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Nickel-based alloys are largely used in aerospace, power generation and petrochemical industries. Machining
of these alloys is usually accompanied with high cutting force and temperature and low surface quality. In
order to avoid these limitations, small values of cutting parameters are used in machining of nickel-based
alloys that significantly decrease the productivity. In this paper, the effects of cutting speed, feed rate and
depth of cut on the surface roughness in dry turning of nickel-based super alloy Inconel600 by using carbide
tool in finishing range have been experimentally investigated. Full factorial design of experiments was used
and totally 48 tests were done. Results of the analysis of variance showed that feed rate 69%, depth of cut 6%
and cutting speed 2% affects on surface roughness of Inconel 600. In addition to measuring the surface
roughness, chip removal rate was calculated for each test and then, for achieving to minimum surface
roughness and maximum chip removal rate at the same time, the optimal machining parameters have been
achieved by using neural network and imperialist competitive optimization algorithm. By using this
algorithm, several levels of optimum cutting parameters are set and a process planner according to the
required surface roughness and material removal rate can use these cutting parameters.
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Table 1 Chemical composition of Inconel 600
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Table 2 Levels and values of input cutting parameters

a, (mm) f (mmirev) Ve (m/min)
0/2 0/05 38 1
0/4 0/09 53 2
0/6 0114 75 3
- 0/18 105 4
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Fig 2 Experimental setup and surface roughness measuring machine
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Table 3 Design of experiments with values of surface roughness and material remove rate

MRR Ra °)L°‘: MRR Ra °)L°‘:
cmimin)  (m) % f Voo g Cmming @m0 T Ve g
o750 o073 1 1 3 25 o380 o8 1 1 1 1
1500 1665 2 1 3 26 o760 WO 2 1 1 2
250 174 3 1 3 27 U140 w5 3 1 1 3
1350 209 1 2 3 28 o84 080 L 2 1 4
2700 116 2 2 3 29 1368 o085 2 2 1 5
4050 146 3 2 3 3 uos2 157 3 2 1 6
2100 125 1 3 3 31 1oe4 w45 1 3 1 7
4200 U3 2 3 3 32 2128 U6 2 3 1 8
6300 252 3 3 3 33 3192 29 3 3 1 9
2700 342 1 4 3 34 168 A0 1 4 1 10
5400 346 2 4 3 3B 736 26 2 4 1 11
8100 260 3 4 3 3 4104 248 3 4 1 12
s 17 1 1 4 37 050 o741 1 2 13
2100 147 2 1 4 38 1060 051 2 1 2 14
3150 105 3 1 4 39 150 o076 3 1 2 15
1890 o668 1 2 4 40 0954 w0 1 2 2 16
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5670 185 3 2 4 42 2862 U 3 2 2 18
2040 180 1 3 4 43 ug4 W7 1 3 2 19
5880 108 2 3 4 4 2968 210 2 3 2 20
8820 245 3 3 4 45 4452 U9 3 3 2 21
3780 285 1 4 4 46 1908 211 1 4 2 2
7560 343 2 4 4 47 3B16 448 2 4 2 23
11340 27 3 4 4 48 4724 AL 3 4 2 2%
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Fig 4 The effect of feed rate on average surface roughness
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b 61 e by Gos 56 5 S

S34 Jsozr o g 55 6l bl 56T ) Jol> b
5 68 yuxs S€Q SS ((goljl ax o slasy DF a5 csloads
AdjSS «Jae 5 el e 5L aw,s Contribution . Jow
ot Olrypo foezxe Ad] MS (Ol,ss Sl e ggoxe
AdjMS gllas Jlsio s aonis AdJMS Ll F g &l s
235 o8 oS B e a2 g5 b g lBle s Loy P g oo
005 Guizss cpl jo a5 (Conbad pac) @ laie 5IP laia [
S8y 2 B Syse eyl ol S cceslond a8 S L o
@l Gkl Fhe 8 (Ojpeinl w50 9 She penn
i sy syl jo il ly LT 1 el
Gt Bae G 3 M09 L (5950 5 1) i 525 2 5B
w65 2 6 Soe 3B U2 L oy g o UB L
3 sPr sl pbss Jlite SISTA Jooazr 500l
W8 L ssrin &5 5 Lo oo hlite T Ceslond gm0
byl Jlize Sl plo & S he sp5 2 U
a5 el N9 il g 5 dUT Uz yl5s 28,00 (5 i Coanl
w5 o 5l 1, et bl il 5IbT olazel ol

el o] sy 38 m/min

38 53 75 105
Ve (m/min)
Fig 3 The effect of cutting speed on average surface roughness
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Table 4 Analysis of variance for surface roughness

s 65 sl il 5lUT 4 Jgus

Source DF Seq SS Contribution Adj SS Adj MS F P
ap 2 1/9736 %5/90 1/9736 0/98681 591 0/011
f 3 22/9284 %68/55 22/9284 7164272 45/76 0/000
Ve 3 0/5658 %1/69 0/5658 0/1886 1/13 0/364
a, % f 6 2/6088 %7/80 216088 0/43481 216 0/054
Ve X a, 6 1/6495 %4/93 1/6495 0/27491 1/65 0/192
Ve x f 9 07135 %2/13 0/7135 0/07927 0/47 0/873
Error 18 3/0066 %8/99 3/0066 16/70
Total 47 33/4462 %100
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Fig. 6 Neural network structure proposed for the prediction of surface
roughness
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Fig.7 Linear regression analysis between the experimental data and the
predictive neural network for surface roughness
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Fig. 9 Stages of the Imperialist Competitive Algorithm [30]
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