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Table 1 Chemical composition of superalloys used in the study W /%

7 Cr Co w Mo Al Ti Ta Re Hf Ni
CMSX-4 6.5 9.0 6.0 0.6 5.6 1.0 6.5 3.0 0.1 P
PWA1483 11.98 8.7 3.83 1.81 3.63 3.99 5.09 0.0050 A
DD483 12.12 9.12 3.89 1.87 4.03 3.98 5.24 i
MAR M247 8.22 9.22 9.42 0.53 5.63 0.71 3.24 1.07 A
DD5 7.0 7.5 5.0 15 6.2 6.5 3.0 0.15 A
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Fig. 1 Stray grains formed in the CMSX-4 blades
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Experimental Investigations on Stray Grain Defects in Single Crystal
Castings of Superalloys

MA De—xin"?, WANG Fu®, SUN Hong-yuan'?, XU Wei-tai'

(1. Wedge Central South Research Institute, Shenzhen 518045, Guangdong, China; 2. Central South University, Changsha
410083, Hunan, China; 3. Department of Mechanical Engineering, Xi’ an Jiao Tong University, Xi’ an 710049, Shaanxi,
China )

Abstract:

The most serious structure defect in single crystal (SC) castings is stray grain, which cannot be tolerated due
to the random crystal orientation and the high-angle grain boundaries. In this work, the stray grain defects
and their formation mechanism in the SC turbine blades were investigated. It was found that the stray grains
mainly occur at the platform portions because of the abrupt transition of the cross-section. Due to the rapid
cooling of the local melt at the platform’s extremities, an isolated, thermally undercooled region of melt is
formed. When the geometry-related undercooling is sufficient to exceed the undercoolability of the used
alloy, stray grains will nucleate before the arrival of the primary SC growth from the airfoil. Based on the
experimental results, an analytical criterion for the occurrence of the geometry-related stray grains was
proposed, indicating the influence of alloy property, blade geometry and solidification condition. Although
the geometry of the castings becomes increasingly a pronounced factor to affect the grain defects during SC
process, the stray grain formation can be initiated by the mould defects. In the cracks of the mould surface
and in the gaps between shell mould and core, the melt could be quickly cooled, leading to the nucleation
and growth of stray grains into the SC components. The stray grains could also be formed from the equiaxed
grains of exciting freckles which was previously formed in the mush zone during directional solidification. In
addition, the slivers could develop into 3-dementinal stray grains of large size, whose crystal orientation is not
very different from the matrix.
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superalloy; stray grain; directional solidification; single crystal turbine blade; investment casting;
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