.
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{3} Compound catenary system
This systen is large fn collected current and excellent in speed
adaptability, being used for sections of high speed operation or heavy
joad. ©On the other hand, the construction costs are high.

In view of the speeds and loads of the main railway lines in

Java, this system is surmised to be too much,

(4) <Contact wire systen

This systen is sicple compared with catenary Lype, and low in
construction costs.

However, also to maintain a good current collecting charac-
teristic of the contact wire for p&ntographs, the tension of the
contact wire must be kept high, and the utilization of the contact wire
is lowered by that. -

The adjustrent of the tension of the short and thin suspension
wire near each support point and the adjustrent of the height of the
contact wire are difficule, cémpared with sicple catenary. Especially
in a district with a high train frequency and a large load current, the
problers of voltage drop and contact wire weav arise.

For the main railway lines in Java, this may be properly adopted
in places where the load of siding line, etc. is sraall with a less train
frequency.

Table 4.4.1 shows the respective systems in comparison.

Table &.4.2 shows the construction costs of simple catenary
systenm and stitched catenary systen in comparison. F¥Fig. 4.4.2 shous
their structural views.

dhey are different not only in system, but also in the raterial
of wessenger wire, that is, there is a differeace between iron mterial
(St 135 we’) and copper material (CdCu 60 rm’). They are shown in
Table 4.4.3 for comparison.

Since iron (st 135 wn?) ressenger wire is economical for the
clectrification of the main railway limes in Java and can be produced

docestically in Indonesia, its adoption is desirable.
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Table 4.4,2 Construction Costs by Catenaf& Systems in Comparison

Heavy Siuple
Catenary Systen

|

Stitched catenary
system

Supports h4 44
Feeder 12 12
Contact wire 39 51
Corron equipment 5 5
Total 100 112
o Hessenger wire St 135 an’® CdCu 60 mm’
3
b4 - 2 2
3 Contact wire Tr 110 pa Te 110 mm
w
o | Feeder Al 200 ra? Al 200 o’
5
o4

Protective wire

ACSR 40 s’

ACSR 40 &’
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Table 4.4.3 Tron and Copper Messenger Wives in Comparisoen

1 Iron messenger Copper messenger
tem wire wire

Properties of vibration
resistance, fatigue and wear 3] s )
resistance

Current capacily as catenary

system o @

fechanical broperties as @

catenary system o

Corrosion O @

Product cost @ A
(Low) {ligh)

Production 0O A

Rote: @ Svuperior
O Ordinary
A Inferior

- 309 -




£.4.3 Selection of Structures.

Structures for overhead centact system include poles and beams
basicalliy, and fn addition, stays, drop arms, c¢ross—-arms, etc, as
accessories. 1They support a contact wire and a feedey, and have vari-

ous markers attached, being an important elemeat of electric operation
ifnstallations.

(1) Types of supports

various types are considercd, and standard types are shown in
Fig. 4.4.3. These are selectively used according to respective

installation conditions.

(2) Selection of poles
1) Concrete poles

Concrete poles produced by the prestressed centrifugal method
are little cracked or deflected and have sufficieat strength, having

seni-permanent life. They are low-priced and are not required to be

plated or painted unlike steel masts, not being required to be
raintained. 7
The PIN already uses concrete poles, and the setup for
domestically preducing then in Indonesia is being completed.
Therefore, for the clectrification of the main railway lines

fn Java, it is surmised to be good to adopt mataly concrete poles.

?2) Steel masts

Steel masis include built-up steel masts, H-section steel
masts, steel pipe masts, etc., and the steel masts properly designed
are sicple both in structure and appecarance, having long life if
effective corrosion preveative treatment is applied.

Also for the main railway lines in Java, steel masts rmay be

adopted in places where concrete poles are not sufficient due to load

conditions, as in station yards.

3) Yooden poles

Yooden poles can be used for about 30 years, if properly
treated by preservatives, except places of severe envirvonmental condi-
tions such as marshland or exposed to damage by birds. Therefore,

they can be practically used though not so good in appearance as

concrele pole.
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4.4.3 Types of Support
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(3) Seclection of beams

Beams can be roughly classified into rigid type, headspan type
and hinged type, and used selectively according to installation

conditions,.

1) Rigid bean
Rigid beams ave rade by coubining steel materials, and include
portal beams such as cage beams, V truss beacs, flat truss beans and
cross beams, and rigid cantilever beans.
Employcent of these bears is considered when the domestic

production systea is improved and if the steel is not expensive.

2) Headspan bean

Headspan wire are suspended across the traek, to support the
contact wire, and this type is widely used in the existing direct
current clectrified sections in Jakarta.

The adoption of this type rust be considered when the erection
of posts caninot be rade due to narrew track intervals in a station
yard, etc. and whea the span is long.

This beam is not good in following up the rovegent of the

contact wire, and where the covemeat of the contact wire is consider—

able, its use should be avoided.
3) BRinged bean

A hinged cantilever is hinged at the joint between the bean
aad the post as shown in Fig. 4.4.4, and the beaa can rotate frecly in
the track direction.

- Thus, since it can fellow the movement of nessenger wire and
contact wire, the adjustrent of tension is casy, allowing good catenary
characleristics to be mintained.

FYurtheroove, the entive bean is insulated against the ground.
Since the insulation distance fron the earth is large, working with
live line can be rade safely. Furthersore, since insulators are
provided aside, they are less soiled by the exhausl gases of diesel
and stean locorotives, conpared with those provided right above the

track.

Therefove, the adoption of hinged cantilever is oataly re-

corwended for an interncdiate portion of cach station.
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4) Energized bean
These are improved rigid beam as shown in Fig. 4.4.5, allowing

the number of insulators to be remarkably reduced and facilitating

wvorking with live line.
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Fig. 4.4.4 Standard Assembling View
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CHAPTER 5 SIGNALLING AND TELECOMMUNICATION PLAN






CHAPTER 5 SIGNALLING ARD TELECOMMUNICATION PLAN

5.3 Present Status

5.1.1 Present Status of Signalling and Telecormunication
Installations

(1) Block system and dispatch systen

The operation of trains on all zones of the main railwvay
lines in Java is carried out safely by neans of a manual block systenm
which operates blocking as agreed upon by the operators of both sta-
tions. i

The operation of trains in all zones is controlled by divid-
ing the whole island into 10 areas. In each area dispatchers in the
dispatch office collect jnforeation froa each station by phones and
prepare actual schedules. Table 5.1.1 shows the location and control

areas of the train dispatching offices.

Table 5.1.1 Operation Dispatch Systen

No. | Dispateh office Control areas
1 Jakarta Merak v Jakarta v Cikaopek,
Jakarta v Sukabuni
2 Civrebon Cikampek v Civebon 7 Tegal,
Cirebon v Prupuk
3 Bandung Cikanpek ~ Bandung,
Bandung ~ Banjav
4 Purwokerto Purpuk v Purwokerto,
Purwokerto ~ Kroya & Kutoarjo
5 Separang Tegal + Semarang ~ Bojonegoro,
Semarang v Kedungjati
6 Yogyakarta Kutoarjo » Yogyakarta & Solo
Hadiun Solo "+ Madiun v Mojokerto
8 Surabaya Bojonegoro ~ Surabaya ~ Mojokerto,
Surabhaya -~ Bangil
9 Malang Kertosono v Malang v Bangil & Probolingge
10 Jenber Frobolinggo ~ Jersber
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(2) Signal device
The signal device in Java is comprised of mechanical signal
cquipment of mostly the double wire type semaphore signals in each area.
Since many years have passed since its construction, it not
only takes much work to operate the devices but also the coordination
of the field equipment is poor and the reliability of the equipment is
lowered due to obsolescence.

Table 5.1.2 gives the number of the signal devices according to

branch office.

Table 5.1.2 Number of Signal Bevices

- N Level crossing
Signal device safety device
Hechanical Electro- Relay | Electric | Mechanical

Lype cechanical type tvpe type

yp type yp ¥p e
Yest Region Office 86 86 1 9 419
Central Region Office 149 54 1 5 526
East Region Office 141 35 - 5 429
Total 3716 175 2 is 1,335

1) Block systeo
The Morse telegraph plays an important role as a block device
for the manual block system. On important routes, the electro-
pechanical bleck devices are operated at both terainal stations and
blocking is carried out by rwtual confirmatlien. Since there is a
possibility of a traffic accident ocecurring through miscperation of the
equipnent on both sides, the iuproveceat of block systea Is vrgently

desived [or advancing safety irrespective of the electrification

project.
2) Signal device
Various signal safety devices are used for the main railway

lines in Java including sivple mechanical signal safety devices and

relay interlocking devices.
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a) Simple safety device
Representative simple safety devices include Kriaa lever
frames, wooden lever frames and iron lever frames. With these systems,
the point is locally operated and a signal device is operated with an
outdoor signal lever. Each signal device has mechanical locking rela-

tionship but they are obsolete and not very safe.

b) Alkmaar type safety device
With the Alkmaar type safety device, the point is also
operated locally but the signal device levers are concentrated. The
signal devices and the points are locked smechanically by wires and

since safety is low, the gradiog up to 5 & H type safety devices is

being promaked.

c) S & 8 type safety device

The S & H type safety device is the safest system among
the mechanical signal systems in PJKA. The sigaal levers and point
levers are concentrated and the locking between signals and points is
mechanically carried out with a locking device consisted with "dog"
etc. A double wire type mechanical signal is used for the signal
systen.

Because the mechanical signal used in a), b) and ¢) above
have poor visibility at night requiring trains to slow-down, color
light signals ave desired to improve the tvavelling speed and to ad-

vance safety.

d) N. X. type safety device

The N. X. type safety device, a relay interlocking device,
is the safest one in PJKA, bul is only installed at Bandung and
Solobalapan stations.

The type is a sclective route type manufactured by Siezens
Co.

For signal devices, wmulti-color light signal 1s used and
trailable electric point machines are used for point machines and

single-rail track BC track circuit is used for the track circuit,

z
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3)  Level Crossing Safety System

There are about 820 level crossings with safety devices on
the main railway lines in Java, of which about 70% arc less than b

wide and about 25% are from 6m to 12m wide.

Various level crossing safety devices are installed at these
level erossings.

Electric level crossing safety devices are only installed
in large cities such as Bandung, Semarang and Surabaya.

At wost level crossings, mechanical safety devices uwsing

arns and slidiong fences are installed.

(3) Telecoomunication systen

Although a radio communication network is being developed, the
telecomaunication system in Java is comprised postly of Morse telegraph
and telephones with a communication network mostly of open—wire used

as a reans of communication.

The nusber of telecommunication systems by regional offices is
given in Table 5.1.3.

Table 5.1.3 The Number of Telecommunication Systems

Kest Central] East
Systen Region | Region | Region | Total
Dffice | Office | Office
Telegraph 360 270 301 931
3 Local battery telephone 325 28} 152 758
Q8
o 9| Train dispatching telephone S0 a8 74 212
E
# =} Autonmatic private telephonel 1,028 369 518 | 1,915
Teleprinter 30 16 16 62
8 | HF-SSB 4 - 4 8
1
w _ s -
> VHF-radio train dispatching 84 42 14 140
telephone
o
3 | un¥-radio cocmunication 36 34 15 85
ot VFI-radio 5 8 2 15
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1} Communication circuit network

The present situvation of the coraunication civcuit network
comprises 300MHz UHF radio links for the main trunk lines of the long
distance circuit generally having safficient capacity.

While the short distance and branch lines use an aerial open
-wire system mostly of steel wire (partly copper-weld wire is used),
it is very difficult to construct a good circuit network.

For this reason, although there are some sections where
circuits of more Lhan 50km are constructed, 100km distances are
covered by Morse telegraph and cecsmunications between adjacent stations,
are carried out by telephone and communication between stations far

apart is almost impossible.

2) Dispatching Systen

The circuvit network of traim dispatching telephone is com-
prised of aerial open-wives and radio cocmunication network.

A dispatch network by aerial open-wires covers the South
Line route between Cirebon-Purwokerto — Yogyakarta-Surabaya. There
are many types of dispatching systeas such as ATA-70, ®.11, BIO and
Alkpaar type, etc.

fhese systems have difficulty in constructing a dispatching
system due to obsoleteness and lack of parts for paintenance. The
North Line route between Jakarta-Bandung-Cirebon and Cirebon-Senarang
-Surabaya coaprises a dispatchiag systen, as a moniloriong systen, with
radio network which connects dispatching offices with each railway

satation using VEF (160MHz band)

3) Radio Systea

There is the BASA radio system which can use telephone ex-
change network of PJKA through operators of each comunication center
together with the dispatching systea given in above section 2).

For long distance cozuunication, a 300 MHz UHF link of 72 CH
capacity is installed im major districts and used for long distance
telephone and telex comaunications among the headquarters and regional
offices, the offices and the major railway stations.

While HF band SSB radio telephones are located at the head-

quarters and regional offices, for commnication in Sumatra and Java,
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their communication quality is umstable due to atmospherie conditions.

