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Abstract The MVDC distribution system has recently been in demand due to the interconnection of
renewable energy sources, increase in DC load, and customer's demands for a high quality and reliable
power system, while the commercialization of devices for MVDC is in the early stages. Accordingly,
demonstration projects on applying existing AC devices and cables to MVDC distribution systems are
being carried out. On the other hand, the protection of high-cost facilities, such as converters and
cables, using existing AC devices and cables, may not be reliable in the event of a fault, and an analysis
of the fault characteristics is required for the stable operation of an MV-LVDC microgrid (MG) system.
This paper proposes the modeling of 5kV MV-LVDC MG system, which is composed of a PV system, ESS,
MVDC cable, DC/DC converter, and DC/AC inverter using PSCAD/EMTDC S/W, to analyze the
characteristics of the fault current at each fault location in the MV-LVDC MG system. The simulation
results based on proposed modeling showed that a consideration of the fault current at each fault
location is necessary to design protection coordination in an MV-LVDC MG system because the
characteristics of the fault current in the MVDC cable, LVDC cable, and AC cable may vary depending
on the fault location, types of power source, and power conversion types.

Keywords : MVDC Distribution System, MV-LVDC Off-grid MG System, Fault Current Analysis, PV System,
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Fig. 2. Equivalent circuit of PV module
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where, I: output current[Al, Z: short circuit current[Al,

1,: diode current[A], £

pa

.- parallel current[Al, 7 ,:
maximum short circuit current[A], G: measured
radiation(W/m?), G,: reference radiation[W/m?],
T:

ap. temperature coefficient, 7.: measured

temperature[°C], 7. reference temperature[°C]
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Fig. 3. Modeling of PV module section
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Fig. 4. Modeling of battery section
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Fig. 5. Modeling of DC/DC converter for PV system
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(b) inverter controller

Fig. 8. Modeling of DC/AC inverter
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Table 1. Simulation conditions

item specification
PV capacity[kW] 100, 150, 500
voltagelkV] 0.75
capacity[kW/Mwh] 500/1.5
battery voltagelkV] 0.75
internal inductancel[uH] 0.634
Internal resistance[m@] 7.75
EV charger load[kWh] 150
cuf;zr;ler factory load[kW] 250
AC load voltage[kV] 0.38
DC/DC capacity[kW] 100, 150, 500
converter voltage[kV] 0.75/5
DC/AC capacity[kW] 250
inverter voltagelkV] 0.75/0.38
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Fig. 11. Contengency fault conditions(13 cases)
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Fig. 12. Characteristics of fault current with F1 fault
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Fig. 13. Characteristics of fault current with F6 fault

4.4 ACE ATX|IHEQ AtIEAM sHM

EV $48& ¥} & ACARAA 34 w2t
F1)7F 2ASE A9, AFAF9] B2 Fig. 149 2ol
Uekd &= itk oj71A, Fig. 14(a)= AAFY 1t
< YehH, Hof 1.9kAS] ALLHRIF HATS & &
At E3h Fig. 14(b)e AAARY 257 WakS UE
W, section A9] EjYSFHLoNA oF 1A9] v 2h
AF7F A=, g S|4 Fgohs AEFE <
125A A= & 4= itk 3, PV4E HlRAL]
DC/DC ZHEE Bl ALAFOR 0.17kAY] Arard
FE ITEI, B3HEE8 DC/DC AHEHE A28
9] 1.25¥9) 3Fsk= 0.83kAS] ALHRE FHohe

< & & Qlrh ek, ARRAEoE F 1.9kAS] AR
ARt 524 "ok

-T_A - B =N

.......... = 1,901
1.75 2 0,000
& -1.901
Min 0,000

2.00

1.50

Max 1.912
1.00 DT 1.912 kA

0.75
i lt11max = 1.9KA
.23

k)

0.00
x PR £ = = ¥ < 0.29
0.18 ofze 0.22 0. o.2e o.28 0T e

. * +10.35

(a) fault current wave

751

(b) fault current direction

Fig. 14. Characteristics of fault current with F11 fault
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section A°] EjFFH Yo 2 HE FHFEH, section C
o 77k F33 F4, F7AIA9] ARALR= MVDC A=
9] JFFOoZ section A9 HIFBHYCERE FU=+=
ALIAFTY Facle B4 Ushdoh £33 viEdS
oA Ata7t HASH= A%, DC/DC HE HHolA
Ata7h sk FSAIR S Ab R B &3]
9Jste] 2R ZHE UEfiA|Rt, DC/DC A E 2} HiE 7
Ato]9] FoAH 9] A AR= vliE 2|9 WiF A3l <5t
of W =2 A7 Wk AS & 4 Uk B 5
87} Bol5ollA At Wske F8~F139] A%,
MVDCol A3 A== DC/DC AHE W2l F8AH
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Table 2. Fault current depending on fault locations

fault currentlkA]
fualt - -
IOCa[iOI]S section A section C tOtal maximum
ESS side |Load side| current current

F1 1.91 0.83 0.13 2.87 3.91
F2 1.91 0.83 0.05 2.75 3.86
F3 0.7 0.83 0.8 2.33 3.21
F4 0.7 0.83 0.47 2 3.23
F5 0.7 0.83 0.17 1.7 3.21
F6 0.34 28.9 0.17 29.41 35.3
F7 0.69 0.83 0.7 1.59 3.2
F8 0.69 0.83 0.16 1.68 3.2
F9 0.001 0.125 0.17 0.305 1

F10 0.001 0.125 0.17 0.305 1

F11 0.001 0.125 0.17 0.305 1.9
F12 0.001 0.125 0.17 0.305 1

F13 0.001 0.125 0.17 0.305 1.9
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