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Abstract 

  High temperature bulk superconductors, such as REBaCuO (RE: rare earth or Y), have the capability to be 

used as a trapped-field magnet (TFM), which can be used as a compact and strong magnetic field source of 

over several teslas for practical applications, such as nuclear magnetic resonance (NMR) and magnetic 

resonance imaging (MRI) apparatus. However, it is known that the bulk could be broken due to large 

electromagnetic stress during field-cooled magnetization (FCM) process [1], showing that the maximum 

trapped field of TFM is limited not by its critical current density but by its mechanical strength. The metal ring 

with the same height as the bulk has been employed as a typical reinforcement method to prevent the fracture 

behavior. Recently, we have performed the numerical simulation of the mechanical stresses in the REBaCuO 

ring bulk with finite height reinforced by metal ring during FCM [2, 3], in which the interface between the 

ring bulk and metal ring was supposed to be fixed. In this case, the thermal compressive stress produced under 

cooling process was applied inhomogeneously and became weak on the top surface of the bulk periphery, 

compared to that at the bulk center, where could be a starting point of the fracture behavior during FCM. 

  In this study, to confirm the results of the numerical simulation and to clarify the relationship between stress 

and strain, we directly measured the strain during the cooling and FCM processes with several strain gauges 

adhered on the ring bulk and stainless steel (SUS) ring. EuBaCuO ring bulk (64 mm in outer diameter, 28 mm 

in inner diameter and 20 mm in height) reinforced by SUS ring was cooled to 50 K and magnetized by FCM 

under the magnetic field within its fracture strength. The strain data for the cases with or without SUS ring 

reinforcement were compared to those of the numerical results, which were obtained from a three dimensional 

finite element model for the finite ring bulk with realistic superconducting characteristics based on an actual 

experimental setup. From these results, we would also discuss and suggest an optimal geometry of the 

reinforcement metal ring to endure higher trapped field without fracture. 
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