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Abstract:  The increasing demand for electric power 
leads to the needs to reinforce systems. As electric 
power systems grow and become more interconnected, 
fault currents (the currents that would flow during a 
short circuit) increase. When fault current occurs as 
short in a power system. The current suddenly rises far 
above its rated values. Fuses and circuit breakers are 
used to terminate the current but often damage can 
occur in the time it takes such a device to respond. 
Additionally the interruption of the current by a fuse 
or circuit breaker may produce a large voltage spike 
due to faraday's law (v=-di/dt) .such a rise in fault 
current level increases the requirements on dynamic 
and thermal stability of the power devices such as 
generators, transformers, circuit breakers leads to the 
significant rise of their size, weight and costs, add to 
maintenance costs as they accelerate aging. One of the 
promising solutions of the fault current problem is the 
application of a fast operation nonlinear current 
limiter manufactured from High temperature 
superconductors (HTS) [1], [2].  
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I. INTRODUCTION  

High temperature superconductors (HTS) are ceramic 
materials. Practical HTS’s have critical temperatures 
up to 110 K, thus they can be cooled by liquid 
nitrogen at the temperatures 77 K and under. The 
other important material specific parameter, which 
initiates a superconducting–normal state transition of 
the superconductors (both LTS and HTS) is the 
critical current. Once the current in the 
superconductor exceeds the critical value, the 
transition takes place very rapidly (almost 
momentarily) in time. This special feature can be 
effectively used to limit fault currents. Impressing 
success of technology of superconductor preparation 
makes the creation of superconducting FCL to be the 
reality in the future. A future power system operation 
use the composed of superconducting fault current 
limiter and traditional circuit breakers protecting 
elements. This device can be used just in medium-

voltage networks because in that case need not to use 
too large insulators. Fault  
 
 
 
Current limiters have not been installed in primary 
network (120, 220, 400 kV) yet.  

II- THE INDUTIVE LIMTER 

          It consists of primary coil (copper winding) 
coupled via a ferromagnetic core to an HTS rings 
cylinders are immersed in nitrogen container. The 
secondary HTS ring acting as one turn short circuited 
winding [3]. During normal operation, zero 
impedance is reflected to the primary resistance 
developed in the HTS winding.  

 

Figure.1. The connection of inductive fault current limiter in the           
electric network 

During a fault a finite impedance reflected to the 
primary and limits the fault. The inductive limiter is 
based on magnetic coupling between a 
superconducting element and a protected circuit. 
Under normal conditions the superconducting ring 
are in the superconducting state and has low 
resistivity and shields much of magnetic field from 
the core making the overall impedance low.  The 
magnetic flux produced by the primary coil is 
compensated by the flux originated from induced 
screen currents in the ring see Fig. 2.  
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Under fault conditions the induced current in the ring 
rises very quickly above the critical value and has 
higher resistivity and is no longer able to shield the 
magnetic field from the core, yielding high 
impedance. The secondary superconducting coil 
becomes resistive [1], [4] see Fig. 2.  

 
Figure.2. Superconducting shielded core reactor under normal         
              And fault conditions. 

If the resistance due to the dissipation becomes much 
greater than the inductive reactance of the ring, the 
secondary coil cannot compensate the magnetic flux 
of the primary coil. Thus, the FCL impedance 
increases and limits the fault current. The prototypes 
inductive fault current limiter are listed in table .1. 

III-  STATIC CHARACTERITICS      
      FOR FCL MEASUREMENT  
  
The measuring arrangement is shown in the Fig.3. 
With help of an autotransformer, the voltage applied 
to the circuit may be controlled with in the range of 0 
– 127v, the primary coil of the FCL is connected in 
series into the circuit. The purpose of Rshunt to keep 
the PC measure the fault only and the range of the 
fault depending on the measure card. The parameters 
of the (HTS) FCL see table.1. 

 
Figure.3. Scheme of the measurement 

       
Table.1. The parameters of FCL 

PARAMETER OF HTS RING 
PARAMETER OF FCL 

ACTIVATION 
CURRENT 3.9 A 

INNER DIAMETER 31.3 MM Normal 
mode imp. 0.8  

OUTER 
diameter 41.3 mm Limitation 

mode imp. 8  

HEIGHT  19.1 mm Ratio 10 
III – A. Test Results: 
 

The measurements were made with and without 
superconductor (SC). The first case represents the 
characteristic of the FCL while the second case 
shows the no load characteristic. The current–voltage 
function of the HTS ring has a hysteresis loop 
determined indirectly by the measurement of the 
primary voltage and current (V–I curve, see Fig. 4-
a.). The input impedance of the HTS FCL is shown in 
Fig.4-b.  
First the primary current was increased up to 4 A 
(normal mode, O–B branch). This branch of the V-I 
curve (Fig. 4) is linear: the HTS is in the 
superconducting state and the FCL is in the normal 
Operation mode. At higher currents the HTS goes 
sharply into its normal state, the FCL is activated and 
current limitation takes place (limitation mode, E–C–
D branch). By lowering current below 1 A, the HTS 
returns into its superconducting state (recovery, D–
A– O branch). In the figures the effective values of 
the current and voltage are indicated. 
Comparing the characteristics without HTS ring and 
limiting characteristic of the FCL very little 
difference can be found. It means the current in the 
HTS ring is very low when it is in the normal state 
(limiting mode).  
 