4) Exchange systea

At the main stations in Java, a Philips UH-200 automatic
telephone exchange is installed and subscribec telephone is installed
at stations where the exchange is installed, and with PJKA business
organizations nearby.

Some exchanges are used as private branch exchanges because
trunk circuits cannot be constructed.

Also, Philips UT-11 are jastalled as relay exchanges at
Jakarta, Bandung, Semarang and Surabaya and carry out relay conmection
of long distance telephone circuits. Siemens Telex automatic tele-
graph exchanges are installed in Jakarta, Bandung, Cirebon, Semarang,
Yopyakarta, Surabaya and Bangil and form a telex network for the report-

ing and collection of data with repard to railway operations.
5) Telephone

Automatic telephone is installed with business organizations
arcgund locations, as shown in section 4) above, where the automatic
exchange is installed so that subscribers can be called by toll dial-
ting where trunk circuit is constructed. Where automatic telephone
equipment is not installed, magneto telephones with earth return
systen, are installed for blocking comuunication and business con-
cunication. Also in soze districts, inter-call telephones are in-
stalled but since it is a selective velay Llype and the circuit com-

prises aerial open-wires, long distance calling is difficult.
6) Telegraph
Morse telegraph is installed at each station as blocking
systea for traioe operation and is still a very important systes.
The rorse telegraph is also used for long distance calls within dis-
tricts but there are mounting probleas of securing trained MNoxse per-

sonnel, Lhe Ledious work of record control and lack of maintenance

parts due to obsolete cquipnment.

7) Others

For other comsunication systens, theve are passenger inforea-

tion service announcing devices at major stations and electric clocks
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at major stations and business ovganizations.

5.1.2 Present Status of Control and Maintenance
(1) Control and Maintenance Organization
The signalling and telecommunication departaent belongs to tbe
fix installation bureau as well as that of tracks and bridges within
the composition of PJKA.

The nusber of the staff at the headquarters and in the district
of Java is about 1100.

1} Headquarters
7 The headquarters is staffed with 31 persons and carries oul
technical control, business control and audit business for the whole
PJKA railways network area.
Directly uader the headquarters, a workshop is located at
Bandung and a staff of 38 persons carries out equiprent repair work
which cannot be attained at the regional maintenance section and

assembly work of mechanical interlocking devices etc.

2} Regional Offices
Three regional offices in the Java district carry oot business
control and maintenance work for each district. Each regional office
is allocated paintenance offices according to the size of its control

area and the Java district conprises 11 maiatenance divisions and 1017

maintenance workers.

(2) Education

The staff in charge of sigralling and teleconmunication work is
acquiring knowledge regarding control and management at DIKLAT I (Train-
ing Center Building 1) and regarding general technology and maintenance
at DIKLAT 11 {(Training Center Building 11), the educational facilities
of PJXA at Bandung.

As educational material regarding signalling and telecomswuinica-
tion, there is nothiang but only pechanical eachine interlocking device
with electro-mechanical block system and Morse telegraphs at DIKEAT [E.
There is SATKA (Railway Technical College) available as a commissioned

education organ in cooperation with ILTB (Bandung Technelogy Institute).
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(3) Correlation of Trajn Opevation Accidents and Signalling and
Telecesrunication Systems

Table 5.1.4 shows an aggregate of train operation accidents
which are considered to have been related te sigral and comaunication
systems, taken from the statistics of train operation accidents in the

central district for 8 years from 1974 through 1981,

Table 5.1.4 Statistics of Train Operation Accidents

Nurber of train operation accideats {timesfyear)
Type of zccldents - Average
1974 1915 1976 1927 1978 1979 1930 1981}
Train ¢ollisicors
o 1 1 0.6

(tetween stations) 1 1 ° ! o
Codlisicn of rodliez o 1.3
steck durirg stunting 3 z ! 1 2 t 0 -
Train collfsions 13 0n 3\ 29 3B 3 6 16| 26
(rostly at level crossing)
Fatiure of signal systess 1 ) | 1) ) Q 1] 0 o] - 9.3
Ignoring of signals 3 6 7 5 7 3 & 5 5
tandslide, flod, elc. 3 11 5 7 43 [} 10 10 14.4
Gthes 160 659 723 133 588 533 566 43| e

Total &1% 651 %6 716 3:11 571 €07 571 669

- 326 ~



According to Table 5.1.4, 95Z of operation accidents are not
related to signalling and telecomsmunication systewms. Host of these
accidents were due to breakdowns of the rolling stock, etc.

Since recent operation of trains is relatively infrequent,
collisions of trains between stations apparently due to blocking ois-
operations average 0.6 times a year and collisions of rolling stock
during shunting occur 1.3 times and signal system failures 0.3 times.
Although they are very few compared with other causes of accidents,
advancement of safety is desired since these accidents are liable to
lead to more serious accidents.,

while traia collisions on level crossings average 26 a year
and ipnoring of sipgnals 5 tioes, there is a higher rate accidents re-
lated with signal system. Thercfore, ivprovemenl of the level cross-
ing safely systeo and the introduction of an automatic train stop
system are desirable. l

Also there are train operation accidents due to landslides and
floods averaging 14 a year, so the iastallation of a monitoring systea

for falling rocks and landslides along the railway routes is considered

to be of use.

5.1.3 Future lmprovement Plan for Signalling and Telecowzmunication
Systeas at PJKA

The improverment of signalling and telecommunication systeas is
being prewoted largely for the PELITA Plan (Five Year Development Plan)
and the basic ideas on the developzent of the railway sector toward year

2000 has been developed.

(1) The 4th PELITA Plan
The signal systen improvement propram under the 4th PELITA Plan
to be started in 198%/1985 mostly involves the installation of automatic
block signals between Cikampek and Cirebon and relay interlocking device of
1} major stations {Cikaapek station, Cirebon district, Semarang district,
Yopyakarta district and Wonokrormo district).
The telecommunication system icproverenl prograa is largely

involved with the expansion of the WF radie network.
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(2) Basie development idea for year 2000
The following is studied for the development of the signal
systcem in order to improve the safely of railway transportation and to
increase the track capacity.
- Extended application of Siecmens & Halske systen with block device to

trunk lines.

— Intrvoduction of relay interlocking systems te main stations
- latroduction of automatic block system and ATS's teo congested lines,
- Autonatization and grade separation of city level crossings,

The development of telecosmunication systems is studied con-
centrating on the expansion of radio communication system for the
railway operation and control as follows:

- Train dispatching system with the possibility of expansion to CIC.
- Cooputerization of ticketing and seat reservation.

- Use of solar energy technology

- Hultiplex cable carrier system and optical fiber cozaunication systen

5.1.4 Outside Organization Installations along the Railway Line
(1) PERWIEL
Comunication circuil network of PERYMIEL, Telegraph and Tele-
phone Corporation, covers alwost all the areas along the main railway
lines in Java.
These Lrunk circuits of PERGYTEL coaprise open-wire of Fe, Cu
and Cw and supports are erected 4 v 5o awvay froa the Lracks.

In some sections with many circuits, they are instaltled on both
sides of the track.

PJKA's comunication lines use these PERWMIEL support posts
and are installed together underncath PERUMIEL's trunk circuits.

Also coaxial carrier cables are used in some sections. “ihese
comunication civcuits are subject to inductive interference whea
railway lines are converted to AC electrification. Inductive inter-
ference and its counterceasures will be given in 5.3,

{2) PLN

The power transmission network of PIN, Electric Power Corpora-

tion, is largely located scae distance froa the railway. Although in
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some sections the network is located close to the railway and since
the distance parallel to the communication lines is comparatively
short, there seems litlle problem of inductive interference between

the PLN power line and the telecomnunication lines.

5.2 Improvement FPlan Following Electrification

5.2.1 Basic Study Lltems in the Improvement of Signalling and
Telecommunication Systems

(1} Outer environmecntal conditicns

Signalling and telecozmunication systems cannot only not func-
tion fully due to outer environmental conditions such as the trvack and
bridges, etc. but in the worst case, the composition of the systen
becomes impossible.

Especially in signal systems, the coaposition of the track
circuit which is the basis of traim operation safety is greatly re-
stricted by environmental conditions.

With regard to the improvement of the sigmal systeas of the
pain railway lines in Java, improvements for the block systen may be

carried out according to increasing transportation demand in the follow-

ing order.

i) Tokenless block systen

-

i Single-track automatic block system

)
) Double-track automatic block systen

L]
L]

i

For these improvements, there ave many districts which do not
have adaptability of automatization of sigral devices as given in ii)
and iii) above due Lo the preseat outer environmental conditions shown
in Table 5.2.1.

Therefore, it is desirable for the renewal of rail tracks in
the future to carry ocul in advance the replacement of iron sleepers
with wood or concrete sleepers and insulation measures for trough

girders, gauge ties and railway level crossing.
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(2) Signalling systen
1) Disturbance curreat due to AC electrification and adaption of
the track circuit ‘

Generally in AC electrified section, the traction current
runs irregularly in a electric circuit and causes disturbance currents
giving various effects wpon the signalling systenm,

Disturbance current is coasprised of harmonic currents caused
by AC substation, AC electric locomotive and AC electric cars; rush
current generated whem air-blast circuit breakers are closed with
these cars; and AC stray currenl from AC electrified sections into DC
electrified sections and DC stray current fron BC electvified sec-
tions to AC electrified sections generated around the connection of
AC and BC.

Therefore, it will be necessary to adopt a track circuit
which can sufficiently withstand these disturbance currents in order
to carry out the stable detection of trains in AC electrified sections.
The type of track circuit applicable to the AC electrified sections is
generally classified into DC track circuvits, low frequency track cir-
cuits, puelsating track curcuits and AF track circuits.

These conventionral track circuits have their respective
peculiarities in function and character as shown in Table 5.2.2.

The following track circusits have recently becn put iato
practical application by improving these shortcooings of the track
circuits after considering the safety and econoay of the whole systea.

A study of these track circuits as well as the conventional

track circuits for the mpain railway line in Java will be required.
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a) High Power DC Track Circuit (hereafter called HDBC)

HOC is produced to reduce the effects of misoperation due
to inferior train shunt sensitivity, DC stray curreni, rush current
and polarization in conventional BC track circuits.

The main cause of inferior train shunt sensitivity is the
increase of the contact resistance between the rail track face and
wheels caused by rusted rail track faces. HDC prevents misoperation by
increcasing short circuit current.

¥or misoperation due to stray current fron the DC
electrified sections, a rush current froom AC electric motor vehicle
and pelarization by PC ties and subzersion of sea water, HDC inecreases
the normal current of the track circuit and improves S/N and the sta-
bility apainst outer disturbance.

Fig. 5.2.1 shows the basic configuration of HDC in an AC

electrified seciion

- I 4
Ar . Ar A Ar : Arrester
R : Track resister
R FL : Filter
REC: Silicon rectifier
TR : Track relay
FL Yi
%
AC 100V REC iR T
S S

Fig. 5.2.1 HDC Track Circuit Configuration
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b) 80Hz AC code track circuit {bereafter called HAC)

HAC uses 80Hz as carvier frequency and performs low-fre-

quency modulation to enhance the safety.

it has the following characteristics.

s It has epough interference-resistivity to operate
stably against disturbance currents into 50Hz fundanental
wave and 80Hz signal band.

o Long control distance

o Can detect rail-breakage

o High reliability

Fig. 5.2.2 shows the basic configuration of HAC.

|<Au— MAX. 4,000a ~|-=—mx 4 ODOD-**

ZB
*I:Al,_']___ 1-11—-'

éﬂ_——ﬁ[ﬁ;g‘ . i% % _[E ?é

, ZB: Impedance bond
C 1)
Ar: Arrester
C : Resonance capacitor
L‘R :] T : Transmitter
[ "7 1T R : Receiver
TR: Track relay
DC 24V DC 24v| IR l

Fig. 5.2.2 AC Track Circuit Configuration
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2) TIonductive interference with signalling facilities

50Hz high voltage is used for the contact wire in the AC

electrification section.

Therefore, induced voltage and induced current by electro-

static induction or electromagnetic induction are generated on block

circuits, signal control cables, signal wires and switch levers and

such other signal apparatus which parallel adjacently to contact wires.

Also, the railway track circuit running in parallel close-by

is impeded by electiroragnetic induction.

Table 5.2.3 shows the effects

on these signalling systems in AC electrified sections and their re-

spective counteraeasures.

Table 5.2.3

Inductive Interfercnce with the Signalling Systens in
the AC Electrified Section and Their Counterceasures

?ype of IHQHCCd Reasons of troubles Counterscasures
induction objects
°Cable Danger of electric | °Shifting of cables
. hocks on a man and open-wires
Electrostatic} "Open-wire y o

induction

Electro-
magnetic
induction

*Signal wire

°Switch lever,
cltc.

(dangerous voltage)

Shielding, in cables

®Inserting insulated

section and grouwnd-
ing of signal wirves,
etc.

