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Study on Machining of Inconel 718 Super Alloy and Effective Process
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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 2016 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

giyﬁ’;zgﬁl cutting effecti_ve paramet_ers on the force, temper_ature and chip morphology. The.plgstic behavior qf 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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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 S 55 gl ol el 3 Jgir
Table 3 The failure parameters of the Johnson-Cook model for Inconel
718 [17]

e w2y
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
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oS P lade Flade laye 63!)] Ol i aie
19 0.001 56.81 19009.5 1 u
4 0.155 2.8 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 2.6 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%
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Table 5 Parameters and levels of machining process

(VL g (Dol el Lk Cdle
05 0.1 (Sl e ,s) A
120 60 V (b o —4i3S » i) B
01 0.05 f(Gorin =390 » fonkse) c

8 -8 o (ool 4 gly) D

2 Confidence level

369

* Center point

9 o lass 16 095 1395 LaT s e SlSe uwige


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.28.7
https://mme.modares.ac.ir/article-15-3987-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1395.16.9.28.7 ]

O 9 G3ls1sa duxo

Vil Galib Sas U 30T 53 )3 350 Jolgs 9 718 JigSisl SWIT- yagm (5 Siniblo dslloo

Olasie 5 polie I AT L) iy e J18) )bl slagss,
Fye wd slayelly Bim L [20] @S g Gl JEes sbopsie
Olges Aol pl SaSay a5 g s 5y lp e )T, dolas
(2) bty 255 Gt Fse loall cam i 1l 5 3ly 55

a3 o olid 1) 9 g S5 Aolaa
force(N) = 505 + 331.9y + 2.344v + 3240f
+0.558a — 3.73u x f — 8.68y
xa —19.74v % f ©)

Hlpl o g ad slos ey -2-3
sols oLz 7 Jpaz 5o 3l osiy 4 sles & bgiye byl Jabos Jgir
Mt 5150 d W slojtoll ey 7 Jpoz 51 a5 jsblan ialoass
wi)s i oy ad ooy syl S lajiell a5 jlolice pixf
ol S el sy P0.193 e 7 Jgaz o elid 2ol (sl cyizmas
S T P e e
lwosls Jloy @395 0905 Jelot g (o) 2 459959 slo bl (sl lams 99
51 g gille 5 e plal loosile JLoj Jlato] Joga a8 b o
ey B1% L ol gy sloyially 8 UKD 5 g5y Jogas 5 7Jsux
21y 3 i 110 L pixf Llite 515 20% b g5y 21% b
@ azg b .Cavlosn] cpuns co o 7 Jga sl o ai)ls il sles s,
oy ad (sled 10 (6 yuas 98.84% 3905 1O odelawdy pnS upd

500
480
460
Z 440 u
3 —e— 0.1
S 420 = m= 0B
05
400
"
380 /
360 T T T
60 90 120

v(m/mi)
Fig. 5 Interaction plot of friction and federate on force on the tool
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Fig. 6 Interaction plot of friction coefficient-rake angle on force on
the tool
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Fig. 3 Normal probability plot of residuals for force on the tool
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Fig. 4 Pareto chart of force on the tool
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