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A Design and Implementation of 4kW Scaled Protection Device for
Isolating Fault Section in LVDC Distribution System
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oA+ LVDC HiAAZONA Ataro] 25t HiIAWE Y 2ehg WrAsh] fsto], AALAFE ATAZE 4= U= LVDC
A2E 4kWH A7 288 BSFAE FATUTE o] FA = BHEA| ALQR]eE Alo|E EgfolB, AFART A, A
& H ARAAMZ LAE H/WHSF TM320F283358 78102 3t §/WH 522 FAEY, 53 AYESLS 27| 537
RE HR SAPC F 2ZRT 38 SZARCO 471R] REg 28FHTh of7|A, H/WHE IGBT(insulated gate
bipolar transistor)?} AFAIZ A, AA 55 ol8dto] F BARY AR AFHEE L4k, S/WH+ CCS(code
compose studio) T2 17} DSP(digital signal processor), A/D(analog/digital) H3t7] 5L o]-&3lo] AX|9
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Abstract When a fault occurs in an LVDC distribution system, the fault region may be extended due to
shutdown of the main converter to protect internal devices. Therefore, this paper presents a 4-kW
scaled-protection device for isolating a fault section to limit the fault current and prevent this shutdown.
The proposed device is composed of a hardware system and a software system and has four operation
modes: initial mode, auxiliary mode, main mode, and restoration mode. The hardware system is
composed of a main path, current limit path using an IGBT, current limit resistor, sensors, etc. The
software system performs monitoring and controlling of the switches using a code composition studio
(CCS) program, DSP, A/D converter, etc. From the test results based on 4-kW 350-V DC distribution, it
was confirmed that the proposed protection device for isolating a fault section can limit the fault current
within 55.2-72.5 [us] of the reference value in the LVDC distribution system and ensures isolation time
for the fault section. Therefore, it is clear that the proposed device could be a useful tool to isolate a
fault section by preventing shutdown of the main converter and minimizing a fault region in an LVDC
distribution system.

Keywords : Fault Current, LVDC System, Protection Coordination, Protection Device for Isolating Fault
Section
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Fig. 1. Configuration of LVDC distribution system
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where, §(t): operation mode of protection device ,

Sy, main switch, S, current limit switch, ¢

sen ®
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Table 1. Test conditions of protection device
Lo S you:
] IS S
items contents '
AC grid rated voltage 380[V] - 1 |
AC/DC rated capacity 10.5[kW] . Il L I i L |
converter Trer id [5.3V/div] % HE
primary side LT A ZA ./ SISO RSN SN JUPUI SO TS
section voltage 350V] S - =
bor of - _ " 72.50us] " 20.4lus) o7l
number o 2 v Mo 5.3V/di] ! /%%" . —————
- modules' “ . PR - T !
collector-emitter 650[kV1 lei [2.65A/div] N : [44us/div]
voltage T @ o o gz
IGBT o 1
. load -facto-r of 60[%) (a) during a fault
protection insulation viltage
device for turn-on delay time 21[ns] —
isolating fault turn-off delay time|  180[ns] | T
section current limit currel'lt limit 5.810] -
path resistor o
low pass filter LPF resistor 10[k2]
pass i LPF capacitor 2.7[nF] i oS 0
' « 200[kQ], H Vo [6.4V/div]
t eloo_ L=l Lo
voltage sensor resistor £3000] : . A
auxiliary 5 | Vine [5.4V/div]
power supply|supply voltage 12[V], 24[V] \ | )
section “[1.28ms/di] | ! 27470,
35001, 10[A] o = =
load section current 17.5[01, 20[A) (b) after isolation of fault section
11.7[9], 30l[A]
~ line Case I 0.31101+1.79(mH) Fig. 16. Operation characteristics of protection
1mped'ance Case II 0.62[92]+3.57[mH] device (Case 1)
section Case [I1 0.94[01+5.36[mH]
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5.2.2 Case |19 SXHEN

4719 Ald 220 e 2oz Jud2rt 0.62
[Q1+3.57[mHIQ! 7B, Ab7F )& B3R 9] &
ZHES YEHH Fig. 173 2o} 97]A, Fig. 17(a)
= Ah e 495 YEhiE, Fig. 17(b)e AL
To] EeE &5 yehd Zolth. =, Fig. 17()9 ¢,
Ao A AIL7F HAYSHA, 57(us] o] F AFAITE A9
(Vi) turn-on= L, Wl AA(V,,,.,)E HA
el 20.3[us] o1l turn-offHrh. o, AfaLzt
£eE HogAs ARARE A% 5342 19.4[A]
2 AR £ AZE & 5 Aok T, Fig. 17(0)9)
t, Aol A Afartzte] £, 3.5(ms] oI wQl A&
A7} turn-on® 1L, AFAG AR = t,AHO2R
E] 558.7[us] ©lF turn-offgh& & 5= Utk wetA,
2 =RolA At At EE8 BIAAE S,
30[A19] AtaAFol diste] 64.7(%1%1 19.4[A1= A1
SHA| AIGEAIA, wldHE ] gk HAY - e
o} 2= ot}

p

-‘jfffi/mmn[S..éV/g!iy]) T ) U\L .

