‘Appendix 5-1-1 AC/DC Changeover Method of Locomotive

A neutral Sectlon will be prov1ded in the overhead catenary system-'
at the AC/DC Junctlon point. Passing thxough it the Iocomotlves will
'sw1tch from AC to DC (of. v1ee versa), us1ng on—board sw1tches._ in JNR

'AC/DC sw1tch1ng is made in accordance with the follow1ng way.

1. Opérating Restrictions
(1) Trains run throhgh the neutral'sectien_with notch off;

(2)' Slngle pantograph 1s used in’ the AC electrlfled sectlon wh11e

double pantograph are used in the DC section.

2. Handllng durlng Neutral Sectlon P3331ng

As tralns pass through the neutral sectlon AC/DC sw1tch1ng is made

on—board by the englne drlver in 8ccordance with’ wsySLde signs {see

Fig- 5.1.1.1).
3. Protection from Accidectal Entrance
(1) Accidehtal entrance from ﬁC.td AC section

For a traln “about to enter the AC sectlon thhout proper handllng,
primary protectlon is prov1ded by automatlcally openlng the on—board
atr c1rcu1t breakers as soon as the- pantograph enters the neutral sec—

tion and detects no-voltage. This way, no accldent w111 occur if the

train enters the AC section. Operation can thus continue normally.

if the primery protection does not work, secondary protection is
provided by protective relays;'which detect discharge current (on a DC
lightnihg arrester) generated at the moment'the locomotive enters the
AC section. The  relays then actuate the air circuit breakers, 11m1t1ng
the damage to the DC llghtnlng arrester only In thls case, the dam~

aged lightning arrester must’ be replaced before resuming_OperariOn.
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(2)  Accidental’ entrance from AC o DG séction
_' If a train enters the DC section without proper handllng, an AC
maln fuse w111 melt w1th1n seconds and cut off the circuit from the

_ catenary.  Operatlon can be resumed by followlng the normal procedure

The- main fuse must. be replaced before operatlng in AG section.

' AQY?“¢Q 3 ‘Coasting Neutfal Powe?
notice " sien section . running
Csign o T g R sign sign
@ N | @ lnsulator. .
| - [toteh off /\ [Notch i
R . - (B oTF (ABB on)

L&-ISO 2 00m
400m ' ‘ ?0 30m
: Neutral section

(__J : Manual handling by driver
( ) ¢ Automatic :

Fig}'s.l.l.i ‘Handling and Signs for Neutral Section
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Fig. 5.1.1.2 Simplified Circuit Diagram of the AC/DC
Dual—Service Locomotive (EF81)
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~: Appendlx 5-1=2  Length of the Neutral Sectien (in JNR)

1. Length 6f the neutral section installed to separate adjacent AC
- electrification sections with different phases

f Driver of the electric locomotive must notch off when passing the
neutral section to prevent contact between different AC‘power sources,
_To prevent aicing of the load’ current through pantograph due to
mishandling of the driver, an insulated neutral section is pro-
vided in the cqntacg.wirefn_From test results carried out by JNR; the
arc.length.1923fmm/kVA.- Theréfore, with maximin load {2,700 kVA)
eﬁpiied on the electriclloCOmotive (Ef81), the arc length will be:

2,700 (kVA) % 3 (um/kVA) = 8,100 (mm)

The'neutrél section length'of 8 n was adopﬁed in JNR because it is
very rate that an elactric 1ocomotive will pass throngh the neutral

section under maximum load conditions. -

8 m

[

AC section (Phase A) AC section (Phase B)

. Contact wire Insulator | Contact wire

Fig., 5.1.2.1 Composition of the Neutral Sectiom

L2, Length of the neutral section to separate AC and DC sections

: When.the electric locomotive runs from an AC section to a DC sec~
tion, the necessary length of the neutral section is calculated as
foilews.; _

Maximum arc length (8 m) + Spacing between pantographs
{15.2 m) (EF81) = 23.2 m
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‘In reality, however,. the néutfalfseqtion'leﬂgtﬁladbptéd'bxﬂjﬁR_is

20 m because it is highly improbable that an electric locomotive
will pass through the neﬂtfal section_undeffmaximum Ioad con-

ditions.,

Contact wite [ o800 | yive. L2 2 m

. Fig. 501.2.2 Composition of the Neutral Section 

Length of'thé_heutral section to separate DC and AC seétiqng

When the electric locomotive keeps running from DC to.AG_Section
without proper handling, the protective feiay will operate and the
safety measures are taken as shown in Table 5.1.2.1. For.this
purpose Cthe length of the neutral section is detérmiﬁed'loﬁg

enough for the electric locomotive to remain within it until the

safety measures are completed, The neutral section length is

determined as shown in the following table.
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Table 5,1.2.1 Neutrsl Section Length Based on Test

Results
.'of_Electric Locomotive'(EFSI)
Ttem Measured Adopted
_ _ o : value value -
A | Arcing time (ms) ) . T g0
B | Main motor voltage drop (ms). °97. 600
‘Voltage reldy operation (ms) 230 300
c Opéfatioh pfﬁrelays and auxiliary 110
-¢ircuit.bfeék§rs;(ﬁs) _ 106
Mainﬂéiféhit bf§akef,pperation (ms) 100
B .Sqfety margin (ms) - 100
A+ B+C+D (ms) o 933 1,410
Effective langth for 110 km/h speed (m) 28 W3
E_| Spacing between pantographs (m) 15.2
Réquired ﬁeutral'section léngth {(m) 43.2 58.2=6d

~ As shown in Table 5.1.2.1, the neutral section length of 60 m is

adopted.
- 60 m
DC séction 20 m . ¥m J 8 m AC section
. Contact wire | Insulator| Contact wire Insulatm| Contact wire
SEI T

e

Fig. 5.1.2.3 Composition of the Neutral Section
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' Appendik-5—3~1 . Comparison of Bxpenditures on TréetioefSyStemf:

Alternetiveée .

1. Premises -

‘The electrtfication of the main 1ines will progress at an annual

rate of 100 km including the Merak Line (Merak = Serpong) which will -

‘be completed in 1997._

In JABDTABEK 1ines, 113 4 km will be DC electrified by 1992 the

.Tanahabang—Serpong section (23 3 km) in 1997.

2. Ttems ef'ekpenditﬁtes

Only the expenditures listed below are coﬁparéd:_

a,

(a)

(b)

(c)

(d)

(e)
(f)
(g)

b°

Investment'_-

Tractivef&hits operated in the electrified lines (including
JABOTABEK 1lines).

Facilities for locomotive changing (Alternatives. 1, 2, 6, and
7.

Malntenance fac111ties for electric loeomotives operated in the

JABOTABEK lines (Alternatives 2, 4 5, 7, and 8)

New dbuble tracks with AC electriflcation in the.

Manggarai~Bekasi section (Alternative 7).

Converting the JABOTABEK electrification system from DC to AC

(Alternaiive.B).

New DC electrificetion of the Tanahabang—Serpong section
(Alternatives'l, 2, 4, 5, 6, and 7).

New AC electrification of the Tanahabang—-Serpong section .
(Alternative 8),

Maintenance cost

Maintenance cost corresponding to the investment items in a;
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3.

A1)

Yuel/power cost

Fuel/péwéfICbst for train operation on the Section and the Merak

1in¢ (Mefak*Jakarta).

Residual value

The residval value of the facilities and tractive units.

Unit éosté_

Tractive unit

a. Locomotives

~EL (DC) 1.00
CELO(AC)  1.30
EL (AC/DC) 1.40
DL 1.30
oL - 0.85

b, Electric MU cars

EC (DC) 1.00
EC (ac) - 1.10
EC (AC/DC)Y 1.13

(978 million Rp.)

{New rolling stock)

(Existing rolling stock of 10-vear use)

(638 million Rp.)

{2) Converting from EC (DC) to EC (AC)

(:?onvérsion includes installation of additional circuit breakers

3y

(4)

59.5 million Rp./car _

transformer and rectifier.

Eleéttification'facilities {JABOTABEK lines)

AC system 255 million Rp./km

DC system 306 million Rp./km

Converfing electrification facilities from DG to AG (JABOTABEK

lines) '

225 million Rp./km
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Conversion includes new substations, 99ctioning*pdstﬁahd*AFj

installation -with land acquisitlon, and lmprovement of.sup-

porting structures, signalling and telecommunications.)

(5) Facilities for locomotive changing (Tambﬂn, Cisauk)
DL - EL(AC) 4,247 willion Rp.
CEL (DC) - L (AC) 4,674 million Rp.

fFacilities include land acquisition, constructing additional
eidings and lead tracks, and installing power supply changeove1 :

by facilities.

: (6j New -double tracké:ﬁith AC electrification in the Manggarai-Bekasi

section-
2 920 mlllion Rp» /km
Double tracking includes improving the Manggaral Station and
constructing passenger car storage tracks_at Cipinang. '
(7) Fuel/power cost

a. Passenger train

EC 730 Rp./train-km =

EL 7 .663;Rp;/tfain—km
DL ‘880 Rp./train~km

b Freight train
EL’ 932 Rp./train-km
DL 1,408 Rp./train-km
4. Tractive unit
_(1) Main lines

Number of tractive units required for the main lines is shown in
Table 5.3.1.1.
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(2) JABOTABEK llnes

Numbe1 of tractlve unlts requlred for the JABOTABEK lxnes is

"shown in Table’ 5 3. 1 2.

.'Tablé S.3;1g2':ﬁumbef-of'EMU CérS f§r JAﬁOTAEK Lines .