Electro-
magnetic
induction

Track circuit

The track relay is
liable to mis-
operate.

°Inserting wesistor
in the receiving end
of the track circuit

“Changing the track
circuit systea

3} Protection froa surge vollage

To protect signalling equipzent from abnormal voltages due

to lightning surges entering fron overhead cable, etc. and groundiag

Eault of the contacl wire, countermeasures requiring insulated trans-

foraers, arrester and other safety equipment must be studied.
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4) ATS system
a) Prevention from accidents by ATS
ATS (Autowatic Train Stop Device) is the control system
to indicate warning to the engine driver by interlocking to the "'stop”
aspect condition signals and stop the train if necessary. AIS can
prevent from accidents caused by the folleowing facters:
» Ignoring of signals
.+ Exceeding the specd-limit of turnouts
+ Exceeding the speed-limit of curvatures
« Exceeding the maximum-speed of train running speed
In @main railway lines in Java, there are now sofie acci-
dents caused by ignoring of signals. With the advance of high speed and
high density operations due to electrifications, it is required that

ATS will be installed for the improvement of safety to prevent these

aecidents.

b) System classifications
The ATS systenms are largely divided into the internittent
control system which transmils control data interlocked with the
indicating conditions of the signals into the train at a fixed place;
and the continucus control system which continuously transpits the

changing conditions of signal indications into the train through the
track circuit.

The iantermittent control systea is superior in maintain-
ability, eccnopic viewpoints and expansibility of the system because

of the simplified constitution of its components.

The intermittent control systemn, therefore, is summaiized
below.

The intermittent control system are classified into the
systen A without a3 speed checking function, the system B with the

[unction done on the pround and the system C with the function done
on the train.
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i) Systen A
The system A gives warning only at the location of the
wayside coil in no relation to the running condition of a train. This
is the simplest and mosl economical system to prevent ignoring of signals.

This system, however, is vaable to prevent from excecding the speed-

Yimit on turiouts and cuyvatures.

ii) System B
The system B makes speed check from the running time
between the two control points of the wayside coil installed on
ground by comparing the preset reference-tine. This system cannot
only prevent ignoring of sipgnals, but also detect the speed—limit on
turnouts and curvatures. This systen, however, has such drawback

that no precise speed check can be made because of the fixed reference-

time.

iii) Systen C

The systea C has the speed checking function on the
train and is divided into the system (reference-speed type) in which
the information received f[rom the fixed poimt is put into the nemory
device and the speed is continuously checked separately for each type
of trains and the sare systen (reference-time type) meationed above
ii).

In the eaployoent ol ATS systen, the train operation

conditions such as traffic density and types of train and economic
viewpoints should be considered, because ATS systems have respective

peculiarity wentioned above.

c) Introduction of ATS system

ATS systems couprises the cab device and wayside device.
In the introduction.OE ATS system, the train to be installed with cab
devices is requived to have a place for devices and a continuous
brake system. Meanvhile, the wayside device as an information trans-
nission pedium has to be fixed on a suitable place of track conditions.

In nain railway lines in Java, various types of trains
and trains without the continuous brake system will be operated for

sore tirce In future.
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The study in the introduction of ATS is required as

follows:
i} Cab device

Existing trains will be provided with only a waraing
device following no improvenents on their brake system, so the
driver will operate manually to stop trains,

The ATS systen for trains to be procured in future
will be adapted to the systen C.

In the selection of the reference-time check and the
reference-speed, roreover, the latter is desirable for the adaptabi-
lity on the system expansion of wayside devices. It is required to
study with due consideration to the train operational pattern, train

operation density and investment effect.

ii) Wayside device
At the beginning the system A, which has a adaptabili-
ty to the cab device of system ¢, will be provided for the wayside
device in order to prevent fron ignoring of signals.
In future, however, the expansion to the systen C is

required following changes of train operational pattern.

{3) Telecomconication systea
1) Ccoposition of cormunication circuit

Since telecommunication system are an inportant data trans-
nission means for the safe and efficient operation of Irains, and the
composition of telecozmunication systeas, due consideration must be
given to naintaia systenatic coordination of each business organ in
the co-runication circevit project as well as for the resexve systen of
the equipzent, cozposition of the reserve comnunication system and the

switching systen. For the cozposition of teleceosmnication systess,

the following studies will be required.

a. Long distance cozaunication circuit of over 100ka between
pain local cities as operation bases and the center will use radio

or coaxial cable long distance carrier systed.

b. Hediua distance cowiunication circuits of about 50 v

100ka are installed between main local poiats and theirc auxiliary peints
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will use cable carrier system.

c. Short distance cormiunication civcuits of several km
installed between stations will use telecomzunication cable.

The composition of communication circuvits nust take into
consideration the establishament of dispatch systems such as power dis-
patch, signal and teleconmunication dispatch and fix-installation
dispatch, etc. upon the electrification of the railway.

Also the study of communication circuit as given in Table
5.2.4 will be required in consideration of the future operation of the
circuit lines so as to fully use telecomnunication systems for train

operation, business and maiatenance of facilities, etc.
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Table 5.2.4

Construction of Telecormunication Circuit

Systen Haze of clwcuit Description
Operation
h ——
dispatch Dispatech office Statfons
CcIc CIC center ~~——Statiens
Powexr dispatch Dispatch office ——Substation or mainlenance cofflces
Substat fon Dispateh office Substation
control
Sigral and
telecozrunication| Dispatch office Maintenanceoffices, equipoent rooo
dispateh
Operaticn] Fix-installatioa Dispateh office Maintenance offices
dispatch
Dircet
telephene for Dispatch office —— Aleng the track
opevaticn
Exchange Exchange Subscritbers
telephone (Station, calotenance offices, €lc.}
Facsicile Dispatch office Stations
Inforcation R
along the track Statlons Aleng the track
Train radio Dispatch office — Crew
Exchange
xckang Sub
telephone Excrange ubscribers
Fassenger | Facsinmile Dispatch, staticos Statiens
Electric eleck Stations — - Stations
Freight car " . o )
service dispatch Bispatch office Statiens, yard
Freight Fxchange Exchange Subscriters
telephone
Facsinile Dispatch office, yard —--Yard, staticns
Kote:

For the utilization of ejrcuits in the future, the possibility of using data

Lransnissicn circuits to transait the follewing data s conslidered.

*Irain contrel data
“Frelght and passenger conleol service data
“Haragecent <ontrel data
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2) iInductive Interference with Telecomnmunication System

Petailed discussions are made in 5.3 with repard to inductive
interference of telecommunication systems. Existing bare comnunication
wire must be improved to eable with larger shielding effect, because
induced voltage and induced noise increase by clectyomagnetic induc-
tion in the AC electrification.

Even after shielded cable conversion, however, the induced
voltage and the induced noisc on the sectional circuit line may some-
times exceed the allowable values depending on its length, which will
be thus vestricted. Therefore, cable core must vse well balanced type
and the method of installation must also be studied.

As a countermeasure for inductive interference in the AC
electrificd section, it is also necessary to study the introduction of
optical fiber cable which has wade remarkable advances in technology
tately.

Yhis will be discussed in Appendix 5-1.

5.2.2 Basic Policy for lmprevemeat of Signalling and Telecormunication
Systems

Improvemeant of signalling and communication systems following
electrification shall be carried out to the minimua extenlt neccssary.

Modernization of signalling and telecozmunication systens shall
be carried out under a separate project ia coordination with the ioprove-
ment project of the railway infrastructure such as tracks and bridges,
etc.

Concept of promotion of signalling and telecommunication systea

podernization is given in Appendix 5.2,

{1) Signalling system
Inproveizent of signalling systens is carried out te secure safer
transportation and to carry oul protection measures against induced
currents and return curreats in AC electrification.
Available signalling systen is indispensable to secure salfety
of transportation bul the present syslen is not always satisfactory.
Therefore, the follovwing points are considered in the improeve-

ment utilizing the present system with the least investrent.
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a. Advancement of safety to secure safer transportatien,
b. Advancement of maintenance performance and reliability.
c. Saving of manpower in signal handling and prevention of mis-
opevation,
d. Fase of improvements against the future increase of trans-
portation volume.
Since transportation demand is heavy in Jakarta-Cikampek,
adjacent to the JABOTABEX Area and countermeasures using the present

signalling systea are not sufficinet, overall improvecent will be

carried out.

(2) Telecommunication system

For the telecossunication systea, an expansion plan for the
radio, telegraph and telephone exchange networks of the whole island
of Java is being carried out.

Since the telecormunication system comprises a nelwork, the
inproveaent of the telecorrzunication system must be coordinated with
these plans.

The coraunication eircuit systeam is largely divided into
short distance circuits, medivs distance circuits and long distance

circuits.

The present plan involves nmediwm distance with radio
circuit networks.

¥While the ivprovemeat of telecommunication systens following
electrification generally involves turning them into cables as counter-
measures agaiast inductive interference. The circuit lines should
contain not only the currently used circuit lires but also power dis-
patch circuits pover rcmote control circuit lines, other dispatch
circuits following the electrification and also spare circuits for the
utilization of the circuvit in the fulure.

Therefore, following the extension of the electrified lines,
more lines are turned into cable and short distance and mediwva dis-

tance circiul networks with comaunication cables will develop accordingly.
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In other words, the train eperation dispatch circuits, tele-
phone and telegraph truenk circuits using the present radio system will
be contained in the telecommunication cable aud stableé data exchange

will becone possible.

In this case, the present rvadio system can be made into a
part of the tvain radio, maintenance radio and veserve systens.

Yor long distance circult networks, the composition of an
SHF system, etc. will become necessary due to the exteasion of the
electrified lines, expanded area ef data exchange and larger volume of
data cxchange. .

Between Jakarta and Cikampek, the modernizatien of celeconzyni-
cation systen following the clectrification is considered since data

exchange will be ceongested in this section.

5.2.3 loprovement Plan for Signalling and Telecorsmunication Systens

The following gives an outline of the signalling and teleconm-

munication improvement plan based on the aforementioned basic policy.

{1} Signalling systen
1) Block device

Since the manual block system bthe presently used Morse tele-
graph and electro-irechanical block devices is liable to cause accidents
such as collisions and clashes from behind due to misoperation, an
automatic block device is installed between Jakarta and Cikampek and
a tokenless block device is wmethod in other districts to enhance safety.

Tokenless block devices as shown in Fig. 5.2.3 detect the

advance and enlering of trains into the block sectien through the shore

track cireunits instalted near home signals. At both terminal stations

of the block section, a pair of block levers with an electric locking
relationship is provided on a control panel and blocking of stations
is secured by operating block levers vader mutual agreeneat and joint

operation at both teraminal stations. Afrer blocking between stations

is complete, "Proceed" aspect is displayed by reversing the starting
signal. When trains depart and a shoart track circuit is short-circuited,

the starting signal automatically displays the “Stop" aspect.
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While trains are in the block section, safety of the trains
is secured by the stick indication of "Stop" aspect. In other wards,
the tokenless block device is a system to control the interlocking

relationship between block devices (block levers) and signal devices

by short track circuits.

Although the tokenless bleck system is a popular system for
single track sections, the enployient of an autematic block system is
effective for the area near major terminal stations in big cities
where comparative high density train operation is expected for
continuous train operation to one direction and so on.

Hhen ouler environmental conditions such as tracks and
bridges, etc. are iopraved, Lhis tokeanless block system can be easily
turned ioto single line automatic block system and can not only in-

crease the track capacity for future traffic demands but also advance

safely.

2) Signal device

the present sechanical semaphore signals is difficult to
maintain and bas poor pight visibility. These semaphore signals will
be changed to color light signals because senaphore signals would be
obscured in sometimes by the contact wire support structures and trainm
operation would be hindered.

Fig. 5.2.4 shows the layout of color light signal and the
relative position of signal and contact wire support structures.

Block signals are only installed belween Jakarta and Cikampek

and not in any other districts.

3) Track circuit

There avevarious track circewits used in the AC electrified
section as givea in $5.2.1 (2) 1), and it nust be decided in consider-
ation of reliability, maintainability and economic viewpoint.

The track circuwits between Jakarta-Cikaopek stations and
that of the rain track in the station yards are preferably to be of
the double-rai) track type, however, in the station yards the single-
rail track type must also be studied for economic reasens.

In other districts, no track circuit is installed belween
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stations and a single-rail short track circuit will be installed

around the home signal,

4} Switch Machine
The switch machine must withstand the high speed travel of
trains. Trailable type electric switch machines will be required with-
in the station yards on the automatic block section between Jakarta
~Cikampek in consideration of its pajntainability. Switch machines
within station yards on the tokenless black section will be ipnproved
to keep locking relationship of turmouts with external locking device

or switch levers with electric locking devices.

5) interlocking Device
improvement and installation eof relay inteclocking devices
is carried oul between stations on the automatic block section between
Jakarta-Cikanpek. -
A relay interlocking systea is carried out separately for
large stations among the tokenless block section. For interlocking
devices of middle stations, electric locking relationship will be

given between signals and switch machines and block levers.

