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Abstract: The electric train (KRL) is a form of application of scientific and technological
developments in the field of transportation so that KRL can replace modes of transportation
that use coal or use diesel. Currently electric trains in Indonesia are one of the modes of
transportation that are most widely used every day for activities ranging from transportation
for schools and colleges to transportation used to go to work and other important activities.
Every year electric train passengers in Indonesia are increasing, starting from 100 thousand
passengers per day until it is predicted to be 1 million passengers per day. The capacity of
the Purwosari Traction Substation (GT) can be categorized as sufficient, with the difference
between the specifications of the power capacity and the calculated capacity of only 57.9%.
On the Purwosari — Solo Balapan route, the cable type resistance was 0.000167 Q/m, from
this type of resistance to the resistance calculated from usage, a difference of around 20.9%.
As for the Feeder Wire type resistance, the cable specification limit with the calculation is
still below the maximum limit so it is still feasible to use. Because the specification limit
and the calculation results are around 99.654% of the limit at 20°C.
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INTRODUCTION

In 2023, in the 6.3 Solo Resort area which has 3 traction substations, namely the
Gawok traction substation, Purwosari traction substation and Solojebres traction substation,
it is necessary to analyze the calculation of the Feeder Wire Power Distribution Efficiency,
whether it is still efficient. For the purpose of the analysis, it is necessary to analyze the
calculation of feeder cable power resistance from DS (Disconecting Switch) to cross KRL
by using the calculation method of power consumption based on headway time. The results
of this analysis will produce outputs in the form of evaluating the power capacity of
existing substations, while to analyze the power capacity of existing substations, using the
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calculation method for DC electrification systems.

LITERATURE REVIEW
System on the Upstream Electricity Network
Seen in Figure 1 above shows the upper flow electricity network system. The
following parts - parts that exist in the upper flow electrical network system:
1. Messenger wire
2. Feeder Wire
3. Trolley Wire
4. Hanger Wire
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Figure 1. System on the Upstream Electricity Network

In Figure 2 shows the power supply system using a two-sided supply system, namely
from traction substations A and B supplying power to KRL in parallel. The negative voltage
from the rail is applied to the rectifiers of traction substations A and B. In the event of a
disturbance that causes the traction substation to be unable to operate, the other traction
substation (next to it) can be used to supply power to the KRL on that stretch of road.
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Figure 2. Traction Substation Two-Sided Supply System.

Performance Analysis Calculation Steps
1. Calculating Electrification Factor Value
The electrification factor value can be calculated using the formula:

Con = 1.7 [T.¢; 1)
Where,
Cm = Electrification Factor
lest = Effective Current, Ampere

2. Calculating Maximum Load in 1 Hour.
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Then the maximum load in one hour can be calculated using the formula:

Py=CXD X=X NXRX = )

Where,

Pb = Maximum load in one hour,

KW

C = Series arrangement , set

D = Traction substation supply distance, km

H = Headway, hour

N = Track type, single track or double track

R = Train electricity consumption ratio, Watt . hour / ton .

km

w = Total weight of the train + passengers , ton

3. Calculating Power Capacity Based on Headway.
Power capacity based on headway denoted by the letters (Pn) can be
calculated using the formula:

P =Py +1.7% [T,z % /Py (3)
Where,
Ph = Power capacity based on headway, kW

4. Calculating Power Capacity Based on Maximum Load.
Power capacity based on the maximum current denoted by the symbol (P,) can be
calculated using the formula:
B, =15kV %21 :£(I) (4)
Where,
P. = Power capacity based on effective current, kW

5. Calculating Traction Substation Power Capacity Required.
The required traction substation power capacity denoted by the letters (Pgt)
can be calculated using the formula:

Py
Ppe = 2 (5)
Where,
Pgh = Required traction substation power capacity, kW

6. Calculating Traction Substation Power Capacity.
Calculation of the power capacity of the traction substation can use the formula
equation:

2]
P=—7= Poiy — Kt
K tao v X ( PLN sw}
B
T 1500 Vpe (6)
Where,

Pa = Power, kW
A = Current, Ampere

Ps = Silicon Rectifier Power, kW
Kr = Transformer Capacity , kVA

7. Calculating Percentage Difference between available power and calculated power.
The percentage difference is used to find out how much power is calculated from
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the available power and calculation power. The following formula is used to determine the
results of the percentage difference:
P.(kW)— Ep(kl-t-’} = AP
Zelizih(AP
Tm} »* 100% = (7)
Where,
Pt = Available Power, kW
Po = Calculated Power , kW

AP = Difference Power, kW

8. Calculating Barriers Type.
Specific resistance or resistance can be used to see the feasibility of feeder
wire.  First we find the specific resistance of the cable used with the formula:

Rs=p- (8)

Where, 3
Rs = Resistance Specific, Q
p = Specific Resistance (Copper: 1.72 x 108 )
I = Conductor Length , m
A = Conductor Cross-Sectional Area, m?