1992 | 1993 | 1994 |.1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001

336 | 384 | 432 | 480 532 | 584 | 632 680 | 728 176
(76) | (48) | (48) | (48) | (52) | (52) (48) | (48) | (48) | (48)

Note: Flgures within parentheqes ( ) indicate tractive unit

newlv 1ntroduced
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5. Kesults
~..% The 'annq§1 expenditures and their net present values (NPV) are

 shown in Table 5.3.1.3.
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Table 5.3.,1.3 Annual Expénditure and

NVP

{Unik: milli:on_ Rp.)

v 1 1a92 | 1093 | 1994 | 1095 |=1996 | 1097 [“ig9a-| 1599 2000, | 2001 :_ﬁijt:““
Alkernative .1 . RS B O - A SR [ I AR MR P L
: Tractive wiE 246,494, 1@3,645 44,615 | 45,889 | 44,615 _iz;og; 52,263 | 45,889 | 45,889 | 45,889 | 45,889 3§5.299-
Investment Gi-c.:und fal:il_i.l’-ieﬁ 6,507 | 4,249 | ’ ) Clagaerf N s e 13,068
Satncenined | Fracetva entt | 21,965 ] 2,000 2,503 3,004 | 3,590 | A0l | 4,772} 5.262] 5,818 6,304}, 6,878y
cost ' T '.fncil-iti_.&‘s a0 T T B . el TN Y AT Y TUUARY L 14B{ 14B ) :
Sy Po— e a1 | 7,406 7,549 | 7,685 | 1,823| 7,964 {10,071 10,257 | 10,448 1g.§§g 10,839} .
Total ' 324817 | 137,359 | 54,705 | 56,645 | 56,007 | 54,028 | 78,641 | 61,576 | 62,296 163,030 | 63,751 399,068
Alternative 2. R | , i I .:. — | g .. : R 3 : -
. Tragtive unit 350,807 | 130,464 | 44,615 | 45,597 | 44,615 [ 41,768 | 54,302 [ 43,869 | 45,592 | 45,592 | 45,597 386,372
Ir?\res!:ment Ground facilities |- 7,987 5,949 - . . 11,812 R O A BT N
| Haintenance T:activg'unin o Y6484 1,496 ] 1,989 | 2,450 2,987] 3,446 | 4,034 | 4,563 ) 5,063 5,570 6,080 ’
ost  [orind facilitles S36| 55| 55} . 55| 55| . 53| 69| - 169f  16s| 169 169
Fuélfpuwer cost '_'gﬁ,ssa 7,008 | 7,136 ] 27,2631 7,393] 7,502} 89,4041 98,6171 9,736 ©9,981 10,161 ]
Total i 324,645 | 144,952 | 53,153 | 35,400 | 55,050 | 52,796{ 79,781 | 60,238 | 60,622 | 61,342 | 62,002 411,890
Alternative & _ SR S T s s 1 B _ . .
Trackive wnit 249,189 | 127,793 | 44,275 | 45,643 | 47,011 [ 41,35) S6,401 | 45,643 [ 45,643 | 47,011, 47,011 | 404,234
Investment. ‘[oooind facllitles | 2,984) 1,275| T A PR DR I 7,446
Hatntroamce | Tractive it 18,427 1,482 1,955] 2,460 2,983 3,637 4,066 | 4,572 5,078 | 5,606 6,123
cost Ground facilities 711 13 13 13 13 131, 84| . oes| . 8&| . B
Fuelfpover cost 46,556 | 7,008 |.7,134 | 7,263 7,393 7,527 | 9,444 1 3,617 95796 9,981 10,161 .
Totel : 317,367 | 137,551 | 53,177 | 55,379 | 57,400 [ 52,328 | 77,133 | 59,916 | 60,601 | 62,676 § 63,379 | 411,698
Alternative 5 . - T . S - . } N o
: Tractive wnic 366,892 | 146,769 | 44,275 | 45,663 { 47,011 | 41,351 | 56,400 | 45,663 | 49,722 47,011 | 47,011 | 415,612
Tavestment Ground facilities 2,984 1,275 o ’ o 7,138 . ’ : . 7,444
Maintenance | Tractive wnic 19,572 ] - 1,653 | 2,146 | 2,651 | 3,174] 3,629 4,257 4,7631 5,31} 35,8341 5,357
cost Ground factlities 211 13 13 13 13 13 24 84 84 84 B4
Fuel/pover cost 37.007| 2,086 7,211} 7,341| 7,473 7,608} 9,526 .9,671| 9,982 ] 10,067 10,249
Total 336,666 | 156,794 | 53,645 | 55,648 | 57,671 | 52,601 | 77,406 | 60,161 | 64,999 [ 62,596 | 63,701 | 423,036
Altarnative 6 . R ’ ] - :

. Tractive unit 764,855 | 144,636 | 43,340 | 45,859 | 44,615 | 42,065 | 53,537 | 43,346 | 49,798 | 47,184 | 45,889 | 397,205
Tnvasteent [ ound facilicies | 6,507 | 6,248 R _ 12,387 T 13,769
Maintenance | Tractive unit 23,184 2,226 ‘2,707 . i,_238 3,730 | 4,205} 4,988 | 5,468| 6,042 6,390 7,117 :
cost Ground facilities 430 38 a8 38 | 38 48] 148] -148[ - 148 148 )
Fuel/pover cost 49,803 7,478 7,613 7,750 | 7,889 [ 8,032 {10,240 {10,327 | 20,517 | 10,713 | 10,913
Total 344,779 | 158,627 | 53,698 | 56,915 | 56,273 | 54,350 | 80,200 | 59,289 | 66,505 | 64,615 | 64,067 | 410,974
Alterpative 7 : ] ’ ) -

Tractive unit 243,666 | 124,283 | 43,340 | 46,615 | 45,889 | 40,790 | 53,537 | 44,615 | 44,615 | 47,164 | 45,889 | 391,460
lovestoent T Cod faeliitles| &1,456 | 48,014 " 11,387 ' 23,461
Maintenance | Tractive unit 18,790 1,508 1,989— 2,481-) 2,991} 3,437 | 4,215( 4,708 5,201 5,74%)] 6,259 ‘
est [ Ground facilities | 2,833 44z a4z 442 342 442 589 589 | 389 583 589
Fuel/power cost 1 a7 ase | 7.060] 7,166 7,295 | 7,427 7.561) 9,683 | ,862 | 10,046 | 10,234 | 10,425 )
Total 353,904 | 381,287 | 52,937 | 54,833 | 56,749 | 52,230 79,401 | 59,774 | 60,451 | 63,736 | 53,162 ) 440,921
Alternative 8 o . . ] .

Tractive vnit 271,068 | 142,681 | 46,399 | 47,674 | 48,948 | 44,105 | 58,126 | 47,674 | 47,674 | 48,948 | ag, 948 416,092
Iavesteent [ ound facilities | 28,151 26,769 . 3,948 ' 5,376 |
Haintenance | Tractive unit 18,765 | 11,4497 1,963] 2,490} 3,030] 3,510 4,160 &,687] s5,218] 5,753} 6,297
cost Ground Facilities 188 n 13 13 1| 1. 72 72 72 72
Fuslfpover cost | as,ss6{ 7.008) 7,03 7,963] 7,393 3,507 3,00s 3,617 | 9,796 | 9,981 io,m;
Total 364,776 | 177,920{ 55,503 { 57,440 | 59,384 | 55,155 | 77,751 { 62,050 { 62,760 [ 64,756 | 65,478 | 422,466
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6. Analysis
Acgptding to Table 5.3.1.3, alternative 4 has the lowest NPV,

- The analysis of each item is desérihed iln the following,

(L)VVEnVéstment on ground Facilities

Alternatives 4 and 5, which do not requilre locomotive chénglng,
'are more economical Ln terms of initial investment by 3.0 to 4,5
billion Rp. compared with alternatives 1, 2, and 6 which require loco-
motive changing. Furthermore, the same amount of savings can be

expected when'the Merak Line is electrified in 1997,

Alternatlves 7 and 8 require a large ianitial investment. Namely,
alternative 7 requires 47 billion Rp. for the construction of new
double_tracks with AC electrification; and alternative 8 requires 25
biliion Rp.. to convert from DC to AC electrification system.

(2) TInvestment on tractive unit

Alternative 7 is the most economical since EL (AC) hauls most
tralns. Tt saves 3 and 5.5 billion Rp. compared to Alternative 1 and

4, feépectively.

'Altefnative 1 which uses existing DL, can save approximately 4

billion Rﬁ; compared with Alternatives Z and 4,

Alterﬁatiées 5 and 6 which adopt some EC trains on the main lines

are relatively expensive.

.Aiternative 8 requires the highest investment because of high con-—
version and purchasing costs of EC (AC) for the JABOTABEK lines.
(3) Maintenance cost

The maintenance cost of ground facilities is relatively small for

each alternative.

Alternatives 1 and 6 which use DL, require higher tractive unit
maintenance cost by about 0.5 to 0,7 billion Rp. per year compared

with other alternatives.

..67_



N (4)_ Fuel/power cost
Alterﬁatives'l and 6 additionally réquiie:0;35 to'OgG billion Rp.

© per year.
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Appendix 6f7*1 simulation Analysis of Track Capacity
between Cikampek - Cirebon

Objective

Simulatign analysis was conducted to estimate the extent to which

track capacity between Cikampek - Cirebon can be increased through

- {mprovement of rallway facilities.

Method

Usihg'JNR's Diagram Planning System (DIAPS), train diagrams in

_the section were made for five cases of different train speed and

facilify conditions.

" Five cases are as follows:

Case 1. No change

Present operating and facility conditions are maintained.

Case 2. Electrification

 Train speed.will'be'increased by electrification, while

maintaining the present track and sigunalling facilities.

Case 3. - Automatic block (without block signals) & relay/felectronic

interlocking device

In addition to Case 2, existing block, interlocking and

signailing devices will be modernized.

Case 4. Automatic block.(with block signals)

In addition to Case 3, block system will be uﬁgraded to

allow successive train operation between statioms.

Case 5. Passing track

In addition to Case 4, new passing tracks will be provided
at two inter-station sections which are regarded as bottle-

necks to the track capacity of the whole section.
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3. Basic Data

(1) Stopplng sLatlon and tlme £or each traln type

'Stopplng statlon ‘and tlme for each train type were assumed as.

_shown in Table 6 7.1, 1

(2) Train haﬁdiiﬁgltime-for-each;case‘r
Train handling time at Station for each of the five cases were

assumed asshown in-Téble56,7[l;24

'(3) _Standald operatlon tlme for. each train type

Operatlon tlme between statlons was’ assumed foxr each type of
'1Ztra1p per each_dlrect;qn. Operatlon t;me 1n_case 1.was taken'

from the present tréin'diagram; and those in'éasqs 2 - 5 were

assumed by'takiﬁg'into_consideration'speedmup.by_electri*

fication, as shown in Table 6.7,1.3,

(4) Track diagram’

Station tracks used for train crossing and passing were de-

termined as shown in Fig. 6.7.1.1.
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4, Scheduling of Train Diagram

(1) All trains were assumed to be operated through the whole section.

(2) Ratio of txains by type

Trains were set up in accordance with the following ‘ratio for each

type. o
as PésSenger'tralﬁ t: ﬁréight'traiﬁ =710.:'1"
b,- Passenger train o _ 5 .
:Super express/express ¢ Fast : Local = 3: 2 : 3,5

o, ?Freight traln

-ofExpress/Fast : Local = 1 : 1

(3) Operafing time zone

Trains were set within the following time zones at Cikampek.

