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A Study on Thermal Ratcheting Structure Test of 316L Test Cylinder
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Abstract

In this study, the progressive inelastic deformation, so called, thermal ratchet phenomenon which can
occur in high temperature liquid metal reactor was simulated with thermal ratchet structural test facility and
316L stainless steel test cylinder. The inelastic deformation of the reactor baffle cylinder can occur due to the
moving temperature distribution along the axial direction as the hot free surface moves up and down under the
cyclic heat-up and cool-down of reactor operations. The ratchet deformations were measured with the laser
displacement sensor and LVDTs after cooling the structural specimen which experiences thermal load up to
550° and the temperature differences of about 500°C. During structural thermal ratchet test, the temperature
distribution of the test cylinder along the axial direction was measured from 28 channels of thermocouples
and the temperatures were used for the ratchet analysis. The thermal ratchet deformation analysis was
performed with the NONSTA code whose constitutive model is nonlinear combined kinematic and isotropic
hardening model and the test results were compared with those of the analysis. Thermal ratchet test was
carried out with respect to 9 cycles of thermal loading and the maximum residual displacements were
measured to be 1.8mm. It was shown that thermal ratchet load can cause a progressive deformation to the

reactor structure. The analysis results with the combined hardening model were in reasonable agreement with
those of the tests.
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Fig. 1 Concept of thermal ratchet phenomenon
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Fig. 2 Concept of thermal ratchet test facility

Fig. 3 Moving temperature distribution along the axial
direction of the test cylinder
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Fig. 4 Thermal ratchet test facility
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Fig. 5 Shape of test cylinder with thermocouples(28 CH)
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Fig. 6 Arrangements of displacement sensors
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Fig. 8 Temperature profiles measured by 28 channel
thermocouples
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Fig. 9 Accumulation of residual displacements along the
radial direction measured by laser displacement sensor
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Fig. 11 Validation of NONSTA code for cyclic load
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Fig. 12 Comparison of the results by test and analysis
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