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Crystal Ni-Based Superalloy DD98

GAO Qi"*, GONG Ya-dong', ZHOU Yun-guang', WEN Xue-long'

(1. School of Mechanical Engineering & Automation, Northeastern University, Shenyang 110819, China;

2. School of Mechanical Engineering & Automation, Liaoning University of Technology, Jinzhou 121001, China.
Corresponding author; GAO Qi, E-mail; qqonline@ 163. com)

Abstract; To study the micro-milling surface quality of single crystal superalloy, orthogonal
experiment was implemented for micro-milling of single crystal Ni-based superalloy DD98 by
using the M. A. FORD two-edged micro-milling tool with 0. 8 mm diameter. The primary and
secondary impacting factors on the micro-milling surface quality, such as spindle speed, feed rate
and milling depth were analyzed by range analysis. The results show that the influence of spindle
speed is the greatest, the milling depth is the secondary, while the feed rate is the smallest. Using
statistical theory, the ideal cutting process parameters was optimized and obtained, i. e,
3.6 kr/min speed spindle, 5 pm milling depth and 100 wm/s feed rate. The surface roughness is
minimum under the above combination condition. The experiments were repeatedly done with the
optimized scheme to get a surface roughness (R,) of 951 nm. The cutting mechanism, the reasons
of affecting surface quality and morphology were further analyzed. The experiment result may
provide some reference for micro-milling mechanism of single crystal superalloy.
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Fig. 2 Cutting edge arc radius measurement
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Table 2 Experimental analysis results of the single
crystal DD98 surface roughness

Table 1 Experimental data of the single crystal DD98
R R,
i " @ ’ wm

1 n, a, \2 1.09
2 n, ayn 123 1.07
3 n, ay V3 1. 15
4 n, Ay v, 1.12
5 n Ays Vs 1.24
6 n, ay v, 1.26
7 n, ay V3 1.35
8 n, ay v, 1.21
9 n, Ay Vs 1. 19
10 n, s v, 1.24
11 ny ay V3 1.01
12 n, ay, Vv, 1. 08
13 n, [ Vs 1. 14
14 ny Ay v, 1. 15
15 n, s Vv, 1.08
16 n, ay A 1. 12
17 n, ay, Vs 0.988
18 n, ay v, 1.09
19 n, Ay v, 1.21
20 n, s V3 1. 16
21 n ay Vs 1.05
22 ns ay, v, 1.35
23 ns ay Vv, 1.28
24 ns ay Vv, 1.16
25 ns ps Vv, 1.34

Gy n a, v
K 5.670 5.530 5.920
Y (1.134) (1.106) (1.184)
K 6. 250 5.838 5.900
J (1.250) (1.168) (1.180)
K 5. 460 5.870 5.830
Y (1.092) (1.174) (1.166)
K 5.568 5.830 5.870
4 (1.114) (1.166) (1.174)
K 6.180 6. 060 5. 608
& (1.236) (1.212) (1.122)
K, 32. 150 30. 581 35. 046
K, 39. 063 34.082 34.810
K 29. 812 34.457 33.989
K 31.003 33.989 34.457
K 38.192 36. 724 31.450
R 0.790 0. 530 0.312
T 29. 128
CT 33.938
SS 0.106 0 0.028 6 0.0124
v 0.0265 0.007 2 0.003 1
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Fig. 4 Range and variance diagram of the influence of
processing parameters on surface roughness
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Influence of processing parameters on surface roughness
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Fig. 6 Surface morphology of the single crystal DD98
for orthogonal experiment

(a)—a, =10 pm,n = 1.2 kr/min, v = 60 pm/s; (b)—
a,=10 um, n = 2.4 kr/min, v = 80 um/s; (c)—a, =
10 pm,n =3. 6 kr/min, v = 100 pm/s; (d)—ap =10 pm,
n=4.2 ke/min, v = 20 pm/s; (e)—a, = 10 pm, n =
4. 8 kr/min,v =20 pm/s.
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