Table 6.,7.1.6 Time Zone for Train Séttihg (atICikampek)

Train For Jakarfa For Cirebon

Super express, | 3°30' - 5°00' ] '6°30' -~ 8°00°

| express & fast | 7°00' - 12°30' | 10°00' ~ 15°30"
Passenger ' 15°30' - 20°30' | 18°30" - 23°30!
Local - 3°30" - 20°30' || 6°30" - 23°30"

Freight | 0°00' -~ 24°00' | 0°00' - 24°00°

{4) Hinlmum headway

Minimum headway for successive train operation in Cases 4 and 5 was

assumed to be 3 minutes,

(5) Construction of new passing tracks

In Case 5, new passing tracks were providéd.at Cipedang and

Sukameléng which have no passing track at present,
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6.7.1.1 Passing Tracks in the Cikampek - Cirebon Section

Fig. s :
Used in the Simulation



5. Slmulatlon

_ After 1nputt1ng Lhe basxc data, tralns were set up through man-
machlne lnteractlon usxng graphlc d1splay (Photo 6 7 1 1) ‘In the'

31mu1at10n, the number oF tralns ‘at “the. tlme when Lotal slack tlme,'_
_which represents wasteful stOpplng tlme at statlons to - av01d confllct
.between two tralns, reaches. 20/ of the- total traln hour ‘was adopted as

the practlcal traclk Qapac;ty.

Photo 6.7.1.1 - Simulation by DIAPS

6. Simulation Result

The result of the simulation is summarized in Table 6.7.1.7. Train
diagrams, with the maximum number of trains set up for each of the five

cases, are shown in Figs, 6.7.1,2 - 6.
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7.

The Outline of the Simulafion

(1)

Processing of the Slmulatlon

a.

Train number - N
Origin station, and N

departure time — DIAPS — 7
Destination station, : i ??

A planner: schedules a train in consideration of the tentative
plan. He 1nputs the follow1ng processing conditions of a
_traln, the train number the origin station, the departure
time at ‘the orlgin the destination station,'thé arrival. time
at the. destlnatlon, taking into account statlon yards, rolling

stock rosterlng and driving crew schedullng

The computer calculates the arrlval and departure time of the
train at every way station with conditiong glven in the step
a. and b331c data of net operation time, stopplng way station

and the stopplng time etc. which are 1nput in advance,

When'the proCessing of the step b. are completed, the computer
dlsplays the operatlon diagram of the tra1u on the CRT graphic

dlsplay dev1ce.

Then,.the.plannef.makes decision whether he is satisfied with
the computer output or not. If satisfied, he returns to the
step a. to set up the next train. If not satisfied, he will
.ihpﬁt the alternative condition and order the computer to

start the calculation.

(Input conditions) _ Train diagram

% L]

and arrival time // \\\\\\\\\\

. Station fac111tles

* Basic running time

* Operation time zone
* Way station to stop,

Fig. 6.7.1.7 Processing in DIAPS

Simulation
results
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(2)

System
1.3 Mips
Memory - B MB
VM/MVS /(S

Mul tiplexer
 Channel

configulation

IBM 4341
Virtual Memoty [
: 2 MB

MeX|

IBM 3705
Communication
Control Unit -

.._____.___, LW____ﬁM_M__.__ﬁ —_— e — ."_,m_...ﬁ___w .__ _____
lpoM CM : AR A
(Radio) (Cable) (JNR Head Office)
: | CIBM 3277
| Modem l Modem Charactef'

" [Modem]

IBM

- |IEMT3375(

“{Magnetic|
Disc

jDiSczA‘;
200 CYL

' (Computér'Centér,fkTRI)

| Display Un

itc%T::\

Light pen

Tektronix 618

Display Unit

Versatic
82224

Electrostatic
Plotter

13271 e

L Graphic
Control Attachment

Unit

Graphic

Versatic Versatic

335-13 o512
Control Multi¥

Unit ‘| ‘plexer

Fig. 6.7.1.8 Devices Configulation
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Appendix 6—?f2_ Iranspdftatiqn Plan Based on the Maximum Spead of
‘ 120 kun/hr |

1. . Introduction.
During discussions on the Interim Report, the Indonesian side -
requested to prepare a plan based on the maximum design speed of 120
‘km/h; ' ' '

It is assumed that all technical problems are identified and
sqlved}{_Spe¢ificaliy, wheel-rail dynamics need careful atteation and
may_hecéésitéte new. light-weight car and truck design and more
stringent maintenance standards, inspection and maintenance of rolling

stock and tracks.

'Eléctric_locomotives and fixed installations in this report would
meet the requirements of 120 km/h, but signaling; highway level
crossing, and possibly turnouts in stations might need further
invesfigétion. In this context, the experience of fhe Japanese
National Railways would be of value.

2. .Operation Time
Operation time, including the operational margin but excluding the
'stdpping time and the passing time, is calculated by assuming the
" following conditions: '
(1)  The gfades and curves of the railway are unchanged.
(2) 'The train types are sdper—expréss and express.

(3) The speed when passing through stations will be limited to 70
ka/h.

(4) 1In the Jakarta-Bekasi section, the trains will operate via the

Eastern Line, and the operation time is unchanged.

The calculation results are shown in Tables 6.7.2.1 to 6.7.2.6.
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Table 6.7.2.1 Operation Time of Superuaxﬁfes§ Tféiﬁs}ih

’ the-Jakarté~Sufabaya Section berthérn Line)

Station -

Diétauce_between
" stations (km)

Operation'fime (miﬁufés)~l

100 km/h (B}

Difference

Jakartg _

(Bekasi) o

57290

(via Eastern

Line)

120 km[h (A)

9.5

-39;'-,_5 o

(B =~ A)

0

Cirebon'.

192,616 e

12k.0 7

10.0°

Tegal

75.863

4895 :

B

53.5

5.0

Pekéiohgﬁn

60.130

42.5 '

3.0

Semarang

87.980

65.5 .

67.0

1.5

Cepu

139,107

91.0°

97,5

6.5

Bojonegdro

36,058

26.0

i.0

Surabaya .

104.802

70.0

74.0

4.0

Total

723.846

©503.0
. (8h 23m)

534.0
(8h 54m)

31.0

Note: The train does not stop at stations enclosed in parenthesis.
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_ Table 6.7.2.2 Operation Time of Super-express Trains in

the.Jakarta~Surgbaya Section (Southern Line)

1'Disténce'betWeen -

Operation time (minutes)

Différence

_ Sratlen ) sracions (km) [ 120 kb (A | 150 km/b ® 1 - a)
Jakarts 27290 39.5 39.5 0
(Bekdsi) — e —
YR 192,616 124,0 134.0 10.0
Cirebon. e : :
: R . 1300787 H 93.0 96-5 '3u5
. Puryokerto e
e 166.885 115,5 1 120.5 5.0
-Yogyakarta i :
— — 59,238 43.5 46,5 3.0
Solo = —
"Madiun e e - -
. . ) 680895 4495 49-5 5-0
Kertosono | T
- 87.109 60.0 65.5 5.5
Surabaya . _ _
T — - 580.5 618.0
Total 829,757 (Sh 40m 30s)| (10h 18m) 37.5
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Table

6.742,3 Oparation Time of- Expxass Trains 14

the JakarLa—Surabaya SecLiOn (Northern Line)

- ‘Station

: Distance between

: statlons (km)

;HOperationﬁtiméﬁ{miﬂutes)’

Diffz?aazs*

Jakarta

(Bekasi) -

27,290

.lzo,kmlh.(A);'

39,5

10Q3km/h5(B)

39,5

(B-A)

Cikampek

'572455“ 1_.'

. 38.0

2.5

‘Jatibarang f

95:113

62,0

5.0

40,048

Cirebon

2.0

Tegal:

U 48.S

53,5

Pekaléngah

60,130

39.5

42,5

C 30

‘Kaliwangu

69.791

‘53‘0.

Cs4.5

L5

Semarang

- 18.189

14.0

14,0

Ganbriﬂgan

60,309

43,0

3.5

Cepu

78,798

53.5

56.0

2.5

Bo jonegoro

36.058

25.0

26.0

1'0

Surabaya .

104.802

70.0

76,0

4.0

Total

723.846

510.0
(8h 30m)

540,0
(9h Om)

30.0
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‘Table 6.7.2.4. Operation Time of Express Trains in

-the Jakarta-Surabaya Section (Southern Line)

Diécénce between

Operation time (Minubos).

Difference

(9h 55m 30s)

{10h 32m 30s)

?tati9“- | stations (km):' ['120 km/h (A)-| 100 km/h (B) (B~ A)
Jakarta 214290 | | |
S (Via Eastern 39.5 . 39.5 0
{Bekasi) . Ll“e) - ‘
e 57.455 38.0 S 40.5 2.5
SCikampek - . — s :
N ..' . 95.113 - 62,0 67.0 5.0
Jatibarang : - - -
F e 40,048 27.5 29.5 2.0
|1 Cirebon :
T © 130,787 . .93.0 96.5 3.5
Purwokerto T —— : -
— : 27.167 20,5 21.0 0.5
Kroya
— 47.956 34.0 36.5 2.5
Kebumen : :
e 28.113 20.5 21.5 1.0
Kutoarjo . —— ; ' -
63.649 46.0 47.0 1.0
Yogyakarta — :
R 28.570 21,0 22.5 1.5
Klaten —
—— 30.668 24,5 26.0 1.5
Solo e :
- -28.959 19.5 20.0 0.5
Sragen ——
67.978 43.0 48.0 5.0
Madiun — :
68.895 44,5 49.5° 5.0
Kertosono
39.530 27.5 30.0 2,5
Mojokerto —
. . 47.579 34.5 37.5 3.0
Surabaya .
Total  899.757 595.5 632.5 37.0
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Table 6.7.2.5 Qperation'Timeiof'Supef4express Trains in -

the JakaftafBandhﬁé SeCtiﬁn-

‘Station

Disténde;bgtwgen
~stations (km)

“Operation time (minutes).

'120_km/h (A)‘

.Differen@é

'!Jékaf;a

' 3(Békésij";

127,290

39,5

1100ﬁkm(b;(B}

(B %ﬁA)

.Qi o

-(Ciﬁaﬁﬁek)

57.455

5.0

BaﬁdUng' )

89,727

89.5

91,0

.135 o

Total”

174,472

165.0

~171.5

‘(2h 5lin 30s)-

6.5

(2h 45m).

Note: The train does not stop at the statioiis enclosed in

parenthesis.

Table'6}7.2.6: Operation Time of Exbress Trains in

-thefJakarté—Bandﬁng_Sectidn

Station

| Distance between

stations (km)

Operation time {(minutes})..

