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Abstract — This paper presents the modeling of grounding system
on Korean electric railway system. The system model is
composed of the catemary system, the grounding-system, the
sub-sectioning post, the fault point, the sectioning post, the
autotransformer in the substation, and the electric vehicle. The
increment of rail-ground voltage may be thought as an amplifier
of danger on human body of equipment insulation. The
rail-ground voltage on steady state and on fault condition should
be under standard limit voltage. To analyze grounding system for
steady state and fault condition on Korean railway, modeling for
each railway system is performed by 10-port network model.
Modeling and analysis of present grounding-system are important
to protect human and electronic equipments. The examinations for
systematic grounding-system are investigated.

1. Introduction

The electric railway system has a number of advantages in
terms of traffic capability, energy efficiency, operational cost and
environmental friendliness in comparison with other transportation
systems. Nonetheless, it still has matters of unexpected fault
occurrence threatening the safety of passengers or electrical and
signal equipments [1].

On  electric equipments of the railway, electric faults are
inevitable and fatal. Especially, if a line-to-ground fault occurs,
because fault current flows into the ground, the electric potential
difference is occurred inside and outside of electric equipments
and it is danger to human safety or the insulation of equipments.
Mereover, in according to steep increment of power consumption
by increment of output power of electric railway vehicles, the
short circuit capacity increases and the electric potential difference
by fault current rises significantly. Consequently, the increment of
rail-ground voltage may be thoughtas an amplifier of danger on
human body or the insulation of equipments. To prepare these
problems, grounding-system is applied to the electric railway
system in Korea. However, in case of an electric railway system
in Korea, it is a disadvantage that an earth resistivity for the
heart of a city and mountain area is high. Therefore, through the
design for the grounding-system coincident with upper conditions,
it is needed to establish countermeasures to suppress a rise of the
rail-ground voltage and to control the magnitude of the fault
current.

To analyze the grounding system for steady state and fault
condition, modeling for each milway system is performed by
10-port network model. The modeling is performed for the
catenary system, the grounding-system, the sub-sectioning post, the
fault point, the sectioning post, the autotransformer in  the
substation, and the electric vehicle. Also, for each part, several
cases are considered.

Korean railway system is composed by the common grounding
system, which means rails on up/down track, protection wires on
up/down track and grounding conductors are connected commonly.
The overall conductors should be reduced equivalent 5 conductors
electrically. The railway system is expressed by port network
model. Korean railway systemwas represented by 8-port network
model for harmonic analysis in the past papers[2, 3]. In this
paper, Korean railway system should be modeled by 10-port
representation for the analysis of steady state and fault condition.

10-port representation means that the system has 3 input ports,
5 output ports and a basic port. Namely, there are input/output
ports of feeders on up/down track, mput/output ports of contact
wire groups on up/down track, input/output port of rail group and
input/output port of the ground. The entire system can be easily
modeled by the combination of 10-port representation of each
component in parallel and/or series. The grounding systems are
defined as three cases in the paper. Case 1 is for the system that
has the ground-wire on only one side, case 2 is for the system

that has two ground-wires, and case 3 is for the system that has
one ground-wire and one GV80n wire. The earth resistivity in
Korea is about under 1,000€2-m. The earth resistivity is varied
by temperature and humidity. The earth resistivities in this paper
are defined as three cases of 200 Q-m, 500 Q-m, and 1,000
3-m, because the simulations regarding the rest of three cases
can be simply performed on each condition. The AC electric
railway systems in Korea are based on single-phase 55kV/27.5kV.
AC feeding circuits supply electric trains with the electric power
through 3-phase to 2-phase Scott-transformers, feeders, contact
wires and rails. Autotransformers are installed approximately every
ten kilometers with circuit breakers, which connect adjacent up
and down tracks at the substation, the parallel post, and the
sectioning post. If the distance of the Integral cross connection
(ICC) is very short, there is no quietly cost-effectiveness. If 1t is
very long, the rail-ground voltage may not be under standard himit
voltage. )

Fmally, Fault current weakens reliability of equipment and
occurs malfunction on relay or other e¢lectronics. Therefore, to
analyze grounding system for steady state and fault condition on
Korean railway, modeling for each railway system is performed
by 10-port network model. Most of all, modeling and analysis of
present grounding-system are important to protect human and
electronics, The examinations for systemnatic grounding-system are
investigated. On the general condition of the earth resistivity and
the distance of ICC in Korean railway, we verify whether case 1,
2 and 3 are suitable in Korean railway or not. The rail-ground
voltage is investigated.

