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Superplastic Forming of Single Crystal Ni-base Superalloy

using Thermal Cycling
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Superplasticity is a phenomenon whereby some crystalline materials exhibil exceptionally large elongation
during tensile deformation without fracture. Two types of superplasticity have been reporied: structural
superplasticity observed in polycrystalline materials having fine equiaxial prains, and internal stress superplasticity
observed in composite materials which are subjected to a cyclic temperature change. Although superplasticity has
already been found in polycrystalline metals and ceramics, it has not been found in single-crystal materials. Here I

report the superplastic deformation in advanced Ni-base single crystal superalloys wutilizing internal stress
superplasiicity. Superalloys are the strongest heat-resistant alloys and are widely used in gas turbine blades of

aircraft engines and power plants. They have been developed from cast polycrystals to directionally solidified

columnar crystals and recently to single crystal in order to prevent grain boundary sliding which reduces creep

resistance. As a result, no plastic forming technique is applicable to the formation of today's advanced single-crystal

superalloys. The present method is applicable plastically forming these superalloys into complicated shapes.
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Figure 1 Compression creep behavior of DS superalloy.
a, Creep curves ol isothermal (broken fine}and thermal
cycling (solid ¥ine) creep lests, The isothermal creep
test was performed at 1473 K under an initiat applied
stress of 8.0 MPa and the thermal cycling creep test was
performed at 1373~1473 K, =10 K/s under initial
applied stress of 6.4 MPa. The tests wereslopped al € =
0.73. b, c, d, Photographs of the specimens befose
deformation, after isothermal creep and after thermal
cycling creep, respectively. e, I, Optical micrographs
of the inside of the specimens after isothermal creep and
after thermal cycling creep, respectively.
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Figure 2 Photographs of the thermal cycling tensife
creep specimens of SC superalloy before deformation
(a) and after thermal cycling creep at 1343~1443 K and
=10 Kfs under an initial stress of 5.0 MPa (b). SC
superalloy showed high elongation of more than 100%
without fracture.
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Figure 3 Microstructures of SC superatloy belore
deformation {(a), just after thermal cycling creep (b) and
after post-creep heat treatment (¢). These are observed
by ascanning electron microscope on the surfaces after
clectrochemical etching of y matrix. The post-creep
heal treatment yiclds almost the identical microstructure
of fine cuboidal y’ precipitales as that before
deformation.
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