120 km[h (A)

100 km/h (B)

Difference

Jakarta

(Bekasi)

27,290

- 39.5

39,5

(B = 'A)

0

(Cikampek)

57.455

38.0

43,0

5.0

Padalarang

. 75.065

80.0

. 81.0

1.0

Bandung

14.662

13.0

13.5

0.5

Total

174,472

170.5

177.0
(2h 57m)

6.5

(2h 55m 30s)
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3, Tfavelling Time

The travelllng time is calculated bv adding the stopping time and

Fthe passxng tlme to operatlon time with the followlng conditions:

(1) The super express ‘trains and the express traims stop at the sta-

’ tloﬂs shown 1n Tables 6. 7 2.1 to 6.7, 2.6,

(2) Thé*stgpping time is 2 minutes for super-express trains at all
stations, and 3 minutes at major stations and 2 minutes at other

stations for express trains,

(3) The time loss for crossing at each major section is calculated bv
assuming the numbér of trains as of 1992.

(Figs, 6.3.1 to 6.3.3 of this Report).

(4) _super express trains stop only for crossing another Super~

express,

Thg results of the calculations are shown in Tables 6.7.2.7 to

6.7.2.12.

The results are discussed in the following.

(1) ‘The difference betﬁegn'the operation time and the travelling time
..ié~approXimaté1y 60 minutes for super-express trains and more
thah'iOO minutes for express tr#ins in the Jakarta-Surabaya sec-
tion, The difference is attributable to the more frequent stops
for passing and regular stopping. In the Jakarta-Bandung section
the difference is of the order of 5 minutes because there are

less trains and less stations to stop at.
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B Table.6.7.2.7_-T:aveilihg'Time fromiJakéftai'

_ _(ﬂérﬁhern Liné}hqu?fﬁe;press)

Destination

“Travelling Cime (hr: mifs 566s)

 Ciréboh_

120 kafh (A
306,00

(186,Q'min&)

100 ka/h (B)

3:17.30

(19745 miny) |

(B~ A) min,

115

 Semarang’

. 5:153.30

= 7(35355).

@t

'20;5_:

.Sﬁfabéya

9:14,30

(554.5).

9:47.30
(587.5)

133.0

Table 6.7.2.8 Travelling Time from Jakarta

(Southern Line, super-express)

Destination

.Travelling.time (hr:'

min. sec.): -

100 ia/h (B)

“Difference

Cirebon

T 120 ka/h (A)
'3:06.00 '

(186.0 min.)

3:17.30

© (197.5 min.)

{B - A) min.

11.5

Yogyakarta

6:59.30

- (419.5)

7:20;00
(440.0)

21.0

Madiun

8:52.30

- (532.5)

0 9:122.30

(562.5) .

10.0

Surabayé

10:46.00

..(646,0)

111:27.00

(687.0)

41.0

= 100 -

" Difference |




Table 6.7.2.9,'Travellipg Time from Jakarta

(Northern Line, express)

Travelliﬁg}time (hr:

min. sec,)

Destination - : Diffepenge
fercio l2Q-km/h (A) IOQ km/h (B) (B = A) min.
Cirebon (134133&1) (233?36229.) 11.0
Semarang 5 s o
Sutabaya - (é?g}g;oo (ég_é)?'g;oo 34.0
Tabié'6;7.2.ld 'fia#elling Time from Jakarté
 (Souﬁhern.Line, express)
N Traﬁélling‘fiﬁe {hr: min. sec.) Difference
Destination 120 km/h (A) 100 kn/h (B)| (B - A) min,
Gixebon (1323'2&.) (205.0 min.) 1.0
Yogyakarta (4gi?;530' (4g;?§530 21.0
it ||
T BREvics S I
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Table 6.7.2.11

Tfavéllihg'Time of Super-express

-~ in the:Jékarta¥Bandung-Sectién-

 ;Differeﬂce:F..'

S “Travelling fime (hri min. 866.) | .. D ce
aeghion " 120 ku/h (A) [ 100 km/h (B)” | (B - &) min.
Jakarta - 2:50.00° | 2:56.30 605
Bandung (170 0 min.) -(176;5) ot

 Table 6. 7 2. 12 Travelllng Tlme of Express
1n the Jakarta"Bandung Sectlon
S‘ i ' Traﬁéiiiﬁé fihei(hf}'ﬁiﬁl éec.)_'  TDiffefenC§
eetion 120 km/h_(A) 100 km/h -(B) (B - A) min.

Jakarta - 3:03.00 . 3:09.30 6.5

Bandung (183}0'min,) (189.5) )

The travelllng t1me of the i?O km/h trains is compared w1th that

(2)
of current trains in the next table.
Table 6.7.2.13 Travelling Time Differences
. o , " {hr: min. sec.)
Current train. | Maximum speed ' Time veduced
(1985) -~ (km/h) _ edueec
Section Tréin Travell- N B _ :
' ing time | 120 (B)Y |} 100 (C)| A-BJ A -C | C~B
name : B
. : : {A) .
Jakarta- ' R _ _
Surabaya | Mutiara'l 1,06 061 9.14.30 | 9:47.30 |4:50.30]4:17.30| 33.00
(Northern Utara E ) S T T T '
Line) '
Jakarta- : :
Surabaya .| goo, 15:05.00 {10:46.00 {11:27.,00{4:19,00{3:38.00| 41,00
(Southern
Line)
Jakarta- Paraghi- 3
Bandung yangan 3:15.00 | 2:50.00 | 2:56.30 25.00 19.00 6.30
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4. Train Speéd and Operation Pattern

- Figs, 6.7.2.1 ~ 6;7.2.5“show the operation pattern of passenger

.trains,uéing travelling times prepared above.

 The7figuré'§hoWs the relation between travelling time and rbﬁnd—
trip frequeﬁCy assumiug the effectiﬁe time zones of 5 am. to 10 p.m.
Time-fequired_at terﬁinal station is assumed to be approximately 3
hoﬁts,'cﬁﬁsiétihg_of.déadhegding'time to the depot, cleaning time,
watet_supply"ﬁimé,‘inspéétion'time, ete,
o The relation between travelling time and operation pattern is
shown in Table 6.7.2.14. From the table, 14 trains (marked with 'o')
can make round—t:ip'within the effective time zone at a maximum speed
of'120'km/h,.éompared with current 9 trains, enabling round-trip for 5
trains,:i,e., 3 Jakarta - Sﬁrébéya trains, 1 Jakarta -~ Yogvakarta

‘train and 1 Jakarta - Semarang train.

] 2

i e —— et 1S
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f
|
|
|
!
{
l
|
i
)

¥y

Eais bt

1

]

i

|

|

i
|
I
i

1
le

t 7 hy 13 py 7 hr

Fig.-6.7.2.1 Operation Pattern (1) (Daytime traius, I round-trip)
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Sy -l | L
l | 1 o o
| I | A L
{ 1 l ] I E ;
" 4 hr  2.5hr 4 hr "1 :

Fig. 6.7.2.2 Operatidg Pattern (2) (Daytime trains, 1.5 round-trips)

B | 22
7 - :
i { . :
o

R 5
! ! |
i i f
| N |
i * ]

-1 j :
. N I
ir 9 hr T3 hro T § br "3 hr |

Fig. 6.7.2.3 Operation Pattern (3) (Combination of night and daytime
trains (A), 1 round-trip)
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Note: This pattern cannot be used repeatedly because it
_:does_nbt afford time for cleaning ahd'the.like.
It can be used, however, for other trains after

"5 o'clock of the next day.

Fig. 6.7+.2.4 Operation Patterﬁ.(&) {Combination of night and daytime

trains (B), 1 round-trip)
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6 hr “1'3 hr
Note: The arriving time of the night train is not within

the effective time zoune.

Fig. 6.7.2.5 Operation Pattern (5) (Combination of night and daytime

trains, 1.5 round-trips)



Table 6.7.2.14 Train Operatlon Secrlon and Passenger Train

Dpelatlon Pattern'"‘_f

Super-express

Max. Eraih-’r?alnv.' train”traVelﬂ Operatlon pattern
s operation. :
‘speed TEE K ling t1me _

S section (hr min, (sec) (1) (2) (3) (4) (5)
120 km/h | Jak = Cn | 3:06- | o | o x| x| x~
operation [——— B L NI B B "1 .

: Jak '~ Sm 5:53.30 . [ ol x{o| o]0
(Northern | 9:14,30 | x| xlo.| o{x
. Llne) - ) . )
'Jak—Yk C6:59.30 | o | x|o | o x
s | g
(Southern | 10:46 . x Px x| o |x
Line) 1 ' B ' '
Jak - Bd. 2:50 ol o | x| x|x
Current Jak -~ Cn | 4:00 0 o. x| x| x
trains — : — : ‘ :
Jak ~ Sm’ 7:15 ol x oo |x
Jak - Sb : _ )
(Northern. 14:05 x box fx | x {x
Line)’ ' L ' '
Jak - Yk 10:00 - - | x| x o jo |x’
Jak - Sb o :
~|(Southern 15:05 x | % I'x | x| x
Line) L :
Jak - Bd 3:15 . o fo x| x |x

Note: * The required time at the terminal station becomes

a little shorter than 3 hours.
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5. Effect of 120 km/h Operation
(1) Increase in traffic demand

As mentioned before, travelling time, substantially reduced com-
' pared with the current tralns as a result of the 120 km/h operation,

'w111 increase railway traffic demand.

(2) Improvement in relling_stoek utilization

when the travelling time is shortened, the vunning distance per
'day increases, . Since the locomotives can be eommonly used, the reduc-

tion in travelllng time directly improves the utilization efficiency.

