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ABSTRACT

A Study on Superconducting Interruption System for

Reducing of Power Burden in DC System

Hwang Seon Ho
Advisor : Prof. Choi Hyo-Sang, Ph.D.
Department of Electrical Engineering

Graduate School of Chosun University

Distributed power system is increasing as power consumption increases.
This is the trend of connecting these distributed power grids to form a
large power grid. Frequency synchronization and long distance power
transmission technologies are required for the large power grids.

If a distributed power is connected using an existing AC transmission,
the grid-connecting will fail because of different frequencies in distributed
power system. So, a frequency converter is needed to connect it. Due to
frequency component in AC, the long distance AC transmission can’t flow
the steady state current until the allowable current. Additionally, line
inductance occurs and it leads to induced interference in other lines and
inductive disturbance.

This AC transmission problem can be solved by adopting a DC
transmission. The reason is that DC transmission does not have a
frequency component, it dose not necessary to consider frequency

synchronization when connecting different systems. Moreover, In DC

— vii —
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transmission, the steady state current can flow up to the allowable
current. It makes the high efficiency transmission.

To commercialize the DC transmission, however, it 1S necessary to
secure fault current interrupting technology. Recent developments in
power semiconductors have led to the development of a static state circuit
breaker, a hybrid DC circuit breaker. However, the DC interruption
technology is still insufficient to isolate the fault current generated in the
HVDC system. This is because it is difficult to solve the problem of arc
furnaces and semiconductor element heating problems.

In this thesis, it proposed a superconducting DC interruption system to
cut-off the fault current in fast and stable. superconducting DC
interruption system is a combination of superconductivity and mechanical
DC circuit breaking technologies. When a fault occurs, a superconductor
limits the fault current. Subsequently, a limited fault current is blocked
using a mechanical DC circuit breaker. By limitation the current in first,
it ensures that the mechanical DC circuit breaker can isolate fault
currents quickly and reliably.

Superconducting DC interruption system was designed with the
PSCAD/EMTDC. In addition, to analyze in various conditions, it
established a theory and increased reliability in superconducting DC
interruption system.

In the simulations, the operation of the superconducting DC interruption
system works quickly and reliably. It also confirmed that a stable
interruption has occurred in various fault conditions. At this time, the
average fault current Iimitation rate was 52 % and the average

interruption time was approximately 20 ms.
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271 (Hybrid DC circuit breaker)
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Fig. 3-7 Circuit diagram of the mechanical DC circuit breaker
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Fig. 3-8 Equivalent circuit when interrupting mechanical DC circuit breaker

Imai,n = Ifault current I(mmnutatimz
where,

Luin = Main path current

(3)
Ifault current Faultcurrent
L pmutation = Commutation path current
2
L d I(mmnutatmn arc dlmam 4+ =0
d tQ Imai,n dt C oommutatmn
where,
L = Inductance of commutationpath (4)
C'= Capacitance of commutationpath
U,.. = Arc voltage
0.5 L( AU )
B ET L 1
Imain = Ifa.'u,lt current I+e Sln( \/L—C t) (5>
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In interrupting operation
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Table 3-3 Arc equation

Arc equation

Casise Mayr Schavemaker
dg_ 1 ( e 79)
Uz Ldg_ 1 Uarchwe ;t_PT(bg) p(g)
tap_1fUh | -l N
g dt T UZ T:T()ga

g :the arc conductance
g :the arc conductance T :the arc time constant g =the arc conductance

T :the arc time constant U, the arc voltage I=the arc current
U,.:the arcvoltage Py =the arc cooling power

| L,.:the arc current ’
U : sourcevoltage P, : the cooling power constant | T =the arc time constant
a = free parameter

b= free parameter

A 5 25
8000 K =} 8000 K o]s}t
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Fig. 3-11 Circuit diagram of mechanical DC circuit breaker model

considering arc characteristics
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Table 3-4 Parameters of mechanical DC circuit breaker

including arc characteristics

Part Element Value Unit
Breaker capacity 1.2 kA

Main path Arc cooling power 70 MW
Time constant 0.3 us

Commutation path C 5 uk
L 100 uH

Absorber path ZnO 110 kV

a9 3112 2 =wolA HFAoR AAR 7IAA A
LB ® 3-4% 7144 AR ATl 2 Arc boxoll 8% mEHHE A4
Zolt}, Main path®t Commutation path® dtelr|ElE= AHS =3 744

A5 A7]o] ofm A B Ad SAS dAFe =&Y gy s F
AA A TH20-22]. 3k Absierd T 7o) AAHGE R 329 <Ak
S mH skl A AT

oy 2-7o AFHEHAZ] 7IAA FF Adr]e] A
mso|th. o] & 7|Fo® VA AF Adr|e Hd Add[F ks AAEskh
ZN1AA A Adre] A e AFA77F 34 kA o]t em Hgd
A oF 48 ~ 55 msE 19 2-79] WFE Hojdr} oo B =i A
AR FE oA A g HoHA Jdard 33 kAR dAstrh w3 A
Al GE(General Electric)AFoll Al 7dbe A F2wt7] GErapid 26072 &t
7F 30 ~ 71 kA olu® 19 2-7¢ =3} GEAMY] AFabdr] A
s THFAN7E 33 kAR A8 23]

o

o

Mz
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Fig. 3-12 Simulation circuit diagram for mechanical DC circuit breaker
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Fig. 3-13 Interruption characteristics of mechanical DC circuit breaker
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Table 4-2 Simulation results of mechanical DC circuit breaker

AAY A% A9 A4 A
% g Al
94 A A S
A g A5 A8 A7
Al7E [s] &4 =5[s] 2 MW]
[kA] [ms]
Fault I 25 0.1148 18.3 0.1283 4595.69
Fault T 33 0.122 26.2 0.1362 6735.71
Fault III 50
Fault IV 66
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Table 4-3 Simulation results of superconducting DC interruption system
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2% A% ABA 2" A4 A

TR 2 A

M ggen | A
A3 AF A28 A7 A8 g [MW]

Al ZF [s] = [s]

[kA] [ms]
Fault I 11.9 0.1103 10.1 0.1201 1264.4
Fault II 12.29 0.1104 10.2 0.1202 1588.9
Fault T 14.22 0.1107 15.3 0.1253 2018.1
Fault IV 15.26 0.111 17.6 0.1276 2286.88
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