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Article Information Abstract
Original Research Paper Milling is an important and conventional method of metal Cutting, in which many studies have been fulfilled
Received 26 November 2018 so far. Study of machining the nickel-based superalloys is felt to be essential due to their high strength and
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N vari lications in th wer plan r in ri . i
Available September 2019 arious applications in the power plants, aerospace industries etc. Cutting force and surface roughness are two

of the important factors in machinability that due to the high importance of it, has been studied. In this article,

the influence of four parameters of machining nickel-based superalloys, namely, cutting speed, feed rate,

K rds:

M?Qg?ngsand Optimization depth of cut and presence or absence of cooling as research inputs on the milling of Inconel 738 were
Cutting force investigated. In total, 64 experiments have been completed as full factorial design. By measuring cutting
Surface roughness forces and surface roughness of the samples after the milling process, the obtained models were utilized to
Inconel 738 predict the effect of various above parameters, to optimize the milling parameters and to obtain the desired

Neural network surface finish. In addition, the artificial intelligence techniques such as neural network and genetic algorithm

were employed to predict the output parameter and to find the optimum milling parameters. The comparison
of the experimental and predicted results shows the success of the modeling with 97 percent accuracy and a
precise optimization.
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Table 1 Defining the factors and the levels for DOE
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Table 2 The chemical composition of IN-738
Min Max Min Max
fat& -.\«a)é faL& ..\.a).)

C 0/09 013 Al 320 3/70
Co 3/00 9/00 Ti 3120 3/70
Cr 15/70  16/30 | AI+Ti 6/50  70/20
Mo 1/50 2/00 B 0/007  0/012

T 2140 2/80 zr 0/03 0/08

Ta 1/50 2/00 Ir - 0/05
Nb 0/60 1/10 Mn - 0/02
Si - 0/3 S - 0/015
Ni balance

IN-738  SilSe ols> 3 Jguz
Table 3 The mechanical properties of IN-738
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Table 4 real and expected value and its error of cutting force
e
595 600/030 5/030
570 559/240 -10/759
599 597/836 -1/163
580 572/7093 -71290
476 472/820 -3/179
631 622/2279 -8/772
826 825/422 -0/577
774 775071 1/071
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Table 5 The optimized machining force and surface roughness
obtained from genetic algorithm(GA)
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Fig. 26 Optimum relation between surface roughness &
cutting force
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Attach A. Result of experimental tests

RUN C;;SQ(? Feed g)éi::)l Coolant (';t) (r?ri)
1 45 0/3 02 0 648 702
2 35 02 02 1 615 743
3 35 015 01 1 544 508
4 40 025 01 1 567 658
5 40 02 02 1 554 527
6 40 025 02 1 597 633
7 40 015 02 1 510 512
8 40 02 01 1 523 499
9 30 02 02 0 707 871
10 30 02 02 1 698 798
11 35 025 01 0 619 847
12 40 025 01 0 584 658
13 35 015 02 1 565 527
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Ubhed 9 (Fileal M) o W g 6158 3dalxd )3 Foas 5 3) 9 GIU tbslo (S90S wding 9 S)wd 3w

40 45 02 01 1 446 446 14 40 015 o1 0 509 498
41 3% 025 02 1 635 697 15 35 03 02 0 723 934
42 45 025 01 1 495 479 16 30 015 o1 0 651 700
43 35 03 o1 1 671 839 17 45 025 012 0 552 581
44 45 015 01 1 461 335 18 45 025 01 0 512 484
45 40 015 o1 1 505 463 19 30 025 o1 1 689 825
46 45 02 01 0 512 439 20 40 03 02 0 476 773
47 30 02 01 1 689 769 21 35 03 o1 0 615 918
48 35 03 02 1 505 829 22 45 02 02 1 535 477
49 40 015 02 0 535 580 23 45 03 o1 1 671 512
50 3% 015 o1 0 553 612 24 40 03 02 1 465 743
51 30 025 02 1 759 833 25 35 025 02 0 650 807
52 30 02 01 0 689 867 26 40 02 02 0 569 608
53 45 03 o1 0 595 695 27 40 02 01 0 544 511
54 45 025 012 1 552 465 28 30 015 02 1 665 602
55 40 025 02 0 599 643 29 45 015 02 1 498 372
56 35 02 01 1 580 656 30 40 03 0 647 721
57 45 015 01 0 476 459 31 45 03 02 1 632 641
58 35 02 02 0 631 780 32 45 02 02 0 546 608
59 30 03 02 1 595 930 33 35 02 01 0 512 739
60 30 025 02 0 774 910 34 30 015 o1 1 651 630
61 40 03 o1 1 627 678 35 30 03 o1 1 671 885
62 30 025 o1 0 746 971 36 30 015 02 0 678 729
63 3% 015 02 0 577 580 37 45 015 02 0 501 445
64 30 03 o1 0 787 972 38 30 03 02 0 598 101

39 35 025 01 1 565 656
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