It must be remembered “however, that passenger cars. are normally
used in a fixed comp051t10n, so the utilization eff1c1ency varies with

the p0351b1e number of round trips in an effective time zone,

(3) Number of passenger train set-ups and cars

The number of passenger cars required in 1392, excluding those for

local trains, is shown in Table 6.7.2.15 for each maximum speed cases,

 Their total numbers are 634, 654 and 884 for 120 km/h, 100 km/h
eﬁd current speed, respectively. Upgrading from the current speed to

120 km/h yields a savings of 250 cars or 28.3%.
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Tablé 6.7.2.15 Passenger Cars Required for Each Maximum Speed in 1992

Namber of train set-iips

Train type 1é¢c£1¢n_ hugyer of :_’(ipcluding:stand—ﬁy) T
R oo o . [tradns 120 ka/h | 100, km/h | Current speed
Jakarta - o | B R I
Super- | Surabaya |, | o, o]y 3
express = - |-(Northern " ; . .
train |- Ling) .. 1o . . . -
; . Jakatta = P B o A
Sqmarang . . ' : _ S
Jakarta. = A P ' : o
A SR N R 2 1. 2 : 3.
Cirebon . o6 NS B - .
_Jakgtta 4_ : )
Burabaya - - | o T, P S
{Southern LR | 2 :
~Ling): o o . _ _
Jakarta ~ S P o g 3
Jakarta - .'8 . ) 5 : 5' 5
|Yogyakarta | T o 7 L o7 L
Jakatta— - T 4 Ty . A
Bandung’ .- e T
iﬂmber - 19 20 2%
ey vsetaps e oo T T _
Sub 1 umber ‘off | : .
tota assenger - . 174 184 1. 224
ars . - o c ; B
_ Jakarta - . .
Express &. .| Surabayva 2 9 9 3
Fast o (Northern :
trains Line) .
Jaka;tq - 12 8 8 _ 8
.Semarang : . .
Jakarta - 18 6 6 8
Cirebon
Jakarta -
Surabaya. . .
N : . 5 6
{Southern) 4 3
- Line}
Jakarta -
Madiun 4 3 . 3 ] . 3
Jakarta - 18 1 11 ' 22
Yogyvakarta : .
Semarang — 2
Surabaya 2 . ? 2
Yogyakarta - 4 9 9 ' 3
‘Surabava
Mediun — ; i :
L _ 4
Surabava .14 3 4
Jakarta ~
Bandung 12 4 4 _ 3
umber of] _ 46 47 ’ 66
b — set-ups _
totai umber off
passenger - 460 430 660
cars
Total number of passenger - 634 654 884
cars .

Notes: 1, The number of passenger train set-ups is obtained from fhe
' passenger train operation patiern in Figs. 6.7.2.1 — 6.7.2.5.
2, The train make-up will be 6 cars for super-express in
Jakarta — Bandung section and 10_car9 for others.
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Appendix 7-1-1. Protection System of T-branch Transmission Line

In general T-branch system is used for transmission l1nes.
' However, T~ branch sybtem is becoming " popular even 1n 275 RV systems in .
Japan in view of - construction cost SaVLHg w1th the same protection

;1eve1

Table 7. l l 1 shows maln and back- -up prctectlon systems for multi-

termlnal transm1331on 11nes in Japan.
Sbme.typical'protection;systems are outlined in the following. -

(1) Current'differential carrier releying system

_ Th1s 1s a new rellable system using a microwave system._ This

system detects fault in the transm1351on llne by comparing momentary

'valqe of 1nf1uen; and’ effluent currents-at each terminal of the

system, As the system requires costly information system, it is

applied mostly for arterial transmission lines.
(2) Pilot_wire relaying syetem
Thls system uses exclusive communication 11ne called pilot wire

between each termlnal and detects fault comparing the current con~

dition at each=Lerm1na1.

This system is mosStly used in short-distance transmission line up
to approximately 20 km,
(3) Distance-direction comparison relaying system

This system detects fault by means of directional distance relays
that monitor both directions of the transmission line at each ter-

minal, and by comparing the results of the relays via transmission

lines.

This system is relatively economical because it uses power line
carrier system to transmit information between the terminals. It must
be remembered however, that, dépending on the system eonfiguration, it

may be unable ro provide sufficient protection,
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Table 7 1.1.1 Main and Back~up Protectlon Systems
of Transmission Lmes ' :

Humber .o_f .

275 kV = 187 kv

terminals 2 - . 3.0t more . Reiiarks
Fault Short-circuit. | Ground fault - fShort-cireult - [Ground fault :
Application : : : S
Pure ‘phase. comparison relaying Current differential -(FM, (1).In’ Eenerﬂl thel‘e is a maxi-
sy4¢tem, directional contyol - PCM)- relaying system, pure .~ mun-of three teétmtnalas
Main phase comparison relaying ‘sys~ phage comparison relay (2) Whén there are three termi-
- protection | tem, distance ‘directionazl com- | system, distance dirvection- nals, the- application of- the
) parison relaying system, pilot | al comparison relay system, phase ‘comparisen relaying
wire relaying system. - " Ipilot wire relay system. system ‘and distance -direc-
. : : B - . tiopel cemparison rélaying’
systeu should be examned
. with care.
- (3) The pilot wire relaying Byg—
. Back-up Distance directional relaying Same as left tem is advantageous for .
protection [ system’ ’ . . shert-distance ‘transmission
7 ldnes” (Appmximutely 20 km).
(4} In_ general, the main protec-
tion'is d_ijplicated.
Distance direc-|Power direc— Cuirkent differ-| Current dif-{ (1) “When fhere are three termi-
tional compari-jtional compari- | ential {FM, PCM)| ferential nals, the application of ‘the
. son relaying. |sob Telaying | relaying system]. (¥M; PCM) distance directional com-
. system system Distance direc~ | relaying parison relaying system and
=l .5 |Hain Pilot wire Pilot wire 1 tional compari-|{ system power directiongl comparison
| = |protection | relaying sys- |relaying sys- son relaying Power relaying system'should be
a g tem ten system directional examined with care.
ul o Pilot wire xe~ | compa¥ison | (2) The zeré-phase-sequence cir-
’ § ] ‘laying system | relaying culating curpént shall be
5 B system examined i{n conuection with
gl € Pilot wire the grouwad fault main pro-
g & relaying tection of -transmission
% . system ‘lines with multiple circuits
o 5 L — laid in parallel.:
E 5 Directional Ground fault {3} The pilot wire ralaying sys-
3 2 distance Jdirectional ) tem is applicable to short-~
L < | Back-up relaying sys~ relaying 'sys~ Same as left distance transmission lines.
ot protection | tem tem or over-
° voltage re- -
g laying system . .
ul ] . | : (1) The balance relaying system-
o g {Hain Balance re- Balance re- : should not be provided for a
@ ‘a | protection | laying system |[laying system Same as left single circuit.
L 3 {SSR) (SGR) : (2) The overcurrent system for
w8 P - back-up protection is appli-
= & Directional Ground' fault cable mainly to the 22 kv
u Backeu distance re-" |relaying sys- system.
e P laying system {tem or over- Same as laft {3) When the transmission lime
oo protection : ] - . >
co or overveltage |[volcage re- distance 1g.short, the
G| system - .
=y relaying laying system balance relaying system
system : should be examined with care.
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: APPeQdiX 7flf2 Selection of the'PowernReceiving System at Substations

1_In general, ;he conditiqns.below must be fulfille& in the selec—

tion of a substation power-receiving system for an electric railwavy.

a. The power supply system must have a sufficient short-circuit capa-
city so that influences to the system caused by the electric
railway load are within the permissible level required by the

- electric power company.

b,-The powé;:Suﬁply system should be highly veliable with little

outage and voltage fluctualion,
c. The power-receiving system should be economical.
d..  The power~receiving system should have good maintainability.

The ~above requirements for each substation are examined in the

-following.

(1) Xosambi substation

As for the influence on the pbwer source mentioned in a, the
‘maximum instantaneous value of the voltége unbalance rate surpaéses
the.iimit of PLN (2%) when a single—phase transformer with 70 kV power
reception is used. (Refét to Table 7.1.6.1). Therefére, a 150 kv
power~féceiving system should be adopted when single-phase transformer
is used. -

The voltage unbalance rate limit of PLN is not surpassed when a V-
or Scott-connection transformer is adopted with 70 kV power reception,

so 70 kV power reception becowmes possible.

As for the reliability mentioned in b, the 150 kV alternative is

more advantageous, as shown in Table 7.1.3.
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As. for the economy - mentioned in C, there is: praetically no dif—_i.
ferenee between 150 kv eingle phase ‘power reception with a- single~
jphase transformer faeility and’ the 70 kV 3—phase power 1eception with
a Vuconnection transformer faeility, but the 70 kv power reception
with a Scott»c0nnect10n transformer facility alternative is- rather
expensive._. ' ' h

As for Lhe ease of maintenance mentioned 1n d there.is'prae~ 
tically no dlfferenee between the various alternatlves. ‘; og

Therefore, the 150 kV single phase power receptlon “which is the
alternatlve with the highest rellability, will be adopted because it
satlsfles the llmit mentioned in a and there is practically o dlf— '

ferenee in. malntenance or. economy among the alternatlves.

(2):'Arjaw1nangun subatation

As for- the influence on the pOWeEr - source, the'eelculated value as
of 1992 (Table 7.1.6.1) for both 70 kv and 150 kv are within the limit
" even when a-single—phase transformer is used. Whén a eingle—phase
transformer is used with 70 kV'power'reception, however, the inStan4_
taneous value of the voltage unbalance rate approaches the limit of 27
.5(1 68/) furthermore, when the Northern Line is doubleatracked or when
the section beyond Cirebon is eleetrlfled it has the risk of sur—
passing 2%. Therefore, 70 kV cannot be regarded as sufficient when a
single-phase transformer is used. ' o

When a V- or Seott—connection transformer with 70 kv is hsed, the -
risk of surpassing'tﬁe 1iﬁit iz negligible, so the 70 KV power.recepa

tion scheme becomes possible.

As for tﬁe reliebility, the 150 kv alternative is more_advan—

tageous, as shown in Table 7.1.3 of the'Report.

As for the economy, there is practieally no difference between 150
kv single-phase power reception with a single}phase transformer faei—
lity and 70 kV 3-phase power reception.with a V-connection transformer
facility, and the 70 kV power receptiom with a Scott-connection trans-

former facility is rather expensive.
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As for maintenance, there 1s practically no dlfference between

each alternative.j'

Therefore, the 150 kv 51ng1e~phase power reception, Wthh has the
__highest reliability, w1ll be adopted because it satisfies the limit
' mentloned in 1) not only at “the present time but also in the future,
“and there is practlcally no difference in economy and maintenance com-

pdred w1th other alternatlves.
(3) Padalérang SubStétion

There is:no probiem-with requirement a, because the influences on
PLN system is under the permissible value for both 70 kV and 150 ky

system's_, asfsh‘cswn in Table 7.1.6.1.

In Connectlon with requirement b the 150 kv systen is more
rellable than the 70 kv system, -as shown in Table 5.1.3. 1In the
Padalarang Substatlon of the PLN, both 150 kV and 70 kv bus bars in
compound are interconnected’ by a '150/70 kV transformer, Furthermore
the 70 kV bus bars are interconnected with Puruwakarta and Cigareleng
substatlons= ' _ _

From above reasons, the 70 kv bus bars have high reliability with

practically no difference from those‘of 150 kv.

