Conceptual design of a saturated iron-core superconducting Wed-Mo-P03.08-06[58]: ... :: | | o .
Fault occurs i
MT 26 | . | L ... ou.v 3 Designand analysis of a lab-scale SI-SFCL R 1 X
International Conference fault current limiter for a DC power system Ceeeeeee g | ER
e e o © ©® o ©® @ = o H < 4ft—=lsc=
v on Magnet Technology V. 0. Dao*, C. . Kim*, J. Lee* and M. Park* oot et A Specifications of the lab-scale SI-SFCL for a 500 V, > |
Coe TR T ' capta.paper@gmail.com 2 b I
Vancouver, Canada [ 2019 Changwon National University* Tol- 462-55.218.2806 b T Tt * 50 A DC power system g 0 /
A lab-scale SI-SFCL was implemented in the 500 V, 50 A DC g _ Saturated flux, Psqc = 3.2 (WD) J;
1 Introducti B. Detailed design process of the SI-SFCL C. Fault current limiting characteristics of the SI-SFCL power system to verify the effectiveness conceptual design. T 2
A superconducting fault current limiter can significantly Step 1: Determine the initial parameters of the SI-SFCL ] A PSSAD/EMTDC S'deIa’I[mn thdel WaS_bU'IIt t(})] conflrr_n t_he Specifications of the lab-scale SI-SFCL S I U S (U R S W M A Y
0.0 0.5 1.0 1.5 2.0 2.5 30 3.5 300 303 3.06
reduce the stress on the DC circuit breaker in DC power - Rated voltage, rated current and rated power, fault current levels Oie:ilr?:eSI_g?:rgTeir;ﬁnIe_anr?azezetr;nesf%?ﬁ::??:gdecl \?J:gtﬁglesc;ufz TRV . Items ;/g_olu\(j Time (s)
systems due to its inherent physical characteristics that can ii : ' g : D Ve Ve Fig. 9. Flux linkages of primary coil with different secondary currents
quickly limit the fault current. This paper presented the simulate the SI-SFCL. The maximum fault current without the Rated current, I, 50 A
: . . . i Tire i I-SFCL was 16.38 KA. :
conceptual design of a saturated iron-core superconducting B SI-SFCL was 16.38 [R)actefagl';"‘;gg’i;;ﬂnce - 2055kg ool | o < fesisral
fault current limiter (SI-SFCL) for DC power systems. First, - Selecting the material, magnetic properties of the iron-core — —— ) e : - — —v—lsc =50 A
) n ) ) - Calculating the dimensions of core and number of turns for coils 2-9|Current ramping in secondary superconducting coil Normal state |— Fault current u::cursl DC Cable |ndUCtance, L 1.651 mH 500 |- | e lse =100 A
the electrical characteristics of the SI-SFCL were investigated. i 7 < s : Canacitor bank ¢ 5 300 UF . | e soa
Then, a detailed design process and corresponding g o et ' FaSIt current without SFCL 550 K < wol | T Ise = 200A
Conﬁguration of the SI-SFCL for a 15 kV’ 3 kA DC power Step 3: Determine the design parameters for the SI. SFCL 5 2::' i %j e T £ fault limiti 70% é i
system were presented. A PSCAD/EMTDC simulation model - Air core inducance, current limit impedance, operating current in secondary ————————— e Cargeto ault miting rate 0PN S 0p A L 1hA
: ' : L coil = : ore materia 50PN47 o ; s =200 A, T =
4 | | S oo e,
- L. Step 4: Confirm the design of the SI-SFCL in PSCAD/EMTDC simulation E @g Cross-section area of the core, A ;. 0.01 m? 100{;'2\
effectiveness of the conceptual design parameters and k02 | | | , ; i C— Lenath of the maanetic oath in the core. | 16m ;
Configuration a lab-scale SI-SFCL for a 500 V., 50 ADC power - Limited fault current, induced voltage and induced current in secondary coil o 0.4 ' .g ~ | Inductance N gb £t g h P i i N ’ “core 198' . 0 i .
y ale _ _ , POV = -0 . S inceases quic umber of turns in the primary coil, N; urns : . | . . .
system was designed in detail. The fault current limitin g 0 | F Bt . P
ystem J : J Fig. 3. Design process of the SI-SFCL for the DC power system g 02 i I Number of turns in the secondary coil, N 150 turns 2000 30T =02 3O 808 s06 800
capability of the lab-scale SI-SFCL was confirmed by the 3D S . : Ll Saturated magnetic flux in the primary coil, & 3.2 Wb Time (s)
o . . . . =T : \ i v Fsat ) ] L . .
finite element method (FEM). As a result, the lab-scale SI- This design process was applied to design the SI-SFCL forthe | S oo 5555 55— 5 55 e o5 7o Operating current of the secondary coil, I 200 A Fig. 10. Fault current limiting with different secondary currents
SFCL has a high current limiting capability, which can reduce 15 kV, 3 kA DC power system. The cross-sectional area A, of Time (s) Ai ; : .
