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@ MT 20 comerence Analysis of R-SFCL with Parallel Shunt Resistor in MMC-HVDC System

4 R : : :
Abstract— R-SFCL has a board application prospect in MMC-HVDC system. o AnaIyS|S of R-SFCL with shunt resistor
However, the R-SFCL will quench due to fault current, which results in temperature o it Four types of SFCL units with different shunt
i i i i i Rsc
rise and may damage superconducting colls. A shunt resistor in parallel can protect Rsc _@ resistance and tape length are chosen for analysis.
the superconducting colls, but the influence has not been quantitatively calculated.
- - - Rure Tab. Parameters of SFCL units
This work proposed a novel R-Q curve method to calculate quenching resistance of ;o
- - - - - - echanicCa
R-SFCL. Using this method, the influence of shunt resistor to R-SFCL Is analyzed In sk DCCB
terms of current-limiting effect and maximum temperature. Performance of R-SFCL — W'th?‘:gshum e ggg o
with different shunt resistance is compared, and the optimal shunt resistance value Is é 54 a5 380k
obtained. — B 100 36 4.49 km
\ J Fig. Structure of MMC-HVDC system with SFCL unit
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[] Basic structure of R-SFCL 20 —— - o - _—
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submodule . Tab. Parameters of R-SFCL 15 - ‘ Z; B 37 % °07 s
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il ; = 10- 43 e £« 2
: : Rated voltage 160kV X : —— #4 § 7 E 07 b 1__
| » S 5- S _
| | Critical current 2KA — _ > #1 #2 #3 #4 T i #0043 44 T a3
| | No. of turns 24 0 ‘l (a) maximum current-  (b) Current-limiting (c) Tape length
C_ _ _ _ _ _ | limiting resistance ratio
Pancake No. of pancakes 16 '
Fig. Configuration of non-inductive pancake and R-SFCL ™ 0 ' é ' AI, ' é ' é ' 1'0 ' - 200 - 2.0 - 400 -
_ _ time (ms) 5 150 - T 15- Z 0
[J R-Q curve method to calculate quenching resistance Fig. Fault current during DC pole-to-pole fault & - . g
g s >0
Experiments show that there Is a corresponding An R-Q method to calculate quenching § 50 - § 05 - 3 100 -
i i i . . - . . ‘X ' e ] ¢ i
relation between quenching resistance R and the resistance Is proposed. Result is well fitted with g - 1o L
accumulated joule heat Q. finite element method (FEM) and experiments. (d)#li/l#;xﬁgrjim (e) Rizf,ziﬁime (f) Reﬁct:lo#\t/zeﬁ#éme
0.05 6 temperature to 92K to 77K
0.04 - Trendline \ Fig. Comparison of SFCL units
= 003- i _4- All SFCL units have the same current-limiting
S = A S P o ratio. The temperature Is reduced by shunt resistor.
z 0.02- —— AC 1360A -~~~ DC 1460A o’ | ... experiment time (ms) Considering the temperature and tape length, No.3
— AC 1420A------ DC 1580A " :
0.01 -  AC 1580A i DG 1830A —a— R-Q method Fig. Temperature of superconducting coils Is the most economical scheme.
------ DC 1950A —e— FEM
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0 200 400 600 800 1000 0 2 4 6 3 10 This paper studies the performance of R-SFCL with a fixed-value shunt resistor
_ Q (J/m) _ time (ms) i ; i :
Fig. R-Q curve of superconducting tapes. Fig. Calculation result of R-Q method compared with experiment and FEM. using R-Q method and FEM. Conclusions are as follows:

 The R-Q method is highly fitted with FEM and experiment. Combing the R-Q
method and FEM, system simulation and finite element analysis are separated. The
calculation speed Is greatly improved.

* The shunt resistor can reduce the temperature and recovery time, but more tapes

The R-Q method Is coupled with
system simulation to calculation

| ——=| q=1°RAt [~ Q=Q+q [ R-Qcurve 17 *L —Rsc

R guenching resistance. And FEM s ) _ _ )
used to calculate magnetic file and are consumed. When shunt resistance Is 12Q, the maximum temperature is reduced
Fig. Calculation process of R-Q curve method temperature. . by 30K, which is the most economical. J




