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A Study on the Plasma Hot Machining
to Improve the Machinability of Inconel 718
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Abstract |

T ]
An experimental study of hot machining has performed to improve the machinability of Inconel 718. This experiment used
plasma arc for heating materials and Whisker —reinforced aluminum oxide ceramic tool insert.
An assembled plasma heating system are described and experimental results obtained from both conventional and plasma
hot machining of Inconel 718 are compared.
The experiments with plasma heating demonstrated the following effectiveness.
1) The cutting force was reduced with increasing surface temperature of workpiece from 450°C up to 720°C as much as
approximately from 20 to 40%.
2) Surface roughness(Ra) was improved by as much as a factor 2 in case of one pass cutting with new ceramic tool in-
serts.
3) The depth of cut notch wear at primary cutting tool was significantly reduced.
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Fig. 1 Photograph of plasma hot
machining equipment
a) Plasma torch

b) Infrared thermometer sensor
¢) Tool dynamometer
d) Air shield cap
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Fig. 2 Set up plasma heating
a) Schematic diagram of plasma arc torch
b) Set up for temperature measurement
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Fig. 5 Surface temperature versus variable angles from
plasma centerline(250 Amp plasma current, 69.7mm
diameter workpieces, 0124mm;/rev feed)
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Fig. 8 Surface temperature versus feed rate(3.24m/s sur-
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Fig. 10 Components of cutting force as a function of cutting
time during conventional machining(cutting speed 6.
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Fig. 11 Components of cutting force as a function of cutting
time during PHM(plasma current 250Amp, cutting
speed 6.28m/s, 0.124mm/rev feed)



FZZANNA 715X M 4A A3F 1995. 9

Fig. 103 112 A2ty 72 058 A4sigie o A
TAH BAZLEH PHMAA 79 shad] ube} 24}
o] 371le AFHA 49 &e HEi ©] ¥
7H] dgelA BAEEE 6.28m/sol8 PHMY &=
o ot AFE 260Ampeltt. T FHRE ¥last

2E, AFH BAMH A5 PHMe vlsted HaA)
ol thate} ALY F7HEe] A1 2 gE At

AAgde 27le $43 ohE, %S F7Y 718}
H dstel meh Wsstaz, & 43 49 F
9 ntEge AH MY+ UAUANT F M 7}#?34
AR F 3T Al st 22 Aok 7
7 etz HH 37 2AEY 3EAA L It
A EES BA AARTE Tk BEE] ol&Ed
wEgo] F7HsHA d.

Fig. 102} 119 ZAARAA, EAAL 058 F¢ A

54¢ Aol e olgEge] o TN, wjEd e
20N, 2282 20N 2743 Aol v]sto], PHMo M= 3

T8 A9 FUeHA 4l olFEHM wEHo| BN,
2BNo 2 Z+zh 2718t gtk £3] HEZFe HAZLE

r.l

(a)

Fig. 12 Photograph of the tool wear(cutting speed 5.5m/s,
feed 0.124mm/rev, cutting length 50mm, depth of
cut 1.5mm)

a) Conventional cutting
b) PHM(plasma current 250Amp)
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Fig. 13 Resultant cutting force versus surface temperature
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Fig. 15 Surface roughness versus surface temperature(cut-
ting speed 3/5m/s, feed 0.124mm/rev, cutting time
0.5min)

T 22 YEFoEAM HAAZ] FA HE FUZREY
NAEHe 2R vf Fopd Acz 7iddn
FHo 27t 450T ol F713HE 2318 Ragtel ¥
Zbsbe Aol Ut ol e JtFE HEELEI} 530C
o]de] HW 7hgRHe] Agetn BigHE o =
o} ofFe] 9Jdted 7tF BH SFuldEE A B
o] Sith.

PHMolA §H257t 24 4HE AL F2 D ¥
ZEY A= #ad wt P9 g (rupture stress)
of ZAstng 3 wigo] AL 2) FAE A4
o] $7KIEE FAUAT 22 HA £ 2o F4
3o} Ragle] FAETh 2811 AjR0] FHHE 328 &
"oy IR E E7] FEol E2r} of3 o F¥
o3t §gHo| §7] FEo] A He F¥E Ragt
At wol glo} Bl

44 £

Inconel 7189) B4 4& A7) Astel Fehzn}
o}28 o] 8% L&7}34(Phsma Hot Machining)ol o)
# 71z 4%e st

FTE Greenleals] WG-300 A2ke) 37 ol $39
on 4ge Foel e AEE TSI

1) Eezn) olae) lgel We $42Y EREEE

75

Eet=ol ol AR 374, FRAE JAFY T4, FAE
JAEE, o5& T4 2 FFAE FVIREV 28
+% 3790

2) Inconel 7189) B 714 LE7} 455 B4R
ZAEE 27410 BHLETF 450C~T00C HejelA
oF 20~40% 74T

