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Machining Characteristics of Ni-based Heat Resisting Alloy

Kang, Sin Ho*, Kim, Dae Eun**

ABSTRACT

Ni-based heat resisting alloys are commonly used for high temperature applications such as in aircraft
engines and gas turbines. In this work, the machinability of Nimonic 263 alloy is investigated with respect
to optimum tool type and cutting conditions for both continuous and discontinuous machining as well as
weld region. Among the five types of tools tested, K25 tool experienced the least of damage in machining
the weld region. Furthermore, despite their superior high temperature hardness, Si-Al-O-N and CBN tools

performed poorly in machining Nimonic 263.

Key Words : Heat Resisting Alloy(ZW¥§2), Tool Life(F74%), Coated Carbide Tool (3 &34 37),
Si-Al-O-N Tool(Ate]o}&3T), CBN Tool(§*3 354 F7), Tool Wear(F1vtR),

Transverse Rupture Strength(34%)
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2.1 AlgE Y HAZT
2.1.1 Alg®(specimen)

1) A2 : Nimonic 263(precipitation hardenable
Ni-based high temperature alloy) 19713 %4
Rolls Royce Ltd.o] 93 7= olon, 80 2%
E] GEAlIIA] B} & 8§39 7h2Edl A4V 8ES 1
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AgdAsz AL57] AFT Udr] gz A4y
A4 (Machinability Index) 209 #133dle FAHA&
A3 U ® the-9) Table 12 Nimonic 2639 ¥
FAES B33 9len, Table 2& 7144 42 &
vehdt},

Table 1 Chemical composition of Nimonic 263

Ni {Co|Cr Mo|Fe|Cu}| C | Si |Mn|Al|Ti|Al+Ti| S | other

Bal 19.0-[19.0-| 5.6- 07+ |oa* 0.04~ 0.40%10.60* 0.30-(1.9-| 2.4- |0.007| Ag,Bi
. 21.01210( 61 0.08 060(241 28 * P
* maximum

Table 2 Average room temperature tensile data "%

Ultimate Yield Strength | o ongation
Form Tensile at 02% offset 50.8mm
MPa | Ksi | MPa | Ksi percent
Sheet(t=0.71-3.6mm.)
Solution heat-treated and 993 144 600 o 1
aged for 8hrs at 800TC and
air cooled

(2)A g9 271 1 651 x400"
(annealed and ground)

A48 2 continuous cut}® @&A A (interrupted
cut) S Siste] o}l Fig. 17 o] A|gHe) §&
(do] 200mm)d & 5mme] £ tAFOR 71-F3}o]
FRzAE IdE5FH o2 BEAY,

Fig. 1 Overall dimension of specimen

2.1.2 HAZF(cutting tools)
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o QM EE ALE-31% cHTable 3 &),

Table 3 Specification of inserts

Coating . Coati Manufacturer
No losert 77 |ISO Grade| 08 [APPr Coating !

Is [Thick {¢zm) Index

1/cNMG 190612] P25 AliOs + 102 Sandvik /
Ti{ CN ) (CVD coating)] GC 4025MR

Si-A-O-N Kennametal
2| CNGA 190612 !
Ceramic Kyon 2000

8m Sandvik /
(CVD coating)) GC 2015SMM
TiIN+TI(C,N) (™ Kennametal /
+ TiC _{(CVD coating) KC250
Sandvik /
CB20

3 ICNMG 1906i2| MIS TiN + TiC

S

CNMG 150612 [K20 - K30

Vi

CNMA 120412} CBN

2.2 dg|
ARAS 98¢ APsHe BTGB Be PUES
FR34

Table 4 Experimental Equipments

Experimentsal Equi Manufacturer Model/Specification
Lathe Kwangju Namsun| Mecca Turn 600 X 2000
Lathe Ltd.. Co. | Range 27~ 1200(rev/min)
Microhardness Tester Buehler(USA) Micromet 2003
S-2460N , Resolution
EM
S (Scanning Electron Hitateh(Japan) 3.5nm

Microscope) Max. Magnification 20000

Metallurgical Microscope| Buehler(USA) Vermet3, Max.Mag.1500
Surface Roughness

Tester Mitutoyo(Japan} Surftest SV-600
Vacuum Furce Abar Ipsen HR50% 48-1475
TIG Welder Lincoln(USA) Square Wave TIG 355

2.3 HdY 9 55
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A424d f=0.15mm/rev, d=0.1lmm% 4$24 ¢
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A, 95348 e 120m/ming EFF 5709 £59
ol APso] FUAPE T FAANAGEZ o
Favt2E 53 vlwadot.
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Fig. 2 Microstructure of specimen in mill annealed condition

Fig. 3 Microstructure of specimen solution treated and aged
(Solutioning at 1150°C for 2 hrs, rapid air cooling, aging at 800C
for 8 hrs, air cooling)

Fig. 4 Microstructure of weld region
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Fig. 5 Hardness distribution in weld region
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Fig. 6 Flank wear width with respect to cutting time in con-
tinuous cut with specimen solution annealed only
(V=124 ~ 117m/min, d=0.1mm, f=0.15mm/rev, Dry)