2. System modeling

The AC electric railway system in Korea is based on
single-phase 55 kV / 27.5 kV. AC feeding circuits supply electric
trains  with the electric power through 3-phase to 2-phase
scott-transformers, feeders, contact wires and rails.
Autotransformers are installed approximately every ten kilometers
with circuit breakers which connect adjacent up and down tracks
at the parailel post (PP). Substations (8S) are located about every
fifty kilometers away, and a sectioning post (SP) is between two
substations. The SP has circuit breakers, which enable one feeding
circuit to electrically separate from the other. They may be
closed, in case the adjacent SS is out of service [4, 5].

A. Catenary system and grounding-system

Moadeling for the electric railway system is based on 10-port
network model. The system has 5 input ports and 5 output ports.
And voltage and current of components on {0 ports are noticed.
The catenary system has several conductors with a complex
geometry. The system consistsof contact wires (4, 6}, messenger
wires (3, 5), feeders (1, 2), rails (7. 8, 9, 10), protection wires
(11, 12), and ground wires (13, 14). Droppers connect two
conductors  such as the contact wire and the messenger wire,
Those conductors are electrically regarded as one conductor. This
simplification is made possible by the auto aforementioned
continuous parallel connection of some conductors. Finally, we
can reduce the overall conductors to equivalent 5 conductors
electrically [6]. The catenary system is denoted as follows:

C1: contact wire group on up track

F1: feeder on up track

R rail group

C2: contact wire group on down track

F2: feeder on down track
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C. Fault point
For faults, models are illustrated in Fig. 4.
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Fig. 4. A médel ‘for faults

Three combinations for three faults are considered. Each
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&= - L= i { as Egs. (4) ~ (6).
v’! 1 V” 1« Ty | .
."MQ ___a i . ..
[ S B 104 *l I | : 1) Short between feeder line and rail
Yo Ya e Vo [t o o 000 0 0 0 O
Reus H o
) i Veq 0010 0 0 0 6ifx
¥, 1 060 0 0 0 0]y,
i s ¥, o 1oio 00 0 0y
Fig. 2. A model for catenary system and grounding-system Py g0 0 0.0 110 0.0 0 O
Vel o O a0 e oy,
Modeling on Fig. 2 consists of the catenary system and the la o sete 1 0 o0 ol
grounding-system. Equation for these systems can be expressed as I Zoers ! Iny
below. Eq. (1) is for the catenary system and Eq. (2) is for the ity 4 toy, olo 0 1 0 ol
grounding-systern. i FAR { @
) lle e o 06i0 0 6 1 © )
Yo T 0060 Zag Zan Zew Zoo Far| [Va [0 o [ oE 4 0 6 H
Vo 101000 Zog Zaw Zrw Zna Zuea| | V1
V| 10 0 1 0 0 Zy Zy 2o Zypy L ||V . .
; 5 - . ! 2) Sho tween contact wire and rail
Vo] 100 01 0 Zao Zan Ze Zaa Zan| |Va ) Short between con z
Vil 1000 01 Zna Zon Zy Zua Zewl| |V v o
I je o000 1 0 ] 0 0 I, o
I,|ipoooo o ! 9 0 ] ey Vo, 0
nlieooes o o + o o i|s % 0
Itieaces o o o o s (1) Ver 0
nJieovoea o o o o v || Vo
r [ 6 0o 600060 0¢ [N
Vo Va 1
01 0 6000000||° o
“1loe 1 00000 Vo :
. 00 ",
3 Y 1
v ©0 0 1000000 < 5)
V” ooooxoaoooy‘.‘ s
;"=0000010000olf:
(23 «©
00 0 0001000 . ,
Ia i Ia 3) Short between feeder and contact wire
Ll[0o g—0000 1 00|y
i vtk p’; l'"
=|lloe o0 so00001 o @ N o
\_[F: LIF: ‘n V"
loo o 000000 1] v, V.
X Voo Ves
B. Sub-sectioning post v, Vi,
For sub-sectioning post, the model is 7;' = N
)
T 1 i
I o '
Ya 4 :, ;}
S 3 )
Y A ex I
.Y
@
B
. — I
—_— g D. Sectioning post
V., ne . . S
L For sectioning post, the model is expressed in Fig. 5.
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Fig. 3. A model for sub-sectioning post