As for requirement c, the_construction cost of the 70 kV power
receiving facilities is approximately 180 willion RP. (13%) cheaper

than those of 150 kv.
There is bractically no difference for requirement d.

-in'yiew of the above consideration, the 70 kv power—receiving
system wiil be adopted because it meets the PLN requirements, has
practically'no difference in maintainability and reliability, and is
cheaper_in construction cost.,

Table 7,1;2.1 summarizes the above study results.
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Appendix 7-1-3 Caleulation of Voltage Droﬁ

Lo zﬁéiéulatihgxline:imﬁeﬁaﬁée

The line impedance 1is calculated for simple catenary and difeét

suspension sections as follows.

(1) Self?imﬁédaﬁcé'aﬁd mutual impedénce
"~ The selféimpédance and the mutual impedancé are calculated by
-cbmpﬁter forzthe-conditions'below-by using the Carson-Polazek
equation. . '
a. Conditions _
(a) Ground condﬁctivity. 0.01 s/m (Value givéh.by
. _ _ ' ' the Master Plan)
~ (b) Frequency - ' : 50 Hz
(c) Rail : R14 {The most popular rail
' “used in PJKA)
(d)'Pole.mounting As shown in Figs. 9.2.7 and 9.2.8 of

 the Report.

b RESultS

Calculation results of'self—impedance and mutual impedance

are shown in Table 7.1.3.1 aod Table 7.1.3.2, respectively.

Table 7.1.3.1 Self-impedance .
| - ( Ohm/ km) -

Seif—impedance Direct suspension Simple catenary
overhead line (Zy) 0.2084 + 30.7657 0.2027 + 0.7286
Feeder (Zy) 0.3439 + 30.7644 - 0.3439 + j0.7644
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‘Table 7.1.3.2 Mutual Impedance B
SRRt L _(Ohm/km)

VMutual 1mpedance - "ﬁitéct'éhépenéibn:n{'- Simpile cacehéry'
Between, T~F(2TF) 10,0486 + 30,3444 - | 00,0486 + §O.3444

(2) Llne 1mpedance'
The ling 1mpedance 19 calculated bv ‘the 31mp11f1ed equatlou -

below, and the . results dre shown 1n Table 7.1 3 3.

-Z = 1/4 (ZT + ZF - ZZTF)

_Table 7 1. 3 3 L1ne Impedance

_ (Ohm/km)
Diréct suspension | - 0.114 + j0.210
Simple cateﬂafy ' 0.112 + j0.201

2, Calculatlon of power source and transformer 1mpedanCes

The ' power source and transformer impedances ‘of each suhstatlon are

calculated using the equatlons below.
(1) Equations
‘a, Power supply impedance

g2 x 2

'PS
where:
%0: Power sﬁpplv impédance'(Obm)

E Feedlng voltage (v)

Pg: Power source short-circuit capac1ty (VA)

b. Transformer impedancé
102 x (ZZ)
Pr
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: -wheref-'
- Zpi Transformer  impedance (Ohm)
ZZ;fTransformer percent impedance (%)
Pps Transformer capacity (kVA) |
E 1 Feeding voltage (kV)

(2)_Re$ults.

The calgulaﬁion éonditions and . the results are shown in.Table

7.1.3.4.

 Table 7.1.3.4 Power Source and Transformer Impedances

’ Short"' ) ' Trans_

_ . circuit- Tfaﬁéé | former Pover Tfans—
Substation | -ceding | capacity | former | percent | source former
yoltage of power | capacity | impedance | impedance | impedance

(k) source (kVA) () (Ohm) (Ohm)

(MVA) : ' '
Kosambi 2,798 | 20,000 15 | §0.4470 | 34.6875

‘ .Arja— . . : _ : .

Ara |25 | 1,000 15,000 10 50.7500 | §4.1670
Padalarang 1,315 5,000 10 §0.9506 | 36.2500

3. Calculation of:voitage drop
(1) Conditions

a, Line impedance
Shown in Table 7.1.3.3.

b. Power source and transformer impedances

.Shown in Table 7.1.3.4.

_c. Leakage impedance of the first autotransformer

30.45 (Ohw)
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- d, Power factor
~cos 0 = 0.8

e. Traction current -

Start _lﬁO(A)
Pdwefing lOU(Ai
Coastlng N O(A)

f.:Traln 1nterva1 (normal cond1t1ons)

.'Clkampeg - C;rqbpp - ' 8_(km)
.Cikampek ~ Bandung - 20 (km)
‘Békasi - Cikampek _12}5 (km) (for each single line)

g. Feeding voltage
maximum o 27,5 (kV)
‘Minimim (Instantaneous)  17.5 (kV)

(2) Reéulté

Eachiliné'is'examined for the-conditions which may causé the

minimum voltagé; '

Figs. 7.1.3.1 to 7.1.3.3 show train positions, traction cur-

rents, and feeding line voltages.

a. Normal feeding
(See Fig. 7.1.3.1)

b. Kosambi substation outage
When the Kosambi sﬁbstation is 6ut, the Arjawinangun substa-
tion will feed up to Xosambi, and the Padalarang substation up

to Bekasi.

(See Fig. 7.1.3.2)

c. ArJ&Wlnangun substatlon outage
When the. Arjaw1nangun substation is out, the Kosambi substa-
tion will feed up to Cirebon. ' '

(See Fig. 7.1.3.3)
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Appeﬁdix 7<1-4 Calculation of Electric Power Consumption

Electrlc power consumpt1on is’ the b331c data for d931gn1ng
electric faCLILCLQS, and 1s calculated from traln operatlon track
coﬁditioﬁs, étc.' The electric’ power consumption determlnes ‘the capa—_

city of the facllltles and prov1des data for calculatlng the influence

on tHe PLN svstem.

The electrlc pbWer'ébhsumption,is calculated in the following. -

(1) cCalculation equations
The electric pbwer'édnsumption is calculated by the Equétions
below, in terms of one hour average electrlc power and 1nstantaneous

maximum electrlc power.
a. Oﬂe hour average electric power (P4 (kw))
P, = (Number  of trains (train/hour)) x (Train-kilometers {km))
x {Train weight (£}) x (Electric power consumptién rate
frwh/t-km]) x (Gradient factor) x (Factor for auxiliary
equipment:) : (1)
b. Instantaneous maximum'eledtric pbwér.(Pp x (kw)) _
P, = P, + C/P, ' (2)

C is a constant, and the value below is used for 25 kV AC.
C =6.9 [Tty '
Ti: Maximum traction current of ‘a train (A)
(2) Electric power comsumption rate

The electric power consumption rate varies according te train
operation conditions such as train performance, maximum speed, sche-

dule speed, as well as distance between stations, gradient.
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The electrlc power consumption rate adopted in this calculation

the value used in the Japanese rallwav line similar to the section.
(See Table 7 1i4a 1)

Table 7.1.4.1 Electric Power Cbnsumption Rate {(kwh/1000t~km)

Train type Passenger Freight
train frain
Gradient . 1 Express | Local Expyess Local

Level | 19 31 11 16

(3) Gradient factor
. The’ gradient factor used in this calculatlon is shown in Table
7.1.4.2.

Table 7.1.4.2 Cradient Factor of Electrie Locomotive

Gradient (o/oo) | =10 { =5 | O 5 100 | 15 20

Gradient factor | 0.4 | 0.6 | 1.0 | 1.5 | 2.0 2.5 | 3.5
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(4D 'Calcuiatichfconditiqnsm'

'The“conditions.uéed in this caleculation are-shéwn 1n-TaBle

7.1.4.30

_ Téble'?;l:&.Sl1Coﬁditiohs=for Céicuiéting Eiédtfic“Powef:Consuﬁption

Section” - Jakafta ;'Cifébdﬁ::' Jakafﬁé-u BaﬁdUng"‘f
Substation | ;:KQSamhi : Arjawinangun B Kosambi Padalarang
Gradient 0 0 o | 15 o | 15
Feeding o _ _
distance 119 73 83- | 11| 19 | ‘38
2 (om) : IR A ) _
Paésengéi . - .
train A0 ' Same as the left
weight : : .
Freight
train 100 -« 670 ¢
weight )
Super express 24 " Super express 10
: _ Express 52 Express 2
Number of - - o
trains Fast 6 Fast 10
(train/day) _ : -
: ' Local 6 Local - 10
Freight 12 Freight = 8
Power
factor Cos0 = 0.8
Factor for
auxiliary 1.1
equipment:
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(5).

Calculation results

One hour average electric power

One hour average electrlc power calculated using equation

is shown in Table 7.1, 4 b4,

Table 7.1.4.4 One Hour Average Electric Power

(1}

Jakarta

. . Jakarta
Substatlpq _ | - Cirebon - Bandung .Total
o (kW) 9,700 3,300 13,000
Kosambi — :
' (kva) 12,200 4,100 16,300
(kW) 5,000 - 5,000
Arjawinangun p—--
(kva) 6,300 ~ 6,300
(kW) ~ 2,200 2,200
Padalarang - -
(kVA) - 2,800 2,800
_ (kW) - - 20,200
"Total —
' (kVA) - ~ 25,400
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b.:Instautaneous_maximum electric  power

instantaneous_maximum electric power=calculéted*by\éﬁuatipn (2)

is shown in Table_7;1,4,5.

Table 7.1.4.5 ,Instantanéous Maximum Blectric Power

.'inétaﬁtaﬁeon:maximqﬁ‘
o _value (KVA):
Kpsémbi T ; 27,100

Substation

_Ar;j'éﬁqj';ﬁa'ﬁgun- n .: ; ':.13,7'06'_.

padalarang | 7;800

=~ 126 -



Appendix 7f1~5' Determination of the Feeding Tiansformer Capacity

The feeélng transformer capac1tv is determlned accordlng to the

same’ standards as those of JNR Its contlnuous rating should surpass

the one hout average electric power. Furthermore 1/2.5 of the instan—
taneous max1mum eleotrlc power should be under its contlnuous rating.,

Electrlc power consumptlon at each substation calculated in

Appendlx 7= l 4 are shown in Table 7 1.,5.1.

