The Transactions of the Korean Institute of Power Electronics, Vol. 23, No.

5, October 2018 299

Z1

[==}

0k

https://doi.org/10.6113/TKPE.2018.23.5.299

719 ola A ZV|=

=L E? AEMT

Arc Extinguishment for Low-voltage DC (LVDC) Circuit Breaker by PPTC
Device

Yong-Jung Kiml, Jeaho Na2, and Hyosung KimT

Abstract

An ideal circuit breaker should supply electric power to loads without losses in a conduction state and
completely isolate the load from the power source by providing insulation strength in a break state. Fault
current is relatively easy to break in an Alternating Current (AC) circuit breaker because the AC current
becomes zero at every half cycle. However, fault current in DC circuit breaker (DCCB) should be reduced by
generating a high arc voltage at the breaker contact point. Large fire may occur if the DCCB does not take
sufficient arc voltage and allows the continuous flow of the arc fault current with high temperature. A
semiconductor circuit breaker with a power electronic device has many advantages. These advantages include
quick breaking time, lack of arc generation, and lower noise than mechanical circuit breakers. However, a
large load capacity cannot be applied because of large conduction loss. An extinguishing technology of DCCB
with polymeric positive temperature coefficient (PPTC) device is proposed and evaluated through experiments
in this study to take advantage of low conduction loss of mechanical circuit breaker and arcless breaking

characteristic of semiconductor devices.

Key words: LVDC(Low Voltage DC) distribution, DCCB(DC Circuit Breaker), Arc fault current, PPTC(Polymeric

Positive Temperature Coefficient)
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Fig. 2. Experimental circuit diagram of the proposed
arc-less DC switch using PPTC.
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Fig. 3. Operation sequence of main switch(SW;) and auxiliary
switch(SW).
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TABLE 1
EXPERIMENTAL CONDITION FOR PROPOSED
ARC-LESS DC SWITCH

Ve 400[V1]
type Resistive
Load Ricaa 80[0]
Electrode G
material opper
Saparation
speed 86[mm/s]
Moving Fixed

i Stepping Electrode Electrode

Fig. 4. Experimental environment for proposed arc-less DC
switch.

TABLE II
PPTC SPECIFICATIONS OF PROPOSED ARC-LESS
DC SWITCH
Hold Trip Max. Max. time
Item current | current | current | to trip
[A] [A] [A] [s]
FRV005-240F 0.05 0.12 1.0 150
FRV008-240F 0.08 0.19 1.2 15.0
FRV016-240F 0.16 0.37 2.0 15.0
FRV033-240F 0.33 0.74 45 21.0
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(b) Proposed arc-less DC switch with FRVO16 PPTC
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(c) Proposed arc-less DC switch with FRVO08 PPTC

Fig. 5. Experimental waveforms of DC switch without PTC
and proposed arc-less DC switch with PPTC.
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TABLE I
RESULTS OF REPEATED TEST OF PROPOSED DC
SWITCH USING PPTCS AT 5A LOAD CURRENT

Items Cgitr;ff tfl{r:geggile Remarks
FRV008-240F 20 147 Non-repeatable
FRV016-240F 60 25 Repeatable
FRV033-240F 680 215 Repeatable
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Fig. 6. Experimental results of the proposed DC switch at
between 5A ~20A load current.

TABLE IV
EXPERIMENTAL CONDITIONS FOR PROPOSED DC
SWITCH ACCORDING TO LOAD TYPE
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TABLE V
CUT-OFF TIME OF ARC-LESS DC SWITCH IN
RESISTIVE LOAD

Proposed DC Switch
Ttem Cut-off time[ms]
@5A | @10A | @15A | @20A
FRV016-240F 41 21 arc arc
FRV025-240F 115 33 23 -
FRV033-240F 384 80 35 23
FRV040-240F 752 137 52 33
FRV055-240F 924 166 63 41
FRV075-240F | 1457 227 84 49
FRV100-240F | 4737 875 300 139
FRV125-240F 7773 1512 474 232
FRV125-240F 7773 1512 474 232
TABLE VI

CUT-OFF TIME OF ARC-LESS DC SWITCH IN

Resistive Load Inductive Load INDUCTIVE LOAD
Ve 200V Proposed DC Switch
I | DA, 10A, 15A, 20A 5A, 104, 20A Item Cinfimat? thsclias]
Rroad | 409, 209, 13.3Q, 1082 40, 20%, 102 @5A | @10A | @15A | @20A
Lioad - 480mH, 240mH, 120mH FRV016-240F | 29.8 arc - arc
TL - 12ms FRV025-240F 111 28 - arc
FRV033-240F 305 59 - arc
BAFES du)stl, 282 g PPTCE A3 A& FRV040-240F 662 111 - 32
719 AR FAE qR] e PPTCA ey FRVOS5-2A0F | 865 | I | - | 8
AF7 BEAF 4% olAor MA ook S < FRV075-240F | 1330 205 - 52
T AT FRV100-240F | 5550 | 920 - 176
geow HaAds 2@ PPTC Wt m2 iy FRV125-240F | 8346 1457 - 264
o] mAO HaARel PPTC Wae] W AThA7he] FRV125-240F | 21935 | 4347 | - 850
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