> : , : ir core inductance of the primary coll, L_; 6 mH - . - :
the magnitude of the fault current by up to 75%. The next step the iron-core was calculated by the following equation: Fig. 4. Saturated state and transient inductance of the primary coil during ar In r&ormal operatlltc)g,otohi pr\leT;]afy Sl‘:def Wflis saturatedd Vr\]””} thle
: : : - : : secondary current o . When the fault occurred, the fault
Is to fabricate a lab-scale SI-SFCL hardware and test its actual A 1% [P the fault B. Detailed structure design of the lab-scale SI-SFCL , y duiced o 136 A the limitat t 75
performance to verify the fault current limiting effect in DC core = L. X/ Fn Width - 0.6 current was redaucea 1o , LI TIMIAtOn rate was up 10 £o%o.
power SyStemS 30 Current ramping in secondary superconducting coi|| Normal state| Faultcurrentoccurs § - 0. R o | These reSUItS ShOW that the |ab-sca|e SI-SFCL has h|gh Current
' . - - . Induced voltage in SC 1ameter: 150 mm L. . .
Basically, the SI-SFCL could be considered as a single-phase S 20 — Induced voltage in PC [ 4 J— limiting performance, which can effectively reduce the rate of
. transformer model. Thus, the number of turns N_,; in the primary g 10 Y= 10510 - . rise and maanitude of
) , pri o E . gnitude of the fault current.
2 | Conceptual design of the SI-SFCL coil was determined by the equation: 9 _18_ o - _
. . Vpl‘i . 6— Inc;uced currer‘lt in PC | | | | M] . , 4 Con CI US i Ons
A. Configuration of the SI-SFCL for a DC power system N, = : g j;/j/ _
444X Tppie X Broy X Avgre £ o F""“'t%\ I The authors presented the conceptual design of a SI-SFCL
____________________________________ 3 2 ] for DC power systems. Detailed design process and the
B, 8 I TABLE | z e 20 di figuration of the SI-SFCL determined
L 11 ) - o Specifications of the SI-SFCL for the 15 kV, 3 kA DC power system % 5f | Cc_)rrespon Ing configura _|on of the - were determined.
T I S 3 T = 291 KA | First, the conceptual design was applied to a 15 kV, 3 kA DC
£ o =" =) Items value g 4 ’ power system to confirm the design process, operation and fault
(N Vou I P o Y 2 Rated voltage, V 15 kV 2 4 — z L - '
O T P e CD o ' e 5 . ‘ ‘ . ‘ . ‘ g current limiting characteristics of the SI-SFCL. In normal
) gh_%‘; 4—> o Rated current. | 3 KA 2.0 25 3.0 35 4.0 45 5.0 55 6.0 6.5 7.0 S ) ] -
— 4——7 = e Time (s) 3 operation, the secondary coil fully saturated the iron-core and
| Iron-core I —=% : :
primary coil | : 3 Rated power, P, 45 MW Fig. 5. Induced current and voltage of the secondary coil during the fault § the primary inductance was very small. When a fault occurred,
~T i | Secondary coll DC cable resistance, R, 0.9095 Q the iron-core went out of saturation state, resulting in increased
‘ ' DC cable inductance, L, 10 mH L Max. Ty - 16.38 kKA p— Primary coil Secondary superconducting coil the inductance of the SI-SFCL and limited the magnitude of the
] ] _ : [ Aot —e— With SFCL (Limitation 70%) 0. - - V, AD
Fig. 1. Configuration of the SI-SFCL for a DC power system Fault current without SFCL 16.35 KA 6 g{& Fig. 7. Detailed structure design of the lab-scale SI-SFCL :;a(l)tultecr:tir;;r;t r:]OV\Za(l)s /3 e,:i\glﬁgdsicr?lge?;ilsgﬁlr_n;?; r?] ésr(])tothe 2?.5|:(:E
T f fault limiti 70% 14 . i i .
1 | _ : arget o a_Ut miting rate ’ < I ot frmion 75 | C. 3D FEM simulation results and discussions design concept in a hardware-based experiments. The magnetic
Saturated core : Out of saturation i Saturated Core material | 50PN470 > 12_— : . properties and current Iimiting ability of the lab-scale SI-SFCL
'\ , ! Saturated magnetic field of the iron-core, B, 177 é 10 . —_— e g — Mik Doy =550 | 1o were confirmed in the 3D FEM simulation. As a result, the lab-
Flux linkage E E Cross-section area of the core, A 0.805 m? o M. T = 4.91 kKA =8 i - scale SFCL was able to effectively reduce the rate of rise and
: : Length of the magnetic path in the core, I, 6.4 m E / n BT B the magnitude of the fault current, with a limitation rate of up to
. i i Number of turns in the primary coil, N_ . 140 turns H r BT - 75%. This confirms that the design of the lab-scale SI-SFCL is
Core permeability ¥ | " 08 B iy | 2 accurate and can be manufactured for future physical
I I Number of turns in the secondary coil, N, 327 turns BN B g _
| . . . . R Primary coil Secondary coil = o WOy x: O eXpeI‘ImentS.
! Saturated magnetic flux in the primary coil, @ 0.21 Wb 0 . . . . . . . L=50A | L.=200A o4 B Ack led t
> 5.95 6.00 6.05 6.10 6.15 6.20 » —— 02 00 o o som s 0%
ersamell e 0 Banllt e i Fault cleared Operating current of the secondary coil, I, 1.5 kA _ s = s ) C_ nowliedgemen _
> > > ) . : : Time (s) This research was supported by Korea Electric Power
Air core inductance of the primary coil, L,;, 3.1 mH

Fig. 2. Saturation characteristics of the SI-SFCL in fault condition

Fig. 6. Fault current levels with and without the SI-SFCL Fig. 8. 3D FEM simulation model of the lab-scale SI-SFCL Corporation. (Grant number: R16XA01)