III – B. Parts of Static Characteristics of FCL:   
 
1. If the normal mode current is 0.5 A and FCL can 

limit the fault current to 5 A. The way is O-A-B-
C-E, the HTS goes to the normal state. After the 
fault HTS return to the superconducting state by 
the way E-C-D-A-O. see (Fig.4-a) 

2. If the normal mode current is 0.5 A and FCL can 
limit the fault current to 3.5 A. The way is O-A-
B, the HTS stays in the superconducting state. 
After the fault the way is B-A-O. There is no 
sharp transition and the device will operate in 
steady state. 

3. If the normal mode current is between 1.1 and 4 
A (from the near to A point to the B) and FCL 
can limit the fault current to 5 A. The way is A-
B-C-E, the HTS goes to the normal state. After 
the fault HTS does not go to the superconducting 
state, the return way is E-C-D. The device limits 
the current the upper part of hysteresis curve. 

4. If the normal mode current is 2 A and FCL can 
limit the fault current to 3.5 A. The way is A-B, 
the HTS stays in the superconducting state. After 
the fault the way is B-A. The device limits the 
current the lower part of hysteresis curve. The 
HTS is in the superconducting state all the time. 
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The cases number 1, 2, 4 are acceptable, because 
the FCL is limiting the fault current. Even if the 
liquid nitrogen ran out the FCL would limit the 
current, the network won’t be without protection. 
The A, B, C, D points depend on the parameters 
of the network and FCL. 
 

 
 

a) V – I curve 

 
 

b)  input impedence 
Figure.4. Measured steady state characteristics of FCL 

 
IV- DYNAMIC CHACRARISTICS OF 

FCL. 
 
The measuring arrangement is shown in the Fig.4. 
With help of an autotransformer the voltage applied 
to the circuit may be controlled with in the range of 0 
– 127V. The switch serves for modeling the fault 
condition like a short 

 
Figure.5. Scheme diagram 

 
 
 

V – A. Cases of Dynamic Characteristics of FCL  
  
CASE 1: Without Activation  
 
During normal mode the impedance of fault current 
limiter is very low which is presented from point (E-
F) and matches before point B in the static 
characteristic the point (E to G) is normal state (Fig. 
5)  
 
 

 
Figure. 6. No activation characteristic of FCL 

 
 
CASE 2: With Activation 
 
During the fault the superconductor will change from 
superconducting state to the normal state from point 
(K to L) see fig.7 which is match point (C- E) in 
static characteristic in fig.5a.The FCL impedance 
under normal state has to build up quickly very fast 
increase of the impedance leads to appearance of 
dangerous over voltage. The transition have to be 
very fast of 2 - 4 ms is enough for limitation of the 
first fault current peak, this transition from SC to N 
state continue until remove the fault. 
 

 
Figure.7. FCL operation at case II 

 
      The fault current problem in the network during 

short circuit current.  may be reach a value of 
20…..30 times the rated current, the 
conventional circuit breakers interrupt these 
short circuit currents after 50-60ms and hence all 
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devices in the network  should withstand the 
effects of these high currents, first of all 
electrodynamic stresses due to transient fault 
currents. FCL is a fast-acting device capable of 
substantially limiting the first transient current 
peaks during the fault, fast activation, fast 
recovery, and the changing duration in FCL 
impedance during fault is so fast (2 - 4ms) that it 
does not cause over voltage. 

       The previous points were achieved successfully 
in laboratory and our results have been 
confirmed by simulation program in laboratory 
(Finite Element Method FEM simulation of the 
FCL). 

 
 
      CONCLUSION 
 
     We can conclude from the studies for inductive 

fault current limiter that field opens a new area 
of FCL application for it is multifunction device 
and the benefits could be: 

 
1. Decrease a fault current in the system. 
2. Change the electric network without 

rebuilding substations. 
3. Fast activation limiting the first peak of the 

fault current. 
4. Fast recovery (less than 1 s) returning to the 

low impedance state after the limitation of 
the fault currents. 

5. Increasing the dynamic stability of the 
power system. 

6. Protecting the power electric equipment 
from dynamic and thermal fault current 
stress, leads to design the equipment with 
decreased weight and size.  

7. High reliability Low maintenance and Long 
lifetime. 

8. Absence of dangerous over voltages across 
components of the circuit  
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