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ABSTRACT 

It is a common belief that superconductors conduct electricity with no energy loss. In fact superconductors 

experience losses when transmitting an alternating current. Loss less transmission occurs for direct current 

transmission, but most of the power applications involve AC current and DC transmission requires costly 

converters at ends of transmission line so, most of the transmission lines are of AC. A high temperature 

superconducting power cable can transmit electric power with low loss when compared to conventional power 

cables. The most important aspect of an economic performance of the High Tc power cable is the refrigeration cost 

which depends on the AC losses. AC losses are classified as Hysteresis (Self and External field), Eddy current and 

Coupling losses. 

 INTRODUCTION  

In recent past, Mukoyamaet al., reported about the AC loss measurement in the conductor with and without shield 

of HTS cable filled with LN2 [1]. AC losses without shield can be calculated by using lock-in-amplifier. 
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where,  I t ,  V t  are current in the conductor and voltage difference voltage taps, eI , eV  are the effective values 

of current and voltage and   is phase difference between the  I t ,  V t  

In this method AC losses in each layer was derived by using the relationship between the current and 

voltage including the shield [2] 
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where, CV , SV  are the voltages in the conductor and shield between the ends 
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a) Joint part subtraction method 

In this method voltage taps between the jointed ends of each conductor with shield in the total system are 

considered. AC losses are calculated by subtracting the system losses with jointed part AC losses [3] 
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b) Joint part differential method 

In this method the voltage between the voltage taps of one side of conductor, shield and other side joint 

part are considered. AC losses are calculated by using phase difference and differential voltage signal [4] 

 1 2 cosACQ I V V   
         (4)

 

where, 1V  and 2V  voltage between voltage taps of side 1 and side 2 

 

The AC losses in the HTS tapes are given by following equations. 

self Ba Bc
AC losses W W W                                               (5)  

Where, 
selfW = self field loss, BaW = axial field loss,  

BcW = circumferential field loss 

According to the Sumitomo’s cable 

total self BW W W  (W/m)                                                   (6)  

Where, BW  is equal to summation &Ba BcW W . 

According to Furukawa’s cable 

total B self eddyW W W W   (W/m)                (7) 

Self field AC losses are calculated by using Norris Equation . 

   
2

2
0 Γ

1 Γ ln 1 Γ Γ
2

I fc
Qac






 
 
 
    W/m               (8) 

Γ

I pk

Ic



 For Γ<<1                              (9) 

http://www.jetir.org/


© 2019 JETIR March 2019, Volume 6, Issue 3                                                               www.jetir.org (ISSN-2349-5162) 

JETIREL06129 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 832 
 

2

30
Γ

6

I f
c

Qac







                                (10) 

.F F F
R field strain



                               (11) 

. .
, ,

I N F I
c cable R c tape



                               (12) 

 
2 .I I

pk rms


                               (13)  

2 .
Γ

,

I

Ic c

r s

e

m

abl



                                (14)  

cosP V I
rms rms

  
                               (15)

 

Where,  is the normalized current, FR is retention fraction, N is the number of tapes in the cable, Vrms = RMS 

voltage (V), Irms = Transport current (A), cos = power factor. 

1.1 Mathematical modeling for retaining the superconductivity of the superconducting material after the 

influence of critical parameters 

1.1.1 Basic Parameters 

Select the CC 1G/2G (YBCO or BSCCO) and specify the initial parameters at the ambient or base temperature 

(Ta) of the cryogenic liquid bath. The parameters such as minimum critical current @ Ta, critical temperature (Tα), 

width of conductor (w), thickness of conductor (t), critical current density (Jc), resistivity (ρ), conductor index 

number (n), specific heat (CV) etc. For the simulation purpose fix the maximum fault limit time [7] it ranges from 

80ms-120ms [8]. Behavior of superconductors can be studied from the J-B-T curve [6]. The critical values will 

change according to J (T), B (T) 

The basic parameters on which the superconducting material design depends are [9] 

1) Current  

Relation between RMS current and peak current is 

2
p rms

I I            (16) 

Calculate current in the different layers of superconducting tapes. 
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2) Area of superconductor 

*HTSA w t
          (17)

 

The capacity of carrying current in SC tape increases if thickness of tape increases is stated by Yazawa et al [10] 

Area of tape in IC and JC is 
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3) Length of tape 

Electrical field expressed in length is  
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E
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             (19) 

where, v is transmission voltage 

Length of SC tape  
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Length of tape can calculated from equation Error! Reference source not found. by the parameters first peak 

current (Irp) and SFCL resistance as follows [11] 
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4) Number of windings over the mandrel 

Turns depends on width of the tape, length of tape, diameter of the mandrel and the sense of winding 

CONCLUSIONS 

There are several prominent issues associated with SMES such as design related issues of superconducting coils, 

cooling up components of SMES, AC losses in superconducting tapes etc. Therefore, the available literature related 

to Superconducting Magnetic Energy Storage Devices can be divided among those issues. In this section a typical 

review on the aforementioned issues is presented and efforts are made to find out a technical gap for further 

research. 

Superconducting coil can be developed in various configurations such as Solenoid type coil, Toroidal type coil, 

Pancake type coil, Double pancake type coil. Sometimes the solenoid configuration is developed by keeping 

pancake coil one over another axially. In double pancake coil, two pancake coils are connected to each other make 

one unit or module. Then these units are placed either in a solenoid configuration or in toroidal configuration 

depending upon the requirements.   
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