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Abstract; In order to explore the relative problems of milled surface roughness of DDS5 single
crystal Ni-based superalloy, based on the response surface method ( RSM ) and water-based
minimum quantity lubrication( MQL ) technique, a series of milling experiments on (001 ) crystal
plane along [ 110] crystal direction with the four flute whole end mill were conducted. The main
spindle linear speed, tool feed per tooth, cutting fluid flow rate, air pressure and the flow rate
ratio of water and oil were selected as the variables, while the surface roughness R, was chosen as
the evaluation indicator. Based on the range and variance analysis, the milling and cooling
parameters that significantly affect the surface quality were found out and the interactive effects
were deeply studied. Moreover, the surface roughness was predicted and optimized with stepwise
regression and particle swarm optimization ( PSO) method, respectively. The results were verified
based on the uniform design method.

Key words: DD5; surface quality; RSM( response surface method) ; interactive effect; stepwise
regression; particle swarm optimization( PSO)
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Fig. 1 Metallurgical structure of Ni-based superalloy
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Table 1 Levels of cutting parameters
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m-min "' pm mL-h™' bar
13.75 7.5 7.5 0.5 .5 -1.5
20 9 20 1 2 -1
32.5 12 45 2 3 0
45 15 70 3 4 1
51.25 16.5 82.5 3 4.5 1.5
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Table 2 Five factors eight level uniform experimental

i

scheme
V.,

w5 m-msin’1 ;{;n mL?h" R ﬁ
1 20 8.6 40 3 4.5
2 24.3 10. 8 80 2.22 4
3 28.6 13 30 1. 36 3.65
4 32.9 15.5 70 0.93 3.22
5 37.2 7.5 20 3.5 2.8
6 41.5 9.7 60 2. 65 2.36
7 45.8 11.9 10 1.8 1.93
8 50.1 14.1 50 0.93 1.5
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Fig. 3 Relationship between R, and running order
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Table 3 Results of ANOVA analysis for R,

KR AmME Adi(SS) Adj(MS) F1A P&

v, Xf, 1 0.06003 0.060025 4.63 0. 044
f.xQ 1 0.14062 0.140625 10.86  0.004
O xR 1 0.33062 0.330625 25.52  0.000
RxP 1 0.25502 0.255025 19.69  0.000
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