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Hybrid LVDC Circuit Breakers

Hyo-Sung KimT

Abstract

This work investigates the commutation

characteristics

of the current flowing through an

electrical-contact-type switch to the semiconductor switch branch during the breaking operation of hybrid DC
switchgear. A simple, reliable, low—cost natural commutation method is proposed, and the current commutation

characteristics are analyzed in accordance with the conduction voltage drop of the semiconductor switch branch
through experiments. A prototype 400 V/10 A class natural commutation type hybrid DC switchgear is set up.
Its performance is verified, and its characteristics are analyzed.

Key words: Hybrid LVDC circuit breaker, Electric contact type switch, Semiconductor switch, Commutation

method, Conduction loss, Break arc.
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Fig. 1. Circuit structure and breaking arc of contact type
switch. (a) Power circuit concept of contact type switch, (b)
Breaking arc voltage/current waveform, (c) Arc initiation
voltage characteristic graph according to power supply
voltage and load current.

sk of 10Ve of=E% M9 (AVarc)

S
of FHT FA3 FRAAT, v BaaFe of
27} WS 7k ATl WS clag R gl

A5 Wl ok FeHalae)7h hEREA A2

sloxe] AP S e} =

A Vare 10

A[ar(:: VD ><1L()dd = TDX Load (1)
a9 o AdAstd Febd el meE o id et
54 2= E Btk of=as A APE o2 A
AzEe] A BHo Astel Aedan Wi
7b AsHA @A o] agz= olgd WA A4S
Zol7] slato] 104 WAl AEge T 23}
olch, ASAL 0 - 400V, F3k4AF 0 - 10A] A 3]

%
o4 o}zEuge] oF 10V AEZ dAeTh A



The Transactions of the Korean Institute of Power Electronics, Vol. 27, No. 6, December 2022 491

Trowd —»

(b)
Fig. 2. The concept of a natural commutation type hybrid
circuit breaker. (a) Power circuit concept, (b) Operation
sequence
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Fig. 3. Concept of a gate driving circuit for the proposed
commutation type hybrid circuit breaker.
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Fig. 4. Basic experimental circuit of proposed natural
commutation type hybrid circuit breaker.

TABLE 1
BASIC EXPERIMENT CONDITION
Supply Voltage [V] 400
Load Resister [Q] 40
Load Current [A] 10
MOSFET IXFH20N50P3
Diode FFH5 - US60S
TABLE II

NUMBER OF DIODES CONNECTED IN SERIES AND
EQUIVALENT CONDUCTION VOLTAGE OF
SEMICONDUCTOR SWITCH  (Vpson)

Case No. of series Equivalent
diodes Vpson [V
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2 10 12.83
3 20 23.3
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Fig. 5. Experimental waveform of load current cut-off by
pure contact type switch. (a) Waveform for the entire
period, (b) Waveform for initial expansion of the breaking
arc.
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A58

EQUIVALENT CONDUCTION VOLTAGE OF
SEMICONDUCTOR SWITCH (Vpson) AND ARCING

CHARACTERISTICS
Case No. of | Equival. Teontact Thybrid
diodes | Vpson [V] [ms] [ms]
1 0 4.36 0 0
2 10 12.83 1.28 0.64
3 20 23.3 6.88 278
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GND

Fig. 8. The structure and appearance of the contact type
switch used. (a) Circuit diagram, (b) Photo
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TABLE IV
COMPARISON OF THE PROPOSED LVDC HYBRID CIRCUIT BREAKER
. . . Proposed Natural
Type Proactive commutation LC resonant commutation P .
commutation
iv ¢\J’ ’ i S
!\‘/Iecr::"mgalr Load Commutanan r"l e 8 —>—%
Scheme pisconnecto Switch —’_NY\_“_O;D_‘ i2 SemEdutor
i o Wi e W i L _
Main Static Switch Ls i ib s1 s3 i3 Cf:
\%
Measures Line commutate - Resonant inductor Arc initiation voltage
) : n
switch (LCS) - Resonant capacitor s
Break arc No Exist (1~5ms) No
Conduction loss High Low Low
Applications HVDC HVDC LVDC
) ) - Capacitor agin, .
Trouble issues LCS heating D ) sine Not particular
- Contactor aging by arc
Timing control Complex Complex Simple
o 54< walth
I 10T # ﬂﬂﬂ LVDC 34 7h#71¢] ON&4 Al 2929 =5 AZH 3ms H|WFo=A F2 AZF
A Ferd g warh 339 At 1Y 10 AREE 29979 R 24 ¢ & gk A4
o] 7k Zrh ‘Zl“ *AXV} ON¥l o]%e ¢F 106ms AA ¢Jste] OFF s2tA] WA 291x]9] & A7t
b A & A58 BEA 299X E ON A7) AlolE & g SRt weA] ~9x9 AAMdFE AA @
AF7 Zee, 1 M WEA 29109 Aol AF  Fo] AgaE @ Zolt
o B glo] FatdFe F 29AE ST sEH AotE AAAF WA BEyY AF AFs)E F
o] REE=A] 290X]9] ON A& L& ON voltage drop  HIARE 290%] 2 ¥R ~9x] Fo &8 ¢ 9l&
of F 2903 Gure] gol vlste] 27] WEelth weh o sYHh Aekshs LVDC Bl g
A A5 E e 299X E AAJAY FedFeE 0 Adeskd 349 2k
29 72n 32t}
a7 100 A=E LVDC 533 7i#719) OFF &
2k Al FoRe] Ay 3ge HQlth 7b oA 1y of =22 016dT HE(LSLEI|=R)e MAS
of &=Alv= 19 10(a)e] 459 2ok + 29471 OFF SRR el XS drot T™-E J[ZAHTANY
HH F 29Ad 52Y AR FA L5E WHEA ol (2016R1D1A3801008279)
29X 2 AsAY. oju A58 HEEA] A9 X7} ONH O] =22 20224 ME((MES AT e
7] flete] Hagh AGWNE F 29 dde] Aol 2 ShEMdv|sgotae| el X|YE drot sEE
ok 20V AL Asste AL & F o 425§ HEA| A2l (No. RS-2022-00144404, ZletAMEt AT |=
29155 RC ARAAS 2 o8l 448 49d A | SHEES,
ro] At Fofl AlolE 257l oz WoXHA oA Agn XAzFelo T2 & eHd Aoy
o] 25 F M A ZAFRH CE
54 8
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