6) Level Crossing Safety System
All level crossings in the autonatic block section between
Bekasi and Cikampek are autonmatically controlled with level crossing
signals and barriers.
Avtomatization of level crossings in the tokenless block
section must be carried out separately in consideration of the rait

track remewal program etc., since this is outside the subject of the

electrification project.

(2) Telecommunication System
improvemnent of the telecorrmunication system, as discussed in
5.2.2 (2), except Jakarta-Cikampek, basically involves only changing
into cable as counteraeasure agaﬁnst jnductive interference. An
concept of improvements of telecozmunicat fon systens of the eain

railway in Java is given below.

1) Communication circuit aetwork

The present telecoxmunication line uses the earth retorn
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system, eotc. using aerial open-wires which has a very weak circuit

agatnst inductive interference.

Therefere, in adopting AC electrification, the system of
alninum sheathied underground cable having a high shielding capacity
and paired cable systen will be adopted. With the cabling systen for
the entire line, middle stations can subscribe to exchange and trans-
mission loss will be reduced by the use of carrier circuit and indem-
nification of loss. Since the T circuit connecting presently used
porkable telephene can no lenger be used due to changes in the cabling
systen, terninal boxes for portable telephone are installed between
stations.

The new installation of SHY link and UHF link and addition
of channels; and carrier systems for alternative compesition are

carried out as countermeasures for long distance circuit coaposition.

2) Dispatch systen

The present train dispatching system using open-wires has
beconre obsolete and is gradually being shifted to a radio systeno.

However, since a dispatch system using radio system is
liable te be affected by weather conditions and by cunicipal struc-
ture, etc., the change to a cabling system will be considered neces-
sary when the whole system is Lurned into cable system and the present
radio systen will be used as a reserve system to ioprove the systea's
reliability.

Also, along with the electvification, dispateh telephones
related to power, fix-installation, signal and telecormunications

will be installed and coordimation with train dispatch will be carried
out.

3} Radio systen

Following the increasing demand for rail transport, and the

higher speed and wider avea of transport, SHF links and UHF links will
be newly installed to cope with Lhe increase traffie of long distance
information aleng with the addition of channels.

4) Exchange equipmzent

With clectrification, theve will be fnstalled newly or addi-
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tionally such facilities as control stations, traction substations,
electric maintenance depots, car depot and workshops. For these facili-
ties and the intercediate stations subscribing in the telephone system,
subscribers’ telephones will be fonstalled newly, while the switches and
trunks of the automatic telephone switchboards will be installed addi-

tionally and newly, and so the switches of the astomatic switchboards
for telex additionally.

5) Telephone

Following the new and additional installation of business
organs accompanying electrification, automatic telephone, magneto
telephone, inter-call telephone and dispatching telephone will have
to be newly installed.

Talk-back equipnent will be installed as telecommunication
equipzent for shunting and maintenance works In the station yards for
shunting and car depots.

By turning the whole line into a cable system, autematic

telephone can be installed at intermediate stations,

6} Telegraph
Following the new installation of the car depot and instal-
lation and addition of business organs, terminal equipment for telex .
subscribers will be installed for sending making-up and classification
lists for freight cars and general telegrams.
Also at main stations, facsinile equipnment will be installed
for the transnission of dispatching data, general telegrans and docu-

mienits requiring recopy.

7) Passenger guide facilities, ctc.
At main stations, electric clocks and public address equip-
eent to make announcements for passenger guidance will be installed

to improve passenger services.

8) Honitorimg equipzent for the rail track
In order to avoid accidents due to local heavy rains, etc.,
ronitoring equipizent is installed as required at hazardous places to

provide information about falling rocks, landslides and rising river

water levels, etc.
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Fig. 3.2.5 shows the configuration of telecormunication
system between Bekasi and Cikampek, the automatic block section to be

projected under the Phase 1.
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5.3 Inductive Interference and Its Countermeasure

The inductive intexference in electrified railway systems is
shown as Appendix 5.3.

Where the AT feeder system is employed as a feeder systenm for
AC electrification, the inductive interferences on the railway and
public telecoomunication lines running close and parallel to the feed-
ing circuit are generally induced.

The prediction of inductive interference and its countermeasure

are suemarized below.

5.3.1 Estipate of Favth Conductivity Along the Railway Track

Earth cdnductivity along the railway track is an element required
to calculate the electromagactic induction voltage and must be calcu-
lated from actual measurements for accuracy. A rough estimate of the
earth conductivity obtained from the geological map shows about 0.01
A 0.1 s/m on alluviun of the central and eastern districts and about
©.001 ~ 0.01 s/m on the limestone facies and volcanic facies aleng the
North Line in the western districs and mountainous zone between Cikampek
and Padalarang.

Therefore, a rough calculation of electromagnetic induction

voltage assumes an earth conductivity 0 of 0.01 s/m.

5.3.2 Inductive Intevference against Existing Telecomnunication Lines
In making estimate calculation, conditions on the induction side
and conditions of telecomaunication line are roughly given as follows:
a. In single-txack AT feeding system, the tength of feeder is
50%m at feeding voltage of 50kV and fregquency of 50Hz. -
b. AT spacing distance is 10km and lcakage impedance from AT
is 0.1 + 30.457 at 50Hz. _
c¢. Fig. 5.3.1 shows the fecder agscxbly of feeding circuit
and type of liwnes.
4. Earth leakage resistance of the rail will be 19-km. (Yhere
carth leakage resistance is small in the section of iron sleepers, they
must be replaced with wood or concvete sleepers to reduce earth leakage

current.)

e. Train load current Iy is assumed to be 200A, and eguivalent
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disturbing current Jy by harmoric current at JA and the number of trains
which run with simultanecous load is assumed at 3 traias with saturated
operation diagram and train travel is spaced average 20km,

f. Fig. 5.3.1 shows the posilion of installation posts assuming

metallic circuit lines using open-wire and unshielded cablie for tele-

cormupnication lines.

T : Contact Wire 110:0? Cu
H : Hesseager Hire 1357w St
AF: Feeder 95zm? AL
——Jlﬁz — Pw: Protection Wire 40mm® ACSR
] Pﬁ (I) ::3' R : Rail SOkg/m Rail
Ci1: Comsmunication Line (opean-wire)
ol L_ Ca2: Coomunication Line {unshielded cable)
T O-— _i.Im
C)
9. 317 O —-
5.5,
p)=
R
_!()'go.iﬁ
FTr7rFr7r77 7777 Yy 7777F770.6
S T

Fig. 5.3.1 Clecarance between Feeder Assembly of

AT Feeding Circuit and Cozmunication Line

{1) Induced Dangerous Voltage
Yhen the induction current of an AT feeding circuit and the
induced voltage of a coraunication line are obtained on the length of
cocmunication line according to the foregoing conditions, they show
different values according to the position of the cocawunication line

as given in Table 5.3.1.
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Table 5.3.1 Induced Voltage of Telecommunication Line
by AT Feeding Circuit

| lp = 200A
Leagth of Train load in Train load in
cormunication | case of 1 train case of 3 trains
line (km) a e | amle m]|
30 1250160 | 850105 | 150v264 | 950170
24 | 1300140 | 82091 { 1617233 | 750148 |
s ) 13uto | sews 917202 | 462129
10 Ts:90 | azvs2 770153 | 48v95
77777 a4 | 360 | 28v31 | 3e0 | 24049 |
2 20033 | 1) 2141 | 12T |

(2) Induced Noise Veltage

Noise voltage depeads on Lhe balance degree of comsunication

line.

in the case of open-wire, the balance degree is asswzed Lo be
464B and the sazne value is asswumed when exchange, ebte. are connected.

ke noisc voltage obtained in this case is given in Table 5.3.2

Table 5.3.2 Noise Voltage of Telecorcunication Line
by AT Feeding Circuit

Jp = 7A
Length of Train load in Train lead in
corznunication case of 1 train case of 3 trains
R R o R )

30 ovigo | anva2 | 32srs0s | 3svad®

o |30viss | 3639 | 3200410 | 36045

35 isseso | 20028 | 190vios | 2iv33 |
10 | 130v210 | aa2s | asovase | a7vaes

| 4 Jwsuss | 12us | 1wouss | 12vs

2 601105 2 | eovies 312

Kote: #* €, is unshielded telecesrivnication cable and the

balance degvee is 604B.
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According to the resuits of this calculation, noise veltage in

case of open-wive becomes very large and shielded cables are required.

5.3.3 Countermeasures zgainst Inductive Interference for the Existing

Commurication Lines

In the case of overhead bare communication lines, induction
voltage should not cexceed the allowable value of 60V up to line lengths
4%km when one train is travelling. However, in case of 3 Lrains running,
even at lengths of 4km, the allowable value will be exceeded depending
on the position of the communication line against feeding circuit.

Therefore, as countermeasures for induced voltage of open-wires,
when open-wire is turned inte cable with a shiclding coeflicient of

0.45 and buried 0.6m underground the limit value will not be exceeded

until 30km for 1 train and in the case of 3 trains, all cosmunication
circuit of 15km long will be less than the allowable value.

With regard to noise valtage (voltage between lines), when
acrial open-wires arc turned into shielded cables and buried 0.6a
uvnderground, using a shieldiag cocEficient of 0.G3 at 800Hz against
noise voltage and making the cable balance degree 604dB, the allowable
value of 1mV will not be exceeded up to 15ks of the length of communi-
cation line for 1 train load and 3 train lead operation.

Also in the case of noise voltage as a product of the balance
degree and the shiélding coefficient, vhen the balance degree is
elevated 6dB, the shielding coefficicut can stay at 0.06.

As piven above, countermeasurés to make inducced voltage and
noise voltage below the allowable value are to make the physical cir-
cuit {metallic circuit) less than 15km long and Lo turn existing open
-wires (PJKA, PERIMIEL) into shielded cables with the shielding
cocfficient 0.45 at 50z and 0.03 (when the balance degree is 604B)
at 800H=z.

For long distance circuit of more than 15km, counterneasures by
carrier system oay be undertaken. Im concrete terms, the composition

of comaunication circuit will be as given in Fig. 5.3.2.
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Carrier Terminal Carrier Terminal Carrier Terminal
T T] Carrier Circult [T ﬁﬂ Carrier Circuit T T
Metallic Circuit |J7 Metallic Circuit

within 15km within 15km within 15km thhln 15kn

Fig. 5.3.2 Composition of Communication Circuit Line

Also, Lhe critical voltage when the feeder circuit grounding
faults can be coped with by shielded cable but arresters are used on

the side of the egquiprment.

In long bridpes, these cables are inserted in ducts to support
the bridge legs.

In tunnels, cables are hung on the side wall of the tunnels.

in this case, the induction vellage becomes a tittle larger in
coaparison with the buried position of the copaunication cable but it
is not greatly affected unless the length of the tunnels is long.

in the case of coaxial cables of public comnunication line,
when Lhe induction voltage is large, a lavge voltage is generated
between the inside and outside conductors and the equipment will be
overtoaded, so0 caution must be paid.

In such a case, il is unecessary to install filters to prevent
induction voltage [roa cntering iunto the equipzent . Also, communica-
tion line c¢an be separated from the fecding circuit Lo reduce induction,
veltage and noise voltage.

In the case of communication circuits with open-wire, when the
line tength is 30km and separation is 300m, electronagnetic induction
voltage becones less than the atlowable limit value {clectrostatic
induction voltage less than 1V). However, for noise voltage, the

required scparation would be about 8003 oxr over.
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If the eavth conductivity ¢ is 0.1 s/m, the required separation
to ensure that the noise voltage value would not exceed its allowable
limit would be about 300m or over, but about 2,3500m in the case of
0.001 s/m.

In the case of subscriber circuits in aulomatic and comson
battery cxchange systems, it is desirable to connect vepeating coils

to its circuits to improve the balance degree.
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CHAPTER 6 STRUCTURAL PLAN

6.1 Present Status

The subject of the structure plan in this project are related to
mainly tracks, bridges and tunnels. The purpose of the survey was to
determine how to utilize the current facilities to the maximum extent
after completion of clectrification and collection of the information

for the improveent plan which is being preseatly executed.

6.1.1 Track

ihe track leagth of the planning section is 2,550 km and most
of its portion consist of siugle track. The double line sections are
located between Jatinepara - Chikampek, Padalarang ~ Kiarakondong,

Surabaya ~ Honokromo and total length is about 100 kn.

(1) Standard of earth work
The track spacing is 1,067 rmm and is classified as narrow gage

in the Indonesian State Railway systen. The track structure, ac-
cording to the construction standards, is based on train running speed
{120, 100, 59, 45/30 ka/h) and the shapes of the standard of earth
work are different from each other depending on the speed. The track
structure of the survey section is 100 ko/h except for a swmall por-
tion. Fig. 6.1.1 shows the standard of earth work for the currently
planned structure at 120 ke/h.

