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Mechanical stress in coil

□ Electromagnetic force: The coil will undergo a large electromagnetic 

force generated by the current and magnetic field.

□ Thermal stress: During the quench, the change of temperature and 

difference of thermal expansion coefficients can lead to significant thermal 

stress and strain.

□ Winding stress: For the winding process, the coil experiences the 

prestress or prestrain.

With the increasing of critical current, the application of 

superconductor may be limited by their mechanical strength！
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Multiphysics coupling model
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Numerical model
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NI single-pancake coil:

Axisymmetric equivalent circuit model:

z

Current 

inlet

Current 

outlet

Heater

Axisymmetric homogenous thermal and mechanical 

models:

Liu, Zhang, Yong and Zhou, Supercond. Sci. Technol. 31 (2018) 085010
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Numerical model

The governing equations of circuit model:
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Contact resistance and voltage in m-th turn:

The calculation of magnetic field:
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Coupling equations:

 

 

,

, ,

,

,

,

,

,

, m , ,

( ) 0

( )

= ( ,  )

sc m n

c m m sc m n m

c m

sc m n

sc m c m

c m

m
n m n

c m c c m m

i
E l i i R

I

i
V E l

I

l
R

S

I I T I B B






  







 




Field-dependent critical current:
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Temperature-dependent critical current:
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(Wang et al. SUST 2016, Chan et al. SUST 2017 and Liu et al. AIP ADV 2017 ) 
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Numerical model
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■ The governing equations of thermal model:

For finite difference method, the delta function can be discretized:
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■ The governing equations of mechanical model:
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Two different inner boundaries:
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Fixed boundary

Free boundary



Numerical model
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■ The relationship of stress and strain:
Equivalent thermal parameters

Wang et al. SUST 2016

Young’s modulus: 172 GPa

Poisson’s ratio: 0.33

Thermal expansion coefficient: 6 113.2 10  K 

Shin et al. SUST 2012; Wang et al. IEEE Trans Appl Surpercond 2014
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Results
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Comparisons between experiment and simulation:

Verification of numerical model
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Wang et al. SUST 2015
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The distributions of temperature and current in 60-turn coil:

 The largest temperature rise happens at the

location of the heater.

 The temperature of the outer turns is always

lower than the critical temperature.

 The current of the inner turns only flows in the

radial direction.
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Free inner boundary:
Radial strain Hoop strain

Radial stress Hoop stress
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The effect of the different pulsed energies:
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The effect of the different inner diameters:
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The effect of the location of the heater:
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The effect of the different contact resistivities:
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Large contact resistivity ( ):
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 The large contact resistivities can lead to increase of

total contact resistances.

 The normal layers can shunt the current, and both

the circumferential and radial currents exist.
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Large contact resistivity ( ) and free inner boundary:
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 The temperature rise is mainly determined by the heater.

 The hoop stress dominates the mechanical stability during the heat

disturbance.

 The pulsed energy, inner diameter of the coil and the location of the

heater have obvious effects on the thermal stability and mechanical

behaviors.

 The large contact resistivity can induce quench of the entire coil, while

the distributions of stress and strain are different.



Thank you for your attention!


