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1. Introduction 

Figure 1: Diagram of a shielded iron core 

superconducting fault current limiter  

(Cigre Working Group A3.10, 2003). 
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Figure 2: Schematic diagram for a single phase 

of a saturated iron core superconducting fault 

current limiter (Niu et al., 2014). 

Figure 3: The operating principle of a resistive type superconducting fault current limiter  

(Jin et al., 2016). 
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Figure 4: Lifecycle cost of fault management options for a South African case study  

(Khan et al., 2017). 
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2. Material and experimental 

Figure 5:  Viable total lifecycle cost of SSR in comparison to other fault mitigation devices. 
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(a) (b) 

Figure 6: (a) Three dimensional rendering of the desktop superconducting series reactor  

showing the copper ‘end-caps’; (b) constructed desktop superconducting series reactor  

showing support base.

 Figure 7:  Liquid nitrogen tank showing 

nitrogen gas outflow pipe, pressure relief valve 

and current bushings. 

• 

• 
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Figure 8: Comparative reactor response to fault inception  

(Khan et al., 2020) (where SSR = superconducting series reactor) 

Figure 9: Comparative reactor resistance for given load currents  

(Khan et al., 2020) (where SSR = superconducting series reactor). 
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W = 2.49 ×  102Q 273
T⁄ (1 + P

104⁄ )

3. Prototype SSR design 

 

Figure 10: Experimental set-up for calorimetric method experiment,  

(LN2 and N2 = liquid nitrogen and nitrogen gas respectively). 
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Figure 11: Comparison of calorimetric with 

electrical power loss determination method. 

𝑋𝐶𝐿𝑅 = 𝑉𝐿𝐿

[(1
𝐼𝑆𝐶𝐴

⁄ )−(1
𝐼𝑆𝐶𝐵

⁄ )]

√3

α ≡

β ≡

α

2

205.0 NaL 

β→

α β

β α

β→

( )
)5.0(2

.
),(

+
=











2
)( =

μ μ

),(2

10  NaL =



28    Journal of Energy in Southern Africa • Vol 31 No 2 • May 2020 

μ

Table 1: Coil characteristics for prototype SSR. 
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Figure 12: General arrangement of the 

prototype superconducting series reactor.  

 

Figure 13: Eskom Doornkop research test site 

in KwaZulu-Natal, South Africa. 

4. Installation at a grid-connected  
research site 
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5. Conclusion 

Figure 14: Simulated fault current plot for ‘Doornkop NB10’ confirming the reduction of fault 

current at the Doornkop research site by introducing the SSR. 
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