The relations between voltage and current on 10-ports can be
expressed as Eq. (3).

A
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57
Fig. 5. A model for sectioning post

Eq. (7) expresses voitage and current refations for modeling
..... (3) sectioning post.
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E. Autotransformer in substation

Like the sub-sectioning post and the sectioning post, the
autotransformer in the railway substation is installed. A model for
the autotransformer in the railway substation is shown in Fig. 6.

Sttt o it
Fig. 6. A model for autotransformer in substation
Eq. (8) is expressed for the autotransformer in the substation.
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F. Railway vehicle
For the railway vehicle, the model is expressed as a current
source. Fig. 7 shows the modeling scheme.
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Fig. 7. A model for railway electric vehicle

To analyze railway system numerically, Eq. (9) is expressed
for the model of the railway vehicle.
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3. Analysis for voltage rising of rail—ground

To analyze voltage rising of the rail-ground, simulations for
several cases are performed. There are categorized by the number
of ground-wire, the kind of ground-wire, the specific ground
resistance and the distance of ICC. Case 1 is for the system that
has ground-wire on only one side, case 2 is for the system that
has two ground-wires. and case 3 is for the system that has one
ground-wire and one GV80 w wire. Case 3 is more economical
than case 2, because case 3 doesn't need to dig the ground to

establish the ground wire. The illustrations of case 1, case 2 and
case 3 are shown n Fig. 8 respectively.

oround wire ground wire @round wire CYgomm?

(a) (b) (©)
Fig. 8. Model of (a) case I, (b) case 2, and (c) case 3
A. Simulation conditions
The transformer impedance on phase M, the autotransformer
impedance, and the grounding resistance are applied for these
simulations as following.

Table 1. Simulation conditions

Symbols Meanings V alues
z, Transform er impedance on phase M 0.2564+§8.218
Z, Autotransform er impedance j035

Reuu Grounding resistance

The value of grounding resistance is calculated by Eq. (10).

Ro P ln£~l+lnl+ /'+4t'+£_\/1'+4f' (]
27 r 2t ! ! (10)

On Eq. (10), symbol r is radius of the ground-wire, symbol t
is depth of the ground-wire, symbol 1 is length of the

ground-wire, and symbol P is specific earth resistivity.

Assuming that short impedance is 5 [Q], Rt is applied
on simulation after being defined by varying the value of earth
resistivity as 200, 500, and 1,000 Q-m.

The characteristics of various conductors used in the impedance
calculations are listed in Table 2. The conductor coordinates for
Korean railway system are listed in Table 3.

Table 2. Conductor characteristics

Area () Resistave [Qien] | Equivalent Diameter [on ]

Rail 7635 00126 493

Cortactwire 17 0.104 1.549
Messenger wire o8 0.6 115
Feeder 15 o8 16
Promctive wire 075 0.239 1
GVeo 08 0.229 108
Grourd wire 08 05519 11

Table 3. Conductor Coordinates for Korean railway system

Condusiar X Coandumai fim) ¥ Coarue {m)
Ral 322 06
Rail 178 0
Cantctwine 215 58
Mrsengrwie | 215 &3
Feeder a75 8082
Powcivewne | 515 61
Ground wie 513 o1
Raid 17 06
Ral m 08
Contactwire 215 58
Messngrwne | 215 676
Feeder 273 062
Powctvewne {515 a1
GVEO 615 ]

For the case 200 €2-m, short current by fault is shown in
Fig 9.
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B. Analysis of rail-ground voltage on steady state

To simulate base cases, simulations are performed for two
cases. On steady state, one is for one vehicle that is 0.5 km
away from the railway substation and the other is for two
vehicles that are 0.5 km and 15 km away from substation.

