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Experimental Study on the Grinding Metamorphic Layer of
Nickel-based Single Crystal Superalloy
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Abstract; In order to explore the processing property of grinding metamorphic layers of nickel-
based single crystal superalloy, a single-factorial plain grinding experiment was conducted to
investigate the effect of different grinding parameters and cooling conditions on the thickness of
grinding metamorphic layers. The results showed that the grinding metamorphic layer with certain
thickness appears on the grinding surface and subsurface of nickel-based single crystal superalloy
DD5. The v phase and vy’ phase in the plastic deformation layer of the metamorphic layer are
distorted severely, and the hardness of the grinding metamorphic layer is greater than that of the
matrix. The grinding metamorphic layer thickness varies with the grinding parameters and cooling
conditions. With the increase of grinding wheel tangential velocity, the metamorphic layer
thickness first decreases, and then increases; with the increase of grinding depth, the metamorphic
layer thickness increases continuously; with the increase of workpiece feed velocity, the
metamorphic layer thickness first increases, and then decreases. Within the range of experiment
parameters, the minimum quantity lubrication ( MQL ) cooling condition can reduce the
corresponding grinding metamorphic layer thickness, which can be reduced by up to 3.5 pm.
Key words: nickel-based single crystal superalloy; grinding; grinding metamorphic layer; plastic
deformation; grinding parameter
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Fig. 1 DD5 and its crystal plane and orientation
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Table 2 Levels of grinding parameters

WL VIR AR 2

v./(m-s™") a,/pm v,/(m-min~")

15.20,25, 20,4060, 0.2,0.4,0.6,
30,35 80,100 0.8,1.0

Table 1 Main mechanical properties of DD5
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Fig. 3 Metallographic morphology and local enlarged drawing of the section specimen
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Table 3 Measurements of the grinding metamorphic
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Fig. 4 Gradient curve of the grinding surface hardness 6 25 30 0.6 13.0 10.0
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Fig. 5 Microstructure of the plastic deformation layer
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Fig. 6 Effect of grinding wheel linear velocity on the
thickness of grinding metamorphic layers
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Fig. 7 Effect of grinding depth on the thickness of
grinding metamorphic layers
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Fig. 8 Effect of workpiece feed velocity on the
thickness of grinding metamorphic layers
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