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Analysis of the Cost of Power Loss and Grounding of the Gumi
City Tram Power Grid by Reflecting the Dynamic Resistance
Model of Tram and the Temperature Characteristics of Tram

Jeong-Seok Bae*!, Yun-Ji Choi**, and Hee-Jin Lee**

Abstract

This study proposes an optimal balancing scheme between the Gumi City tram power grid grounding construction
and the cost of power loss. Using PSPICE, the tram power grid was redesigned based on the proposed route map,
incorporating a dynamic resistance circuit to model the tram as a dynamic resistance system. Resistance values for
the catenary wire, feeder wire, and rails were adjusted according to atmospheric temperature, and the impact of
grounding work on reducing power loss caused by rail resistance was analyzed through simulation. The cost of power
loss was calculated for scenarios with grounding work installed at 2, 3, 4, and 34 locations, prioritized by areas with
the highest power loss.
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Fig. 1. Tram lines
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Table 1. Types of wires applied to catenary system
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Table 2. Resistance per unit distance of rail, catenary,
feeder wire depending on atmospheric temperature

-20C +20C +40C

Rail [S/km 001184 | 0015377 | 0.01776

Catenary wirelQ/km] | 0.09006 0.104 0.12392

Feeder wire[Q/km] | 0.04842 0.0563 0.06643

Temperature | Resistance

Wire coefficient of | [Q/km] at
resistance 2T
Rail 60kg/m 50x10* 00148
Catenary wire| Cu 170mm? | 383x10° 0.1040
Feeder wire | AL 510mm® | 4.0x10° 0.0563
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Fig. 2. Dynamic resistance model of tram
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= Ec= A=) O 3=
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N, 2o|AlS Esl H|E EAM Mid load | 12:00~13:00 | 12:00~13:00 | 12:00~16:00
18:00~22:00 | 18:00~22:00 | 19:00~22:00
11:00~12:00 | 11:00~12:00 | 09:00~12:00
31 2T mE vIE2H Peakil0ad =300 7800 | 1300-1800 | 16:00-19:00
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Fig. 3. Normal hour tram power system diagram
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) : contract demand of 300kW or more

Energy charge (KRW/KWh)
Type Default rate Summer Spring = Autum Winter
HOX KRWIW) |~ Time zone (6-Month) |(3-5Month, 9~10Month)|  (11-2Month)

Selection Light load 99.5 995 106.5

| 722 Mid load 152.4 122.0 1526

Peak load 234.5 152.7 210.1

High Selection Light load 94.0 94.0 101.0

voltage I 832 Mid load 146.9 116.5 1471

A Peak load 229.0 147.2 204.6

Selection Light load 93.1 93.1 100.4

i 981 Mid load 146.3 115.2 146.5

Peak load 216.6 138.9 1934
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Cost of power loss in Case 1
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Fig. 5. Cost of power loss in Case 1
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Table 5. Total cost on a 10-year basis

Cost of grounding | Cost of power loss
Case [KRW] [KRW]
Case 1 13,000,000 7,868,023,746
Case 2 19,500,000 7,229,543,755
Case 3 26,000,000 7,162,816,963
Case 4 221,000,000 6,200,958,582
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