)
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Fig. 10. Rail-ground voltage in case of one electric vehicle

Fig. 10 is the simulation result when one vehicle is 0.5 km
away from railwaysubstation. In this case, load current is 400 A
which means the Korea Train express (KTX) runs. The active
power of the KTX is almost 15 MW. The peak voltage points
appear the location of vehicle and the autotransformer. The
maxintum voltage is about 45 V.
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Fig. 11. Rail-ground voltage in case of two electnc vehicles

Fig.11 shows the simulation result when two vehicles are 0.5
km and 15 km away from the railwaysubstation. Load current is
800 A. The peak voltage points appear at the location of vehicles
and the autotransformer. The maximum voltage is about 38 V.
On these steady state simulations, the rail-ground voltage of
second case is under 60 V. EN50122-1 standard recommends that
rail-ground voltage should be under 60 V although loads increase.

C. Rail-ground voltage on fault occurrence

Distances of the ICC are defined as 2.0km, 2.5km and 3.0km

Simulations on three P values are performed for three cases
and distances of the ICC. As mentioned before, case 1 is for the
system that has ground-wire on only one side, case 2 is for the
system that has two ground-wires, and case 3 is for the system
that has one ground-wire and GV80 mm- wire. The values of
earth resistivity are 200, 500, and 1,000 Q-m. Simulations are
performed for 27 cases combined three kinds of distance of 1CC,
three kinds of P values and cases 1~3. Objects of these
simulations are to decide whether rail-ground voltage exceeds., 430
V, the limitation by Korean Railway Facility Regulation for any
case and to find which method is superior for any P value and
which grounding-system has better operation.

1) 200 Q- -mof P value

When the distance of ICC is 2.0 km, the simulation resuits
are shown in Fig. 12.
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Fig. 12. Simulation result for 200 Q-m and 2.0 km of 1CC

When the distance of ICC is 2.5 km, the simulation results
are shown in Fig. 13.
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Fig. 13. Simulation result for 200 Q-m and 2.5 km of ICC

When the distance of ICC is 3.0 km, the simulation results
are shown in Fig. 14
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Fig. 14. Simulation result for 200 Q@ -m and 3.0 km of ICC

2) 500 Q-mof P value
When the distance of ICC is 2.0 km, the simulation results
are shown in Fig. 15.
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Fig. 15. Simulation result for 500 Q-m and 2.0 km of ICC

When the dlstance of ICC is 2.5 km, the simulation results
are shown in Fig.
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Fig 16. Simulation result for 500 Q-m and 2.5 km of ICC

When the distance of ICC is 3.0 km, the simuiation results
are shown in Fig. 17.
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Fig. 17. Simulation result for 500 Q-m and 3.0 km of ICC

3) 1,000 Q- -mof P value )
When the distance of ICC is 2.0 km, the simulation results
are shown in Fig. 18.
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Fig 18. Simulation result for 1,000 €-m and 2.0 km of ICC

When the distance of ICT is 2.5 km, the simulation results
are shown in Fig. 19.
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Fig. 19. Simulation result for 1,000 Q-m and 2.5 km of 1CC

When the distance of ICC is 3.0 km, the simulation results
are shown in Fig. 20.
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Fig. 20. Simulation result for 1.000 Q@-m and 3.0 km of ICC

_ For ICC length, the shorter ICC interval is installed, the
higher constructing cost is. This means on these simulation that
case 1 is more economic than case 3 and case 3 is more
economic that case 2. However, case 2 and case 3 make the
rail-ground voltage maintain under 430V.

