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Development of High Speed Circuit Breaker using Electromagnetic Repulsion Actuator
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ABSTRACT

In the distribution system, there are multiple power protection systems such as circuit breakers at substations, and
reclosers, minimum circuit ampacities, fault interrupters on distribution lines. They are widely used to prevent partial
outages, cascading power failure or blackout so that other healthy systems could maintain the integrity in case of the
instant fault or permanent failure on the power lines. However, when a fault happens, it could cause a major black out
due to the lack of the protection cooperation between the protection relay of the circuit breaker at a substation and a
protection system on the distribution lines. To achieve the power system integrity better, it is required to develop the
circuit breaker which can be operational within 1 cycle(16ms). In this study, the high speed circuit breaker which is
filled up with eco-friendly gas is developed. This equipment achieved an excellent test results based on IEC 62271-111
standard. It is respected that this equipment would contribute to prevent the wide area blackout by isolating a fault
area quicker and faster.
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Fig. 1 The operation principle of the ERA module
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Fig. 2 The electrode system for insulation
verification

AgAHE Aol At Aagke ALF A
4Gl E BERE Aol A%
of HE ANANE S
Dry airl oi@ AA3F, SFel Hi@
Cool U AARFE B 1, £ 22
ehitt.

E 1 AXZI|of st MAAMS
Table 1. Coefficient of electric field on the dry air

sphere electrode gap(mm)
size(mm) 10 30 50
2 0.0226 0.035 0.0554
6 0.0683 0.0813 0.0841
8 0.1261 0.1439 0.2146
15 0.2184 0.2581 0.3078
30 0.3225 0.368 0.3741
40 0.4353 0.4748 0.4861
50 0.6373 0.694 0.7324
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E 2. SFeoll o st ™A A
Table 2. Coefficient of electric field on the SFe

sphere electrode gap(mm)
size(mm) 10 30 50
2 0.0350 0.0683 0.0685
6 0.0841 0.1016 0.1257
8 0.1261 0.1782 0.1801
15 0.3628 0.368 0.4032
30 0.4861 0.5319 0.5833
40 0.5922 0.6373 0.6940
50 0.7494 0.7629 0.7965

E 3. CO0f chst MA A
Table 3. Coefficient of electric field on the CO»

sphere electrode gap(mm)
size(mm) 2 15 30 50
10 0.101 0.480 0.656 0.757
30 0.041 0.222 0.378 0.521
50 0.019 0.016 0.259 0.400
. 0= A7 A
31 EA 4A

Biale a9 33 o] 21004
2 A s

AN P4 REO

548,67

(B)L: 843
A: 316

a3 3. 2x& MA(EH : mm)
Fig. 3 Design of main body(Unit : mm)
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oo 2oyl s #Ads §-E dolH Age
DSPIA S33tel 1% A% F, AAA glol ZA, E 4 S BRAE
BE77)e AU ES DEEAL Sae] 2 % Table 4. Short-time and Sp_?gk withstand current tests,
AEE A
PSME Aol e d933S 98 49% 25 EaLIEmELS
ANE3 du D/DOZANER FAEC wa 9= Test current | Peak = 325 kA, rm.s. = 125 kA
vEY AAFAL AP UV ALVAE Fgepn | edueney 00 fiz
) Duration 10 s
o ZAA dEda}, 14 Driver BE QE]H o]~
4 95 2Fsa 9l Test results
bgf(())rrlglttlgsris New and clean
_ _ Test current
V. Al H gt Test number Peak r.m.s. Durations
KA KA
A 1 A7) AAEFS 19 49 o] 3§ ~935 125
oA NARE, A} INE Fow FAEY. B e | 67 | 125 1.02
ANQAFQAN FAE ARNGE @A ARAE 335 _| 128
S 3AEA TIO, TR0, T00E ARSNTE @A | Grdimduig | o FEDe G eoamaly
ARAGE Qg E% IEC 62271-1119] A @A and aler 45 | e firt attempt.
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2 AAZ A 149 23 A Al clearing time
91 1+0.24}0] Z(14~20ms) oW E w8l 143~
6.3ms W AS FAstAt. AT A TH04, & 56
3] Ak Al 2F2DE AAIEE @l FEE APAIAS
2 A A3 139} 22 A A, clearing time
71591 1£0.24F0] Z(14~20ms) oW S w3t 147
~173ms W AS ERlsttt. AAF A T2000 A,

N

=z
#l

—_

T 6 HNAZXHMD

Al (T50)

ST

Table 6. Rated symmetrical interrupting current tests, T50

Test requirements

Test voltage

271 kV

TRV

uc = 5KV, t3 = 27 ps, td = 4us,
RRRV = 2.03 kV/us

Test current

Interrupting = (56 - 6.9) kA

F M8 AW A, DR ANF 9D SARE g | ot freuency % 17
AN sz A AsAw 139 23 2uial Contro1 voltage AC 187 'V
) RN o E’ Operating duty | 0-0.3 s-CO-1 s-CO-1 s-CO
clearing timee 7]591 1+02AF0]Z(14~20ms) oW Number of unit 5 wits
W 131~168ms WS el T100, operation
TS0, T2000 48] BAFAAF AP Aldxd 2 A3
Test results
Ay T 5 T /W I Zy 7} o)
a2 E 5 36 % 3 7ol 27 vehisi. Condition | After rated symmetrical interrupting
before tests current switching tests (T100)
E 5 HASIMT AIHE(TIO0 .| Test voltage | Clearing
Table 5. Rated symmetrical interrupting current tests, T100 Tet unber |- Operation @E&kt{)fﬁaﬂ“) Urrnnse
Test requirements 16.1 15.0
Test voltage 271 kV 0 ig(l) igg
TRV uc = 509 KkV, t3 =47 ps, td = 7 s, 16.1 15.8
RRRV = 1.08 kV/us : g
— — 0.3 s CO 16.0 158
Test current | Interrupting = (11.3 - 125) kKA HPC 162 116
Test frequency 60 Hz 17-148-090 160 1078
Control voltage AC 187 V 1s CO 16.0 112.3
Operating duty | O-0.3 s-CO-1 s-CO-1 s-CO 16.1 108.3
Number of unit 16 unit 16.2 122.6
operation units 1s CO 16.0 122.6
16.0 120.3
Test results
é}e?gglgré After llne—chaé%gg(i%r)rent switching E7 MASIHD A|3(T20)
Test, voltage Clearing Table 7. Rated symmetrical interrupting current tests, T20
Test rurrber | Operation @mekti)/eaﬁﬂ tinmse Test requirements
181 158 Test voltage 27 kV
0 18.1 15.8 TRV uc = B6 KV, t3 =19 ps, td = 3 ps,
18.1 12.4 RRRV = 3.10 kV/us
18.3 16.2 Test current Interrupting = (1.9 - 25) kA
HPC 03 s CO }gg }gg Test frequency 60 Hz
- - Control voltage AC 187 V
17-148-081 16.6 112.2 -
1 s CO 16.6 116.3 Operating duty | O-0.3 s-CO-1 s-CO-1 s-CO
16.6 116.3 Number of unit A4 units
16.5 120.3 operation
1sCO 16.5 116.3
16.5 120.3
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Test results
Condition | After short time and peak withstand
before tests tests (STC)
Test voltage Clearing
Test umber | Operation | (these o earth) time
kV ms
16.1 9.2
0 16.2 134
16.1 134
16.5 10.2
03s CO 165 156
HPC 165 151
17-143-016 16.6 136.0
1s CO 16.7 140.2
16.6 139.5
16.9 139.0
1sCO 16.9 139.1
16.9 135.1
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