(2) Construction gage
Fig. 6.1.2 shows the construction gage of the aerial line ac-
cording to the Indonesian State Railways Conslruction Standavds.
Conventionally, the cleavance in the non-electrified scction was

3,850 £, but the container transportation plan section is enlarged
this to 4,300 pn.
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(3) Cconditions of track

1) Track structure

The track consists of the rail, the fastening device, the
sleeper and the ballast, and they disperse the load of the train to
the roadbed.

The track structure for each type in the survey section is
shown in Table 6.1.1. As shown in Fig. 6.1.3, Ri4/RLAA (41.52/562.18
kgfn) rails occupy almost SOZ of the entire section, and other types
less than 40 kg/n.

In the fastening device, 88% is the elastic fastening. As
foxr sleepers, 75Z are wood sleepers, but since their serviceable life

is abont 8 years, therefor the introduction of concrete sieepers with
longer life is promoted.

?) Track maintenance
The yearly plan of track maintenance for main lines is
deteroined by the result measured by the inspection car.,
fhe track inspection result of 1981 is shown in Fig. 6.1.4,
and the majority is in good condition {N>100) or in normal condition
(100>N>85).
However, this is not considered the result of good track

maintenance but due to the current speed liwmit of 80 kmfh and slow

running speeds in the sections of speed restriction.
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(4) Speed restrictions
Fhere ave 446 scctions where speed is restricted in this
survey section, averaging one per 6 km. 7This causes train operation
delays. The causes for the slow speed include track renewal or repair
work, but the majority are due to the breakdown of the present facil-

ity. Table 6.1.2 shows the status of slow speed sections according to

element s,

Table 6.1.2 Slow speed section

Element Number of | HMost [requent | Kumber of Nu?her of
s points (%)} section points points
s per 1 km
?:nklng of roadbed 101 €23) Semar?ng ~ 10 0.17
in the rainy season Bojonegoro
Breaking of the pler 89 (20) Kroya ~ 11 0.08
or abutoment Yogyakarta
Breaking of sleepers Boloneporo ~
and shortage of 68 (15) joneg 6 0.06
Surabaya
ballast
. Cikampek  ~ P
Aging of turnouts n (7 Croya 5 0.0%
Sub-total 289 (65) | - - -
Others 157 (35) - - -
Total 446 (160) - - -

(5) 1iwmprovcmeat plan of PJKA

Teack renewal was conducted fron 1960 to 1962 in the section
between Jatinegara and Cikampek. Since then, the work has been con-
ducted according to the five-year plan which started in 1964,

By the end of 1981, track renewal was completed over 1,700 kn,
or 647 of the total length of the main line. By the end of 1984 when
the third five-year plan expires, the 2,200 ka should be completed
which is 83% of the total leagth.

In the future improvement plan, RI4/RV4A ox S0NJULC 5% rail
laying with under planning of the concrete sleepers are scheduled to

be executed in the following fourth five-year pian.
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6.1.2 Bridges

The points to which special attention was given while the
master plan was drawn-up were confirming the strength of the struc—

ture, clearances for electric locomotives and measures against aging.

1) Slrength of the styucture

The structural strength of bridges in the rain line is de-
signed to bear axle loads ranging from 9 ~ 20 tons for both super-
structure and substructure as shown in Fig. 6.1.5°6.

Many bridges are breaking on piers or abutments because of
unsuitable shore protection facilities, and in some areas the speeds
as low as 10 kafh are seen. Further, according to the bridge sound-
ness survey conducted in between Semarang and Panunggalan in 1982,

approximately half of the bridges require repair work.

(2) Clearance
In the present construction gage, the distance froa R.L. (rail
level) to the top of the bridge is 3.85 m or 4.30 m. However, the
construction gage will become larger as carv clearances expand with
electrification.
The objects that may cause problems in terms of securing the

clearance are the railway truss bridge, the aqueduct and the roadway

overbridge.

(3) Iuwprovement plan of PJIKA
The improvement pian for railway bridges mainly consists of
reinforcement work. All the bridges will be strengthened for axle
loads of 15 ~ 20 tons during the third and the fourth five-year plans.

Furthermore, for older bridges, about 2,000 tons of bridge

renewal is planned for each year.
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65.1.3 Tunnels

As for the tumnel survey, the clearance measurement of the
tunnel, and the inspection of the degree of deterioration of the
lining, deformation due to the earth pressure and fatigue were con-

ducted because of the construction gage enlargenent due to the elec—

trification.

{1) Present condition

The Indonesian State Railways has 19 tusnels and 9 are
located in the survey section as shown in the Fig. 6.1.7.

Most of them were constructed during 1880s to 1900s aad they
are brick or wet masonry as indicated in Fig, 6.1.8, The two tunnels
between Malang and Blitar are concrete construction and relatively new
because this detour Yine was built due to the construction of Kavang
Kates power plant ian 1970,

The result of the tunnel site suyvey is shown in Table 6.1.3,
and deforpation due to the earth pressure was considered to be none,
because there is no record of repair-work done on track irregularity.

The tvo tunnels between Surabaya and Baayuwangi has cracks at
the entrance. The reason for this is considered to be partially
caused by the collapse of the tunnel entrance due to irregular heavy
rainfalls. Ia the Future, a full investigation of the cause and
countermeasures are expected.

Water leakage causes the gdeterioration of the tupnnel lining.
In the rainy season, water leakage is reported te be seen in all
tunnels. However, since this survey was conducted in the dry season,
there was no water leakage in the two tunnels between Purworkerto and
Kroya and in the tunnels between Kroya and Kutarjo.

The water leaking points in the tuunel between Cikampek and
Bandung had solidified accumulated substance. This is considered to

be the solidified alkaline substance containing calcium coateats that

fliows out froz the ground.

(2) 1l1wprovezent plan of PJXA
The Indonesian State Railway plans to conduct a survey for

the repair work for four tunnels showing considerable detevioration.
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The tunnels for which the survey is planned are as follows;

Sukabumi ~ Padalarang ki 724464 ~ kn 734150
Bandung ~ Cikampek km 1424939 - km 1434888
Kroya ~ Kutarjo km 4254125 - ka 4254705
Surabaya - Banyuwangi km 254493 -~ ka 254606
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®Surabaya ~ Banyuwangi
Ks 254493 -~ Km 253606
Km 304417 ~ Ko 314107

°Malang ~ Blitav
Km 831087 - Km 834527
Km 844239 . Km 844836

“Purwokerto ~ Kroya
Kn3594412 ~ Km3594672
Km363+25% ~ Km363+338

°Bandung - Cikampek
Kmt424939 ~ Kml43+888

°Kroya ~ Kutarjo
Km5254125 -~ Kmh253705

®Sukabumi ~ Padalarang
Km 724464 ~ Kn 733150

Fig. 6.1.8 Rough cross section of tunnels
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6.2 l1mprovement Plan for Electrification

The track, the bridge and the tunnel will have to be improved
for electrification.

The improvement plan in the master plan for the structure only
includes elements that may cause problems after electrification,

because the PELITA Programn has the priority in execution.

6.2.1 Tracks
(1) Basic policies for the improvemeat plan

The designed maximum speed after electrification was sel at
100 km/h assuming that current track renewal plans are carried out.

According to the Indonesian State Railways Construction
Standards, the track stvucture of R3, R14/R14A rails and 20cn thick
ballast currently used in the track reneval can cope with speeds of
100 knfh., Therefore, no additional costs will be required for track
renewal. In somre sections, there is a track reinforcing plan for
SONJULC 54 rails and concrete sleepers. In these sections, the loco-
motive speed capacity is designed to be 120 km/h, therefore, it is
possibie to operate at 120 knfh if the track maintenance is fully
conducted in these sections.

Making the track serviceable for speeds of 120 ka/h requires
a great amount of investmeat. Thus, it was decided to finalize the
timing for the eatire set of main line iwmprovenments after seeing the

future trends of vehicular transportation.

(2) Dbrawving up the ivprovecent plan

To increase train speeds, the track structure can make a con-
tribution in the area of track reinforcement and the improvement of
curves.

Track reinforcement and renewal are currently being executed
in the PELITA Program, and no allowance have will be made for these in
order to avoid duplicate investment,

Curve improvement will be examined at the stage of the later
cautious study.

In addition, when the signal and telecoraunication systea is

automated, steel sleepers have to be changed to wood ones in order to
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avoid the rail clamp shunt. However, for the time being, since auto~
mation for the entire section will not be discussed, sleeper changes
will not included in this project.

therefore, the investment work included in this preject are;

— Track laying and road crossing construction, due to the double

track addition work between Manggarai and Krawang station.

— frack lowering work of the South line at the Surabaya Kota
station area where the South and the North limes cross, due

to the clearance shortage after electvification.

{3) Inprovements to be made before electrification

The track is constantly damaged by the weight of trains and
natural forces. As the result of survey shows, the slow speed section
of Lthe entire survey section average onc in every 6 km. This causes
problens for the safety and punctual train operations.

Currently, the iwvprovement of the slow speed section has been
executed in the thivd five-year plan, and in order te cope with mass
and high speed transportation in the future, the following improve-

ments should be executed as soon as possible.

1) Reiaforcement of the track structure

As the train frequency increases, time that can be used for
tvack maintenance work decreases. Therefore, it becomes necessary the

counterpeasures for decrease track deterioration and for facilitate the

rcaintenance work by means of the reinforcement of the track structure.

2) Execution of wmechanized construction
techanized construction allows for briefer maintenance work
tize and improves the quality of the work. Therefore, the introduc-
tion of mechanized systen should be established as soon as possible.
Especially ia the section where no track reinforcement will be made,

it is necessary in order to maintain good track conditions.

3) Disaster preveation
The breaking of the track is considered to be largely caused

by the voadbed conditions. In unsuitable roadbeds, phencnena such as
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mud pumping, land slides or the subsidence of the roadbed appear.

As counterceasure for these, it is necessary to form a
suitable plan after sufficient site survey, because various condi-
tions influence the situation in a complex matter CGeneral causes
and their countermeasures are stated in Appendix 6.1,

As the development of Java Island proper proceeds, the ex-
cessive tree cutting is occurring along the wayside. In mountain
areas, this may cause evosion, Erosion was observed at the points
k25 ¢ 400 and km 30 + 400 near Banyuwangi and km 194 + 400 near
Cicalengka, and the track structure is damaged. It is necessary to

control this disordered development in the future.

6.2.2 Bridges
(1) Basic policies for the improvement plan

Bridges are classified as superstructural or substyvuctural.

In the fourth five-year plan, starting from 1984, both structures will
be made serviceable to bear axle loads of 15 to 20 tons.

The results of using the locomotive designated in this master
plan on the current structure will be considered.

when the load moves on the bean, the value of the shearing
stress and the bending womeant in each section of the beam vary accord-
ing to the shifting of the load.

Maxioum shearing stress (Sa) and bending moment (Me) against
Indonesian State Raiiway design load and locomotive load plaoned in
this master plan (axie load of 11.5 ton and wheel base of 16.0 m for
the coaches currently used) are calculated by span. The result calcu-
lated is shown in the ¥Fable 6.2.1.
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Table 6.2.1 Comparison of (Sa) and (Me) for each train load

Span () RM 1921 _ BM 757 1921 Master Plan E.L |

Sa{ton) |He{ton m) | Sa(ten) jHe(ten+n) | Salton}] Me(ton'm)

2.5 28.88 13.72 2t.66 | 10.29 | 13.13 9.38 |
5.0 | 44.20 | 45.24 | 33.15 34.07 18.45 20.54
[ 10.0 | 64.60 | 151.30 | 48.45 | 113.48 2%.12 | 64.64
20.0 | 100.08 | 460.93 | 75.06 | 345.70 | 41.73 | 226.86

"30.0 | 144.00 | 979.45 | 108.00 | 748.09 52.03 | 436.32 |

Judging fron this result, the designed strength of the pre-
sent bridge was found to be sufficient to bear the load of the loco-
eotive of the raster plan. Therefore, as for the railway bridges, both
super— and sub-structure shall be kept as they are and work to seecvre

the clearance of aqueduct and roadway bridges will be executed.

(2) Drawing up the improvement plan

The present improvement plan of the railway, roads and the
aqueduct includes work to secure clearance only when the car clearance
of the designated electric locomotive is great.

When the sigpal and telecoraunication systems is fully auto-
rated, the trough girder should be improved to avoid rail clamp shunt.
However, since automation of the entire section cannot be considered
for the time being, the improvement of the trough girder is not be
inctuded in this project.

Fig. 6.2.1 shows the relationship between the car clearance
and the construction gage. In continuous elezeats such as tunnels,
the distance is 4,650 2 between R.L. (vail level) and the roof. IE
the obstacle elezent is not continuous, a distance up to 4,500 wa is
altowed., HMHowever, detailed site measurezents should be done at the

stage of the actual conslruction and, based on that, judgemeat given.

