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Background and motivation  

Â Higher Tc , Better stability 

ÂHigher I c  in high field (>18T) 
LTS HTS 

¸Applications 

¸Advantages of HTS 
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Operation 
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Å Quench induced 
degradation [local 
overheat] 

Å Low temperature 
Å High operation current 
Å High magnetic field  

¸Remained problems 

Background and motivation  

Å Slow NZPV (quench 
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Complex stress state 
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Lorentz force, etc.) 
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¸Quench  Ú Strain/Stress 

Background and motivation  
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ü A theoretical study on thermoelastic strain responds when a quench occurs 
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Background and motivation  

Motivation:  

Å A strain/stress station for a HTS structure 
                         ττPre-strain (simple case) 

Å A simple HTS structure ττ Tape (YBCO, Bi-2223) 

 ̧How about the pre - strain influence on the quench 

for a HTS tape triggered by a spot heater?  

 ̧ Is there any change on the quench induced 

degradation for the pre - strained tape?  



  Quench propagation behaviors in 

pre -strained HTS tapes  

Ȩxperimental setup 

Schematic diagram   

heat insulation 

Spot heater 

SM1 SM2 SM3 

Strain gauges: 
 SM1, SM2, SM3 
(KFL series) 

Voltage taps: 
    V1, V2, V3 

(R=4Ohm,  
Pulse time= 500ms) 

air 

nitrogen 

Styrofoam box 
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¸Experimental detail and procedure 

Cooling (with nitrogen) 

Applying transport current in tape 

Powering on spot heater  

Recovery  Quench 

Mechanical loading (by screw) 

current leading lines 

Loading by a screw 

Enhance the 
trigger energy 



  

¸The distinguish between quench and recovery process 

V In  the case of a recovery process (no quench), the strains recorded by three gauges show 

small declines and then increases with  a small value. 

V In  the case of a quench process, the strains have obvious declines and then increase 

quickly  to larger values due to the temperature rising and quench propagation. 

A small trigger 
energy for tape is 
applied. 

Quench propag . behaviors in pre -strained HTS tapes  
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¸Voltage and strain behaviors during quench  
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¸Voltage and strain behaviors during quench  

Bi-2223 YBCO 

V There shows a quick and large voltage increase while the strain decreases firstly and then 
increases quickly to a large value. ððthe quench can observed by voltage signals, also by 
strain changes.   

V An import observation: at a point far away from the spot heater, before the quench 
propagates to this point, the voltage signal is always zero, however, an obvious strain decline 
can be measured (with a quite larger values than the one for a recovery case). 
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Voltage signal is zero before quench propagates 
this point detected by voltage probes. 

SM1 SM2 SM3 
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  Quench degradation limits of pre -strained 

HTS tapes  

¸Experimental setup and procedure 

(i =1,2,3 ̕  j =1,2,3,4) 

heat insulation 

Temperature sensor Spot heater 

Measurement schematic diagram  
Measure Ic 

Loading I0i 

Quench i 

Measure Ic 

Degradation or not? 

The end 

YES 

NO 

0ejLoading pre-strain 

A temperature sensor (silicon diode, fastest thermal 

response time) is placed near the spot heater and 
used for measurement of the maximum 
temperature in the quench area of the HTS tape.   
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¸The hot spot temperature evolution under different  

    transport currents and pre-strains 
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V Tpeak  at the hot spot in quench area increases with the transport currents in the 

tape, while it shows little increase with different pre-strains. 
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Io=45A eo=0.14% 



  

¸The hot spot temperature and critical current  

    in a quench cycle test  

V The quench degradation doesnôt occur until  11 cycle quench tests as applied pre-strain 

is above 0.22%, the critical  current  in reduced from 178A to 25A. 

V The degradation maybe causes mainly by the decrease of critical  current  of the pre-

strained HTS tape .  
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¸Theoretical model and fundamental formulas 
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