The calculation of traction substation resistance can use the following

equation: .
Ry =~ (9)
Where,
Rp = Calculation Resistance , Q

Po = Calculated Power , kW
| = Current , Ampere

To find the resistance at a certain temperature. The following formula

equation:
R. = Rg[1+ alt —tp)]. (10)

Where,

Rt = Resistance at temperature t , Q

Ro = Resistance at reference temperature (e.g. 0°C or 20°C), Q

o = Temperature coefficient of specific resistance ,0.00393/°C

t = Temperature to be calculated. °C

to = Reference temperature ,°C
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METHODS
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Figure 3. Research flow chart

While the methods used in this research are:
1. Literature Method
The literature method is a way of obtaining data through things or variables in the
form of notes, transcripts, books, newspapers, and magazines. The documentation that
researchers will use is data related to the feeder wire used in the Electric Railway
Overflow (LAA) network.
2. Observation Method
In this method what is done is data collection by direct observation or by direct
observation. At this stage the following data were obtained:

a. [Equipment data on the traction substation includes the location of the traction
substation, the distance between the traction substation, the specifications of the
traction substation at PT. KAl DAOP 6, the data is used to obtain the resistance
value.

b. Data related to the weight of KRL trains, traction motor power requirements and
KRL auxiliary equipment, the data is needed to calculate the electrical power
requirements of KRL trains.

c. Single Line Diagram of KRL traction substation

3. Analysis
In this stage, after obtaining the data needed in the research, this data will be
analyzed and evaluated to get the desired research results.

Data Collection
Procedures

The required parameter measurement is to take data from 3 traction substations
namely Gawok traction substation, Purwosari traction substation and Solojebres traction
substation. This data is used as observation data for testing the actual substation power
capacity performance. After the observation data is processed using the equations discussed,
the next step is to take some parameters that will be used for data processing. Data
collection was carried out for 2 days for 20 hours, namely in July, the third week of 2023 in
accordance with the minimum data collection. In addition, data collection is carried out
when the system is in a base load state. Base load is a condition where KRL produces output
power in the form of maximum electric power. This is done so that the results of data
processing have a value in the same condition so that the results are not ambiguous.

Calculation

1. Electrification Factor Value.
By taking one of the research samples at the Puwosari Traction Substation (GT PWS)
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location, the following calculations are carried out with formula 1 as follows:
Con = 1.7 [T.¢;
lett = 2500
C,, = 1,74/2500 = 85,00

2. Maximum Load In 1 Hour.
By taking one of the research samples at the Puwosari Traction Substation (GT PWS)
location, the following calculations are carried out with formula 2 as follows:
&0 w
Po=CXDX—XNXRX——
H 10
C =2set
D =2.916 kilo meters (km)
H =6 hour (h)
N
R
w

= 2 double track
= 50 Watt hour /ton . km
=486.24 ton
P, =2 x 2.916 km X — x 2 x 50— x X220 _ 9835 75 kW
Gk ton.km 1000

3. Power Capacity Based on Headway.
By taking one of the research samples at the Puwosari Traction Substation (GT PWS)
location, the following calculations are carried out with formula 3 as follows:
Pp =Py +1.7 % [T7r % [Py
Pn = 2835.75 kW + (85.00 x V2835.75 kW) = 7362.09 kW.

4. Power Capacity Based on Maximum Load.
By taking one of the research samples at the Puwosari Traction Substation (GT PWS)
location, the following calculations are carried out with formula 4 as follows:
B, =15kV x216(1,)

Pa =15KV + (2x2.5 kAx(1-0,8) ) = 6.1 KW.

5. Traction Substation Power Capacity Required.
By taking one of the research samples at the Puwosari Traction Substation (GT PWS)
location, the following calculations are carried out with formula 5 as follows:
By
P.=—
gt 35

Pgt =(7362.09 kW /3.5) =2103.45 kW.