1) Railway bridge
This project only deals with truss bridges. The majority

of the truss bridges are Warren truss structures. If the overhead
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clearance is too small, the following method will be used for recodeling.,

- Warren truss : Extending the vertical elcment and providing
a new top chord member. The present top chord
wember will be removed and the new clearance
secured.
- Portal bracing : Remodelling to the panel Lype portable bracing
{Refer to Appendix 6.2)
— Curved chord warren truss : Providing the entire new super-
structure. (ihe bridges in the
surveyed section had a sufficieat

clearance Eor electrification.)

2) Roadway bridge
The roadway bridpe is supervised by BINAMARGA, which Bust
be consulted beforehand. In this master plan, the lifting of the
givders for the roadway girder, bridges and the ncw construction for

brick masonry arch bridges are tentatively provided.

3) Aqueduct
The aqueduct are supervised by Public Works, and seea to
require pre-discussion in the same way as the roadway bridge. They

will be improved as siphon type channels.

(3) Improvements to be mwade before electrification

Many bridge piers or abutuents ave damaged due to the unserv-
jceable condition of the river banks, and in soze areas train speeds
are restricted. 1f this condition is left as it is, conditions will
deteriorate rapidiy. Therefore, urgeat repairwork is necessary.

At present, substructure reinforcesent work is being excecuted
in the PELITA Progranm, and river improvement frea a long range view
will be necessary in the future.

In addition, approximately 2000 tons of bridge reanewal is
planned for each year for old bridges. It is desirable to take the

cleacance for electrification into consideration in future work.
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Table 6.2.2 leprovenment object bridges

Electrified e Siphon type |— P b 'rﬁgﬁro:%“'w b%g:'f‘;rﬁ;ezr"
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6.2.3 Tunnel
{1) Basic policy of the improvement plan

Qut of 9 tunnels in the survey object section, 6 tunnels have
small radius curve between R = 200 and R = 300. These sections are
all limited speed zones,

In this project, since improvement of line alirement speed in-
crease was not considered, work is linited to overhead clearance expan-
sion. At the actual construction stage, it is desirable to examine the

possibility of new tunnel construction depeading on the degree of de-

terioration of the tunnel.

(2) Drawing up the ioprovement plan
There are many ways Lo enlarge the overhead clearance of the
tunnel. The following are the typical methods:
- Securing the requivred overhead by lowering tracks
— Remodeling of the upper section
When selecting the rewodeling wmethod, various conditions such
as economic aspects, safety, difficulty of construction and provision
of the track grade, should be considered. 1n this master plan, the
wethod of track lowering was teatatively adopted because that has
lower costs and higher safety compared with other methods.
As for the actual execution of the improveoent work, the
following three alternatives were examined:
- Remodeling by dead line work
-~ Remodeling by live line work
- ¥ew line construction
Taking into consideration that the line in the tunnel is pres-
eatly a single track line, and it is impossible to provide alternative
transportation by bus because of mountainous conditions, live liune

renodeling work is adopted. The general construction procedure is
shown in Appendix 6.3.

(3) Iwprovereats to be pade before electrification

The tunnels in the survey section are 80 ~ 100 years old
except for the two between Malang and Blitar.

Deterioration is considered to be sigeificant.
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According to the survey result, no deformation was observed,
but the deterioration of the lining due to the water leakage was
considered to be rather serious.

At present Indonesian State Railways plans to repair 4 severely
deteriorated tunnels, and it is desirable to do the work with most
suitable method.

The tunnel remodeling method was adopted by visual inspection,
and at the actual execution stage, it will be necessary to examine
the most suitable remodeling method with the full understanding of

the surrounding soil conditions, eavironment and the degree of deterio-
ration of the tunnel structures.
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CHAPTER 7 STATION PLAN

7.1 Results of Field Survey
7.1.1 Passenger Equipment
(1) Number of stations uander survey
The total number of stations on the lines to be electrified is
374: including, 5 terminal stations, 40 junction stations between trunk

lines and branch lines and 329 intermediate statlions. See Table 7.1.1.

(2) Persons boarding or alighting

The number of people boarding or alighting in the 25 blecks having
lines which are to be electrified is shown in Fig. 7.1.1. According te
this, the greatesf nunber is the Jakarta block (53,800 a day) and in the
Surabaya block (13,500 a day), followed by Bandung (8,200 a day). The
nunber is less than 7,000 a day for the other blocks.

As for the passenger rush period, passenger concentraticn is
greatest in the holiday month after Ramadan. In 1981, the nunber of
passengers in Aupust, which is the rush period of the year, was 122% of
the annual avefage, as indicated in Table 7.1.2.

Stations with many people boarding or alighting include Jakarta
(67,000 a day), Bogor {30,000 a day), Gresik (11,000 a day), Bandung
(10,000 a day) and Serang (9,000 a day), as findicated in Table 7.1.3.
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Table 7.1.1 Nurber of Stations on Lines Under Survey

Terelnat | fusceloa | 120"
Ko, Section ) ecdfate | Total Ferarks
Statkcon Station
Statlon
i FOMP FATAN - FEREX 1 3 13 n
2 | SAFARTANQIA - EOOOR 1 - 11 32
3 { £2C0R - TAGICATU - - 1 21 -
; - {Except Jor
& | JATARTAXOTA - CEREBON o __-3A n 33 JAKARTAKOTA}
. SEMARANG {Except for
5| CusEeex - e - 5 23 28 CIRESON)
SEMANAC- . SUZABAYA
& | cranxs T rasastent 1 L n »
SURAZAYA _ ]
2 19JA - BANYLWANGT } r s 43
{Except for
8 | CIFAMPEX - BANIUXNG - 1 1% 17 EAVIANG
CLFAMZPEX)
e (Excep1 for
9 | PANzENG - K®OYA - [ 0 1 KEOTA)
{Except for
10 | CIBEEON - E8BI¥A - 2 19 ) CIRERDM
] . KEDQYAY
1 KBDYA - SOLO BAALAPAN - 2 1n 35 | Emcept for
i ) i ' SGLO BIALAPAN)
b ] e (Except for
12 1 yrpspax - SORORFED - 3 o 3| vonoxecend
(Except for
13 ; - 1 -
7?06!L BLIGCR 1} ,_“‘?;A, 17 BOCIL)
(Fxcept for
14 PLITER ~ RERTOSONO - - 13 1 3 ] RIICR
i KERTOSON))
H B (Except for
15 | carzrieaas - :giers b 1 % 5 | caomuscax
’ i SOLO BRALAPAN
Total 5 L0 E ks 3k

PIfA: C€alcelated frea rallvay eap.

Mer Jak

Bl

Railway Sketch Each figure is a section number
in the above table,

~ 3%0 ~
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Table 7.1.2 Number of Passengers, Java Island,

and Rush Rates

Unit: 1,000 persons

Month First Second Third Total Days aez :_;;e ?;:2
T | 2 232 | 2,742 | 2,096 | 31 | 96.6 | 0.948
2 | 16 215 | 2,615 | 2,846 | 28 101.6 | 0.997

3 17 217 2,782 | 3,016 | N 97.3 | 0.955
« | 20 225 2,753 | 2,998 | 30 93.9 | 0.981
5 20 243 2,913 | 3,176 | M 102.5 | 1.00s
6 27 293 3,11% | 3,431 | 30 114.4 | 1.122
7 | 2 257 2,918 | 3,199 | m 103.2 | 1.013
8 | 23 265 3,572 | 3,860 | 31 | 124.5 | 1.222
T 9 | 19 207 2,576 | 2,800 | 30 { 93.3 | 0.916
w | 22 230 2,873 | 3,125 | 31 | 100.8 | 0.989
11 19 I 200 2,557 | 2,116 | 30 92.5 | 0.908
12 16 215 2,746 | 2,915 | 31 | 96.0 | 0.942
Total| 243 |2,797 134,154 | 37,196 | 365 101.9 | 1.000 |
1981 PIJKA: Calculated from statistical data.
Chart of Rush Rates
o
i :zz 122.2
£ 1d.2
f ;;z _99.? 38 ;‘SZ N _ 93.9
° | 191.3 /\/ 94.2
o %0 ol g 9}-5 91}.6 ool
S 80
70
1 2 3 4 S 6 7 8 9 10 11 12
Honth
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Table 7.1.3 Survey on Rumber of Passengers
by Station {Per day)

Part 1

1,000 persons

Honth/year August 1981 Rush rate (%)
Kabupaten
JAKARTA - 75.8 66.6 113.8
BEKASI 5.0 4.9 102.0
KARAWANG 5.6 s | 1143
TANGGERANG 2.5 2.5 100.0
BOGOR 33.8 30.2 111.9
LEBAK 3.8 3.4 111.8
PANDEGLANG R B -
[ sERANG 12.5 9.4 133.06
[ CIREBON 2.7 2.4 112.5
SUBANG b 0.5 0.6 83.3
INDRAMAYU 1.6 1.6 100.0
BANDUNG 11.8 10.2 115.7
[ purMAxARTA 20 | 1.6 125.0
CIANJUR | Y 2.3 139.1
SUKABBIIL | 5.5 4.3 127.9
GARUT 42 | 2.9 144.8
TASEXKHALAYA ) 1.9 1.2 158.3
CIAMIS 3.3 | 2.0 165.0
BANYUHAS T 1.4 0.9 155.6
[ BREBES - 1o | ez 142.9
KEBUMEN 1 2.8 1.6 175.0
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Part 2
1,000 persons

Honth/year August 1981 Rush rate (%)

Kabupaten L ]

PURHOREJO 2.1 1.5 140.0

CLLACAP 5.5 3.2 1.8

PEMALANG 0.2 0.1 200.0

TEGAL B 0.2_! ‘ M"_O.S 160.0

PEK_ALOXG—AN ------ B 0.7 (;_; 140.0

BATANG 0.2 0.1 200.0

KENDAL -"viﬁ 5 - R -

DEMAK 0.4 0.2  200.0

PURWODRADIE T 3.5 2.6 134.6

BLORA 1.3 0.9 144.4

BOJONEGORO 0.9 0.5 o 180 .0"“—“***

REHBAKNG 0.4 0.3 133.3

TURAN 1.4 | 1z | e

KULONPROGO 0.3 0.2_ 150.0

SLEHAR _ﬁ_-5_:0 4.5 111.1

KLATEN 0.4 0.3 | 1333

SRAGEN 0.3 0.3 100.0

KARANGANYAR | 0.1 0.1 100.0

BOYOLALI 0.4 0.3 133.3

SEMARAKRG o 5.6 “‘"'—4“.;"‘" 133.3

SURAKARTA 2.6 1.8 146.4

BANTUL Y - - -
 NeaMr - 0.6 0.4 150.0
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Part 3

1,000 persons

Kabupatefonthlyear August 1981 Rush rate (%)
MAGETAN I _

[ o 1.4 | 1.0 140.0
KGANJUX ‘ 0.9 0.6 |  150.0
JOMBAKG 2.0 1.3 153.8
PONOROGO 0.1 | o1 | 100.0
KEDIRT 0.9 0.7 128.6
juLuwcacwe | 000 6.7 0.4 175.0

 BLITAR Y 1.6 137.5
MALAKG 2.8 1.9 147.4
PASURUAN 0.9 0.6 150.0
SIDOARIO o 1-4 7 1.1 127.3
HOJOKERTO 0.8 0.6 133.3
GRESEK T e | 1 127.0

B LAMONGAN - 0.6 0.6 i(}O 0
BANGKALAR | 0.2 | o1 | 200.0
SAMPANG A -
PROBOLINGOO 0.1 | o1 100.0
LUMAJANG 0.7 0.3 233.3

| Jomer 1.8 1.3 138.5
BONDOROSO T s 0.5 160.0
SITUBONDO Y T 0.3 131.3

T eamwumaxer | 2.2 | e 157.1
JENBRANA T a2 | 04 200.0
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{3) Effective length
Table 7.1.4 shows the effective length of main stations determinced
f romn station plans. According to this, the shortest effective length
is 180 n for Jakarta and Surabaya Pasarturi Stations. The other stations

have 200 = or more and can cope with elight-car passenger train formations
and 300-n freight trains.

(4) Distance between track centres
At least 4 n i{s easured between the primary main line and the-
secondary pain line. The distance is at least 4.5 m if there is a

platforn between the tracks.

{5) Passenger platforms
As indicated in Fig. 7.1.2 platforcs are only about 100 mm v
200 2 above the rail level at many stations other than at Jakarta Kota
Station which has elevated platfores. At some of these stations, portable
stairs avre used for the convenlence of passengers. But most stations

lack these stairs — te the great Inconvenience of women and children.

