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Experiment of Grinding Surface Quality and Subsurface
Microstructure for Nickel-Based Single Crystal Superalloy
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Abstract; The orthogonal experiments were conducted to carry out the research of surface quality
influential factors for nickel-based single crystal superalloy DD5 and subsurface microstructure in
grinding. The orthogonal experiment of DD5 plane slot grinding was conducted. The influence of
grinding wheel linear speed, grinding depth and feed rate on grinding surface quality was
concluded, and the optimized parameters combination was also selected. The grinding subsurface
microstructure and debris morphology were observed then. The results show that; the grinding
wheel linear speed has the greatest influence on the grinding surface roughness R,; with the
increase of grinding wheel linear speed, the grinding surface roughness R, decreases; with the
increase of grinding depth and feed rate, the grinding surface roughness R, increases. The
optimized parameters combination of nickel-based single crystal superalloy DDS5 within the
experimental parameters in plane grinding is as the following: grinding wheel linear speed is 30m/
s, grinding depth is 20 wm and feed rate is 0.2 m/min. The plastic deformation layer and the
machined hardening layer appear on the grinding subsurface. The grinding debris mainly presents
the serrated features.

Key words: nickel-based single crystal superalloy DD5; grinding; surface quality; orthogonal
experiment; subsurface; grinding debris
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Table 1 Scheme of orthogonal plane grinding

experiment of nickel-based single crystal

superalloy DD5

2y v, a, v FKIFREE R,

4’5 m-s”™' pm  m-min ' pwm
1 15 20 0.2 1. 05
2 20 40 0.2 0.94
3 25 60 0.2 0. 86
4 30 80 0.2 0. 80
5 20 20 0.4 1. 00
6 15 40 0.4 1.10
7 30 60 0.4 0. 88
8 25 80 0.4 0.90
9 25 20 0.6 0. 87
10 30 40 0.6 0.78
11 15 60 0.6 1. 06
12 20 80 0.6 1.18
13 30 20 0.8 0.85
14 25 40 0.8 0.97
15 20 60 0.8 1. 04
16 15 80 0.8 1.25
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Table 2 Results of orthogonal experiment

N hEsE S v, a, v,
K, 4. 46 3.77 3.65
K, 4.16 3.79 3.88
K 3.60 3.84 3.89
K, 3.31 4.13 4.11
R 1.15 0.36 0. 46
v 0. 068 2 0.007 0 0.008 8
1.25 8
1.00 (a) 5 6 (b)
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Fig. 3 Range and variance diagram of the orthogonal
experiment
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Fig. 4 Influence of each factor on grinding surface
quality
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Fig. 5 Surface morphology of nickel-based single
crystal superalloy DD5 with different grinding
wheel linear speed
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Fig. 6 Grinding subsurface microstructure
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Fig. 7 Grinding subsurface microstructure under
scanning electron microscope
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Fig. 8 Grinding debris morphology under scanning
electron microscope
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