6. Traction Substation Power Capacity.
By taking one of the research samples at the Puwosari Traction Substation (GT PWS)
location, the following calculations are carried out with formula 6 as follows:
Psr = 4000 kW
Ktookv =4420 kVA
Pren =5540 kVA
Ktekv =200 kVA

P = = X (Pppy — Ktgpy)
Ktag v
ns
= 2220 o X (5540 kVA - 200 kVA) =4832.57 KW
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__ aB325T0W

= 3221.71 Ampere
1500 ¥

7. Percentage Difference between available power and calculated power.

The percentage difference is used to find out how much power is calculated from the
available power and calculation power. The following formula 7 is used to determine the
results of the percentage difference:

Pt~ =5000 kW

Pp  =2103.45 kW
P, (kW) — B,(kW) = AP

Lelizih(AD) _

oaw) * 100% =

A P =5000 (KW) - 2103.45 (KW) = 2896.55 KW
2896.55

in AP % = ———» 100% = 57.9%

8. Barriers Type.
Specific resistance or resistance can be used to see the feasibility of feeder wire.
First we find the specific resistance of the cable used with the formula 8 :

o =172x10%
I =2916 m
A =0.3m?

Rs = Pj -------

2916
0.3

R.=172x 1078 x = 0.00016700 /m

The calculation of obstacles on the Purwosari - Solobalapan crossing path with the
formula 9:

P,  =2103.45 kW

| =3221.71 Ampere
Py

R, =2

R, = 293% _ 4000202 0

P (3zziTi)E

The calculation of the difference between the specified limit and the calculated

obstacle is as follows:
R.(0))— R,(N) = AR = 0.000167.2— 0.000202.2 = 0.000035 (2

Salizikh (AR) o _ 0.000035.482 o _ o
Sy X 100% = X 100% = 20.9%

Here is the calculation for a temperature of 20°:

- Calculating the resistance value of Purwosari feeder wire,
2103.45
? = oz 0.000202 0

- Calculating resistance at 20°C,
R, = 0.000202[1 + 0.00393/°C (32 — 20) ]= 0.000211 0

Here is the calculation resistance limit specification for a temperature of 20°:

- Calculating resistance limit specification at 20°C,
R, = 0.061142[1 + 0.00173/°C (32 — 20) ]= 0.060838 0
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RESULT AND DISCUSSION
Calculation Result of Resistance to feeder cable

Calculation Result of Resistance to Feeder Cable
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Figure 4. Calculation Result of Resistance to feeder cable

Figure 4 shows the obstacle specification data used and the data that calculates the
obstacles on the Purwosari - Solobalapan crossing line.

Calculation Result of Resistance to feeder cable at 0.000202 Q

Feeder Resistance Calculation at 0.000202 Q
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Figure 5. Feeder Resistance Calculation at 0.000202 Q

Seen in Figure 5, when the temperature drops, the resistance to the feeder wire will
increase in resistance. The data from the calculation results can further affect the quality of the
feeder wire to decrease. So that the life of the feeder wire will quickly decrease. It can be seen
that at temperatures of 34 ° C and 33 ° C there is an increase in resistance of 0.000001 Q. So it

is concluded that every temperature drop of 1 ° C will increase by 0.000001 Q or about
0.001%.

Percentage Difference of Calculation with Feeder Wire Barriers on Purwosari - Solo
Balapan Crossing

Percentage Difference of Calculation with Feeder Wire Barriers
on Purwosari - Solo Balapan Crossing
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Figure 6. Percentage Difference of Calculation with Feeder Wire Barriers on Purwosari - Solo Balapan Crossing
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From Figure 6, it can be seen that the percentage between the maximum limit of cable
resistance is 0.0611 Q with cable resistance at a temperature of 20 o C, obtained by 99.654%.

CONCLUSION
From the analysis and calculation that has been done on the efficiency of Feeder Wire
Power Distribution on the Purwosari - Solo Balapan Line, it can be concluded that:
1. The calculation results at a type of cable resistance on the Purwosari - Solo Balapan
line with a value of 0.000167 Q/m.
2. The results of the power calculation obtained the resistance value is 0.000202 Q.
3. The difference between the cable type resistance and the resistance calculated from the
power amounts to 0.000035 Q or 20.9%.

4. The calculation results at a temperature of 20 ° C obtained the result of its type of

resistance of 0.000211 Q.

Max limit. the type of cable resistance is 0.0611 Q.

6. After analyzing the calculation of the feeder wire power efficiency on the Purwosari -
Solo Balapan line, it is still categorized as feasible. Because the difference between the
specifications of the resistance limit on the feeder wire with a calculation at a
temperature of 20 °C is 0.060889 Q or around 99.654% of the specified limit

o
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