(6) Yard drainage facilities
Inter~track broken stone drainage ditches of about 800 e: depth
are provided aneaxr the platforms of Jakarta Station, as indicated in
Fig. 7.1.2, thus making it possible to cope with zairfall, But no
drainage facilities are found at other stations and it is feared that,

at rany points, rails eay be subrerged during the rainy season.
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Table 7.1.4 -Survey on Effective Length and Track

Intervals at Main Stations

Name of main ) Minimum
line I 1§ ILE v v track
Station interval
1 JAKARTA KOTA 120" | 180" [ 180" | 180" [ 150 7 TOF 5.1"
T 110 o for |
2 MANGGARAI 326 | 320 | 320 | 320 | bown 4.0
i V and VI
3 JATIREGARA 380 | 230 | 200 | 200 ‘1’90 150 4.0
A KRAWANG - 190 | 190 | 140 | 140 6.0
S CIKAMPEK 300 } 300 | 290 | 290 {Ygo Vio 5.0
6 satiearanc | 460 | 460 | 380 | 380 |Ygo Yho 5.0
7 CIREBON T30 | 360 | 00 200 'Vf 5.3
8 SEMARANG TAWAG wo | 230 | 230 | a0 | Yy 4.5
9 BANJUWAKG  4s0 | 390 | 390 | 3%0 "3,0— 53
10 CAMBRINGAN a0 | 360 | 290 | 290 4.3
11 cEPU 200 | 200 | 340 4.0
12 BOJONEGORO 300 | 300 | 470 4.0
13 BABAT “a40 | 3s0 | 360 | 250 8.4
14 SURABAYA PASARTURIAA#IQB—_ 180 210 o 4.0
15 SURABAYA KOTA 20 | 260 | 350 | 3s0 5.3
16 SURABAYA GUBENG 380 | 380 | 380 ] 4.15
17 WONKROMO 200 | 2900 | 330 | 33 | Yo S.0
18 BvOlL T 60 | 260 | 330 {30 | Vo 3.9
19 KLAKAM 330 | 330 | 360 4.0
20 RAMBPWIL T 330 | 330 |3 Jaw0 | " as |
21 KALESAT a0 | 230 | 230 1 s
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Hane of main Hinimum
line 1 II IIL v Vv " track
Station interval
22 BANYUWAKGI 260" 1 260" 4.0"
23 PADALARAKG | 510 | 460 | 210 210 5.3
24 BANDUKG 330 | 300 | 300 | 300 ;50 5e0 4.0
25 CIBATY 260 260 | 260 | 160 B 5.0
26 TASIKMALAYA 260 | 250 | 220 ‘ a1 |
27 BANJAR | 480 | 480 | 400 80 4.4
28 KASOEGIHE i 3 —;é[)ii o 4.0
29 keovA | oo | co0 | 620 | 460 8.0
30 YOGYAKARTA 330 | 330 | 240 6.0
31 SOLOBALAPAN 390 | 330 | 330 | 300 4.0
32 HADIWN B 390 | 370 | 300 | 4.4
33 KERTOSOXO | 310 | 260 | 240 | 290 4
3% govmaxe | 130 | 350 | 260 4.7 |
35 mojokERT0 | 380 | 470 | 370 4.4
36 TARIK so0 | so0 | s00 | 440 4.3 |
37 kmiav | se0 | seo | - 7.0
38 PRUPLK 290 | a00 | 360 | 240 4.4
19 PURNOXERTO 320 | 300 | 320 | 280 5.9
40 KEDUNGJATE | 470 | s10 | 350 | 300 5.1
a1 maxe | 280 | 230 | 200 | 160 | A
42 MERAK e | 310 1 4.4
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Sketch of Platfore at Jakarta Station

- 5,100 5,280 5,400
Plat-
form
.450 ”
800
&
~430ea

Platforia at Cirebon Station

Fig. 7.1.2
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7.1.2 Frefght Facilities
(1) Freight handling stations

All general stations ave provided with freight loadingfunloading
tracks, Besides, there are the following stations exclusive for freight
handling:

(1) JAKARTA GUDANG

(2) TARDJIUNG PRIUK GUDANG

(3) SEMARANG GUANG

{4) BENTEKG

(5) KALHAS

(6) SOLOJEBRES

{2} Volure of freight handled
According to 1981 PJKA statistics, the voluce of freight handled
was 2,542,000 tons. By itenm, petvoleum products represented 331 of all,
followed by fertilizer, cevent, sand and nolasses {sea Table 7.1.5).
The volume of transportation decreased yearly and slumped to 85% ia 1981,
conpared with the previous year (2,930,000 tons in 1980).

Table 7.1.5 1981 Volume of Frefght Handled, by lteno

Unit: x 103 toms

Ieen Quantity z lten Quantity z
Rubber 0.1 0 —mgzéel 9.5 0.4
Latex 4.4 0.2 | Fertilizer 571.4 19.2

" Rice o —_“-32.6 1.3 Paper 1.0 0
Haize 82.2 3.4 Bagasse 0.2 0
Tea 13:3 0.5 _ -%ugar 15.6 0.6
Teak logs 21.7 | 0.9 { Molasses 62.6 2.5
Coal 2.3 | 0.1 | salt 19.8 0.8
Petcolewa | 799.3 32.6 | Asphalt 24.1 1.0
Cecent 316.5 12.9 Wheat 3.7 0.2
Sand 12,0 4.6 { Others [ 4s55.7 18.6
Gravel 51 | 0.2 | 7etal 2452.0 100.0

PJKA: Calculated frem statistics.
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(3) Volume of freight, by station

The volume of freight haadled by main freight stations is in-

dicated in Table 7.1.6. The volume handled in 1981 was large with Gresik

(922,000 tonfyear), Jakarta (387,000 tonfyear) and Cilacap {381,000

tonfyear). The volume handied by each of the other stations was less than
300,000 ton/year.

The above stations refer to general areas of which the details
are as follows:
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Table 7.1.6 Survey on Volume of Freight Handled
in Different Areas of Java Island

tonfyear
1981

Hare ¢f area | Outgoing | Iccening Tetal Nare of area | Outgoing Incozing Total
JAYARTA 171,33 215,507 387,4%3 | REMBANG 5,121 158 4,879
BEKASI ¥,172 3,298 34,470 | VUBAN 3,320 6 3.6
KATAVANG 135,075 1,850 135,955 | KULOSPROGO - 3,519 3,419
TANGCERANG 57,503 233 93,735 | SLEXAN §,032 81,553 85,595
BOCOR 412 15,493 15,965 | X1ATEN 31,175 8,105 19,2713
LERAK 333 2,516 2,875 FASARAN 9,253 12,113 21,356
PANDEGYIANG - 450 450 | WwONOGIK] 120 3,602 3,122
SERANG 1,92% 25,537 26,523 | KARANCANYAR 12,89% 5,719 18,685
CIREEON 8,455 56,337 65.853 ] StRCHARJO ~ 15,011 14,011
SUEANG i1 21,59 21,920 | HAGELANG - 2 20
INDEAMAYE 2,847 26,029 18,837 ENOMLALL 293 120 413
FAILENGEA - 12 12 | SEMARANG 158,933 104,544 223,483
BANTR NS 13,44% 95,66% 107,505 § SURARKARTA 9,50% 135,310 147,814
FLEWAZARTA 35 19,929 79,95% SATATLCA 10 48 538
CIANIUR 3?2 3,103 1,135 | NCAWL 2,358 12,153 15,491
SUYARLNE 10 2,145 2,155 | Maseran " - ] 1,937 | 10,937
CARLY - 21,744 21,245 | XADIWN 12,659 150,196 162,259
TASIKMALAYA 15,203 12,174 30,333 { NGWNIX 7,531 12,112 19,643
ClaMis 1,939 5,888 1,818 JUHRANG 1,823 - 1,823
BANYEMAS 3,1%% 11,49% 15,650 PONQLOOD 120 1,256 1,5C%
PREEES 452 2,515 2,976 | KEDIRY 5,7¢8 135,357 152,125
FURBALINGCA - 57 59 | TULLNGAGING 2,282 9,072 11,35%
BANTASXNECARA - 1,276 1,216 BLITAR 1,45%% 7,522 8,911
RONGS 20 - 2,207 2,207 | ¥AlANG 5,025 136,562 151,587
EEALMEN 218 12,6%) 12,871 PASURUAN 1,13} 13,658 14,801
FUSSREIS - 2.5%33 2,530 | SIDOARKD 1,171 2,593 §,35%
CHLACAF 357,813 32,007 381,13) | BOFERID 5,333 - $.332
FEHATANSG - 2,602 2,507 | JALAXMEREDI 30 - 30
TECAL 5,258 133,330 143,628 | cresik 821,645 100,608 | 922,53
FEFALONCAN 2,80 102 3,502 | LAMINGAN 8,418 65,725 13,143
KENTHAL 3,520 &5 3,605 1 FROZOLINGQD 33,571 18,28% 31,875
BEMIN » 9,783 9,813 | L1YARANG 21,458 %,91 46,3163
FUFR0AD] 3,343 12,868 26,211 | yozir 9,451 55,075 64,542
ELORA 35,757 11,874 47,631 | BONDOROSO 915 5,617 6,553
TOHKELCLED 5,148 10,1232 15,217 SIIVEONDO 1,446 9,623 11,6569
KLGES e} 1,536 2,335 | BEANTWWAGE 5,833 41,185 47,017
FATIL 3,303 1,479 6,782 | JexEraxy - & 3

Grard Toral 3,592,620
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1) Gresik area
There are six freight handling stations as indicated In Fig.

7.1.3. Those with large volures of freight handled are Benteng (420,000
tonfyear), Kalimas (292,000 tonlfcar) and Indro {160,000 ton/year)}

{see Table 7.1.7 and Fig. 7.1.5). By items handled, petroleun products
represented 47%, fertilizer 24%, cement 18% and rolasses 7Z (sce Table

7.1.8).
) 24 \ )} CRESIK arca
- -~ \ ~ -
-~ - ‘\ ’
Freight handling
KALAHAS !
Peis SIDbTOPO @ station
i SURABAYA ' -
18DRD

@ Yard

]
f
I
I
[
4
i

i
SURAB;“’A GUBENG

1
h ]
1 SURABAYA
\  PASARTURE

-~

Fig. 7.1.3 Sketch Map of the Gresik Area
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Table 7.1.7 Volume of Frelght Handled in Gresik Area, by Stations

Unit: 1,000 tons

OQutgoing Inconming Total
BENTENG 420 - 420
~INDRO 159 1 160
KALTMAS 217 75 292
SURABAYA PASARUTORIL - 22 9 31
SURABAYA GUBENG 2 14 16
WAROKROMO 7 2 2 4
Total 322 101 923
Ratio 89%Z 112 10072
100,000 tfyear:
420 Hi total tonnage
50 facoming
t
292 _ ons
50 cutgoing
160 _ - tons
1
159
75 []uq Benteng
217 Kalinas
| Indro -
Sidotopo
T 16
Kandangan Surabayapasarutori A 1;
Surabayagubeang

Honckrero

Fig. 7.1.4 Chart 1llustrating Volume of Freight
Handled, Gresik Area
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Table 7.1.8 Volume of Freight Handled in Gresik Avea
(by Station and by ltem)

1981 Uaft: ton
N Station
octfin :::ﬁ;;;; 500 3;‘;""(‘:“ BENTENG [MALINAS ::;*"“m' Total
Item
Lter ol IV VT B - T
to T B Y I BT
Latex Out e - ?
] 85 B T T 85 |
Klce T e 2 | - - T 2an
in €53 T ess
¥afre on] 18,8711 TV sen
o 1.&52 A I R I B T 3.652
Tezk lcgs a - 5 T o 57
in 1
Tea E—t_ T T B
3 T s T 1Y
ccat  Jow vae | | R ERT)
™ - B L T
Peticleva products|Ost T 1 ‘Lu—_-;g—,;;l- ------ i o 419,811 ]
1s |7 . T aee]” 13,018
Ceroat ot 155,677 - I 155,673
m| T 13,632 [ 13,692
S2-a ox| | | <7 Y
I- __-]_l T B T 3
Cravel (Tt D D
T nwesd L T 1,358
Steel Out T - T T T
Ia R T 7 T _5_’_]55
Teruitizer ot 1 216,652 T N aie.es2
Ta 9 1 T $0
Pager oot B VT R
30 | N R e o T w
Fagasse  |esx] R I T T ]
1o 10 - T _ 10
Sagar Out 1,218 1 o 1,118
o I - T1.0m] o 1,649
¥atasses o (\-Tt D R - & o - a 6
In - T T [ eras2] T - “enast |
 Sate oot X - o X
I - I 1
Asphale Y . 1 o 2,38 | ] 2ss ]
(10 | B T T ”lf.;)ii v
Veeat Py I R o .
i_: —— r
[Totak of cotgeleg | 22,203 [#59,259 2,209 |&19,858[216,628) 2,358 821,635
frefight i
[ Totad of teerteg | 8.5 | Last1a2 | 3] 6.9 1938 109,608
fre$ght I R I I
Crand tetsl 32,653 [159,653 15,995 | s19.871f231,569] &.295 922,253
Eatio (1) 3.3 1R W 85.5] ae] o 1991
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2) Jakarta area
tThe Jakarta Area handled the second targest volume (387,000
ton/year). Its station’s sphere of influence is as shown in Fig. 7,1.5.
Stations with large voluces of handled freight are Tandjung Priok Gudang
(155,000 tons), Kebayorén {10%,000 tons) and Jakarta Gudang (57,000 tons)
{sce Fig. 7.1.6}). By itenm, petroleun products represented 36%, sand 28%
and maize 12%Z {see Table 7.1.9). .