3) PHMelA BHzE7F AFAA HAET Raghol
20 7l AMEYe FUsELET} 450C~500C
BZoA HAQ ¢E 2T o] Btk & A= 7}
FxHo] AslHm Raglol 5713l 7 ¥e] itk

4) PHMoIA Al 379 F 84 49 A mtx
7} 3A BasAoh

ES 1)

#

Ao

(1) Gorsler,F.W., “High Speed Machining of Aircraft En-
gine Alloys”, Proc. of Int. Conf. on Productivity Machin-
ing”, pp.57-67, 1985

(2) Krabacher, E. J. and Merchant M.E., “Basic Factors in
Hot-Machining of Metals”, Trans. ASME, Vol.73, No.5,
pp.761-776, 1951

(3) Pentland,W., Mehl,C.C., Wennberg,J.L., “Hot Machin-
Ing”, American Machinist/Metal Working Manufactur-
ing, July, pp.117-132, 1960

(4) Barrow,G., “Machining of High Strength Materials at
Elevated Temperatures Using Electric Current
Heating”, Annals of the CIRP, Vol16, pp.145-151, 1966

(5) Uehara,K.,, “On the Mechanism of Temperature Rise
and the Choice of Tool Material in Electric Hot Machin-
ing”, Annals of the CIRP, Vol.16, pp.85-91, 1968

(6) Copley,SM., “Laser Applications”, Handbook of High
Speed Machining Technology, Chapter 16, ed. by Rl
King, Chapman and Hall, 1985

(7) BassM.,, Copley,SM. and Beck,D., “Laser Assisted Ma-
chining”, Proc. of the 4th European Electrooptics Con-
ference, Ultrecht, Netherrlands, 1978

(8) K nig,W., Cronj ger,L., Spur,G., T shiff HK., Vigneau,
M. and Zdehlick,W.J., “Machining of New Materials”,
Annals of the CIRP, Vol.39/2, pp.673-681, 1990

(9) Kitagawa,T., Katsuhiro, K. and Kubo,A., “Plasma Hot



Machining for High Hardness Metals”, Bull. Japan Soci-
ety of Precision Engineering, Vol.22, No.2, pp.145-151,
1988
(10) Kitagawa,T. and Maekawa,K., “Plasma Hot Machin-
Ing for New Engineering Materials”, Wear, 139, pp.
251-267, 1990
(11) Novak,J.W., Shin,Y.C. and Incropera, F.P., “Assess-
ment of Plasma Enhanced Machining of Improved Ma-
chinahility of Inconel 718”, Manufacturing Science and
Engineering, ASME PED, Vol.68, No.l, pp.443-451,
1994
(12) Mehrotra,P. and Beeghly,C., “Advanced Ceramic Tools
for High Productivity Machining of Superalloys”,
Proc. of the SCTE 89 Conference, San Diego, pp.11-
19, 1989
(13) Johnson,A.D., ThangarajA.R. and WeinmannK.J.,
“The Influence of Mechanical Properties on the Per-
formance of Al203-SiCw Ceramics in the Machining
of Inconel 718”, Material Issues in Machining and
Physics of Machining Processes, The Minerals, Metals
and Materials Society, pp.187-201, 1992
(14) Smith,K., “The Application of Whisker Reinforced and
Phase Transformation Toughened Materials in Ma-

Azl

76

chining of Hardened Steels and Nickel-based Alloys”,
Proc. of the SCTE 89 Conference, San Diego, pp.81-
88, 1989

(15) LinJ.L., Chen,T.C. and Weng,C.L, “Development of the
Infrared Pyrometer With Fiber Optic for Measuring
Cutting Temperature at High Speed Cutting”, ASME
PED, Vol.44, pp.17-32, 1990

(16) Ueda,T., Hosokawa,A. and Yamamoto,A., “Measure-
ment of Grinding Temperature Using Infrared Radia-
tion Pyrometer with Optical Fiber”, ASME J. Eng. for
Industry, Vol.108, pp.247— 251, 1986

(17) Incropera,Frank P. and DeWitt,David P., “Fundamen-
tals of Heat and Mass Transfer”, John Wiley & Sons,
3rd ed., 1990

(18) Carl,E.Leshock, “Temperature Measurement and Anal-
ysis During Tuming”, M. Thesis, Purdue Univ., 1994

(19) Kishigami,T., Heberlein,J.V. and Pfender,E., “Experi-
mental Investigation of Heat Transfer between Plasma
Jets and Substrate”, Proc, 10th Int. on Plasma Chemis-
try, Bochum, Germany, Vol.1, pp.3-11, 1991

(20) N.Nautaki, Y.Yamane, “High Speed Machining of Inco-
nel 718 With Ceramic Tools”, Annals of the CIRP,
Vol.42, pp.103-106, 1993



