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Enhancement test of Critical Clearing Time of One-machine Infinite Bus Transmission System by Use of SFCL

Abstract
A transformer type field shielding Superconducting Fault Current Limiter (SFCL), which is

made of REBCO for primary and secondary windings, is designed and made for demonstration
of not only fault current limiting but also power system stability improvement performance.
A lab-scale test power system consists of one machine (18.26 kVA, 200 V) and double

transmission route to an infinite bus.
The simulated fault occurs at the sending end bus of one of the transmission route and after a

certain time (fault clearing time), the fault route was rejected by circuit breakers.
While the clearing time is short, the generator can continue to operate with one healthy

transmission route, however, it becomes longer than a certain time CCT(critical clearing time),
the genera-tor loses its synchronism and fails into step out.
The test SFCL was installed at the generator side bus of the fault route.
The peak fault current was reduced to less than half of that without SFCL
and the generator terminal voltage was kept 20 % of rated voltage.
It was confirmed experimentally that CCT can be enhanced by introducing the SFCL.
It is confirmed that the SFCL can not only limit the fault current but also improve the system

stability.
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Lab-scale experimental power system

Generator voltage

Conclusion

Magnetic switches MC3 and MC4 work as circuit breakers (CBs). 
MC5 is closed to simulate a 3-phase ground fault.
 The fault current from the sending end to the ground is reduced by the SFCL.
 The CBs (MC3 and MC4) are open to clear the fault line after a certain time (Clearing 

Time).-> single line transmission.
 Longer Clearing Time results in the step out of the synchronous generator.
Critical Clearing Time (CCT) means the longest time for the stable operation after the fault 

line clearing. 
CCT is one of the reference parameter of the system stability.
 SFCL works to not only limit the fault current but also keep the sending end voltage to a 

certain extent.
 Since a part of the generator power is transmitted through the non-fault line
Generator acceleration is mitigated.
CCT of the system introducing SFCL may become longer than that without SFCL.

𝑋𝑋𝑑𝑑 = 1.227p. u. = 2.7Ω
𝑋𝑋𝑑𝑑′ = 0.394p. u. = 0.87Ω
𝑋𝑋𝑑𝑑′′ = 0.128p. u. = 0.28Ω

Trans-type Field shielding SFCL
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 With the current exceeds 87 A, the primary coil resistance is 
added to the resistance component and increases with the current.

 In order to demonstrate the SFCL performances not only in the current limitation but also in 
the power system stability improvement, a model SFCL of transformer type field shielding was 
designed and made for the lab-scale one-machine and double transmission line system. 

 The demonstration tests were successfully carried out. The current limiting performance of the 
SFCL was agree well with the designed one. The critical clearing time (CCT) was investigated by 
changing the generator output. CCT was drastically enhanced by installing the SFCL. It is 
confirmed that the SFCL can not only limit the fault current but also improve the system 
stability

@60Hz

0.42 Ω @50Hz

Current Limiting at 3LG fault
 Three phase ground fault tests were carried out w and wo SFCL.
Generator output power was set 4.5 ~ 7.5 kW. 
 Field current of the generator was set 21 ~ 23 A to keep the terminal voltage 200 V. 
 The fault clearing time increased step by step up to about 4 s.
 The generator was investigated whether the synchronization is kept or not. 

 The sub-transient fault current was 
reduced (206 A average) by SFLC half 
or more of those (492 A average) 
without SFCL.

 The reactance component was 
saturated to 0.39 Ω. The current 
limiting impedance is agree well with 
the designed value.

 The peak value of the U-phase voltage 
increases from 10 V without SFCL to 50 V 
with SFCL (steady state period).

 The peak phase voltage 50 V means 73 V 
line to line voltage, which is larger than 
that designed (40 V). 

Critical Clearing Time with and without SFCL
All the test cases are shown with stable (o) and unstable (x) on the generator output and the 

fault clearing time plane. 
 The power system needs a quick fault clear less than 1 s to avoid a step out of the generator 

without SFCL.
CCT of the system with SFCL is enhanced 2.5 s or more. 
 It is confirmed that the SFCL can not only limit the fault current but also improve the system 

stability.
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