Table 7.1.5.1 Electric Power Consumption at Each Substation

_ : One hour -average Instanténeous' Iﬁstantaneous
Substation electric power maximum electric | maximum electric
(kva) power (kVA) powar /2.5 (kVA)
| Kosambi 165300 | 27,100 10,840
AT jawinangun’ 6,300 13,700 5,480
Padalarang | 2,800 7,800 3,120

The feeding transformer capacity (kVA) should be determined con-

sidering the future increase in railway traffic.
(1) Kosambi substation

From the above calculation, the feeding transformer capacity

. required at present is 17 MVA, and 20 MVA is adopted.
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(2) ArJaWLnangun substatlon

The capac1ty'is-dete1m1ned 8§ follows by doubllug the calculated

value to c0pe w1th double tracklng between Clkampek and Clrebon and

exten51on of electrlflcatlon.- _ _
6,300 x 2= 12,600 (kVA) ""1S'Mi.r‘A-r o

(3) adalarang substaLlon :"

" The calculated value 1s é MVA but the maln transformer capac1tv

of 5 HVA 15 adopted con51der1ng future, load 1ncreases..
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Appendix 7-1-6 -Calculating Voltage Unbalance and Fluctuation

B Equatlon for calculating unbalance rate

Fhe equatlon for calculating the unbalance rate dlffers according

to- Lhe transformer: connection,.

(1) Sihgie—phase.transformer B
-~ U = (P/Pg) x 100
whefe: | _ '
v ;_Unbélance rate {%)
Py: Load power (kVA)
PS:'Shoft-dircﬁit capacity of the source (kvVa)

(2) V—connectLon transformer

—~(/PA2 + PBZ -~ Bar Py / Pg)x 100
where.

PA, Pp: Load of each phase (kva)

(3) Scott*connection transformer
-(]PT = PM ]/ Pg)x 100
' where. _ :
' ~ Py, Pyi Load of -each phase (kVA)

2. Equation for calculating voltage fluctuation

The equation for calculating the voltage fluctuation rate differs

according to the transformer connection.

~ 129 -



(1)-Singlé—pﬁaséftfaﬁéfdfﬁér'
ZPD/PS x.sin® x . 100 -
where ' B ' .
Vps Voltage fluctuatlon rate (A)
PD. Load power fluctuation (kVA)

'B_,'Power factor angle (rad)
(2) V—connectlon transformer_
VF - (ZPADij % sin 6 + PBD/PS x sin (e —'—)) x 100

where:

PAD) PBD' Load fluctuation of each phase (kVA)

(» Scott-connertlon tlansformer

v = (3 PTD/PS x sin (0 + -) + PMD/PS X s1n( 6 -3 x 100

where:

Ptps Pumpt Load.fluctuatipn of each phase (kVA)

3. Caleulation conditions

(1) The worst unbalance condition,.aSSuming maximum load for one
phase and zero load for the other phases, is adopted for calcu—
-1at1ng the maxlmum_unbalanqe oi‘V”connection and Scott-

connection transformers.

(2) In calculation of fluctuation rate, power factor cos 8 = 0.8 is

assumed.

(3) Voltage fluctuation at the substation is mainly caused by rapid
changes in the current due to train starting and/or stopping.
This calculation assumes that the maximum change of current of

150 A occurs when one train switches off from.full notch.
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- (4).

4.

(5)

(6)

(7)

(8)

The load values are’ g1ven by. the calculation of electric power

consumptlon (Tables 7.1.4. 4 and 7.1.4.5),

The short~c1rcu1t capac1tv of the systems is glven bv PLN (see

Table 7.1.2),

The perm1381b1e unbalance and voltage quctuatlon rates are

glVen by PLN (see Table 7.1.1).

The PLN limitation value corresponding to "continuous" is

applied to one hour average unbalance rate limit, and the value

corresponding to "less than one hour™ is applied to the instan-

‘taneous unbalance rate limit.

According to the transportation plan, more than four trains per
hour are -assumed to srart/stop in the serv1ce area of one
substatlon. Therefore, the PLN voltage fluctuation rate 11m1t

of "more than four times in an hour" 'is applied.

Calculation results

The calculation results in 1992 are shown in Table 7.1.6.1.
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Appendix 7-3'—1_.'Cha'r"acteristicsof 80 Hz Track Circuit
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Fig. 7.3.1.2 Rail-breakage Detection According to Track Circuit Length
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Appendix'7~3-2' Interference 1n Ttack CerUltS Caused

by VVVF Motlve Un1t

1. 80 Hz Code Track Clchlt o

Accordlng to the results of measurements conducted in’ Japan, the .
‘80 -Hz component in. the return current of the VVVF mOthE unlt, whose '
inverter current is 480 A, is: 0 4 to 0 5 A. _
“In thts ponect 1nverter current is. 1 110 A. Therefore, return
current 1s asqumed to contain the 80 Hz component as follows.
1 -110-"

0.5 x o A= 1.16 A

Assumlng that the max imum unbalence rate”of the track circuit is
10Z, the 80 H=z component that w111 get mlxed in- the signal current andi
flow into the track relay w111 be approx1mate1v 60 mA aCCordlng to the

followlng calculatlon

%xlléAxOlO 0.058 5 58 mA
7 It 1s concluded that the 80 Hz track circuit is able to cope w1th

the 1nterference caused by the VVVF locomotive because 1t can operate
stably for 80 Hz interference current up to 0.2 A, as shown in Table
7.3.2.1. | | |

Furthermore, even when the track circuit unbalance rete exceeds
10% due to an unexpected rail break and the 1ike and a large 80 Hz
VVYF unbalance current flows into the track circuit there.is no risk
“of the track relay energized at the fell-out side because the train is
detected by means of a coded current. ' '

The basic performance of the SO.HZ‘AC code track circuit sYsteﬁ is

shown in Table 7.3.2.1 for reference.
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2. DC Track Circuit

DG Track Circuit is free from interference caused by VVVF motive
unit because its return current does not contain DG component. -
The basic performance of the DC track circuit system is shown in

Table 7.3.2.2 for reference.

- 135 -



.Table 7.3:2.1  Main Performance of 80 Hz AC Code Track Circuit System

a} Track cirpuit_cqnditioﬁs : e
i) Applicable electri~ : AC electrified section

‘fication system

PP

. ii)fLoéatidpj Doubleftaii
iii)“LEakége éonducfance : 0 to 0.5'$/km
.'-?Variétioh ff:_ . . . .
iv) Cphtiol length and K 20 to 2;000_m, min. 0.8 &
shunt sensitivity = 2,000 to 4,000 m, min. 0.35 Q
v) Signal aspect . : Tﬁd—positioh indication
vi) qul*breék”detection :~ Possible

vii) Interference— ;50 Hz 40 A, B0 Hz 0.2 A

registivity
viii)_Maxiﬁum'tractiOn i AC 400 A
. _currenf
ix) Cable Ieﬁgth from : Control cable; 1,000 m to
track to device © 3,000 m

b) Climatic conditions

1) Temperature range i =30 to +70°C
i1} Humidity : o Max. 95%
.1ii) Power supply : DC 24 V¥ ilOZ

¢) TImpedance bond 1 mH, 200 A/rail

.
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.d) Transmitter

i) Modulation ¢ Square wave amplitude
_ _ modulation
ii) Garrier frequency : 80 Hz.

iii) Modulation fréquency t 2.5 Hz (150 code), 4.0 Hz
' o - (240 code) (max. 5 codes)

iv) Transmitting output : Mak. 40 VA RMS

v) Loéd impedance 1 600 0

vi) Power consumption ! .Normal 50 W, shunting
' Max, 72 W

e) Receiver

i) Demodulation : Envelope detection
ii) Input impedance : 600 Q
iii) Minimum working : 15 dBm
level _ _
iv)'Béhd—paSS_filter . 80 + 4 Hz max. 6 dB,
attenuation - 80 + 20 Hz min. 40 dB
v) POWer'cdnSQmption T : Max. 3.5°W

vi) Track relay : 7.5V, 600 9, 4FB
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Table 7.3.2.2 Maiﬁ'Pefformance:of DC Track Citeuit éystem .

a) Track circuit conditions -

" {) Applicable electri-
' f{cétién-systqﬁ '
ii) Location
iii).Leakégé c@nduétance
| variatiqn_ ' : i
iv) Control iéngth'
.v) Train_snunfi'
sensitiﬁity'-'
vi) Signal aspect
vii) Raiiébrake:detection
viii) Maximuﬁ tréction'.
cufreht'
ix) Cable length from

‘track- to device

b) Climatic conditions .
i) Temperdture range

ii) Humidity

¢) Track relay.
i) T&pe
ii) Coil resistance
iii) Rated current
iv) Minimum working
current
v) Releasing current
vi) Drop-away pick up
rétio '
vii).Overcurfent

characteristics

AC eleetrified section

Singiefréil within stations

0.~ 0.5 s/km.

1,000 m:
Min. 0.8 Q

2—a$pect-

Possible (on signal_réil side oﬁly)

400 A

Sending cable ‘max. 28, 500 m
Receiving cable max. 3.2 8, 500 m

-30 - +70?C

© Max. 95%

Polarized gravitv-drop type
0.30
2.0 A

1.3 A

0.8 A
Min. 0.6

2.8 A continuously
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viii) Working/releasing : 0.4 sec. with relay only

time ' 0.6 sec, with 3.2-Q external
' resistance

ix) Number of contacts : 4FB
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Appendix 7-~4-1 .Electrostatic Induction in Communication Line

Flg. 7 4alad shows the relatlonshlp betwaen electrostatlcally in-
duced voltage (Vs)/current {(Ig) on . the communxcatlon Jline and the dlS“.
tance by between the track center and the communlcatlon llne. ThlS
gréph 1nd1cates that, when a communlcatlon llne is 1nstalled on the
electrification feeder line Slde, ‘eléctrostatic’ 1nduct10n is greater in
double track than single track and in the 31mp1e feedlng system than

the AT feedlng systeii.
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----- Blectrostatic Indu'ce'd. Current Is (mA) _
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Fig. 7.4.1.1 Electrostatic Induction in the Communication Lime
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Appendix 7-4-2 Flectromagnetic Induction'iﬁ'CQmmuﬁicetiOﬁ_Line

When a communlcatlon 11ne is 1nsta11ed on. the sxde of the track op-

'fposxte the feeder 11ne,_e1ectromagnet1c 1nduct10n voltage 1nduced 1n it

"'w111 be greater in’ sxngle track ‘than’ double track die to the screen1ng

.effects of-rall The AT feedlng system w111 reduce the 1nduct1ve 1nter—'
ference as shown in Flg. 7. 4 2.1; the 1nduct1ve voltage (50 Hz) in a 10
km- Iong communlcatlon llne is reduced to approx1mately 26% of the sim~
ple feeding system whlle noise voltage (800 ‘Hz) decreases to- 304.
However, the dlmlnlshlng effect decreases consxderebly as a result of
_the sereen1ng effects of rails and feeder 11nes when the dlstance be-
‘tween the communlcatlon 11ne and the track center becomes approx1mate"

1y less than 30 m.
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Fig, 7.4.2.1 Ra;io of Inductive Interference by AT Feeding System
Compared with Simple Feeding System (In case separa-
tion between communication line and track is approxi-

mately more than 30 m)
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Appendix 7-4-3 .ScréeninghFactor of Communication Cable in the Pﬁoiéct.

