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Application of Shape Memory Alloy in Nuclear Power Plant
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In order to utilize a Ni-Ti-Nb SMA in BWR type nuclear power plants,
essential material properties such as mechanical properties and
fatigne strength were experimentally evaluated. Tensile strength and
ductility of the SMA are almost constant in the temperature range
293K-561K(BWR operating temperature). The fatigue strength at
561K is higher than that at the room temperature, and is not
influenced by a simulated BWR water environment.

After confirming good properties of the SMA coupling under the in-
reactor conditions, the coupling was subjected to a verification test of
in-core monitor (ICM) housing replacement technology. Precise
structural reliability analyses and full scale mock-up test
demonstrated the sufficiently good performance of the SMA coupling.

In 1997, the SMA coupling was actually applied in the ICM housing

replacement at Fukushima Daiichi Unit No.4.
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Table 1 Chemical composition of Ni-Ti-Nb SMA
(Wt%)
NijJTi |Nb| C |CujCo|Fe|Ta

51.1 | 37.5 | 10.7 |0.005 [<0.001 0.02 |0.005]} 0.01

Table 2 Transformation temperatures of Ni-Ti-Nb
SMA after shape recovery (K)

Ms M f As Af
162 115 197 240

Ms : Starting temperature of martensitic transformation.
Mf : Finishing temperature of martensitic transformation.
As : Starting temperature of austenitic transformation.
Af : Finishing temperature of austenitic transformation.

Tensile and Fatigue
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Fig.1 Shape of SMA ring and sampling direction of
tensile and fatigue specimens
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(a) Tensile specimen
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(b) Fatigue specimen
Fig.2 Specimen geometries
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Fig.3 Effect of temperature on mechanical properties
of Ni-Ti-Nb SMA
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(c) At 561K in water
Fig.4 Results of fatigue tests on Ni-Ti-Nb SMA
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Fig.5 Effect of temperature and environment on

fatigue strength of Ni-Ti-Nb SMA

Fig.6 Fractograph after fatigue test

Fig.7 Microstructure of Ni-Ti-Nb SMA matrix(A),
Ti-rich precipitation(B) and Nb-rich precipita-
tion(C)
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Table 3 Chemical compositions of precipitates

(wt%)
Chemical . Ti-sich Nb-rich
elements Matrix(A) precipitate(B)| precipitate(C)
Ni 53.9 36.4 12.1
Ti 41.0 53.2 15.9
Nb 5.1 10.4 71.9

Ti

Ni

Ti i
Nb Ni Nb
Ti Ni

Fig.8 EDX analysis of chemical composition at crack
initiation point
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Fig.9 Proposed fatigue strength assessment curve for
Ni-Ti-Nb SMA
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