By cost-effectiveness. In case of 2000-m, case 1 of 2.0km
is optimal in this simufation. In case of 500 -m, case 2 of
2.5km is optimal in this simulation. In case of 1,000Q-m, the
rail-ground viclatge of all cases are higher than limit voltac'e
lever. other solutions should be suggested.

Table 4. Maximum voltage of rail-ground

Distance of ICC
20km  25km  30km
Casel 415V 430V 590V
200 om CaseZ 05V B0V 495V
Case3 MoV 5V 08V
Casel MoV sV s1av
P 500 om Case2 30V 405V 500V
Casel H“ov 470V 500V
Casel ROV 85V Eatin's
1,600 on Cage2 455 490V SV
Case3 560V 570V 560V

Through all over the simulation results it is known that the
location of the maximum voltage of rail-ground is between
substation and the location where the first antotransformer is
instalied. Also, the farther the location is from substation, the
Jower the peak voltage is. Based on these phenomena, it is
suggested that the distance of ICCs between substation and the
first autotransformer should reduce and the distance of other ICCs
are remained. We set the distance of ICC from the substation to
the first autotransformer to 1.5km. simulations are performed.
Simulation results are on table 5.

Table 5. Maximum voltage of rail-ground (the distance of
ICC from the substation to the first autotransformer @ 1.5km)

Digance of iCC
20km 25km  30km
Casel mv mv 457V
W0 oom Cased Y Bav  40av
Case 73V n2V 9V
Casel 433V 462V 505V
P 500 om Case2 EviaY RV 40V
Cased 358V m/OV 409V
Casel 56V 578V 578V
1,006 a.m Case 368V WAV 4BV

Cased 458V 469V 475V

Resulty, by cost-effectiveness, in case of 20002-m, case 3 of
3.0km is optimal in this simulation. In case of 500Q2-m, case 3
of 3.0km is optimal in this simulation. In case of 1,000Q-m,
case 2 of 3.0km is optimal in this simulation.

Although the way to reduce the distance of ICC only from
substation to the first autotransformer is suggested on this paper,
the ICCs distance can be instalied differently by the location from
substation, when ground systems are constructed on field.

4. Conclusion

In this paper, the grounding systems are defined as three
cases. Case 1 is for the system that has the ground-wire on only
one side, case 2 is for the system that has two ground-wires, and
case 3 is for the system that has one ground-wire and one GV80
K wire. The earth resistivity in Korea is about 100Q-m~ 1,500
Q-m. The earth resistivity is varied by temperature and
humidity. The earth resistivities in this paper are defined as three
values of 200 2-m, 500 Q-m, and 1,000 £2-m, because the
simulations regarding the rest of three cases can be simply
performed on each condition. Distances of the ICC are defined as
2.0km, 2.5km and 3.0km.

Korean railway system is composed by the common grounding
system, which means rails on up/down track, protection wires on
up/down track and grounding conductors are connected commonly.
The overall conducmrs should be reduced equivalent 5 conductors
electrically. The railway system is expressed by port network
model. Korean railway systemwas represented by 8-port network
model for harmonic analysis in the past papers [2, 3]. In this
paper, Korean railway system should be modeied by 10-port
representation for the analv:sts of steady state and fault condition.

The examinations for systematic  grounding-system  are
investigated. For the cases applying one ground-wire, two
ground-wires, or one ground-wire and GV80E wire, simulations by

varying P values and distances of ICC are performed. In
according to simulation results, if the distance of 1CC is shorter
and the P value is lower, the rail-ground voltage gets lower

The most economic optimal ground system is determined
according to the values of earth resistivity, the distance of 1CC,
and the combination of case 1, 2, and 3. Because the maximum
valge of rail-ground voltage is presented between substation and
the first autotransformer, the way to reduce the distance of ICC
only from substation to the first autotransformer is suggested in
this paper. However, the 1CCs distance can be installed differently
by the location from substation, when ground systems are
constructed on field. In conclusion, this paper suggest the way to
determine ground system by earth resistivity, the mterval of ICC,
the number of grounding wire, and the kind of grounding wire on
10-port network.
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