7
- —— = e éh&"
4 Vies [5.5V/div] el Zoirs_[fs] 194l
il [2.75A/div] Jault y/ & /T : WS/
- i i us/div]

i o1

(a) during a fault

01+5.36[mHI! 4%, AFL7ZE Belg oA &
AEA Fig. 187} At} of7]A], Fig. 18(a)
= ARh EAet A5 UEiH, Fig. 18(b)= AL
o] £eE & L}E}‘fﬂ Aoltt. &, Fig. 18@)2 t,
55.2[ps] o1 AFART &
ARV turn—onE]J—, HQl AV, i) E 1o
A7 5¥E 20.3[ps] ©1F0l turn-offHct. ojwf, A
7 B8 E3AAE AARE AR FHEAQ
19.1[A12 AAE 5= e & & Atk 4, Fig.
18D ¢, A-NA Atartzro] E2|=H, 3.5[ms] ©]
= vl AR1A7} turn-on® 1, AFARE AA|= ¢,
AHOZEE 662[us] ©]F turn-offFE & 4 Ut
mEhA], 2 =FolA Fag AlzE 288 HI3A
£ 5, 30[A19] AfndERo] disted  63.7[%]191
19.1[A12 A1&5HA AGHAIA, w1 E 9 g2k o
AT £ 22 & ¢ Ak

Ve [B2V/d)

4

————————— —le
3.5[ms] ! 5_38.7[‘15]

weltSomeond o

Vimie [5.2V/div]

I [2.6A/div]

i S
(b) after isolation of fault section

Fig. 17. Operation characteristics of protection
device (Casell)
5.2.3 Case 19 SXEM

3719 A1 230] w2t HojdE Judart 0.94

PO
5Al | |
N [

RN . M s 5
AN A
TV BV _Sf'zl‘fizﬁlL:w%@»
o R
e 1 [2.85A/div] Jault L/
sot 1 1 [65us/div]
R T . . | o
t H ot
(a) during a fault
o s
e = T T s av/div,
] =
- 3.5[ms] 6?2‘[us] Vine [5.4V/div]
1 T
. TN D27/
reluoams/ad | s

(b) after isolation of fault section

Fig. 18. Operation characteristics of protection
device (Caselll)

5.2.4 E&H=EN

719 Ag Avks vigoz Afuazt Belg Be
A9 EAEARS FH 02 LER® Table 29 2
t} 74, Ak} BHEE A9 AT Hell BE
A7} B2 JAUSES vlelo g 55.2~72.5[us] oy
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2 AIARE AL ATAL S e ¢ 5 9
o 3 Ak @ FAERL A gnEad
w2} 3.94~4. 16lms]2 HEES & < Stk

Table 2. Operation characteristics of protection device

items Case I Case II Case III
line i q 0.31[01+ 0.62[91+ 0.94[0 1+
i1e mpedance 1 79mH | 3.57ImHl | 5.36lmH]
limit current 19.71A] 19.4[A] 19.1[A]
auxiliary mode time|  92.9[us] 77.3[ps] 75.5[us]
restoration mode |3 941 | 406tms] | 4.160ms]
time
main switch turn-on|
time after fault 3.4[ms] 3.5[ms] 3.5[ms]
section isolation
6. E2
£ =RoA= &R DC HAA IS4 A7t Ay
S A9 AATNS Aasieh] Astel, ALAFE
Agte & 9l LVDC A2 4kWd A7 Belg
HEAAS PG olo] ot Fa AT A%E Aok

ol A A AR Bl A9
%" < B4 A7, Al E98 S
274 30[A19] AtadRol tiste] A4 E3#A|
Ql 19.1~19.7[A12 AI&SHA AIHAIA, H <A
HE Y] g2hs YAT 5= ASZ & 5 AUtk
A7 BElE RS9 SRELS EAT
733’—]‘ AT B8 BReAA7E 54 HAY
F2 HReR 55.2~72.5[us] oJl /\}—L*J'ﬂi
E gote] AFLARE 20.4[us] oJHZE A

Al AFAZ|H, AR B & SHELL ’H
ZuEA Wt 3.94~4.16[ms]|E HEES
& 4= Sl

AL B8 B3R SAELS £4
A3}, LVDC Hj-ASOA I E = I
WS 206te AFardRol Sste] g45HA &
gato] 87t A 4T 7hsAol A
gh, AR Belg SRS Bof AAAR
£ AFAZIE vIRIAHE Y BE7]50] 526t
7] Aol A B = S € S+ A

V)

I

®)

ot

oft
oL

&

28

4) FFol= AAIRE Aparzt

(11

2]

(3]

(4]

(5]

[0}

(71

8]

9]

228 ESAAE vt
o [VDC HjAAEA Abart dhgst A
ARG L7 AE LS FYFog TETH S 9=
HoEz qte] tiste] A4 T AIAo|ct.
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