The screenxng faotor of the burled communlcatlon cable requlred to

keep lnductlve 1nterference ‘within the allowable values st estlmated

using Appendix 7-4- 2 and Fig. 7.4.3. 1, as follows,

Table 7.4.3.1 Screen1ug Factor of the Cable” to Decrease.:

Electromagnetlc Induct1ve Interference

Screépinngactor KP' K3
'_mfmmmyfﬂﬂ 50 800
Feédihg-systeﬁ.-' _ .
Simple 0.9 0.06 -

- Less Chan
AT - 0.21

The estimation was conducted with the following assumptions.

Traction current

Equivalent noise current

Parallel length of communication line:

Separation batween center of track

and communication line

In case of the Simple fEediﬁg system,

Ip = 100 A

Jp= 3A

P =10 km
=4 'm

b

the écreening factbrs Kp {(at

50 Hz), Ky (at 800 Hz) requlred for burried cable are obtained from the

Fig. 7.4.3. 1.

In case of the AT feeding. system, the sereening factor is estimated

taking into consideration the induction reducing effect of the AT feed-

ing system giﬁen in Fig. 7.4.2.1.
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Fig. 7.4.3.1 Electromagnetic Voltage Induced in the Cowmunication

Line (Simple Feeding System, Double Track)
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~ Appendix 8-1-1 Axle Load Reduction

The hauling capacity of the locomotive 13 determinéd in terns of
the adhesive traetive force, which is calculated by multiplying the

adheslve coefficient with - the axle loads

Therefore, 1L 13 deelrable to use the maximum axle lead When.‘e
startlng because 1t requlree a large tractlve foree, and to reduce the

axle load at hlgh speeds to minimize the adverse shock on the track.

The variabIE*axlemload type electric locomotive presently used by

JNR is deecrlbed in the. following._

The locomotlve has the Bm2~B axle arrangement and can change the
driving axle load of the two bogles by changing that of ‘the trailing -

bogie by eontrolllng 1tv air Sprlng. This system has two effects.

' (1) The axie load can be changed in three eteps (16 t, 15 t, and
14 t) aecord1ng to the perm1831ble axle load of the rallway

llne.

(2) When startlng the train, an addltional axle load of the order of
l ton 1s applled over the perm1351b1e value of the rallway line
to 1ncrease hauling eapac1ty, and at h1gh~speeds the axle load is

" reduced under the permlseible value to minimize the influence on

the track.
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Appendix 8-1-2 Tractive Force of the Locomotive on Steep

Grade Sections

F1g 8.1.2.1 shows the adhesion coefflclent required by hauling
:1oad when startlng on slope. Assumlng that the maximum coefflclent of
'adhe51on of ‘a VVVF locomotive is 354, it can be seen from Fig. 8.1.2.1
that for 91ng1e heading the maximum load w1th 252, grade is 530 tons,
~and” 350 tons with 40%. grade.

For double headlng, the same type. of 1ocomot1ve can’ handle 4 maxi-
mum haullng load of 1000 tons with 25%. and 700 tons w1th 40%. . Be-
tween Padaralang and Clajur, there is a succession of various grade
sectlons ranglng 25 to 40/o , and there are some curves with radius
‘of 200 ‘m. The traln re31stance C at a curve section with radius of R
‘meters is glven by the expre331on C = 600/R kg/ton. Accordingly in
a curve with a radlus of 200 m, the train'gesisténce becomes G = 3
kg/ton, which is equiValent to the train resisfance in a sectién with
3%, grade. So, it is concluded from Fig. 8,1.2.1 that it will be -
possible to haul up to 660 tons with double heading. -

-Likeﬁise,'iﬁ the”BaﬁdunguBanjar seéction the maximum gradient 1is 25
%. and the minimum radius is 200 m, so the train resistance becomes

qulvalent to 28%. gradient. Aecordingly, it will be possible to
operate trains with approxlmately 480 tons haullng load for single

heading and 980 tons for double head1ng.
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Appendix 8-1-3 Comparison of the Motor-Bogie Suspension and

Driving System of Electric Locomotives

1. Nose Suspension System

Traction motor
Hose

Fig. 8.1.3.1 Nose Suspension System

In this system one end of the traction motor rests on the axle via
bearings, and the other end rests on the bogie frame via the nose, as
shown in-Fig. 8.1.3.1. The gear mounted on the axle is directly

_meshed with the pinion mounted on the armature end,

This sytem exerts some adverse shock on the track because half of

the traction motor weight is unsprung weight supported by the axle.

Since the makimum speed of an electric locomotive hauled train is
limited to not more than 110 km/h in JNR, majority of electric locomo-

tive are eﬁuipped with this svstem.
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"2, Mono-motor Bogie System

~Traction motor.

A?Leﬁ\ | - Buffer spriﬁg

~~Hollow shaft

LI XER L ST I qpRedl
_ B R G B T
“Pindon .SLLZZZZX; -

Iuterhediﬁﬁg_

Fig. 8.1.3.2 Mono-motor. Bogie System

In thlS system the tractlon motor 13 mounted at the center of the
bogle, and the rotary power is transm1tted to the axle by meshlng the
plnlon of the tractlon motor w1th the gear via two sets ‘of inter-
mediate gears, as shown in Fig. 8.1.3. 2.

‘This systgm is suited for high-speed rolling stock because the
traction motor is a sprung weight.

It must be remembered however, that the power transmission ﬁecha—
nism becomes rather complicated compared with other systems, being

prone to maintenance troubles,
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: |
lntermediéte;!

- Only a type, EEBO} is equipped with this power transmission svstem
in JNR. ' But, due to the maintenance problems,

o s this system is not
- employed by other types,

3. Quill Driving System

_ Rubberjjr; ] Gear Link 1

_Shaft Pin 3_‘, 3 ) Interwed (ate

late.
. piate Plate

Pin 2

—_— i) Cylindrical
: . rollerlbearing‘

Link 2
Pin &4

Fig. 8.1.3.3 Guill Driving System

One end of the traction motor rests on the bogie via the nose, aund
the other end rests on a hollow shaft which emcircles the axle. The
hollow shaft is fixed on the bogie.frame. The gear rests on the hol-
low shaft via roller bearings. Torque of the traction wotor is

'trahsmitted via the pinion to the gear, anﬂ transmitted from the pin 1
mouhted on the gear to the pin 2 via link l. It is transmitted to the

pin 3 mounted on the intermediate plate and to the wheel via link 2.

Therefore, the entire traction motor is sprung weight, and this
‘system is suited for high-speed operation. Furthermore, it is advan-

tageous from the maintenance standpoint as well.
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Thls dr1V1ng systein ig adopted on FD60 ED?I, and EF66 tvpe 10c0—

motLVeS in JNR and is worklng satlsfactorlly.

As a result of -the above comparatlve studv, adoptlon of thLS_
system is preferable from the standp01nts of influence on the track at

high-speed operatlon (120 km/h) 1n ‘the’ future aﬂd malntenance.
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Appendix 9-1-1 Headroom for the AC Electrification

“‘Insulation Clearance

Ihsqlatioﬁ clearances for the proposad electrified section were de-

termined with reference to the study results in the Master Plan, as

'foilbws:

Clearance The project {(mm) | UIC (mm)
Standard - 270
Minimum 200 220
Instantaneous |
oarach 150 170

2. Construction Gauge

Sufficient insulation clearance  should be ﬁrovided between AC over-

head equipment and track structures. Required headrooms were determin-

ed for the insulation clearances as follows:

(1)

(2)

Horizonfal clearance for pantograph (L)

a.. Pantograph length: 1,760 mm; b. Horizontal car vibration:
200 wm; . C. Instantanecous insulation clearance: 150 mn;

d. Tolerance: 140 mm

L=a+2b+2 +4d= 2,600 mn

Overhead clearance for pantograph (h)

a. Dynamic uplift of contact wire: 100 mm; b. Instantaneous

insulation clearance: 150 mm

h=a+b= 250 mm
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(3 Horizbnt&l-clearahce'for_Catenaryiiine )

a. Catenaxy dev1at10n 300 mm; b, Insulation clearance: 200 mm;

c. Tolerance 100 wm ' - '

P=za 2b'+'c = 1,100 ‘mm

(4) Overheaﬂ.dlééfanée'for'CQfenafy line (R)

a{ Insulatioh clearéncéf_200 mm; b, -Caténary;suppofting'fix;-

" ture: 500 mm B | |
R>b>a
The above clearances are 'shown in Fig.:9.1.1.1.

For AC electrlflcatlon, the ex1st1ng PJKA constructlon gauge needs to
be modlfled to- allow the above insulation. clearances._ If ‘the horlzon—
tal clearances still cannot be obtalned after mod1f1cat10n, the w1dth
of pantograph ‘may be_shortened, the pantograph s horns may be . 1nsulated

or the spacing of the sﬁpportihg structures on the overhead line equip-

ment may be reduced.

-e——.R"-—--n-

Insulato; Légend !
(): “in case of
=1 100{mnec tilting railway car
Z 500 mm
— : o .
<o L =2,600 mm | (2800)
I
=
2 Pantograph I

Fig. 9.1.1.1 Headroom Requirements
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Appendix 9-2-1 Protective Measures for Overhead Line Equipment

. Thg protectlve w1re w111 be installed on the supportlng pole/mast
fot the overhead line equipment at a shielding angle less ‘than 45°

(in con31derat10n of the shleldlng effect against llghthlng)

The protectlve wire W111 be supported by one suspension 1nsulator
(on flxed beams in the statlon yard or at places where more than

flVP Steel fasts are 1nstalled consecutlvely)

Hetalllc parts such as insulator fastenlng band, cross—arm and beam
_w111 be 1nterconnected by groundlng conductors and then connected

Eo Lhe protectlve w1re.

The protective wire will be grounded either directly or through

rail as. shown in Table 9.2.1.1.

Table 9.2.1.1 Grounding of Protective Wire

Grounding method
. _ Grounding to rail Direct grounding
Sectian Place Through : . Grounding
: . Spacing .
Direct | impedance (1) reslstance
bond (x)
o Tnter- AT point
Bekasl ?.i? a - & Inter— 200 3¢ or less
~ Cirebon | 2210 AT point
Station T - - 200 30 or less
.~ &+ = | Inter— | Every _ o B
Cikampek |[.station{ 200 m
- Kiara~- Both ends
condong | Station | of sta- 200 30 or less
tion yard )
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