~ 0.8
= —=—(C4025(P25)
= 0.6 — —e—Kyon2000
©
=04 - —+—GC2015(K15)
ﬁ'; —e—KC250(K25)
=027 .,.._.—-r—-—*——*——""—‘ i

0

0 60 120 180 240 300 360 420

Cutting Time (sec)

Fig. 7 Flank wear width with respect to cutting time in con-
tinuous cut with specimen solution annealed and aged
(V=110m/min, d=0.1mm, f=0.15mm/rev, Dry)
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Fig. 8 Breakage of Si-Al-O-N insert in continuous cut
(V=123m/min, T=90sec, D=0.1mm, f=0.15mm/rev, Dry)

Fig. 9 Growth of crater wear and notch wear on CBN insert in
continuous cut (V=117m/min, T=240sec, D=0.1mm,
f=0.15Smm/rev, Dry)
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Fig. 10 Flank wear width with respect to cutting speed in 30
second interrupted cut with specimen solution
annealed only(d=0.1mm, f=0.15mm/rev, Dry)
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Fig. 11 Flank wear width with respect to cutting speed in 60

second interrupted cut with specimen solution
annealed only(d=0.1mm, f=0.15mm/rev, Dry)
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Fig. 12 Failure of M15 grade insert in interrupted cut
(V=55mm/min, T=62sec, d=0.1mm, f=0.15mm/rev,
Dry)

Fig. 13 Failure of K25 grade insert in interrupted cut
(V=35mm/min, T=101sec, d=0.1mm, f=0.15mm/rev,
Dry)
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Fig. 14 Comparison of tool wear width with respect to cut-
ting speed for S7mm length interrupted cut in weld
region (d=0.1mm, f=0.15mmv/rev, Dry)

. weby gdEHEe] 2 ARE AANY g Ynjr
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43k Aol frelaith,
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Table 5 Surface roughness with respect to various cutting
speeds (specimen solution annealed and aged)

Cutting M15 Grade Insert K25 Grade Insert

m KN:!vtha(‘rm Remax R M‘:t:rmy Rmax Ra
24 04 4264 1.008 0.1 4.168 0.705
32 04 6538 0553 02 3978 0595
50 023 1848 0.423 03 6526 1.016
76 0.2 2248 0.468 0.35 7.142 1.038
107 0.1 3.108 0.829 03 4.614 0917

Table 6 Surface roughness with respect to flank wear width
in two cutting speeds (specimen solution annealed

and aged)
MI15 Grade Insert K25 Grade Insert
Cutting [ Wear Cutting [ Wear
Speed | Width | Rmsx | Re | Speed | Width | Reax | Ra
o),

0.1 474 0541 0.18 3387 0553

03 4652 | 1212 028 | 3.048 | 0600
107m/min 2m/min

055 1 17.897 | 4868 0.35 1381 | 0383

062 | 10870 | 2218 056 | 8253 | 1.728

34

9, 76m/mine] K25%79 34 A9sine 9= 3
AEE 499 EAAAY R, 6.3m(Ra 1.6m)
220l H(Table 5 ¥=).

EF 107m/min¥-29]A A4E M15 AGE7s
32m/min #2004 A4 K25ALZ TS viegs ¥
HAA7Y] BAE RE vR3Fo] 0.5mm ol WeiL}A)
%2 FxelX EFUARY Y 3o R, 6.3m (Ra
1.6m) 52 A8 JAAHTable 6 F2).

4.4 E

M&743Hy Y471 2EE3Y Nimonic 263 P25
AQ, M15A1E, K25A14 JE23FF379 Si-Al-
O-N 37, CBNZTE ol&3(d Ao zn o
<3 e A& Ii

(1) &34 o S5 g FF5ge 3
A A4 3 2A FEHA. YuirAo) 2o
e M153414 7€ 120m/ming & A& LA,
Qo] & K25A1¥ FFE 35m/min2e AdA
Ve Re nird g RY).

(2] 8422 AT §34T4 9] AxAsS dolvA &
o, S3% B3 A9 ey dXEE A
He] g&aAug #@oil, o] A% A & 57
A K25A49 3771 eF7ol Hlg), 53 hntnel &
T8 MISAIGET 2 98 B, wea $4%
9 AAdle iR BYs 940 & 539 37
& AHg3tke Aol frElsit

(3) Si-AIFO-NZ7¢} CBNFF& ¢4 123 %9
= Byela, ¥ FHAHo2 AP x2Z(nose)E 2 A
A #3218 Nimonic 263 M9 A2 (turning)
A€ A gstA k.

(4) M15AE T K25A19 379 oH3 vlwddo] &
B71%Q 0.4mm °IW¥ @, 76m/min® K253
A¥E Aditie ol ANEE JYJME FHAR
717} Rye 6.3m(Ra 1.6m) B30, £
107m/min¥-TA A4 M153 7 32m/min £2
9 AAF K253 79 vtEFo] 0.5mmolHlY o
R, 6.3m (R, 1.6m) ¥2& RA&Ac}.
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