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An Algorithm to Analyze Rail Potential Rise in DC Traction
Power Supply System

At g . gy Aageer
Sanggi Chung - Hyungchul Kim - Hosung Jung - Samyoung Kwon

Abstract An algorithm and a computer software are developed for the analysis of rail. potential rise. The algorithm
is intended to be integrated with the traction power system simulation program. In the algorithm, rail potentials are
obtained by two step process. First the injection currents to the negative rail are obtained from"load-flow study. In
the next step, a network consisting of negative rail and the injection currents are constructed. Leakage resistance to
ground are added to the network. And the network is analyzed for rail potentials. A software is dcveloped to verify
the validity of the algorithm. The result of the software is compared with the Slmuhnk/SymP”' jer: circuit -analysis
result. The differences between the two results are with the acceptable range. The advantage of this algorithm is that "
it can be integrated with the existing traction power supply simulation program: easily, whlch usually 1gnores negatlve
rail’s leakage resistance. .

Keywords : Rail potential, Leakage current, Traction power supply, Simulation
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Table 1. Estimation of the Maximum % Frror of the algorithm
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Fig 1. Basic model for rail potential analysis
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Fig. 2. Basic model without rail's leakage earth resistance. Train
load is modeled as a resistance
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Fig. 3. Basic model with rail's leakage earth resistance.
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Fig. 5. Changes in system equivalent circuit in the algorithm
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Fig. 6. Flow diagram of the algorithm

(6] « [V]=11] (10)
p=-3 an
[G]new ¢ [V]new: [I]new (12)

A 2RHAIR LA oAl Fig. 5IA (a) Al&=of i3t
of J3 2FHNE $PT = YT 1AW o Fa 9
€ 7 5 ey & daEEdA (b) ALFY 278
2 3t oA () Al2"e st E ok olRe

o3} 7o} (a)—— = HAA i X HARAS Y
A 22 & sPstojof sted FZ AL AAH
A Be YnAE ol olgins F2 AY WHAE B
EHE A3 j8 Fotojof St 3 AR 2]
g AAske A= disin. AgE 27 gl met g
& AT B 2 o £ £ U E=3
(b(d) A2EE ZAsHE H A7t 1.5% H&= ofR
2 ojg=e] 2AE FEY 4 Jle dFIME BEE=
A7 gl AAAAGSEAL BHo| 4, B &3
oM I BeAE AS37] o=t 10% Wil
2= 31 8E & Jlod & daE oM Ao X
15% A= o|th. EZ LMY ZHLS FAXEH 0]
LER B CENZERE L E B DERRES
BHo] sl Qiknoz FANEH AL 2
AL HAFEAZE TRAFNA o 2{HHE &
3hs d, o] A% 2R3 ATA Fig. SH)S A A
FE QAR o]F o] &3te ALANGE 240 3
g}, :

2.3 €118=2| Efgs 8E

2 g Eo] 3t Al 2ZEQolE L3R
NE AZESolE AHEY AUNNLS AT
Simulink/SymPowero]} 2]3t B AM-E v|ws}o] % error
£ AAEL AAFE % errord) 2718 Hrlske] dgE
o] BIg/dE Tsich 3 2.1 FollA AX H % error
o o2 Hmtel 1 BEolRE BT WA,
AP Ee] ot AZEOE Jddte] A AlAEE O
Hoz AURINFRAL $452 YT A2H
3o} Simulink/SymPower Systems A~ ZE gJo]& o]-23}0]
AL NSS AL ol 1 BIE A vastqitt A
AR 28 glo]E+&= Table 20l AIA =T Fig. 70 EAE
Ut} Table 29] AJFAARE o2 =38 2F3|4]
ZIH= Table 31 Zth Table 39 27384 An= Fig. 6



" Sub_A |

ub_B
Node 0 |  Noda
(}) GP
(443) (3123) Up Track
(3743) (8717)
@ 7';@‘7 ' Node_4] Node_5] (e704)
Traln_1 Train_0 — . -
Node_2 Node_3
" Train_10 | Train_11 |
. Node_8 | tNode_ﬂ
Down Track (11147) (8825)
(19408) (15665) (10681) ey
[Node_9 "Node_7|

Fig. 7. Test system

dae|Ee & 39 Aifo|n E3 Fig. 5(b)°l gHch

Table 2. Train location and required power of the test system
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Fig. 9. Equivalent circuit of the test system using SimuLink/Sympower system s/w. Running rail's distributed leakage earth
conductance are represented as lumped earth resistances at substation and train locations.

Table 3. Result of the load flow study in step 3 of the algorithm
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