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Abstract Recently, demonstration projects of hybrid MVDC distribution technology have been actively
conducted in connection with existing distribution systems, which convert 22.9kVAC into +35kVDC
through a converter station and accept renewable energy sources. This is done as a counter-measure
to solve the hosting capacity problem caused by the rapid introduction of renewable energy sources.
This paper proposes a protection coordination operation method for each fault scenario for stable
operation of a £35-kV hybrid MVDC distribution system in fault points on an AC distribution feeder and
MVDC distribution feeder. We modeled a +35-kV hybrid MVDC distribution system using
PSCAD/EMTDC, which is composed of a distribution substation, MVDC distribution feeder, converter
station, inverter station, and PV system. A simulation of fault analysis in the hybrid MVDC distribution
system was done based on the modeling for a fault scenario. The results confirmed that the fault current
characteristics of a single ground fault is reduced by about 47% according to the simulation condition,
and the short circuit current is rapidly increased up to 18.5kA. The protection device setting values of
the AC distribution feeder were determined by considering the grounding of the transformer in a
converter and inverter station and the NGR in the main transformer in order to stably operate the hybrid
MVDC distribution system.

Keywords : Hybrid Distribution System, MVDC Grid, AC Grid, Protection Coordination Operation Method,
Fault Analysis
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Fig. 1. Configuration of hybrid MVDC distribution
system
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(fault #1)2F MVDC A2 F7tof| Tatart TAYs)
= A (fault #2)= AMASHY
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Table 1. Sumulatuoin conditions

items contents
modular multi-level
. converter
ype (sub-module: half-bridge
type)
rated capacity 33[IMVA]
rated AC 22.9[kV], 833I[Al
voltage
and DC +35[kV1, 472(A]
current
converter
station, number of multi-level 28
inverter |capacitor of sub-module 1000[uF]
station
arm reactor 15[mH]
connection Yg- A
transforme
. voltage ratio 22.9/53[kV]
capacity 35[MVA]
Vdc-Q control
operation mode mode(inverter)
peratl Vdc-Vac control
mode(converter)
overhead ACSR/AW-OC 240mm?2
primary | .4 TR CNCE-W/AL 400mm2
DL1 | feeder & TR CNCE-W/AL 600mm2
total length 13.25[km]
PV system | capacity 21.5[MW]
overhead ACSR/AW-OC 240mm?2
primary | o4 TR CNCE-W/AL 400mm2
DL 2 | feeder & TR CNCE-W/AL 600mm2
total length 17[km]
PV system | capacity 19.7IMW]

Table 2. Contengency fault conditions

grounding of
. transformer in NGR in main
items
converter and transformer
inverter station
Case | (0] X
Case I O (0]
Case III X X
Case IV X O
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Table 3. Characteristics of single line ground fault

fault currentlkA]
converter inverter distribution
PV system ) . . total
station station substation
PV 1 bank #2
1 0.95 0.48 1 T 4.47
Case I PV 2 (reverse) | (forward) bank #4 9.6
1 0.41 129
bank #2
PV1:1
Case 11 0.63 1.73 1 2.63 76
PV 2 (reverse) | (forward) bank #4 ’
0 0.54 : 1.61
PV 1 bank #2
1 115 0.5 0.87 1 4.53
Case TII PV 2 (forward) | (forward) bank #4 9.6
1 0.41 13
PV 1 bank #2
: 1.38 0.65 0.7 1 1.66
Case IV PV 2 (forward) | (forward) bank #4 5.01
: 0.8 : 1.02

Table 4. Characteristics of 3-phase short circuit fault

fault current[kA]
PV svstem| COTverter inverter | distribution total
4 station station substation a
PV 1 bank #2
0 0.63 0.44 0.4 152
Case 1 PV 2 (forward) | (forward) bank #4 8.57
1 0.47 235
PV 1 bank #2
0 0.63 0.7 0.46 0 5.24
Case II PV 2 (forward) | (forward) bank #4 8.57
1 0.47 235
PV 1 bank #2
1 :055 0.7 0.46 - 5.04
Case III PV 2 (forward) | (forward) bank #4 8.57
: 0.47 235
PV 1 bank #2
: 0.55 0.7 0.46 1 5.24
Case 1V PV 2 (forward) | (forward) bank #4 8.57
:0.47 i 3.5
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(b) AC feeder fault current

Fig. 13. Fault current characteristics with short
circuit in MVDC feeder
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