Tondjung Priuvk
Jakarta  Kurp Gudang
Gudang Bardan

Tond jun Gpriuvk

Jakarta
Kota

() Pajawari

[ '} Kenjoran

Garhir-
Duri bl ]

Tangarang

- Pasarsenen

Tanahabong

Cipinang Klender

Mangegarai

lferak  Kebayoran Jatinegara

& Yreight station

] Passenger station

Q Yard

Fig. 7.1.5 Sketch of Jakarta Area
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STATION

Unft: 1000 teon

50 100 155

T L] T L) L] % ¥ T

T r L] T T L]
TANING PRIVK CUDNG o o A A A 1 3 1 2%
i jLvg ]

KEBAYORAN 5] —
JAVARTACUDLRG '35 457

CHENANG Zgafiijj 22

KLENDER L g

TANAMABANG 2??23'3

HANCCARA

ANCKFE

DURI

TUTAL

8)38

o |

40%

30%

20%

10%

Outgeing
freight

WM@ZM@W

iz ]
Outgoing Inconing

Rice 2.5%%

Supar 2.82\\\\

Tea 3.47
™,

Petroleund

Teak logs products

Inconing) cement
freight

215

Total
freight
357,000
tons

.

133 &

e P]

fur o

o [+

by o

o <

g || ,

Nl n w

Petroleun Sand Maize Cecizenat  Teak Tea Gravel Others
product logs

Fig. 7.1.6 Freight Voluce of the Jakarta Avea
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Table 7.1.9 Voluwe of Freight Handled in Jakarta Avea
(by Station and by Item)

Unft:

[T,

Latex

'—l_i‘ak Logs

Fertilfter

Fager

ﬁ\-l;.s-s: ‘:;_ -

Keptalt

wWheat

Yotal of eatgoling

Tct2l of Incecing
frefeht

€ra~3 ¢ctal

Tatie (1)

TANAHA -
BANG

13,337

ss. 227

54,842

1%.7

JAEAKRTA-

|

FANINC-

152,09

13,237
15%,357

471

PRILXGE -

CIFINA~

FERAYD-

PANGCA

- T,

cimsg | PR e MLEIVLER| L n FAL Total
107
EEETT T N N 132 ]
1£3 16%

137 133
9,542 9,412

35 [ 35
48,493 I N BTN
I D A ITRT: B D D BT T
T Vel RN 1 B 13,297
T T rens T Y T T 137,453 |

ERTIRENTS

14,395

L

21,6718

3,917

1.0

3.629

0.9

5.5

15,531

15,5331

.0

192,363

8.2

109, 263]

TTarrass |

12155

L&l
T 3,60
S22
8,841
1,623 |
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3) Cilacap area
An annual total of 338,100 tons was handied by the eight freight
statfons included in this area. Stations with large volumes of handled
freight are Karang Talun (335,000 t/year), Cilacap Pelasuhan (117,000
tfyear), Maos (74,000 tfyear) and Cilacap (49,d00 t/ycar). Items with
large volumes handled ave cement (356,000 t), fertilizer (116,000 t),
petroleun products (75,000 t) and asphalt (20,000 ¢},

——— —

STIDAREJA T~
CANDRUGHANGUN
HAOSN

3

1

)

1

[
!
1

!
[

!
CGiRMILIR 4
’

, 7~ 7y Station sphere

s.__+ of influence

N CILACAP
N rd
[} 7
Freight station
‘\ CILACAP PELASUNAN @ g
A ' ’, ’
~ P

Fig. 7.1.7 Sketch of Cllacap Station Sphere of Influence
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Table 7.1.10 Volurme of Freight Handled in Cilacap Area
(by Station and by Item)
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(4) Freight unloading equiprent

Petroleunm products, which are massive freight, are transported
by exclusive lines of the Pertamiaa Petroleum Public Corporation and are
automatically loaded by pipe from a storage tank.

Yertilizer can be efficlently loaded because of an exclusive
line connection to the fertilizer bagping plant located at the quay.

On arrival, it is unloaded by another exclusive line provided for the
fertilizer warehouse.

Cerent is loaded by cargo handling machines from the cezent mill.
On arrival, it is delivered to the cement warchouse.

Molasses is auvtomatically loaded, using an exclusive line
connected to the loading place in the sugar plant. It is also automati-
cally unloaded into storage tank provided at the quay.

The equipment for these four types of freight are rodexnized.

However, the volure of other handled freight is extrerely srall
because it is handled at elevated and ground-level platforns in the
station yards. The platforms and the passages are unpaved and the plat-

forms are too narrow to use nodern cargo-handling machines.
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7.1.3 Yards

There are two main parshalling yards, one at Cipinang and the

other at Sidotopo.

(1) Cipiaang
1) Yard facilities
Site area: Approx. 121,000 n? (excluding main lines)

5?;::?§ fgreation ‘ra;E::::::‘<:14444474444# Disassecbiing
g \ /—Z%l ead &rack

Sorting track: ¢ ,///, 11— 3 :
Forpaticn -
lead track _1: S
I %~
XL o —
E—— Py ~ Cikazpek

Jakart

Fig. 7.1. 8 Track Layout Sketch (Cipinang)

As indicated in the above sketch, there are four secondary rmain
tracks, nine sorting tracks, five formation tracks, two disassembling
lead tracks and a formation lead track. The effective length of cach

track is as follows:

Nare of | Secondary | Kawe of | Sorting | Name of | Formation} Name of [Lead
track nain track] track track traek track track track
Disas-
o a o senbliag o
1 350 5 410 14 400 1 200
350 6 440 15 370 2 170
3 | 370 7 420 16 370 | 3 200
Formatiow
& 220 8 440 17 290 1 300
9 420 18 260
10 380
11 350
12 300
13 280

Total 3440
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The number of cars held by the sorting tracks is:
Total effective length of sorting tracks I car length
= 3440 ¢+ 8.2 = 419 cars.

2) Functions of yard

Jakarta Gudarg Tanjung Priok Gudang

Kalims SIDOTOPO

Semarang

Surabaya
Pasarturi

@) Destination
Bandung

Sorting is perforemed as follows:

Sorting Station order formation

JAKARTA TANJUNG PRIOXK GUDANG
JAKARTA XOTA GUDAXNG
DURIL

For TANAHABANG and MERAX
For HMANGGARAI and BOGCOR

BANDUNG
CIKAMPEK
JATIBARANG
SEHARANG
¥ALINS

Merak-bound trains and Bogor-bound trains are respectifely

formed at Tanahabang and Mangparal.

3) Handling capaclty: 600 cars a day
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(2) Sidotopo
1) Yard equiprcent
Site arca: Approx. 131,000 w?

SURABAYA KOTA ] BENTENG
KALIMAS \ / /
Sorti k:
SURABAYA GUBENG orting track: 13
3
—— i " f
— e A Lead track
’—-(—*3

Fig. 7.1.9 Track Layout (Sidotopo)

Effective length

Nare of | Secondary | Name of Sorting § Nane of | Lead
track wain trackf track track track track
1 590" 7 890" 1 710"
2 | 660 8 | 920 2 | 710
R T I 910 3 320
4 870 10 | 910 4 160
s 880 | 11 760
e 770 a2 800
13 810
1 1s 750
15 690
o 16 630
17 570
N 18 520
'''''' 19 520 ]
Total 45470 o Totaikﬁ 9680 Total 2100

Nurber of cars held by lead track:
9680" 2 8.2 w/car = 1180 cars
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2) VFunctions of yaxd

BENTEKG

KALIMAS

WONOKROMO &) Pestination
BABAT KERTOSONO

Trains bound for the northern line are sorted and foreed at

Kalimas.

3) Hapdling capacity: 1,000 cars a day
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7.2 Conception of Electrification Heasures
7.2.1 Passenger Equipment
{1} Yorecasting of Boarding and Alighting Persoas

The daily number of persons boarding or alighting mediun and
long-distance railway transportation was 81,000 in 1981. If the
electrification of Jaﬁanese pain railway lines is completed by 2002 and
trains arc operated at 100 km an hour, the number of railway users will
greatly increase and 1s expected to reach 1,163,000 a day in 2002,

(See Table 7.2.1).

The area with the largest aumber of beoarding and alighting
persons Is the Jakarta Area (228,000 a day), followed by Surabaya Avca
(118,000 a day), Semarang Arca (72,000 a day), Bandung {74,000 a day),
Yogyakarta Area (59,000 a day), Solo Avrea (53,000 a day) and Cikampek
Area (53,000 a day).
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Table 7,2,1 Survey on Number of Boarding and
Alighting Persons, by Area

Unit: 100 person/day

- 417

Nurber of boarding
and alighting] WNumber |Nurber |} Nurbey | Number
ersons, by| {ia 1981 | in 1989 | in 1994 | in 2002

year

Avea

1 MERAK 13.8 35.5 | 424.1| 482.6
2 RANKASPLIUNG 19.7 40.4 | 126.6| 171.9
3 JAKARTA | zo1.0 |1,187.3|1,826.6 [ 2,272.5
& CIKAMPEK 49.2 277.5 | 31721 sS27.4
5  SUKABUMI 27.0 54.3 78.6 |  419.4
6 BANDUNG 516 | s75.1| 696.8] 735.5
[ 7 cizesox 35.1 | 307.1] 360.1| 352.6
8 TASIKMALAYA " 32,5 | 1e1.1 ) 1697 4121
9 KROYA  24.2 61.2| =272.1| 4ss.0
10 PEKALONGAN 11.0 49.5 73.8| 315.1
‘Bl KEBWRIEN 26.0 52.8| 168.4] 296.1
12 SEMARAKG 2 | 2%.0 84.9| 193.7} 789.4
13 PURWODADI - 15.4 30.9 44.2| 105.0
14 YOGYAKARTA 27.7 67.1| 379.41 s83.1
(15 S0LO 28.3 75.3| 4&11.5[ s529.1
16 HADIGN 12.9 | 26.7f 231.1| 244.7
17 BOJONEGORO 12,6 | 25.3|  s2.7f 221.5
18 SURABAYA ! 97.5 | 198.6|1,017.1] 1,183.5
19 KERTOSONO T 284 s6.3) 184.2| 263.7
20  TULUNGACGUNG 18.8 31.6 | 156.2]| 337.2
21 BANGIL 6.9 | 13.8| 35.2|  64.4
22 HALANG 17.1 35.9] 97.4} 386.7
23  PROBOLINGGO 2.7 | 5.5 83.9 91.4
24 JEMBER 9.3 18.6 | 115.6] 163.2
25 BANYUMANGI o 10.9 21.9| 123.8| 182.8
Total 307.3 | 3,500.1| 7,700.9 |11,625.8
Ratio b el el 14.4
For 100 ke/hk
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{2) HNumber of Trains

The number of electrified railway trains is as indicated in Figs.
7.2.2, 3 and 4 and the nucber of trains handled by the nain stations is

as follows:

Survey on Number of Trains, by Station {(A.D. 2002)

Departure or V Passing Frelght
Station arrival passengetr | passenger g Total
. trains
trains trains
HANGGARL 209 43 - 252
BANDUNG 28 53 5 86
KROYA 35 : 81 14 130
SEMARANG 80 31 9 120
SURABAYA-P 50 ' - 11 61
SURABAYA-K 14% - 26 175

The nurmber of trains handled is largest with Manggarai (252),
followed by Surabaya Kota {175).
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{3) Conception of Station ¥mprovement
1) Basiec Policy
a} As above, Manggarai will be the departure point for AC

electrification,

b) Manggarai-Krawang will be an AC electriffed double track

section.

¢) The existing passenger equipment will be used and the

following will be added as a necessary nininun:

Effective length incrcase — Passenger train pass-by: 220 a
Effective length increaze - Freight train pass-by : 460 n
Elevated platform construction:

To be provided at stations with starting trains.
Overbridge construction:

To be provided at stations with starting trains.

d) Plans for station main buildings, station plazas and railwvay
crossings to cope with the increased handling of passengers
are not included fn this project. 7These facilities will be

planned in accordance with future tvends.

2) Statfon lnproving Plan
a) Departure Stations ia Jakarta Area

There is the JABOTAPEK improverent plan for Jakarta Avea.
Under this plan, the shift to electric train operation is being carried
out by a circle route composition including the central, west and east
lines so as Lo mgét the transportation demands which will certainly
facrease in the future. Declding on departure statlons is particularly
important in an electrification plan designed for the operation of
rediun- and long-distance trains and this rust be studied after ascer-
taining the general treuds of cormuters and passengers in the Jakarta
Area. But here, Manggarai Statlion was selected fFor reasons of easy
connection to the JABOTAPEK Plan line, proxinmity to the heaxi of the
city and a smaller cdnstruction cost, cospared to the plan to use

Jakarta as the starting statlion.
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