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Study on Machining of Inconel 718 Super Alloy and Effective Process
Parameters Using Design of Experiment Method
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Inconel alloys are a family of nickel-based superalloys that consist of a wide range of compositions and
Received 23 June 2016 properties. Inconel 718 is one of the superalloys used in the aerospace industry due to its good
Accepted 16 August 2016 mechanical properties; such as high corrosion and creep resistance at high temperatures. Despite these

Available Online 24 September 2846 advantages, Inconel 718 is among the most difficult materials to be machined. In this paper, a finite

element model for orthogonal machining of Inconel 718 was developed in order to investigate the

Keywords:

Orthogonal cutting effective parameters on the force, temperature and chip morphology. The plastic behavior of material
Inconel 718 was simulated with Johnson-cook material model, and constant shear friction factor (m) is used to
Chip morphology model the friction between chip and tool interface. Then, the simulation results were compared with

Design of Experiment experimental values and good agreement was found between them. After validating the simulation

results, the effect of coefficient friction, cutting speed and rake angle, on cutting edge temperature, force
on the tool and chip morphology was achieved by using design of experiments (DOE) method.
According to the results, feed rate (30% contribution) and friction coefficient (19% contribution) have
the greatest impact on the force on the tool. Rake angle (31% contribution), cutting speed (21%
contribution) and feed rate (20% contribution) are the most effective parameters on the cutting edge
temperature. The friction coefficient and feed rate (both with 25% contribution) have the greatest
impact on the chip geometry.
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Fig. 1 Experimental test equipment; (a) the orthogonal machining
test, (b) embedded thermocouple for measuring the temperature
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185 GPa Sl Jgoe
033 Ol o o
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Table 2 Constant parameters of the Johnson-Cook material model for
Inconel 718 [5]

e w2y
1290 MPa A
895 MPa B

0.526 n

0.016 C

1.55 m

[17] 718 b5l sl 55 ol ol 53 Jgir
Table 3 The failure parameters of the Johnson-Cook model for Inconel
718 [17]

e w2 pe
0.11 d;
0.75 d;
-1.45 d3
0.04 ds
0.89 ds
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Fig. 2 Sawtooth chip formation in simulated and experimental
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Table 4 Compare the simulation and experimental results

o) . . oSl e
. P lade F jlade haye 63!)] Ol i aie
19 0.001 56.81 19009.5 1 i)
4 0.155 28 9379 1 v
30 0.000 140.43 46991.4 1 f
9 0.016 12.79 4280.4 1 a
12 0.004 23.95 8014.7 1 pxv
6.5 0.050 6.59 2206.7 1 uxf
7.7 0.029 9.21 3083.0 1 Uxa
8 0.023 10.48 3507.6 1 vxf
0.2 0.933 0.01 26 1 Vo
2 0.416 0.79 263.3 1 fxa
0.206 2.11 705.0 1 Curvature
334.6 5 Error
16 Total

R-50=98.15%

(°C) 150l o ad sloo (KNt 2 )l (59,0 sl 4 mbs
0.lmm/rev  0.05mm/rev  0.Imm/rev  0.05mm/rev 9y
969 793 5415 472.6 s
823 681 451.2 403.2 Gl
15% 14.1% 16.6% 14.7% Uas

o) sk 5 (6, 5ile ans b sla el 5 Jour
Table 5 Parameters and levels of machining process

(W g (Dol el Lk Cdle
05 0.1 p (Sl e ys) A
120 60 V (b o —4i3S » i) B
01 0.05 f (st =030 » toskse) c

8 -8 o (ool asgly) D

2 Confidence level
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Fig. 6 Interaction plot of friction coefficient-rake angle on force on
the tool
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Fig. 8 Pareto chart of temperature of the cutting edge
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Fig. 9 Interaction plot of friction coefficient and feedrate on
temperature of the cutting edge
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Fig. 10 Main effects of cutting speed and rake angle on temperature of
the cutting edge

Sl ediy ad slas 00l digly g (b e g ol 1 Jloges 10 S5

[21] wlige sty 25 b & (4) 4l 51 o8 255 0
DOS = (d; — dy)/d, (4)

e 4z o ams e lid 1) 0ol (6395 dr g ald sl dy (4) ala, o

371

500
v(m/min)
4751 e 60
— - 90
~ 430 120
Z
g 425
400 N
375 /
350
0.050 0.075 0.100
flmm/rev)
Fig. 7 Interaction plot of federate-cutting speed on force on the tool

2 Sl Sad 2 Sarin 5 B e blie ST YK

B 5 dphee azgl Wb o eabgaRie Hge sle el alwsa ol
I I

L9 USh & axg b caslons ools olias 9 (St o pxf Jlize il
ol 51 50 g 4l Gl aaly g 1l aleS wlaw 9 pdn oo ]l
ad slos pals el Gl ing) oo YU 5 Lo (SEaol lag
b ghe 2 ortn 9 Y ghe o Wb SBhel oyl 3l esiy
IS8 azgs b caslondionls (\Les 10 JS& 0 a5 v ol ol asl
los sl argly als 5 ohp Ceyu il38l L oaS 0gh oo cdwline 10
AP b S GBI L 1wl oo Gl I ey 4
odip ad g Ghp 4l o Lo Gl 4 i 5wl 05 By (s
s ol ol e e sl agly a8 L ()b 5l asdise Sl
Gl 4 e oS e deme G 4l 8 it (bl S
Dedige oy 4>l Les

5 Lo o alal, a5 a6l ooy (3) abal, @illas Lo (ygens S, lolas

Ao ol |y Lo se sl ally
temp = 354.2 — 188.1u + 0.815v + 156 f — 4,555«
+2637uxf

o0lyy JS (o y 2 -3-3
solial Tons gl e st b eSSl ol UK sy St

ey ad slos gl Gubly Jelos Jsozr 7 Jgur
Table 7 Analysis of variance for temperature of the cutting edge
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Fig. 12 Interaction plots of friction coefficient and rake angle on
DOS
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Fig. 13 Interaction plots of feedrate and rake angle on DOS
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